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List of Abbreviations

e AMR: Antibiotic resistance

e BEEC: Bovine Endometrial Epithelial Cells

e BENEpC: Primary Bovine Endometrial Epithelial Cell Cultures
e BV: Bacterial VVaginosis

e ETEC: Enterotoxigenic E. coli

e G+C: Guanine-Cytosine

e GI: Gastrointestinal Tract

e |IBD: Inflammatory Bowel Disease

e LAB: Lactic Acid Bacteria

e NEC: Necrotizing Enterocolitis

e PGFE: Pulsed Field Gel Electrophoresis

e RAPD-PCR: Random Amplified Polymorphic DNA — Polymerase Chain Reaction
e UTI: Urinary Tract Infection

e WHO: World Health Organization



1. Introduction

Arising from the phylum Firmicutes, Lactobacillus makes up a genus of rod-shaped, non-spore-
forming, Gram-positive, non-pigmented, catalase-negative, and facultative anaerobic bacteria.
Taxonomically, it is in class Bacilli, order Il Lactobacillales and the family Lactobacillaceae. [1]
The genus comprises of over 200 species which is credited to its phylogenetic and metabolic
diversity as compared to other bacterial families. Additionally, they are divided into 25 genera. In
order to assess the lactobacilli species diversity further, G+C% content can be measured. Their
origins cannot be traced to a single habitat or organism. They are not tied down to any particular
environmental niche - except certain species, and are referred to as autochthonous and
allochthonous in nature. Since they have economic importance, lactobacilli have been significantly
studied using genetic methods such as DNA-DNA homology, PGFE, RAPD-PCR, and 16s rRNA.
This has greatly aided in the classification of various lactobacilli, provided information about their
metabolism and genetics, and the extent of phylogenetic relatedness. Investigation of lactobacilli
using the 16s rRNA sequencing has led to its designation into these groups: Lactobacillus buchneri
group (bu), Lactobacillus casei group (ca), Lactobacillus delbrueckii group (de), Lactobacillus
plantarum group (pl), Lactobacillus reuteri group (re), Lactobacillus sakei group (sa) and

Lactobacillus salivarius group (sl). [3]
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2. Literature review

2.1.Lactic acid bacteria

Based on their metabolic pathways, the Lactobacillus species are split into three groups: (i)
Obligate homofermentative group - here carbohydrates are fermented almost completely to lactic
acid. This is seen in L. acidophilus and L delbrueckii. (ii) Facultative heterofermentative group
which, depending on the conditions and substrates, ferments carbohydrates to give lactic acid,
acetic acid, CO, and formic acid as seen in L. plantarum and L. curvatus (iii) obligate
heterofermentative group where carbohydrates are fermented to lactic acid, acetic acid/ethanol,

and carbon dioxide - as observed in L. fermentum and L. reuteri.

Lactobacilli are found in a multitude of habitats. It is present in various fermented foods - like
pickled vegetables, silage production, or may even exist as “food spoilage organisms”[2]. It is well
known for its usage in dairy-fermented products like milk, yogurt, cheeses as starter or non-starter
bacteria, breads like sourdough, and in fermented meats. It aids in their preservation, nutritional
quality, and flavour. They naturally occur in plants in a low capacity. However, it is most sought
after for its probiotic properties. According to the Food and Agriculture Organization of the United
Nations/World Health Organization, probiotics are defined as “live microorganisms that, when
administered in sufficient amounts, confer health benefits on the host”.[4] Lactic Acid Bacteria
(LAB) comprise of one the biggest groups of probiotics. It includes Lactobacilli, Pediococcus,
Lactococcus, Enterococcus, Carnobacterium, Streptococcus, and Leuconostoc. The usage of LAB
as probiotics has a number of advantages - the improvement of defective gut flora and microbiota,
improvement of lactose intolerance, regulation and maintenance of body’s natural environments,
immune-modulatory functions [5], showcases antioxidant activity, reduction of serum cholesterol,
aids in the treatment of many diseases like Crohn’s, obesity, 0steoporosis [6], type-2 diabetes, anti-
tumorigenic effects [7], cardiovascular diseases, UTI, BV, yeast infections colitis, and reduction
of infectious agents like Salmonella, Helicobacter, E.coli, Clostridium difficile, etc. Lactobacillus
participate in various biochemical processes like proteolysis and lipid hydrolysis to exert their

metabolic and probiotic effects.
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An interesting substance produced by Lactobacilli are antimicrobial peptides called bacteriocins.
[3] They are applied in food preservation in combination with other technologies for optimal
effect.[8] Based on their biochemical properties, they can be divided into several classes. They
have a unique mechanism where they code ribosomally synthesized proteins that can kill various
microorganisms and keep unwanted microbial populations under control. [9] Nisin is the most
popularly used bacteriocin and has significant action against S. aureus and L. monocytogenes
caused food spoilage and infection.

Probiotic Lactobacilli strains make their way into intestinal/genital environment, and auto-
aggregate - this aids the bacteria to line the epithelial mucosa, and co-aggregate with pathogens in
order to form a barrier and inhibit the presence of these harmful microbes.[1] A well balanced
microflora requires the gut to be colonized with a strong and resilient probiotic strain.[10] Several
investigations were performed on Lactobacilli to ensure its probiotic efficiency.[11] These include
survival at low pH, tolerance against bile and gastric juice, antibiotic susceptibility, antioxidant
property, DNA, RAPD-PCR, 16S rRNA sequencing. The pH level ranges from 2.5-3.5 in most

Lactobacilli species which is ideal for probiotic strain selection. [12]

