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Occurrence and Distribution of Enterobacteriaceae and Molecularly Characterized Yersinia Species Isolated from Pig Faeces and Cow Intestines
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ABSTRACT 

	BACKGROUND: Food-producing animals can harbour enteric bacteria of veterinary and public health importance and may contribute to their transmission through direct contact, environmental contamination, and the food chain. Among these bacteria, Yersinia species are important foodborne zoonotic organisms, with pigs recognised as major reservoirs of pathogenic species such as Yersinia enterocolitica. However, information on the occurrence, distribution, and molecular characteristics of Yersinia species and other enteric bacteria in livestock remains limited in many settings, highlighting the need for combined phenotypic and molecular investigations.

AIM: To determine the occurrence and distribution of Enterobacteriaceae and Yersiniaceae in pig faeces and cow intestines and molecularly characterise selected Yersinia isolates using 16S rRNA gene sequencing.
STUDY DESIGN: Cross-sectional laboratory study of bacterial isolation, phenotypic identification, and molecular characterisation from livestock.
METHODOLOGY: A total of 157 samples comprising faeces from adult pigs, growers and finishers, weaners and piglets, and cow intestines were collected and processed using standard microbiological procedures. Bacterial isolates were identified by conventional cultural and biochemical methods. Eleven representative Yersinia isolates were selected for molecular characterisation using 16S rRNA gene amplification and sequencing, followed by sequence comparison for species identification and genetic relatedness.
RESULTS: A total of 213 bacterial isolates belonging to the families Enterobacteriaceae and Yersiniaceae were recovered. Yersinia species constituted the largest proportion of isolates (40.38%), followed by Enterobacter aerogenes (12.68%), Proteus mirabilis (7.51%), Enterobacter cloacae (6.10%), and Citrobacter freundii (5.16%). Other organisms identified included Escherichia coli, Klebsiella pneumoniae, Alcaligenes faecalis, Shigella spp., Salmonella Typhi, Providencia alcalifaciens, Aeromonas jandaei, and Pseudomonas species. Molecular analysis identified four Yersinia species, namely Yersinia enterocolitica, Yersinia pseudotuberculosis, Yersinia intermedia, and Yersinia kristensenii. Grower and finisher pigs accounted for the highest proportion of Yersinia isolates (54.5%), whereas adult pigs and weaners/piglets each contributed 18.2%, and cow intestines accounted for 9.1%. Sequence analysis revealed high genetic relatedness among the characterised isolates, with nucleotide sequence similarities ranging from 99.59% to 100%.
CONCLUSION: The predominance of Yersinia species, particularly Y. enterocolitica, among pig samples confirms the important role of swine as reservoirs of potentially pathogenic Yersinia. The occurrence of Y. pseudotuberculosis further highlights the zoonotic significance of these animals. The findings emphasise the need for continuous surveillance, improved farm hygiene, and molecular monitoring of livestock-associated bacterial pathogens to reduce the risk of foodborne transmission and safeguard public health.
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1. INTRODUCTION 
Food-producing animals can harbour bacterial pathogens of public health importance, creating opportunities for zoonotic transmission through direct animal contact, contaminated environments, and consumption of contaminated animal-derived foods, including meat, milk, and eggs (Food and Agriculture Organization of the United Nations [FAO], n.d.; World Health Organization [WHO], 2020). Among these microorganisms, members of the family Enterobacteriaceae constitute an important group of bacteria because they include numerous pathogenic and opportunistic species capable of causing gastrointestinal diseases, systemic infections, and zoonotic illnesses in both humans and animals. Prominent genera within this family include Escherichia, Salmonella, Klebsiella, Enterobacter, Citrobacter, Proteus, Shigella, and Yersinia, many of which are frequently implicated in foodborne infections and healthcare-associated diseases (Adeolu et al., 2016; WHO, 2026; Alimi et al., 2025). The pathogenic potential of bacterial species is influenced by their repertoire of virulence determinants, while antimicrobial resistance mechanisms can further compromise effective treatment. Together, these characteristics may facilitate bacterial survival, persistence, and successful colonisation of hosts, thereby increasing the potential for infections to be maintained and disseminated across human and animal populations (Smith et al., 2023; World Health Organization [WHO], 2026).
