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List of Abbreviations  

 AMR: Antibiotic resistance 

 BEEC: Bovine Endometrial Epithelial Cells 

 BEnEpC: Primary Bovine Endometrial Epithelial Cell Cultures 
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 PGFE: Pulsed Field Gel Electrophoresis 
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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 II 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] 

  

https://www.researchgate.net/profile/Md-Morsaline-Billah/publication/262689581_Isolation_Identification_and_Analysis_of_Probiotic_properties_of_Lactobacillus_Spp_from_selective_regional_yoghurts/links/55c5bffd08aeb9756741ff81/Isolation-Identification-and-Analysis-of-Probiotic-properties-of-Lactobacillus-Spp-from-selective-regional-yoghurts.pdf
https://watermark.silverchair.com/fux030.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA4AwggN8BgkqhkiG9w0BBwagggNtMIIDaQIBADCCA2IGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMeprPAQjOx5yhpc1pAgEQgIIDM6MdBstv4BVq67kns7wwieJ9_Sw81b6jFq490Ve4mKnHiZ2nCeAPaQDIBw1PgkPwHbH6BRp-aI0Pzm-F6iM74DgeiGmu61o9rCp1YuJESCe7gQtWFLWAPcz3WtvgbwzgbtEkn8vO0US0Pbldng6UXwtI6G0qoHiMX2tfXwSsYan5ii9IBSJ91KU2oxHwKYGy9WH0d376Sm53tsA5Y7XLc-YhjlZQ1LR2YCeUly-3Jgcb_NnOgZofS5PitK2UaBG3huuIKM6-3PNoJJAH6cQNDXkyDJ6o9dWKntDaeGxVg9qqO_bcF9CT0aw9SZ2YYo6SFQw8TwgAeJRft1-lC65y89AHTFY4LmOBg7JXXoR-eMS3xPZJ2Xi1w4EugPMYgawdNkTAXkvo-g7sk-TVSmkw7R0K-wnlgNLOLEymsBLrKuky9mAEoBGTgslOtK_T4HFhwwP4nbLugtUsmdHEoRBhtJUVqxkNJ_s_TFZXriBY7EMQWjqp_Mse9qCY3vuTKHOVlFyUP9E0p9uU-1EsYfP41v12tTNdBS2W1q9NUnqSCvbm9NpOcCI0oNn-B2YFx9jp5e5e98QXn601IrtN2FUKzJnAPpHq2z7UHgeff7JPO7dLJey9ZUKUDuiiT67N0Ih88Tuwfx_3VRBeoxmgMm-eGNGVIfurM1dv3qT8t3stobA4HrgPrbOC67DuwM1s9vlCgK1hKagfN9hhX9m8oUx0OngcNYvwdi4F249L2I-Xb7UE6YsKX3hGUcJTjJouoN5RO-0zY47SXmwBuFiRq6rh4y5hIXsavdYL9awSfxV-2-WNYtGBzFY5VExoGI00tSo4aNeGMFIK6qR-vkFVg35pOgHWNZMkb4m-bmPsah16_PCxS612SPFH30PWDyMX-2YXdZ8LMNvsYyYdUdCYZ3ioHkN2gsRGoWtmkopVu-AwZeIQs66yhVSUFcXY2GJjNiHKqugGJr7wiYp28up5gI1kpmBY-ayvfmU_8WRhi5G66aclXemPxazbhcB6k-rkhLbvpbwFP-7hxeK0TDxbNV07Wiq2KVE4KLELzoFdiouSVZEud870ZMN0pQsTEHpIw054_-fKSA
https://sci-hub.se/https:/doi.org/10.1016/B978-0-08-100596-5.00851-9
file:///C:/Users/linds/OneDrive/Desktop/THESIS/3.%09De%20Angelis,%20M.,%20and%20M.%20Gobbetti
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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, CO2, 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, osteoporosis [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. 

 