Lactobacilli has been isolated in both invertebrate and vertebrate hosts - from humans to primates,
farm animals, birds, and bees. Its usage as a probiotic in humans (GRAS - Generally Recognized
as Safe) is immense - primarily seen in GIT and urogenital areas - and is investigated and actively
used. [13] Similarly, it is being investigated for its probiotic properties in animals! In dogs, a study
was performed to assess LGGs capability to survive in the GI tract, colonise the faecal
environment, and its role in canine disease treatment.[14] Another study was performed on
monogastric animals.[15] They tested the safety and probiotic properties of new Lactobacilli
strains used as feed additives. The assessed parameters included Lactobacilli’s activity against
pathogenic bacteria, antibiotic resistance, hydrophobicity, information related to co-aggregation
with pathogens and adherence, and more. In the case of poultry, research has been conducted on
its involvement in the control and prevention of necrotic enteritis instead of antibiotics.[16] In
addition, studies on Lactobacilli strains to check improved growth activity, immunological
performance, better faecal microbiota were also conducted.[17][18]In swine, probiotics have been

investigated and assessed for their role in the improvement of gut microflora, control against
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pathogens, effect on immune response, safe storage and industrial production capacity, and their
impact in prevention and treatment of swine diseases instead of antibiotics to reduce the possibility

of resistance.

It is vital to know that Lactobacillus probiotic activity is quite strain-specific. L. acidophilus, L.
brevis, L. casei, L. delbrueckii subsp. bulgaricus, L. delbrueckii subsp. lactis, L. fermentum, L.
gasseri, L. helveticus, L. johnsonii, L. paracasei subsp. paracasei, L. plantarum, L. reuteri and L.
rhamnosus are considered to be the main probiotic species. In fact, L. rhamnosus GG, L. plantarum
Lp01, L. fermentum RC-14 are strains produced for industrial usage and are in extensive usage.
[19]

2.1.1 Limosilactobacillus fermentum

This species is a part of the L. reuteri (re) group. It can be isolated from plants, fermented cereals,
milk products, sewage, manure, animals, and humans. It has been isolated from the human oral
cavity, Gl tract as well as the vaginal environment.[20] It is a Gram-positive obligate
heterofermentative species that grows at 45C and has a G+C content of 52+5% (mol%) . Its rod
length is found to be quite flexible, and it utilizes a number of carbohydrates. In fact, amino acid
and carbohydrate metabolism are considered major processes. Named after its fermentative
property, it engages in food preservation, flavor enhancement, texture improvement [21] due to a
number of strong antimicrobial peptides it produces as well as lactic acid and bacteriocin
production.[22] Additionally, L. fermentum consists of proteins like polyphosphate kinase which
possesses resistance to several stressors.[2] It is isolated from a number of cheeses and is regarded
as a highly safe and beneficial probiotic strain. It displays broad-spectrum antimicrobial effect
along with strong resistance to acidic and bile environments allowing them to thrive in the gut
environment.[2] Complete genome analyses of strains of L. fermentum were performed to examine
its probiotic properties. These showcased antibacterial and antifungal activity, regulation of
immune system, non-haemolytic activity, immunomodulatory properties. It has a prominent role
in antioxidants [23] where free radical scavenging is performed but its effect is dependent on the
dose.[24] It has the ability to prevent and diminish illnesses like alcoholic disease [22], colorectal
cancer, gastrointestinal and respiratory infections in humans. Whereas L. fermentum’s probiotic

effects have also been investigated in strains isolated from animals like poultry and swine. [25]
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2.1.2 Lactiplantibacillus plantarum

It can be found in various environments- from free-living to nomadic. It is sourced from meat and
processed foods along with fermented food products - cheeses, sausages, sauerkraut, kimchi, olives
in brine, pickles, sourdough, stock fish, etc.[26] It plays a role in flavour enhancement, texture
improvement and providing an adequate shelf life.[27] It is Gram-positive, microaerophilic, rod
shaped, acid tolerant, catalase negative non-spore forming, [28] low G+C, content hetero-
fermentative group of bacteria that can grow at 15 °C and produces lactic acid, succinic acid and
acetic acid. It can withstand gastric transit, low pH, bile salts, lytic enzymes as well as metabolizes
many carbohydrates, produce several enzymes like amylase and protease. With these features, it
can be used safely as a probiotic. Moreover, it is able to exert a protective effect on damaged
epithelial intestinal barrier and restoring functions. While its role in the food industry is massive,
it hold great value in the medical field due to its role in treatment of major diseases like
Alzheimer’s, [29] Parkinson’s diabetes, obesity, cancer, hypertension, etc. Certain strains of L.
plantarum also showcase anti-fungal, and antioxidant activity. [28] Several isolates of L. plantarum
were investigated for their antibiotic susceptibility where they were found to be stable and exhibit
resistance. [30] However, Lactobacilli species in general do show some susceptibility against
antibiotics whose mechanism of action inhibits protein synthesis. [31] Its use along with L. reuteri
as a feed additive showed a decrease in the occurrence of diarrhoea in weaned piglets. [32]
Metabolically, an increase in globulins was observed which could suggest possible immune-
modulatory features. Moreover, due its probiotic role, L. plantarum is being used as a replacement
to antibiotics as growth promoters in piglets. [33] L. plantarum is seen as a possible option for the
treatment of mastitis. In cows, it delivered bactericidal and anti-inflammatory effects against LPS-
induced mastitis.[34]

2.1.3 Limosilactobacillus reuteri

This species mostly originated from free-living ancestors and became host-adapted. It is a Gram
positive, facultative anaerobe found mainly in vertebrate hosts - like pigs, rodents, and
chickens.[35] In humans, it is part of the oral cavity, vagina, intestinal tract, and skin. [36]
Formerly referred to as L. fermentum type Il, L. reuteri and L. fermentum parallel each other