Yersinia is a bacterial genus classified within the family Yersiniaceae and includes species that are of considerable significance in human medicine and veterinary practice because of their ability to cause disease in a variety of hosts (Bancerz-Kisiel & Szweda, 2015). Within the genus, Yersinia enterocolitica and Yersinia pseudotuberculosis are the species most closely associated with human yersiniosis. Infection is primarily linked to exposure to contaminated food, particularly pork and certain fresh produce, making yersiniosis an important foodborne zoonotic disease of public health concern (European Food Safety Authority [EFSA] & European Centre for Disease Prevention and Control [ECDC], 2024). Yersiniosis is characterised by enteritis, abdominal pain, fever, mesenteric lymphadenitis, and, in severe cases, septicaemia and extraintestinal complications (Fredriksson-Ahomaa & Korkeala, 2003; Bancerz-Kisiel & Szweda, 2015). In contrast, species such as Yersinia intermedia and Yersinia kristensenii are generally regarded as less pathogenic, although they are frequently recovered from environmental sources, food products, and animal hosts (Vilela et al., 2024). The capacity of Yersinia species to survive under diverse environmental conditions and colonise animal gastrointestinal tracts contributes to their persistence and widespread occurrence in livestock production systems (Bancerz-Kisiel & Szweda, 2015).
Current epidemiological evidence indicates that domestic pigs constitute the primary animal host for pathogenic Yersinia species, especially Yersinia enterocolitica, making swine an important source of human infection through the food chain (Bancerz-Kisiel & Szweda, 2015; EFSA & ECDC, 2024). The bacterium is capable of colonising the tonsils and intestinal tract of clinically healthy pigs, resulting in asymptomatic carriage and prolonged shedding into the environment (Laukkanen-Ninios et al., 2014). During slaughter and carcass processing, contamination of pork products may occur, creating opportunities for transmission to humans through the food chain. Consequently, swine-associated Yersinia infections continue to represent an important food safety and public health challenge worldwide (EFSA & ECDC, 2024; WHO, 2026). Although cattle and other livestock species may also harbour Yersinia organisms, their epidemiological contribution is generally considered less significant than that of pigs (Bancerz-Kisiel & Szweda, 2015).
The gastrointestinal system of food-producing animals contains a diverse and dynamic microbiota comprising beneficial microorganisms, commensal bacteria, opportunistic species, and pathogenic organisms. The structure and diversity of this microbial ecosystem are shaped by numerous host and environmental factors, including the animal's age, diet, housing system, husbandry practices, stocking density, sanitation standards, and the quality of drinking water (Valdes et al., 2018). Investigating the bacterial populations associated with livestock provides important information for understanding their potential role in maintaining and disseminating zoonotic organisms. Such evidence can inform assessment of animal-to-human transmission risks and strengthen surveillance, prevention, and control measures through an integrated One Health approach (FAO et al., 2022; EFSA & ECDC, 2024). 
Conventional microbiological techniques remain indispensable for the isolation and preliminary characterisation of bacterial pathogens. However, molecular methods provide greater precision in species identification and facilitate the assessment of genetic relationships among isolates (Sachdeva & Virdi, 2004; Falcão et al., 2004). The 16S rRNA gene remains an important molecular marker for bacterial identification and phylogenetic analysis. Its usefulness derives from the combination of conserved segments, which provide suitable targets for broadly applicable primers, and intervening variable regions that contain taxonomically informative sequence differences. These characteristics permit comparison of bacterial isolates with reference sequences and facilitate their assignment to appropriate taxonomic groups, although closely related species may require additional genetic markers for definitive discrimination (Church et al., 2020; Regueira-Iglesias et al., 2023). In addition, molecular characterisation supports epidemiological investigations by providing insights into bacterial diversity, evolutionary relationships, and transmission dynamics (Clarridge, 2004).