https://watermark.silverchair.com/fux030.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA18wggNbBgkqhkiG9w0BBwagggNMMIIDSAIBADCCA0EGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMkRbjKF1Fr6xbf1TVAgEQgIIDEuLl5RwtGNPrpGhxe4AD7Dh1J67YinA2Zl8g5x2fP6kZbsunG6VyOOjxv0X0Qkadd1X03M-t3muoGX1KxV1WhuShvNGvEcfLNbOABEKFs_iGyYGUVIDnSBfIlHlkdsIabZq1D0ddrk_Byz6WLCVriWYYiHILDwj1FQ9a_wTMTznXFuBbcG8ADRX1P3VXDFNAPqH8LpdtmbqCsevi8jsCqo7iWcDnSDGuicO1qKbl1MaqrNF9eWvWbGp4Kb_JA4oqeNbUETcLhf9H9FDodcxueEOd7sEtq-RzI0bOsfwm1uzGcnxOnU_bvWgoumjvIR-k6yPCdtv0p-c_l6MhPqlEwsTytFbnlWwn3R-ybLxk4TZMTiU288ruBYegmzbYcpbQuS0pMVjUgi0UlfsivriPJ3c0_dWpYDtoFLBUyqnUWUeGXVtes7_hjihOrWoBll1drP5waWBXa3DJoI6usWcT4HEYb-nVFD3X3Wfpubx9BvL3wrLcfLx45vqB2i7NxCTdNEJu4yFn9fzkrHUj4TCZsc2GQWgj5nSidmjtMVJ9X4vJMK5x9u3i8EygBjEgFN0Kat-jT0KZ9ggXXToIYmi1aa-Y7uRSQ86pLLZt-8i0wea-32hbKP2rJNFYeH0pMlQSUX5fZwX6KR8GjtkAI_7NONuyt4AeTni1k44IAbk80oz5l0zHXo5j8h2TwzVqTPFLfk_NzfmmYJIRRAhKMO31QSToipueVMu39Mm6fQvn9JY94vi-mDlVLS9bLPfQLz_U9ZVa-U9sChp3ETvRknNNohO2m6fCueQRDren3q_6Ep7Dj5E11Q4usAz6PFxWGvPN1ugTYtPTYDfynunESR0WAT6ODH5l_iN118PTocUda9SiKL43bev5bFSY-VLrSnILQQTgfctx-I4tf9_1V-5zHWPkNY_MLZ0P1cmmMbTC6xMsjXEciCuits2TjHGu-GjnyncKac9Dv2Avtg84JDUfAdHbL9LKpQpyjQBDt2SM3-U-16RTQ8NBiQbY8WrcaiTh8jZEdCbOBX5MDdZzXC7TCLXi2Q
https://www.mdpi.com/2076-2607/8/3/393#B1-microorganisms-08-00393
file:///D:/OKTATÁS%20TRANSZFER/TDK_transfer/4.%09Pinto,%20Ana,%20et%20al
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/immunomodulatory-effects-of-probiotics-in-different-stages-of-life/E6AA156090BDDDC3A0A8BAD6E1E0B913
file:///D:/OKTATÁS%20TRANSZFER/TDK_transfer/5.%09Nova,%20Esther,%20et%20al
https://www.hindawi.com/journals/bmri/2014/927268/
https://www.tandfonline.com/doi/full/10.3109/09637480903455971?scroll=top&needAccess=true&role=tab
https://www.tandfonline.com/doi/full/10.3109/09637480903455971?scroll=top&needAccess=true&role=tab
https://sci-hub.se/https:/doi.org/10.1016/B978-0-08-100596-5.00857-X


   

 

5 

 