physiologically - for example, both species grow at 45 °C and can tolerate the strong acidic and
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bile salts in the harsh gut environment making them resilient probiotics. Strains of L. reuteri
contain certain features that boost their survival.[36] For example, biofilms that provide strong
resistance against pH and bile salts, or the presence of mucus binding proteins (MUBS) that aids
bacterial aherence to the gut epithelial cells. Comparable to L. fermentum, L. reuteri is also found
in several cheeses, and used as a probiotic culture. As aforementioned, the L. reuteri group was
created based on 16s rRNA investigation. It is a strictly obligate heterofermentative group where
members are highly differentiated from each other based on their DNA properties. Its G+C content
is 40-42% (mol%). Various sugars like arabinose, galactose, maltose, melibiose, raffinose, ribose,
and sucrose are fermented. It participates in free radical scavenging and exhibits antioxidant
Moreover, a number of antimicrobial compounds like organic acids, hydrogen peroxide,
bacteriocins, gut inflammation-reducing biogenic amines, anti-pathogenic and anti-antibiotic
diarrhoeal substances are produced. [35] It also produces the reuterin system which also has a
significant antimicrobial effect and can inhibit a wide range of microbes.[37] Furthermore,
evidence has shown L.reuteri to possess antiviral and anti-fungal properties, especially against
various Candida species. [38] L. reuteri is a physiological resident of the intestines where it limits
inflammation and regulates intestinal immunity. As such, it plays a significant role in the
prevention of inflammatory bowel disease (IBD),[39] IBD linked osteoporosis, reduces the and
fungal infections and intestinal anaphylaxis.[40] Other investigations show that L. reuteri
application diminished occurrence of diarrhoea, visceral pain, necrotic enerterocolitis,[41] stress,
and preserved the mucosal integrity, Furthermore, due to occurrence of antibiotic resistance
becoming more common worldwide, there is widespread interest in replacing them with probiotics
as a feed additive due to its safe nature, feed efficacy optimization, and immune regulation.[42] In
pigs, it was found that a long term switch of antibiotics to L. reuteri as a growth promoter led to

better meat quality, increase in flavour substances, and optimal fatty acid composition. [42]
2.1.4 Lacticaseibacillus rhamnosus

It is a facultative heterofermentative bacterium and is part of the Lb. casei group. Formerly known
as L. casei subsp. rhamnosus, Morphologically, they appear as “rods, singly or in short chains”. It
is able to thrive in both 15 and 45 C temperature, produces lactic acid isomer, and ferments several
different carbohydrates, e.qg., arabinose, sorbitol etc. It contains 45-47% G+C content (mol%). Lb.

rhamnosus’ probiotic properties have been largely studied showcased through LGG strain for
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which the genome was sequenced and broadly investigated.[43] It is highly tolerant of the gastric
pH and bile content, promotes growth and exhibits strong adhesive capacity to the gut epithelial
cells due to the presence of pili. [44]In an in vitro assay, L. rhamnosus’s adhesion rate was found
to be 14.9 + 3.2% which is higher than other Lactobacillus species.[45] It displays antipathogenic
effect against microbes like E. coli, S. mutans, C. albicans, and antibiotic susceptibility. [46] An
in-depth LGG review reveals that it contains various “effectors” that execute immune functions,
probiotic activity, and modulation adaptation. It has a significant health benefit in newborn
gastrointestinal health and has some level of success for the same in children, although it needs to
be investigated further. Its presence in the human oral cavity can also help prevent cavities.[47]
Other health benefits include prevention of UTIs, improvement of insulin sensitivity,[48] and
reducing allergy symptoms - and has been established in a pig model as well.[49] L. rhamnosus
also shows health benefits in animals. E. coli induced endometritis is an economically disastrous
disease in dairy animals. A study on L. rhamosus GR-1 strain showcased that it can inhibit pro-
iflammatory genes and receptors in E. coli stimulated BEEC’s that have been pretreated with
it.[50] ETEC is a pathogen that can heavily damage the gut microbiota - causing postweaning
diarrhoea in piglets and most commonly necrotic enterocolitis (NEC). L rhamnosus can protect
against NEC by activating Toll-like receptor 9 (TLR9) - as seen experimentally in piglets.[51] L.
rhamnosus may also decrease the incidence of ETEC induced diarrhoea depending on the
application dose in piglets.[52] Furthermore, rotavirus affected piglets supplemented with LGG

relieved the infectious diarrhoea and strengthens the jejunal mucosal barrier functions. [53]

2.2 Genital tract infections in cows

Effects of high bacterial concentration in the uterus or incidence of uterine infection can affect
ovarian follicle growth and function with a decrease in number of dominant follicles. [54][55] In
cows, uterine or vaginal bacterial infection is seen as a common occurrence postpartum. The most
serious and devastating conditions is metritis or endometritis. Bacterial contamination postpartum
is a frequent event in cows, leaving them susceptible to uterine infections. Endometritis especially
causes great economic losses and can lead to production losses as well. Up to 21% of cows
developed some form of uterine infection within 10 days of calving due to ascending pathogenic
infection. As a consequence of the disease, they can produce less milk in the following lactation,

experience a lower chance of conception, delayed involution, and higher embryo loss.[56] This
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leads to higher inter-calving periods, and a higher culling rate. Research has shown that these
diseases are characterized by the occurrence of pathogenic bacteria like Trueperella pyogenes, E.
coli, F. necrophorum, Prevotella spp., Staphylococcus spp., and Streptococcus spp. [56][57]

An Acinetobacter spp. study showed that climate has an influence on increased metritis incidence
where warmer temperatures allowed pathogenic bacterial populations to proliferate at a higher
rate.[58] Additionally, prepartum heat stress can also damage immune function in the post-
parturition period.[59] Other extrinsic factors like calving season, improper nutrition and intrinsic
factors like dystocia, retained placenta, metabolic stress and negative energy balance are
considered risk factors for endometritis.[60]

The endocrine environment could also influence the incidence of uterine infection in cows.
Progesterone can exert immunosuppressive effects in the uterus.[61] During pregnancy, as
progesterone secretion increases, it leads to higher suppression of uterine immune response,
thereby allowing possible uterine infections to go unnoticed.