Although Yersinia species are well established as important foodborne pathogens, evidence describing their distribution, genetic diversity, and molecular epidemiology within livestock populations remains scarce in many low- and middle-income countries. This knowledge gap limits a comprehensive understanding of their epidemiology and public health impact. The coexistence of Yersinia with other members of the Enterobacteriaceae in the gastrointestinal microbiota of food-producing animals is epidemiologically relevant because these organisms share environments in which antimicrobial selection and genetic exchange can occur. Such microbial communities may provide opportunities for the maintenance and circulation of antimicrobial resistance determinants, particularly when resistance genes are carried on mobile genetic elements capable of transfer between bacterial populations (Liu et al., 2022; Vikesland et al., 2022). Comprehensive studies integrating conventional bacteriological techniques with molecular characterisation are therefore necessary to improve understanding of their epidemiology and public health significance.
This study was undertaken to determine the distribution of Enterobacteriaceae and Yersiniaceae isolated from pig faeces and cow intestines and to molecularly characterise selected Yersinia isolates recovered from these samples. The findings provide valuable information on the diversity, prevalence, and potential zoonotic importance of Yersinia species and other enteric bacteria associated with livestock production systems.


2. Material and Methods

2.1 Study Area: The study was conducted at Dejavu Pig Farm, located in the Federal Government Estate, New Era community, Asa Local Government, Ilorin, Kwara State, Nigeria. Faecal samples were obtained from healthy pigs across various piggery houses and categorised by age. Intestinal samples were obtained from mature cows at Mandate Market, Ilorin, Kwara State, Nigeria, and analysed to determine the presence of Yersinia species within this community.
2.2 Sample Collection: Pig faecal and cow intestinal samples were collected. Healthy pigs from various age groups, including adult males and females (over one year old), growers and finishers (5–6 months), and weaners and piglets (0–16 weeks), all with no history or signs of illness, were used. Pig faecal samples were collected in sterile bottles from designated sections of the farm; cow intestinal samples were similarly collected at the market. Immediately after collection, the samples were transported to the laboratory for microbial analysis.
2.2.1 Isolation and Identification of Enterobacteriaceae and Yersinia species
Approximately 10 g of each pig faecal sample and bovine intestinal content was aseptically transferred into separate sterile containers containing 90 mL of sterile distilled water. Each suspension was homogenised thoroughly to ensure even distribution of the microorganisms and was subsequently subjected to serial tenfold dilutions. Suitable dilutions were inoculated onto MacConkey agar supplemented with bile salts using the pour-plate method, followed by aerobic incubation at 37°C for 24–48 h. Following incubation, representative lactose-fermenting and non-lactose-fermenting colonies were selected based on their cultural characteristics and purified through repeated streaking onto fresh culture media. Pure cultures were preserved on nutrient agar slants at 4°C until required for further investigations. The isolates were examined for macroscopic characteristics, including colony size, form, pigmentation, surface texture, margin, elevation, and lactose fermentation reaction (Salfinger & Tortorello, 2015; International Organization for Standardization [ISO], 2017).
Preliminary identification of the recovered bacterial isolates was based on observable colony characteristics and microscopic morphology, following standard microbiological procedures (Tille, 2017). The preliminary identities of the isolates were verified using a panel of phenotypic tests. Gram reaction was determined by staining, while catalase production, citrate utilisation, methyl red and Voges–Proskauer reactions, indole formation, and cellular motility were assessed using established bacteriological procedures. Carbohydrate utilisation patterns were subsequently determined using glucose, maltose, xylose, sucrose, lactose, fructose, galactose, and rhamnose as test substrates. The resulting biochemical profiles were compared with established characteristics used for the differentiation and identification of bacterial taxa (Tille, 2017; MacFaddin, 2000).
2.3 Molecular Analysis: Molecular confirmation of the presumptively identified bacterial isolates was undertaken by targeting the 16S rRNA gene. The target region was amplified by PCR, and the resulting amplicons were subjected to sequence-based molecular analysis for taxonomic assignment and confirmation of isolate identity (Church et al., 2020; Regueira-Iglesias et al., 2023).
2.3.1 DNA Extraction
Genomic DNA was isolated from the purified bacterial cultures using a CTAB-based extraction procedure adapted from Wilson (2001) and Sambrook and Russell (2001), with minor modifications. Briefly, a discrete, well-separated colony from each isolate was transferred into 1.5 mL of sterile liquid growth medium and cultivated at 28°C for 48 h with agitation to generate adequate cellular biomass. The cultures were subsequently centrifuged at 4,600 × g for 5 min, and the harvested cells were suspended in 520 μL of TE buffer containing 10 mM Tris-HCl and 1 mM EDTA at pH 8.0.