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 

https://sci-hub.se/https:/doi.org/10.1016/B978-0-08-100596-5.00851-9
https://pdf.sciencedirectassets.com/282166/1-s2.0-S2212670812X00034/1-s2.0-S2212670812000814/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEMj%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQDTY9KTTexAALOkdzX0BmIc%2BM4Pk4%2BIq9657VSHbWudxAIhAN8sdLfvKJfh%2FUNuq4b6D6BeCg0Vkp1eflbFJsvcignVKrsFCMH%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBRoMMDU5MDAzNTQ2ODY1IgzYOr9mH9W5pyBFo6wqjwXAzYbzagSXR0EcsTz4XAOW%2F02CRFVa7KgSUSDoi0gGthzLzaTpvudw1s2F32ibsvZWWeaRVNkHD7RlK9JaOuoBvYBqwWGkaBTxdmi41d3yGeuy3V8bosADwIUlCXunIWCOJmlRIbiPSq4dWArJTkfckZ95%2FC7%2BrRGrC0tCmmAHeXlZMTeEdcRhnpk7O%2Bp2mLD5wPt%2BiUrVdUaAS6cFynWPm67NkZlhf8ROPIhekLmticIPKhrdiZXFdILdVN3O8SMOZwv0%2F%2BzigDE3ZUZwxRvUSv70a3lcPVMIuHCnEuNm2OA55hb3k9c05Y6V2NheNP9qeY7wGlirU4WJaMxBnH81Ik20hsqt8IdOJkolP5SE%2FbmfAPBR4Hu76BMqD9sJo%2B3ft6%2BdaCWqArKUrQLdAA2OSftbeqQyYGPiDBg0iAzNGxBZt%2Ft4qSSjxG7abPvyOJvgG3wR3ujXc09yvfeu1MAVYAwuOdo7Zaxj1X5fpM%2Bqw8%2FXYVye3BzE380TCYmToqrb2ves6cHF0AG9vUHuV1TNLmCKC3LIlL9ACG5FWpd7wsi1wag3iBrCBlrRfVveYhXFw9Sfpv5vcvjhp6m8RT%2BlM%2FJbPz9Tov0hT%2Bw6EHvMtWh%2BMLTRRn0O5Ly7GulWN3RLnpZuFglHLQokyd5D9N3C59%2FuDt8yX73XtBNmHz3Z%2F%2B5CYkXT5Gwp7TyL2hcxlP2cQ%2FIg7uJb8fTvlcN5l30m%2FASPwWIr%2BFrNy9IFKictTThRthgfsdeBFvxmY9n9oV6LPuW2QJ5J5GI2NSnx4Dtoi%2FkwWwX0tKvuLc%2FKcJu5lMOU420tRjZxRt0MYGAzRBf1zCDNzG96yOxoLJIx18fnxvMzg%2FxCzxG3NPu6TDbhMNLY26gGOrABr0LG28g%2Bn79wIgT9dFlpEU9BXzgKVM60xBiO2xQpIDq4rCYp0LWTw%2BUK%2FBlv3TxITGRBHzAoz1A3%2B5IgrokXc2Md5%2B4dN4yFvMh6PTOQB84bufdken7ZaP2xv%2BTR24B5L9yK31rlp9JRgsKIcA5csnA2hyR8DBiJbYiqYNBMLp8yfWIxdoMf6z%2FygzjJHAYq1S0FLan9WQSToCidzZaXJhdJJQ4EWR1byz18Xj%2FL39A%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230929T163843Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYULKZHI6P%2F20230929%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=9c4ef1556e809f764bd9edd104895c934bebd4604ce2e1e229dde8df2dfd3ab1&hash=393b92184a7d6e61dbfb9dceceb8ba67c1524d0c46563ff81917a8946a3c803c&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S2212670812000814&tid=spdf-4862133f-4ed9-4f93-a6b6-079e841d27be&sid=92
file:///D:/OKTATÁS%20TRANSZFER/TDK_transfer/8.%09Zacharof,%20M.P.,%20and%20R.W.%20Lovitt
https://www.frontiersin.org/articles/10.3389/fmicb.2014.00241/full
https://www.researchgate.net/profile/Md-Morsaline-Billah/publication/262689581_Isolation_Identification_and_Analysis_of_Probiotic_properties_of_Lactobacillus_Spp_from_selective_regional_yoghurts/links/55c5bffd08aeb9756741ff81/Isolation-Identification-and-Analysis-of-Probiotic-properties-of-Lactobacillus-Spp-from-selective-regional-yoghurts.pdf