By definition, endometritis is the inflammation of the uterine lining.[62] It should be well
differentiated from metritis, where the uterine lumen, lining as well as deeper layers are infected.
Endometritis can be divided into subclinical, acute, semi-acute, and chronic based on the severity
of the disease. This differs to puerperal metritis which occurs within 10 days postpartum. Common
symptoms of metritis include an enlarged uterus, foul or fetid smelling reddish-brown watery
discharge, dullness, pyrexia, and pale mucous membranes. Clinically, endometritis occurs within
21-26 days postpartum and it is characterized by no systemic illness, but uterine and vaginal
discharge that could range from white-yellowish purulent, mucopurulent most often to purulent-
catarrhal, fibrinous, necrotic, and gangrenous in acute endometritis.[61] In chronic endometritis,
we rarely see any clinical symptoms. [62]

However, some cows may experience subclinical endometritis which does not show any
clinical symptoms. The presence of Gram-positive and Gram-negative bacteria in the uterus, like
a microbiome, especially postpartum is not uncommon. However, if there is a overgrowth of a
harmful microbes, it could impair the uterine defence system and lead to a severe infection. This

is seen in about 40% of cows postpartum.[58]
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2.2.1 Inflammatory markers in cow metritis

The body is able to recognize the presence of pathogenic bacteria. Their populations are
kept in check with uterine defence mechanisms. Lipopolysaccharides (LPS) from Gram negative
bacteria and lipopeptides from Gram positive bacteria stimulate innate immune response which
produces an inflammation and an increase of acute phase proteins. This action is initiated by
pathogen recognising endometrial epithelial cells through Toll-like receptors (TLRs). The immune
response is executed by several pro-inflammatory cytokines like interleukins and chemokines like
ILA, IL8, IL6 and prostaglandins formed by PTGS2. Polymorphonuclear neutrophils (PMNSs) sent
by chemokines like IL8 are accelerated to the site of inflammation where they phagocytize bacteria
or damaged endometrial cells leading to pus formation. [63]

2.2.2 Diagnosis and treatment of cow metritis

Diagnosis in the case of endometritis can be evaluated based on clinical signs of purulent or
mucopurulent discharge with a physical exam and is the most rapid of all diagnostic tools. [58]
Additionally, rectal palpation, vaginoscopy, histological exams of endometrial biopsy, bacterial
culture, ultrasound, and cytology. Acute puerperal metritis is a serious condition that can be
defined by temperature above 39.5 °C, an inflamed uterus with red-brown watery discharge
containing a fetid odour accompanied with general loss of condition.

The diagnosis of subclinical endometritis is performed by cytology tests where it is indicated with
>18% neutrophils in uterine cytology samples collected 21-33 days postpartum, or >10%
neutrophils at 34—-47 days, where clinical endometritis is absent.

Puerperal metritis, metritis, and endometritis is usually treated with a range of antibiotics. The
intended goal is to rid the uterus of all pathogenic organisms, drain out all the malodorous fluid
and bring the uterus back to physiological conditions. Oxytetracycline, penicillin, ampicillin,
aminoglycosides, nitrofurazone and sulphonamides are the most commonly used antibiotics.
However, there are few pointers to keep in mind while selecting an antibiotic for treatment.[54]
Firstly, it should be efficacious against both aerobic and anaerobic pathogens and should be able
to survive in the uterus. Adequate lab testing must be performed to ensure efficacy, and safety
especially if combination of antibiotics is used. Moreover, antibiotics are able to penetrate through

the blood-milk-barrier and infiltrate milk so withdrawal period must be considered.[63]
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Sometimes, the use of certain antibiotics may also cause a shift in the uterine microbiota which
could affect the reproductive ability negatively. Oxytetracycline is considered to be the most
effective antibiotic for treatment as it can handle high bacterial load through intrauterine infusion.
[64] With the high incidence of uterine contamination and consequent infection, affecting up to
40% of dairy cows postpartum, it is not a surprise that antibiotic usage is at all-time high.

2.3 Antimicrobial resistance (AMR)

Antibiotic resistance is one of the biggest public health challenges in present times.[65] With the
significant use of antibiotics, microorganisms are steadily developing resistance into the next
generation.[66] There are four forms of resistance - (1) natural or intrinsic resistance, (2) acquired
resistance, (3) cross-resistance and (4) multi-drug resistance. They utilize various mechanisms,
often targeting the mechanism of the antibiotic rendering it completely ineffective.[66] They could
cause mutations of various kinds to render the drug ineffective - these include reduction of bacterial
target expression, modification of genetic material, or alteration of drug modification enzymes,

elevating drug efflux, biofilm formation, mutation at antibiotic target sites, and others.

The WHO has recognized this threat and has assigned an action plan to ensure the safety and
optimization of antibiotic usage in humans and animals.[67] They have been classified into four
categories based on criticality and importance with the critically important antibiotics being the
highest priority drugs and their use mostly restricted in animals. A lot of regulations have been
put in place concerning the limitation of antibiotic usage in food animals. This is also to ensure
that these critically important drugs are saved to be used for the treatment of serious diseases in
humans. Moreover, several “antibiotic stewardship programs” and food-specific authority
National Antimicrobial Resistance Monitoring System have been established to bring awareness
about this issue. [68] There is a lot of evidentiary support [69] that shows the link [70] between
antimicrobial usage and developing resistance [71] - especially in food-producing animals.[72]
Moreover, the implication of this resistance in humans is another concern - zoonotic bacteria like
Campylobacter, E. coli [73], and Salmonella can survive causing infections that have been under
control. A 2019 report from WHO detailed that AMR is responsible for 700,000 people dying with
the number expected to rise to 20 million by 2050.[74]
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In veterinary medicine, the use of antibiotics in animals, especially food-producing animals, is
very commonplace. Its usage is expected to increase by 67% by 2030. [75][76] They are used to
treat or prevent diseases, enrich feed efficacy, ensure better meat quality, and egg production,
prophylaxis, and also as growth promoters - not in the EU anymore. Antibiotics were first
introduced in food animals around the end of the Second World War as access to antibiotics was
abundant. Since then, its use has elevated massively with about 50-80% of antibiotics in developed

nations being used solely by livestock. [70]