https://www.scopus.com/record/display.uri?eid=2-s2.0-33646265743&origin=inward
https://www.scopus.com/record/display.uri?eid=2-s2.0-33646265743&origin=inward
https://pdf.sciencedirectassets.com/271246/1-s2.0-S0958694600X00374/1-s2.0-S0958694699000242/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEDQaCXVzLWVhc3QtMSJHMEUCIFY2EYCCAeKR3Ew9prutjf9yu73vfUEdcfKUiP0fGjvTAiEA4UjC%2BBcJ93Xwtn18LAh62eOaanqjYxBymEQN%2FdvUe2IqswUIHRAFGgwwNTkwMDM1NDY4NjUiDLAIIPEECaI8V5Ym5iqQBc75Cspe3EB8rKxccsV0OIwAO0Rak3UPhphYdpWrKOoX8fZTV0N%2Bx68cTNLckBMhkQO2hYDs4klBV2bC%2FyQa1qCLXFTjRM2AoxQgo%2F122TWABKp8NPUZYu7W01ZnjoNQH9ZMELFaYv%2Fd4kYohqgR8fYOUemLm6yKyw5MVct6AaSpG9dDC60RVNv9blh14BlyFkU0FTRMbYPSjsZ5n1sq9Hh8bQW3031o7OMzCo0o%2FNs9aADkukd9akcgHzjhVDOM6LC6xmDw9n0onwRjavmfIN6MbeE1BIFO%2FR2VXmf4jUb%2BY46SobBIYgfzYfj0JnL7t17SeVhMbzGdjDHxNtMGpQSmthLHs33o0H%2BBEp3NJo1jgRQtD2aqSdvHZ7%2BYyYlCSbkTvdpdBGqpwj%2FqNhNTa5j1utW0%2BpLr5xVFtkKQm4LYCFbnPfhG9uTtVKPBigTd0pjr4FvMui65WBm%2FMt5klV%2FejM1DPR%2BACj0NST5ri63GhX7YnflE7KwNYPWAKTjhDxtNg%2FhLts%2BNN4ecUY4WIqO1idKvXBKUIUYodMmXDQpIZxdISxiUD8yvuIgQU9%2B5TTr5DD32vmDpJ5lTy3DX%2FdUtwndC2NdybwNVUC%2BTNUy04rCTcgH7YpyRlBFYekTGGmpGKPhzPph2iLQhR2SSZWwsAx%2BQKjM%2FapYAp72LhEg6Kw%2B5OU80Y1Ir0gAY%2B%2BJdcxh5HuViQNQTDznVrQmevlPwq17uoDuzpY8h%2Fw3D8evKbPCwiW5KLNhXhko3aXg6VpJS9ZgsSC8ieKpMuG4u%2F3rQNQYDsrfFEVQe968tl6vhB8%2BoRVDi5n%2FmC86VFkpBRJXXjzG6%2FzvMnA%2FqMDsrGihl9xUsf%2FYFM09jOcvMKuT9MLH1gqgGOrEBghds4SjvEXORcfhtKm5bS9If07raVqOGsWyEED988H9B8wt62hqhuBNkDgZpBpcP9eITzkzSQQF%2Fdj5rYbuD8qTlcrQ47LFf2bkhjtsJPb%2BYgAWop3jHaiMF61Bu77s5C1UlSez7ocWfNpYs1AFoAW9SQQ%2BQFM5QvxQ9tgBY8u9bvcvGC%2Fc%2ByjhySv0Q2XyQOr%2F7e7dJwP7hDw5F2YnclBEMSn3O8GTZx6gfO3bjfqoA&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230912T201413Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5QP7SANO%2F20230912%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=049aff0617df04d1d2b59c35f261eb25b2485db2c7f4f596a42affc8b0a6dbcd&hash=277c93de3755d3769b8950b4a9d6a5f452d94b9d52f532e7bb53934202de261d&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0958694699000242&tid=spdf-251d6421-39ac-43c2-be47-f2e626e73e91&sid=7542da106cc2774f5909a4b7dc3c1f93ba29gxrqb&type=client&tsoh=d3d3L
https://pubs.acs.org/doi/10.1021/jf301903t
https://link.springer.com/article/10.1007/s00404-013-3064-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC339608/
https://link.springer.com/article/10.1007/s12602-020-09674-3
https://www.mdpi.com/2076-0817/11/6/692
https://link.springer.com/article/10.1007/s00203-020-02088-3
https://www.mdpi.com/2076-2607/9/6/1341
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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, GI 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] 

https://www.sciencedirect.com/science/article/pii/S0740002013000713#bib15
https://link.springer.com/article/10.1186/s12934-020-01464-4
https://www.tandfonline.com/doi/abs/10.1080/10408398.2019.1688250
https://www.mdpi.com/2304-8158/11/22/3583#B30-foods-11-03583
https://watermark.silverchair.com/fnx185.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA30wggN5BgkqhkiG9w0BBwagggNqMIIDZgIBADCCA18GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMnmfOK6wRMb554i6fAgEQgIIDMHoMEMHEbW7RSj2Hp7qRJVKIeBZlA6rd1PxGOhWgQx1q_szhhRlsUXV-1pBmHstL8pwQA0j2zfgGapFMZWFd69wK0sn9I4DEBcB6VSguXOu546C1ZpPzpg7uPPgi_FeL0EaILPWC9KO2PGjgtM3PrLJFMgI1FMNFPFkE5l0fWStVV7BYH518nC1KWu_rVzhybho_fWNn-VEmKy1fIaR90nm9dt0am6nLDHUK6avyfph2Fsv7LFovpxKyjf8aTr7izamLGh2Ojhq_L-3YHwk-hOg5sAG4K0LiHrDuzXu6r1RjcITpsOQxgra_PRNS3RqHDnaRVN52pM8qryIQ1U65_irjPsVK7EZcgt8pohY-H0BR247TslH6Qu81bU3USPIpAjeXlYbzIy4knLKYwa9K1MuPC41X_-ipBDiFr4XG0tHFWohAJMfBCJGHsuwRX7ojAmv67ksq-iFzYyw5ydGmdHVOf08uGto_6epua9xJo2aeQwDHtl3PHYMYV48al56SYXaQNru5RaYNc7x4b4KqeRq1Dm-Ay0KfRpX8pbbE-b-XqzZNl7-ABGxbYz_u0KNbfZrRckGLpD_I01VgMqyvcLh7R9Kzhacb1pSEaO5XwCIr2v2T-TFiqEbbsXqNwtJ6j5JH32b4Vg1quHry36seiI2ePb4Fdqryaty66vN3aM1FKvEyS5D-wBCWxIPTIVjn1QwEb_ul47U-AdELAX3ycYqUq9MnEA6yfYmxqEZV0ZGpvTSzcRGouOlWFrBHPcN0h2tjw84zYbG2pYJWRN2yatAZqEsXjj5Jc1YT_gC5h2H7HpvplBev3wjvPkqzbhcsr0OM2EUhdXNVZ-V17gWSfuxjbmgUZSqr_hwmNckc0CZCyxkjI3Tgblr8xWQHOiYg9Y0-4n8w_OnEZk4w0ASYyARhyQ_Xe1T8l2AKQU6ch7V7YaIOoSL2iSZNo825MSn3q6Ajp4znt26IzlFNnHuArl5nh6Fm1C4LnZVxODF4RJSLw4TsmWNZPrwUkgs7ajIJXZoZx347oSNIOZti_2luwzioOqQak20XxJN-OG1T4U3z04LhQeqxSwgt3iub_qjx5Q
https://watermark.silverchair.com/fnx185.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA30wggN5BgkqhkiG9w0BBwagggNqMIIDZgIBADCCA18GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMnmfOK6wRMb554i6fAgEQgIIDMHoMEMHEbW7RSj2Hp7qRJVKIeBZlA6rd1PxGOhWgQx1q_szhhRlsUXV-1pBmHstL8pwQA0j2zfgGapFMZWFd69wK0sn9I4DEBcB6VSguXOu546C1ZpPzpg7uPPgi_FeL0EaILPWC9KO2PGjgtM3PrLJFMgI1FMNFPFkE5l0fWStVV7BYH518nC1KWu_rVzhybho_fWNn-VEmKy1fIaR90nm9dt0am6nLDHUK6avyfph2Fsv7LFovpxKyjf8aTr7izamLGh2Ojhq_L-3YHwk-hOg5sAG4K0LiHrDuzXu6r1RjcITpsOQxgra_PRNS3RqHDnaRVN52pM8qryIQ1U65_irjPsVK7EZcgt8pohY-H0BR247TslH6Qu81bU3USPIpAjeXlYbzIy4knLKYwa9K1MuPC41X_-ipBDiFr4XG0tHFWohAJMfBCJGHsuwRX7ojAmv67ksq-iFzYyw5ydGmdHVOf08uGto_6epua9xJo2aeQwDHtl3PHYMYV48al56SYXaQNru5RaYNc7x4b4KqeRq1Dm-Ay0KfRpX8pbbE-b-XqzZNl7-ABGxbYz_u0KNbfZrRckGLpD_I01VgMqyvcLh7R9Kzhacb1pSEaO5XwCIr2v2T-TFiqEbbsXqNwtJ6j5JH32b4Vg1quHry36seiI2ePb4Fdqryaty66vN3aM1FKvEyS5D-wBCWxIPTIVjn1QwEb_ul47U-AdELAX3ycYqUq9MnEA6yfYmxqEZV0ZGpvTSzcRGouOlWFrBHPcN0h2tjw84zYbG2pYJWRN2yatAZqEsXjj5Jc1YT_gC5h2H7HpvplBev3wjvPkqzbhcsr0OM2EUhdXNVZ-V17gWSfuxjbmgUZSqr_hwmNckc0CZCyxkjI3Tgblr8xWQHOiYg9Y0-4n8w_OnEZk4w0ASYyARhyQ_Xe1T8l2AKQU6ch7V7YaIOoSL2iSZNo825MSn3q6Ajp4znt26IzlFNnHuArl5nh6Fm1C4LnZVxODF4RJSLw4TsmWNZPrwUkgs7ajIJXZoZx347oSNIOZti_2luwzioOqQak20XxJN-OG1T4U3z04LhQeqxSwgt3iub_qjx5Q
https://www.sciencedirect.com/science/article/pii/S0882401021004861?casa_token=nJWyfyvE6mEAAAAA:z3wiUm0bJfmh7bXYKRIawsIlW1TZRzogwIQC1YFw3QOyt5OWOcBUHo-ND9bkPVlhf-e4DkiasoI
https://academic.oup.com/jambio/article-abstract/107/4/1140/6719458?redirectedFrom=fulltext
https://www.mdpi.com/2304-8158/11/22/3583#B30-foods-11-03583
https://www.sciencedirect.com/science/article/abs/pii/S1075996407000273
https://www.sciencedirect.com/science/article/abs/pii/S1075996407000273
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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 II, L. reuteri and L. fermentum parallel each other 