However, while the positives bring about economic success, repeated antibiotic usage has led to
resistance development in several countries. Due to incomplete metabolization or simply
excretion, antibiotic residues can be expelled into the environment by these animals. They can
infiltrate the soil which contains different populations of pathogenic bacteria - that are
opportunistic and develop resistance transforming into antibiotic-resistant bacteria. Once they get
into bodily systems, they can spread resistance in multiple ways. These can even spread between
different animals or get transferred between animals and humans - this is possible through food,

contact, or through contaminated environments.[77]

In cattle, the usage of antibiotics is very high as they are the most effective treatments against a lot
of diseases. However, this also came with a rise in antibiotic resistance. There are several studies
highlighting the presence of multidrug resistance and the modes by which this resistance can get
transferred to other species or the environment.[78][79] Metritis and endometritis are highly
damaging diseases in dairy cows that use antibiotics as first-choice therapy. However, the high
usage rate has allowed bacteria to gain resistance and bring down the efficacy of the antibiotics
used. Resistance can be transferred easily through contaminated farms, tools, and workers. A study
showed that E. coli biofilm isolated from bovine endometrium showed resistance against various
antibiotics, and only being sensitive to a few.[80] Another study was conducted on cows affected
by clinical endometritis. Here, out of 127 Staphylococcus isolates, 22 were found to be methicillin

resistant. Many more studies like this can be highlighted.[81]

With all these uncertainties and incidences, an alternative therapy is strongly required. Vaccines,

phytochemicals, organic acids, and phages are possibilities. Another solution to consider are
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probiotics. They are found to exist naturally in animals and humans and can be isolated from
products. Moreover, they produce various beneficial bioactive metabolites and exert
immunomodulatory effects.[82] Thanks to their properties like adhesion, colonization, and “multi-
antimicrobial mechanisms” they are able to reduce the possibility of resistance. Furthermore,
strategies like competitive exclusion, strengthening intestinal barriers, and release of antimicrobial
peptides like bacteriocins, are some of the methods used by probiotics to achieve the desired effect.
Probiotics show a lot of promise as a potential alternative to antibiotics and are currently under
investigation to uncover their full potential.[83] In farm animals, some studies have already been
published about the effects of probiotics in food species like poultry, swine, and cattle.[84]
However, the market for probiotics is still in progress and requires more regulations and approvals
legally.

2.4 Primary endometrial cell cultures

The culturing of primary cells is a cell culture model that provides a good approach of researching
cellular processes in vitro, due to its close correlation to the in vivo living cells. They can be
obtained from tissue explants or even from cells in live tissue.[85] They can showcase the same
biological conditions and characteristics of the tissues as their original environment. They are
ideal for investigating the effects of different drugs, compounds, toxins and “molecular and cellular
mechanisms of normal and diseased conditions” on bodily cells.[86]

Primary endometrial cells have been used in both humans and animals to study endometrial
cellular changes for various reasons — from biochemical signalling to the effect of
tumorigenesis.[87] Both stromal and epithelial cells can be used as cell cultures.

Cell lines are another model used in research. Here, cells have been cultured over a long time and
are the result of culmination with various tissues and cells. They can be split into finite or immortal
cell lines.[88] They offer convenience for users and have widely been established in research —
especially cancer.[89] However, they have largely lost individual characteristics and cannot be
differentiated from the original tissues that they came from. As such, cell cultures are highly
preferred due to more accurate results, vast availability, diverse application in research fields, and

the combination of advanced technologies like 3D cell culture.
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3 Aims

In this paper we focus on the following 4 species and their properties on bovine primary
endometrial epithelial cells. They are Limosilactobacillus fermentum, Lactiplantibacillus
plantarum, Limosilactobacillus reuteri, and Lacticaseibacillus rhamnosus. They are part of the
Lactobacillus genus which has been isolated in various products and organisms, utilize a number
of biochemical pathways, and have probiotic properties as it is part of LAB. These probiotic effects
regulate the gut microflora, exert immunomodulatory effects and several therapeutic effects as
well. Lactobacilli have been isolated from both the gut, oral cavity, and vaginal environment and
highlights probiotic effect.

Uterine diseases in dairy cows, like metritis and endometritis especially post-partum is a globally
devastating issue. They cause great economic losses, can increase time between pregnancies,
decrease milk production, and increase culling rate. While antibiotics are the primary therapeutic
option, the ever-increasing rate of AMR threatens public safety and can bring about various side
effects. As such, the use of probiotics for treatment of these diseases is being investigated.

In this paper, we aim to assess the probiotic effect of the above-mentioned Lactobacilli strains on

the damaging effect of Trueperella pyogenes on bovine endometrial epithelial cells.
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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
Limosilactobacillus fermentum, Lactiplantibacillus plantarum, Limosilactobacillus reuteri, and
Lacticaseibacillus rhamnosus strains were obtained from Fermentia Microbiological Ltd. These
precedingly listed Lactobacillus bacteria make up a mixture, as we call it, the Lb mix. The T.
pyogenes was grown in brain heart infusion (BHI) broth supplemented with 10% FBS, and the
lactobacilli were grown in deMann Rogosa and Sharpe (MRS) broth 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

Previously, the isolation and culturing process of BEnEpC has been described. (Betts and Hansen,
1992; Gartner et al., 2015; Ibrahim et al., 2017). Uteri from non-pregnant cows that are found to
be in decent condition were collected from a nearby slaughterhouse. Following this, the
endometrium was sliced into small pieces at several intercellular locations. The tissue mass was
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 p/ml streptomycin
(ThermoScientific) in Hank’s Balanced Salt Solution (ThermoScientific), but not before being
carefully mined. After centrifuging, the cell pellet was rinsed 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). Furthermore, the cells were seeded in 25 cm? culture
flasks (Corning, Corning, NY, USA) and for 18 hours at 37 °C and 5% CO: in a humidified
incubator, were cultured to promote stromal cell adhesion. After that, to produce a population of

pure epithelial cells unattached cells were reseeded.

During the first passage, endometrial epithelial cells cultivated until they had more than 80%
confluence. At that time, for viability assays and mMRNA expression assays, these cells were placed

into 96-well plates at a density of 8x10* cells in 200 ul medium/well and 6-well plates at a density
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of 6x10° cells in 4 ml culture medium/well respectively. Confluent endometrial epithelial cell

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

The investigation of cell-cell communication between several eukaryotic species or bacteria is well
showcased with co-cultures. Here, in our case, primary endometrial epithelial cells were co-
cultured with the bacterium in the form of live bacteria at 10* bacterial cells/ml.

Prior to the experiments, the cell culture medium was removed from the confluent cell
monolayer and in order to be appropriate for co-culture experiments, they received two PBS
washes. During the experiments, epithelial cell culture media (DMEM/Ham’s F-12 medium)
without antibiotics was used. BEnEpC cultures were co-cultured with T. pyogenes alone or
together with the four lactobacilli (Lb mix) for two hours. The controls were set up as cells cultured
with the same medium but without bacteria.

For the viability assay the BEnEpC cells were grown in 96-well culture plates for 24 hours
prior the cell viability assay. The bacteria were then added to the cells in 10* bacterial cells/ml in
DMEM/F12 medium. Plain DMEM/F12 medium were received by the control cells. The
treatments were added at volume of 200 pl/well for 2 h to the cells. After the treatment, they were
washed in plain medium, and the enterocyte cultures were incubated for 24-hours. Each treatment
was executed in 8 parallels.

Neutral red medium: 0.5% neutral red solution (Sigma-Aldrich, Steinheim, Germany) was
dissolved in plain DMEM/F12 medium to a final concentration of 50 pg/ml. The cells were washed
twice with DMEM/F12 after 24 hours of incubation and 100 pl/well of neutral red medium was
then added.

Following an incubation of 3 hours at 37 °C in a CO> thermostat, the neutral red medium was
removed. Then, phosphate buffered saline (PBS) was used to wash the cells twice. 50 ul of
destaining solution (50% ethanol, 49% distilled water, 1% acetic acid) was added to each well and
the culture plates were placed on a horizontal shaker at 150 rpm for 10 minutes. The final step was

to read the absorbance of the plates at a wavelength of 540 nm.
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4.4 RNA isolation

The first step of the RNA isolation process was homogenisation. The cells were lysed directly on
the culture dish. After removing the culture medium, we used at least 1 ml of RNAzol RT®
solution per 10 cm? of glass culture plate surface area. After that, with the addition of the reagent,
we passed the cell lysate several times through a pipette to form a homogenous lysate. Once the
cells had been homogenized or lysed in RNAzol RT®, we stored the samples at -80°C.

We added 400 pl RNase-free water per sample ml, and we put it into the vortex for 15s. Let the
sample stand for 15 minutes at room temperature. Next, we centrifuged at 12,000 g for 15 minutes
at 5 °C. Finally, transferred the upper supernatant (containing RNA) into a new tube.

Following the homogenization process, we added 400 uL of 75% ethanol (v/v) to precipitate
MRNA. Then, we allowed the samples to stand for 10 minutes at room temperature. We put it into
the centrifuge at 12,000 g for 8 minutes at 5 °C. The mRNA precipitate formed a white pellet on
the side and bottom of the tube. The last step here was to remove the supernatant from the mMRNA
pellet.

For the next step, we washed RNA pellets twice with 0.5 mL 75% ethanol (v/v) per 1 mL of
supernatant used for precipitation. We centrifuged the pellets at 8,000 g for 2 minutes at room
temperature. The alcohol solution was removed with a micropipette.

Next, we solubilized the RNA pellets, without drying them, in 50 pl RNase-free water. Then, we
gently mixed the samples.

We then measured the samples at 230, 260 and 280 nm. The final preparation of MRNA is free of
DNA and proteins. It should have an A260/A280 ratio of 1.7-2.1 and an A260/A230 ratio above
1.5.

4.5 cDNA synthesis

We used RevertAid First Strand cDNA Synthesis Kit, ThermoFisher for the copy DNA synthesis.
The RNA template used is 1000 ng. We added nuclease-free water to the RNA template up to 13
pl and add 1 pl random hexamer primer and 1 pl dNTP mix/sample and mixed the vials. The
template was incubated at 65 °C for 5 min then 5°C for 5 min. Following this, 4 ul reaction buffer
and 1 pl reverse transcriptase were the components that we added to the sample which was mixed

gently and centrifuged.
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For random hexamer primed synthesis, we incubated the sample for 10 min at 25 °C followed by
30 min at 50 °C. Finally, we terminated the reaction by heating at 85 °C for 5 min.

4.6 Quantitative PCR

We performed the quantitative PCR analyses on the CFX Opus Real-Time PCR System (BioRad).
The IL3 (F: GGAAGCTTGTCTCAACCCTGA, R: TCCTCTATGAGCAGAGACCACT), IL6
(F: ACCCCAGGCAGACTACTTCT, R: CCCAGATTGGAAGCATCCGT), CXCL8 (F:
TCTCTGCAGCTCTGTGTGAAG, R: CTTGGGGTTTAGGCAGACCTC), and TNF (F:
AGGGCTCCAGAAGTTGCTTG, R: CCGGCTTGTTACTTGAGGCT were the tested genes, the
actin beta (ACTB) (F: CACAGGCCTCTCGCCTTC, R: CCCACG-TACGAGTCCTTCTG) was
used as reference gene. The final reaction volume of 20 pul contained 0.2 pM of the corresponding
primers and 1x concentrated SsoAdvanced Universal SYBR Green Supermix (Bio-Rad) in
nuclease-free water, and the 2 pul 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.
4.7 Statistical analysis

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.
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5 Results

5.1 Cell viability results

The protective probiotic effect of four Lactobacillus strains was tested on T. pyogenes and
Lactobacillus treated cow endometrial cells. Post 24-hour incubation, the viability of the cells was
unchanged (Figure 1) after the three different treatments compared to the controls. Consequently,

the amount of the test materials and time applied is suitable to use for further experiments.