physiologically - for example, both species grow at 45 °C and can tolerate the strong acidic and 

https://pdf.sciencedirectassets.com/316847/3-s2.0-C20160001778/3-s2.0-B9780128110317000030/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjELX%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIBE4lauiYE5gtpg37i%2FEbdk4ol3%2FIeqamkA1DxD1j31bAiBnS8%2FVotZuFlHxX7ombmzuz%2FiL7HoGTgIoTugvoWHivSq7BQiu%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAUaDDA1OTAwMzU0Njg2NSIMgLamOVayR5yA8I36Ko8FGI94pWERA1NOTnrJxHBJf7832do0hIf85kSBCXnfHGYY79zCf%2FtlGr718Xn9H%2Fyg6kuVjBtUQykUQ5WtaGtA7%2FpjWMHlpm8zD6qdM1oAgLvlCc6J4zOjOQzdg0H2%2BFlIHMaOtos9iT19vPOg5Yehpf5WvcRtaGWEgZ5WGN6w2b5Wip1e5mcJUOOHKIv%2BTa%2B7TFHUL7XxYellIhDy%2By%2BMDUYmVKbGYv0Nl3iwZUqeQ6yTQhKIJ5F6Yoa9g4aoSep8lyI9L10Udhl53zzXPFUgHu0FFX%2FdunZzEx6Diuj6mslbQJKuWZPd1CEYnjhWhyp8z5CGQ40cpQRh6DYanPsx3lQYkJ8GKN%2FCIoze9KO16T72oLC1wN0hA%2F8ojhZcedhzlpSpDmytHwpJn9rmPlTNccdPoaNiBEBErEhUd6BdWAQyYNPZtC8MSHdIIxR0fDZmLXOmjxHAxtQN7cU9P5pwKt5hKudkPhfSzVMtGDYGjQVL9%2FvmYNF1GCFYWiScjLFFYBSgEoObSb9lMQJ6az7rwPyBTX6TA02w%2BjTs4TqA7V5ED1oNYlPE8M2%2FUlx8duRBEWKW7gbwo31d69X3UgdsMyvLNhadipxZJxe4IREVgH8qKNK6efgJWo9lmhipygfTFB3KVs5Dgcs118FTSf5058sYoHBi0W%2BRHAfUDr4jQwNY76mDX7jK9OxdTjn3gNI%2FE8D51cwfQxUjabGgsEYabyuS%2FAWtmHaGhL%2FrGXNq0lSOlS8GA3KtmoroKB8RDm4zrkgN5okWpwtr%2BRL5MqscIG%2FWdl%2BZqZm8NvnVzEdnSTFQY1qb8wkvGF7xrc93yRke7n7wphWYKq5VGyW28H0k6o8VrHA0crDOpeq%2B2R6rNzCqzNeoBjqyAa3YMVy%2B0kyQkbiHbPtWPXEPAUJsWWjmNonnuRoqoZ9cose0PPPnrL3YEFNK8rFJOdiwt%2BFSKA4KhsciPIzAOyNMTxdFUqJyhaykjE17iXDMT6nQHv8qWF5bXiIuZrMQjKx%2FoQFcQPTUM6DnQ5f%2BWT3XArL2D3cWPzcdCImf1kkW5AlRbdn5l8h3jwYh2XUIRW6EcaEHBfO56QIFqjAWinpsITw1cRp0ec7BGSDZTUwJvq4%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230928T212134Z&X-Amz-SignedHeaders=host&X-Amz-Expires=299&X-Amz-Credential=ASIAQ3PHCVTYWO5RZZFS%2F20230928%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=4cc99b68413b6ff0f9e471c72c11e580972f5b29f2ac2f62a4e78c0c58cafc3b&hash=e0913a9a9caa6afa1d85eb1774ec7755316aef5eab3a828e2651518c24ab5c44&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=B9780128110317000030&tid=spdf-b64189e7-f548-49d2-8fe2-78e4f5a4f024&sid=922a06a164eb294
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5994577/
https://link.springer.com/article/10.1007/s13213-013-0777-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4705246/#b0015
https://link.springer.com/article/10.1007/s13213-013-0777-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6391266/#:~:text=Our%20results%20demonstrate%20that%20the,treated%20with%20broad%E2%80%90spectrum%20antibiotics.
https://www.sciencedirect.com/science/article/pii/S0956713514005015
https://www.mdpi.com/2076-2615/11/6/1766
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7401644/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7401644/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8630701/
https://link.springer.com/article/10.1007/s12223-017-0524-9
https://www.frontiersin.org/articles/10.3389/fmicb.2018.00757/full
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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.g., arabinose, sorbitol etc. It contains 45–47% G+C content (mol%). Lb. 

rhamnosus’ probiotic properties have been largely studied showcased through LGG strain for 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.00757/full
https://link.springer.com/article/10.1007/s12223-017-0524-9
https://www.mdpi.com/2304-8158/11/24/4000
https://www.tandfonline.com/doi/full/10.1080/20002297.2016.1274582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270012/#b55
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4101683/
https://www.mdpi.com/2072-6643/13/3/918
https://jasbsci.biomedcentral.com/articles/10.1186/s40104-015-0014-3
https://jasbsci.biomedcentral.com/articles/10.1186/s40104-015-0014-3#ref-CR46
https://www.sciencedirect.com/science/article/abs/pii/S0309174020306665?casa_token=7R_qnhYx7PEAAAAA:lkd8-ofRDnURs8_tsXAL_Lh7kuoeIs6kI2JiUgI247GWiiF3tFxJiCd1czV3hNmNJ_hrFxWx6hk
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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 

https://sci-hub.se/https:/doi.org/10.1016/B978-0-08-100596-5.00857-X
https://microbialcellfactories.biomedcentral.com/articles/10.1186/1475-2859-13-S1-S7
https://link.springer.com/article/10.1007/s00394-009-0021-2
https://www.nature.com/articles/s41467-022-30661-5
https://www.nature.com/articles/s41467-022-30661-5
https://pubmed.ncbi.nlm.nih.gov/25433553/
https://pubmed.ncbi.nlm.nih.gov/23313485/
https://www.sciencedirect.com/science/article/pii/S0008874918302521
https://pubmed.ncbi.nlm.nih.gov/20345982/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0016577
https://www.frontiersin.org/articles/10.3389/fcimb.2022.809674/full
https://journals.physiology.org/doi/full/10.1152/ajpgi.00452.2013
https://journals.asm.org/doi/full/10.1128/aem.03668-13
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0146312
https://www.sciencedirect.com/science/article/pii/S0093691X07002142
https://www.sciencedirect.com/science/article/pii/S0378432004000582
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0119793
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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] 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0119793
https://pubmed.ncbi.nlm.nih.gov/28708498/
https://www.sciencedirect.com/science/article/pii/S0093691X22002874
https://www.frontiersin.org/articles/10.3389/fvets.2020.00116/full
https://pubmed.ncbi.nlm.nih.gov/22913557/
https://www.sciencedirect.com/science/article/pii/S0093691X05003821#bib47
https://www.researchgate.net/profile/Farhod-Ahrorov/publication/341962635_Conference_Proceedings_SPHERA_Samarkand_2020/links/5edb1ca845851529453c0387/Conference-Proceedings-SPHERA-Samarkand-2020.pdf#page=50
https://d1wqtxts1xzle7.cloudfront.net/84222008/Clinical-Metritis-and-Endometritis-in-Diary-Cattle-A-Review-VMOJ-5-149-libre.pdf?1650050208=&response-content-disposition=inline%3B+filename%3DClinical_Metritis_and_Endometritis_in_Di.pdf&Expires=1696080715&Signature=PBDI5I8Y9x8WU8ljvD07ni8N6fxdrut7swT7g0x8NmPba9aD0PyQN7CMxPjKxDAe0VzL-ZPisa-wDCz8veV2asmWoZ1mUE5k6R~B3XVZdR5owbQ05MmAnBF1HNay9F2oaVPMLh8P6XGIGOku31W53wen8FNQttFMstBSNBD4zES8wABfpmF4AtBmGp3n-P5GFsfnjAexgWdQzpfw-hz-fUQE~BjYVx~6mdNQRmza94KF6uhWmfJhjrePvowpkIfExv2cUoE7Err82kvZjibSV1rSTSuPVj8ZPc5PFtTKac-pC5pqqBnFT7B0--gjxC2XC~~KxBwozxpehIXgTlVuUQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.sciencedirect.com/science/article/pii/S0093691X05003821
https://www.researchgate.net/profile/Farhod-Ahrorov/publication/341962635_Conference_Proceedings_SPHERA_Samarkand_2020/links/5edb1ca845851529453c0387/Conference-Proceedings-SPHERA-Samarkand-2020.pdf#page=50
https://d1wqtxts1xzle7.cloudfront.net/84222008/Clinical-Metritis-and-Endometritis-in-Diary-Cattle-A-Review-VMOJ-5-149-libre.pdf?1650050208=&response-content-disposition=inline%3B+filename%3DClinical_Metritis_and_Endometritis_in_Di.pdf&Expires=1696080715&Signature=PBDI5I8Y9x8WU8ljvD07ni8N6fxdrut7swT7g0x8NmPba9aD0PyQN7CMxPjKxDAe0VzL-ZPisa-wDCz8veV2asmWoZ1mUE5k6R~B3XVZdR5owbQ05MmAnBF1HNay9F2oaVPMLh8P6XGIGOku31W53wen8FNQttFMstBSNBD4zES8wABfpmF4AtBmGp3n-P5GFsfnjAexgWdQzpfw-hz-fUQE~BjYVx~6mdNQRmza94KF6uhWmfJhjrePvowpkIfExv2cUoE7Err82kvZjibSV1rSTSuPVj8ZPc5PFtTKac-pC5pqqBnFT7B0--gjxC2XC~~KxBwozxpehIXgTlVuUQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/84222008/Clinical-Metritis-and-Endometritis-in-Diary-Cattle-A-Review-VMOJ-5-149-libre.pdf?1650050208=&response-content-disposition=inline%3B+filename%3DClinical_Metritis_and_Endometritis_in_Di.pdf&Expires=1696080715&Signature=PBDI5I8Y9x8WU8ljvD07ni8N6fxdrut7swT7g0x8NmPba9aD0PyQN7CMxPjKxDAe0VzL-ZPisa-wDCz8veV2asmWoZ1mUE5k6R~B3XVZdR5owbQ05MmAnBF1HNay9F2oaVPMLh8P6XGIGOku31W53wen8FNQttFMstBSNBD4zES8wABfpmF4AtBmGp3n-P5GFsfnjAexgWdQzpfw-hz-fUQE~BjYVx~6mdNQRmza94KF6uhWmfJhjrePvowpkIfExv2cUoE7Err82kvZjibSV1rSTSuPVj8ZPc5PFtTKac-pC5pqqBnFT7B0--gjxC2XC~~KxBwozxpehIXgTlVuUQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pubmed.ncbi.nlm.nih.gov/16226305/
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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 (PMNs) 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] 

https://www.sciencedirect.com/science/article/abs/pii/S0093691X02013766
https://www.sciencedirect.com/science/article/pii/S0093691X05003821#bib52
https://www.sciencedirect.com/science/article/pii/S0378432008000134
https://www.mdpi.com/2624-862X/2/1/4#B4-dairy-02-00004