120 ~

100 -
80
X 60
40
20

0 -

Control Lb mix T. pyogenes  T.p.+ Lb mix

Figure 1. Viability of endometrial epithelial cells. Data are shown as mean+SD in the percentage
of the controls. T.p. — Trueperella pyogenes

Figure 1 shows the neutral red test results of the primary bovine endometrial cells. A slight
decrease can be seen in the T. pyogenes-treated cells, but this decrease in the cell number was not

significant.
5.2 Gene expression results

The gPCR results are introduced in Figure 2. The incubation time for all cell cultures with the
bacteria was two hours. The expression of various pro-inflammatory genes was determined. The
mixed Lactobacilli treatment upregulated the expression of IL3, IL6, and I1L8 genes (p < 0.01, p <
0.01 and p< 0.001). Here however, the TNF showed a negligible upregulation compared to the

controls. The two-hour incubation with T. pyogenes increased the mRNA level of IL3, IL8 and
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TNF (p < 0.01, p < 0.01 and p< 0.025). The concomitant treatment with the Lb. mix and the T.
pyogenes caused enhanced gene expression of the IL3, IL6 and IL8 (p < 0.01, p < 0.01 and p<
0.001) and a slight increase in TNF compared to the control cells.
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Figure 2. Relative gene expression results of bovine primary endometrial cells, after the treatment.
Data are shown as mean£SD. Lb — Lactobacilli, T. pyo — Trueperella pyogenes, IL — interleukin,
TNF — tumour necrosis factor.

Relative gene expression

The TNF showed significant upregulation only after the T. pyogenes treatment compared to the
control group. The two-hour application of the T. pyogenes alone caused significantly higher gene
expression in case of IL3 compared to Lb mix or the simultaneous treatment (p< 0.025 and p< 0.01
respectively). Moreover, IL6 expression increased to similar levels in treatments with T. pyogenes
and Lb mix as well as T. pyogenes alone. The IL8 expression in the T. pyogenes and Lactobacillus

mixed treatment was the highest out of all the others.
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6 Discussion

Postpartum uterine diseases in cows cause significant losses, both physiologically and
economically. Metritis, endometritis and pyometra, especially caused by bacterial pathogens like
T. pyogenes are the main diseases that affect dairy cows. There has been in-depth research
established about bovine uterine diseases in regards their classification, diagnoses, treatments, and
so on. In our investigation, we aim to observe if probiotics could have an advantageous effect on
bovine endometrial cells, cultured in vitro. Endometrial cells were treated with a mix of
Lactobacilli strains, T pyogenes, and a simultaneous mix of the two bacterial species — and the
expression of IL3, IL6, IL8, and TNF pro-inflammatory genes were observed. A mix of results
were observed. The incubation with the T. pyogenes alone resulted in the highest upregulations
seen in IL3 and TNF expression. However, the expressions of IL3 with the concomitant
Lactobacilli and T. pyogenes treatment and sole Lactobacilli treatment were much lower in
comparison signifying that Lactobacillus exerts an inhibitory effect. It was seen in treatment of E.
coli infected BEECs with L. rhamnosus resulted in the decrease of TNF expression through
inhibition of NF-kB. [90] TNF is an inflammatory protein released by the inflammatory
intracellular signalling pathway, that can release neutrophils and monocytes,[91] and performs
apoptosis or necrosis.[92] When it came to IL8, the mixed culture of T. pyogenes and Lactobacilli
caused the gene expression to be the highest out of all the cultures. IL8 (CXCLS8) is a chemokine
that is part of the early inflammatory response and is regulates the action of neutrophils and
connects T cells and monocytes.[92] Its gene expression has been studied in various bovine
diseases and is vital in suppressing bacterial infections.[93] A study isolating T. pyogenes strains
in BEECs shows higher levels of IL8 by 30-fold after 8 hours of culturing L8 [94]. However, it
was found that 1L8 expression was lower in Lactobacilli treated SCE as compared to a placebo.[95]
As for IL6 expression, it showed mild upregulation in sole T. pyogenes and concomitant mix with
Lactobacilli cultures. In other controlled experiments, IL-6 and TNF-alpha were observed to be
significantly higher in cows with subclinical endometritis than healthy cows.[96] IL6 is a
multifaceted cytokine, with roles as a bovine embryokine, but may also showcase anti-
inflammatory characteristics.[92] Ultimately, the presence of endometritis, metritis, or any uterine
disease would be characterized by complex and vital signalling involving both cellular and

humoral immunity.[96] The activation of the signalling mechanism results in the release of pro-
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inflammatory cytokines, chemokines and acute phase proteins (APPSs) that try to minimize damage
to the epithelium during inflammatory response. The probiotic features of the experimentally used
Lactobacillus species have also been investigated. In a study where the expression of virulence
proteins was investigated in isolates of T. pyogenes - L. plantarum showed suppression of all these
virulence factor genes.[97] Moreover, L. reuteri and L. rhamnosus can also reduce the occurrence
of metritis caused by E. coli.[98] While the use of probiotics therapeutically show promise, it is
still largely being investigated.[99] As such antibiotics are still the main therapy used for the
treatment of metritis and endometritis. Ceftiofur is the most preferred antibiotic.[100] However,
penicillin or ampicillin combined with oxytetracycline or cloxacillin is also used for treatment
through intrauterine route. A number of non-antibiotic measures like hormone therapy, herbal
solutions, iodine solutions, etc can be used but are not preferred as first choice as their effects may
not be ideal.[99] Moreover, the effect of the used antibiotics depends on the route, doses, general
condition, interaction with other possibly applied drugs, and finally, the antibiotic resistance —
which is a growing public health problem for both humans and animals. [101] Studies have also
indicated the occurrence of unconventional effects from antibiotic usage like interruption of
physiological uterine cleaning, very long withdrawal periods, unwanted drug interactions in case
incompatible drugs are used, the danger of anti-microbial residues transferring AMR to calves,

and much more. [102]

In conclusion, based on literature data and our results, it can be assumed that probiotic lactobacilli
may exert a protective effect against bacterial endometrial disease conditions. If this preventive
activity could be confirmed in practice based on clinical trials, by administration of the clinically
effective and safe probiotic product, the use of antibiotics to control postpartum diseases in cows
will be reduced. A lower morbidity rate and better reproductive performance can result in more
economical production in the dairy industry, which is also reinforced by the reduction in medicine
usage costs. Finally, due to the expected significant reduction in the use of antibiotics in this sector,
the spread of the use of probiotics can also be an answer to the serious challenge of today, the

preservation of the effectiveness of antimicrobials.
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Abstract

Lactobacillus is a well-known genus of bacteria that was isolated from various food
products and hosts. They are normal residents of the gut and vaginal epithelium in humans and
animals. Although, this genus is most known as a safe and beneficial probiotic, it also exerts anti-
pathogenic, anti-fungal and antioxidant effects.

Dairy cows are incredibly susceptible to uterine infection postpartum. Usually, metritis is
the consequence of the contamination by bacterial agents like Trueperella pyogenes. Metritis could
lead to delayed involution, issues in folliculogenesis and ovarian function, and infertility causing
production loss and increased culling rate. Antibiotics are usually used to treat this disease
condition, which are somewhat effective, but their usage has limitations. Furthermore, with the
steady rise in antibiotic resistance and its implications, research is being conducted for alternative
treatment options, such as probiotics.

In this study we aim to evaluate the probiotic potential of the mixture of four lactobacilli
strains. Primary bovine endometrial epithelial cells (BEnEpC) were collected from non-pregnant,
healthy cows and were cultured in 6-well culture plates. BEnEpC cultures were co-cultured with
T. pyogenes alone or together with the four lactobacilli. Cells cultured with the same medium but
without bacteria served as controls. The changes in levels of pro-inflammatory mediators like IL-
3, IL-6, IL-8, and TNF were also investigated.

The BENEpC culture with the lactobacilli and T. pyogenes showed significant
downregulation of the IL-3 and TNF expression in comparison to the T. pyogenes culture.
However, there was significant upregulation seen in IL-8 expression in all cultures. IL-6
expression was slightly downregulated in the lactobacilli culture-treated endometrial cells, and
slightly upregulated in the T. pyogenes and lactobacilli mixed culture as compared to T. pyogenes
alone.

In conclusion, the results exhibit some probiotic potential of lactobacilli in the attenuation
of metritis in cows. However, it must be considered that during the research phase, in vitro studies
provide a good first approach, but the results obtained must also be confirmed by live animal

studies.
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Osszefoglald

A laktobacillusok egy jol ismert baktériumnemzetség, amelyeket kilonféle
¢lelmiszerekbol és gazdaszervezetekbdl izolalnak, emberek és allatok bél- és hlvelyhamjanak
normalis lakdi. Béar ez a nemzetség legink&bb biztonsagos és jotékony probiotikumként ismert, de
patogén mikroba-ellenes és antioxidans hatast is kifejt.

A tejeld tehenek rendkiviil érzékenyek az ellés utani méhfert6zésre. A metritist, altalaban
olyan bakterialis 4gensek okozzadk, mint a Trueperella pyogenes. A méhgyulladas késleltetett
involucidhoz, valamint tiisz6éréshez és petefészekmiikodési problémakhoz, tovabba medddséghez
vezethet, ami termeléskiesést és megndvekedett selejtezési ardnyt okozhat. Ennek az allapotnak a
kezelésére altalaban antibiotikumokat hasznéalnak, amelyek valamennyire hatasosak, de sikeres
alkalmazasuknak szamos korlatja van. Ezenkivul az antibiotikum-rezisztencia folyamatos
novekedése €s kovetkezményei miatt kutatdsok folynak az alternativ kezelési lehetdségekrol,
példaul a probiotikumokral.

Tanulmanyunk célja négy kiillonboz6 Lactobacillus torzs keverékének probiotikus
potencialjanak értékelése. A primer szarvasmarha endometrialis epithelialis sejteket (BEnEpC)
nem vembhes, egészséges tehenekbdl izolaltuk, és 6-lyuku tenyésztblemezeken tenyésztettiik. A
BENEpC tenyészeteket egyltt tenyésztettilk T. pyogenes-szel 6nmagaban vagy a négy
laktobacillussal egyutt. Kontrollként az ugyanazzal a tapkozeggel, de baktériumok nélkil
tenyésztett sejtek szolgaltak. A gyulladast elésegité mediatorok, példaul az IL-3, IL-6, IL-8 €s a
TNF szintjének valtozasait is vizsgaltuk.

A BENEpC tenyészeten laktobacilluszokkal és T. pyogenes-szel egyiitt az IL-3 és a TNF
génexpresszid szignifikans csokkenést mutatott a T. pyogenes kezeléssel 6sszehasonlitva. Az IL-
8 kifejezddésében azonban minden tenyészetben szignifikans upregulacié volt megfigyelhetd. Az
IL-6 expresszidja a tejsavbaktériumokkal kezelt sejttenyészetekben enyhén csokkent, mig a T.
pyogenes és Lactobacillus vegyes ko-kultiraban enyhén emelkedett a T. pyogenes kezeléshez
képest.

Osszefoglalva, az eredményeink az alkalmazott laktobacilluszok jotékony hatasat mutatjak
a szarvasmarhak méhgyulladasanak csillapitasaban. Figyelembe kell venni azonban, hogy a
kutatasi fazisban az in vitro vizsgalatok jo els6é megkozelitést biztositanak, de a kapott

eredményeket €16 allatban torténd vizsgalatoknak is meg kell erdsitenie.
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