   

 

12 

 

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]  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10023628/
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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; Gärtner 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 μ/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 μg/ml gentamicin, and 1.4 μg/ml 

amphotericin B; all from ThermoScientific). Furthermore, the cells were seeded in 25 cm2 culture 

flasks (Corning, Corning, NY, USA) and for 18 hours at 37 °C and 5% CO2 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 mRNA expression assays, these cells were placed 

into 96-well plates at a density of 8×104 cells in 200 μl medium/well and 6-well plates at a density 
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of 6×105 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 104 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 104 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 µl/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 µg/ml. The cells were washed 

twice with DMEM/F12 after 24 hours of incubation and 100 µl/well of neutral red medium was 

then added. 

Following an incubation of 3 hours at 37 °C in a CO2 thermostat, the neutral red medium was 

removed. Then, phosphate buffered saline (PBS) was used to wash the cells twice. 50 µl 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 cm2 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 μl 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 µL 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 mRNA 

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 µl 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 

µl and add 1 µl random hexamer primer and 1 µl 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 µl reaction buffer 

and 1 µl 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 μl contained 0.2 μM of the corresponding 

primers and 1× concentrated SsoAdvanced Universal SYBR Green Supermix (Bio-Rad) in 

nuclease-free water, and the 2 μl 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.  

 
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 qPCR 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 IL8 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. 

 
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. 

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 (CXCL8) 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 IL8 [94]. However, it 

was found that IL8 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 (APPs) 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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Összefoglaló 

A laktobacillusok egy jól ismert baktériumnemzetség, amelyeket különféle 

élelmiszerekből és gazdaszervezetekből izolálnak, emberek és állatok bél- és hüvelyhámjának 

normális lakói. Bár ez a nemzetség leginkább biztonságos és jótékony probiotikumként ismert, de 

patogén mikroba-ellenes és antioxidáns hatást is kifejt.  

A tejelő tehenek rendkívül érzékenyek az ellés utáni méhfertőzésre. A metritist, általában 

olyan bakteriális ágensek okozzák, mint a Trueperella pyogenes. A méhgyulladás késleltetett 

involúcióhoz, valamint tüszőéréshez és petefészekműködési problémákhoz, továbbá meddőséghez 

vezethet, ami termeléskiesést és megnövekedett selejtezési arányt okozhat. Ennek az állapotnak a 

kezelésére általában antibiotikumokat használnak, amelyek valamennyire hatásosak, de sikeres 

alkalmazásuknak számos korlátja van. Ezenkívül az antibiotikum-rezisztencia folyamatos 

növekedése és következményei miatt kutatások folynak az alternatív kezelési lehetőségekről, 

például a probiotikumokról. 

Tanulmányunk célja négy különböző Lactobacillus törzs keverékének probiotikus 

potenciáljának értékelése. A primer szarvasmarha endometriális epitheliális sejteket (BEnEpC) 

nem vemhes, egészséges tehenekből izoláltuk, és 6-lyukú tenyésztőlemezeken tenyésztettük. A 

BEnEpC tenyészeteket együtt tenyésztettük T. pyogenes-szel önmagában vagy a négy 

laktobacillussal együtt. Kontrollként az ugyanazzal a tápközeggel, de baktériumok nélkül 

tenyésztett sejtek szolgáltak. A gyulladást elősegítő mediátorok, például az IL-3, IL-6, IL-8 és a 

TNF szintjének változásait is vizsgáltuk. 

A BEnEpC tenyészeten laktobacilluszokkal és T. pyogenes-szel együtt az IL-3 és a TNF 

génexpresszió szignifikáns csökkenést mutatott a T. pyogenes kezeléssel összehasonlítva. Az IL-

8 kifejeződésében azonban minden tenyészetben szignifikáns upreguláció volt megfigyelhető. Az 

IL-6 expressziója a tejsavbaktériumokkal kezelt sejttenyészetekben enyhén csökkent, míg a T. 

pyogenes és Lactobacillus vegyes ko-kultúrában enyhén emelkedett a T. pyogenes kezeléshez 

képest. 

Összefoglalva, az eredményeink az alkalmazott laktobacilluszok jótékony hatását mutatják 

a szarvasmarhák méhgyulladásának csillapításában. Figyelembe kell venni azonban, hogy a 

kutatási fázisban az in vitro vizsgálatok jó első megközelítést biztosítanak, de a kapott 

eredményeket élő állatban történő vizsgálatoknak is meg kell erősítenie.  
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