For cell lysis, 15 μL of 20% sodium dodecyl sulphate (SDS) and 3 μL of Proteinase K (20 mg/mL) were incorporated into each suspension. The preparations were mixed gently and maintained at 37°C for 1 h to facilitate cellular disruption and degradation of proteinaceous material. Subsequently, 100 μL of 5 M NaCl and 80 μL of 10% CTAB in 0.7 M NaCl were added, followed by thorough mixing. The resulting lysates were incubated at 65°C for 10 min to assist in the removal of polysaccharide-associated contaminants and proteins. The preparations were then cooled on ice for 15 min.
The lysates were clarified by extraction with an equal volume of chloroform alcohol (24:1, v/v). After gentle inversion and a 5-min incubation on ice, the mixtures were centrifuged at 7,200 × g for 20 min. The upper aqueous layer was transferred carefully into sterile microcentrifuge tubes, avoiding the interfacial material. Genomic DNA was precipitated by adding 0.6 volumes of isopropanol to the recovered aqueous phase and incubating the preparations at −20°C for approximately 16 h.
DNA was subsequently collected by centrifugation at 13,000 × g for 10 min. The pellets were rinsed with 500 μL of 70% ethanol to eliminate residual salts and other contaminants. After removal of the ethanol, the DNA pellets were allowed to air-dry at room temperature for approximately 3 h before being reconstituted in 50 μL of TE buffer. The extracted genomic DNA was stored appropriately until required for subsequent molecular procedures, including PCR amplification and sequencing (Wilson, 2001; Sambrook & Russell, 2001).
2.3.2 PCR Amplification and Molecular Confirmation of Bacterial Isolates
Molecular confirmation of selected bacterial isolates was undertaken by amplification and subsequent analysis of an approximately 1.5-kb region of the bacterial 16S ribosomal RNA (16S rRNA) gene. This locus was used because the bacterial 16S rRNA gene contains conserved regions suitable for broad-range primer binding together with variable regions that facilitate taxonomic discrimination among bacterial groups (Lane, 1991; Frank et al., 2008).
PCR was performed in a final reaction volume of 50 μL. The reaction mixture comprised 10 μL of 5× GoTaq colourless reaction buffer (Promega, USA), 3 μL of 25 mM MgCl₂, 1 μL of 10 mM deoxynucleotide triphosphate (dNTP) mixture, 1 μL each of the universal bacterial forward primer 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and reverse primer 1492R (5′-GGTTACCTTGTTACGACTT-3′), 0.3 U of GoTaq DNA polymerase (Promega, USA), and 8 μL of purified genomic DNA. Nuclease-free water was added to compensate for the volumes of the individual components and to obtain the required final reaction volume. The selected primer pair was used for broad-range amplification of bacterial 16S rRNA gene sequences, which are widely applied in bacterial identification and taxonomic characterisation (Lane, 1991; Frank et al., 2008).
Amplification was carried out in a GeneAmp® PCR System 9700 thermal cycler (Applied Biosystems, Foster City, CA, USA). The reaction programme commenced with denaturation at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 30 s, primer annealing at 50°C for 60 s, and extension at 72°C for 90 s. A terminal extension at 72°C for 10 min was subsequently applied to facilitate completion of the amplified products. Following amplification, the reactions were maintained at 4°C until electrophoretic analysis.
The amplification products were examined by agarose gel electrophoresis to verify successful amplification and determine whether the products corresponded to the anticipated size. A 1.5% (w/v) agarose gel was prepared using 1× Tris–acetate–EDTA (TAE) buffer. The agarose suspension was heated until completely dissolved and subsequently cooled to approximately 60°C. Ethidium bromide (3 μL) was incorporated into the molten gel to achieve a final concentration of 0.5 μg/mL. The gel was then poured into a horizontal electrophoresis tray fitted with a comb and allowed to polymerise at room temperature.
After the gel had solidified, it was placed in an electrophoresis chamber and submerged in 1× TAE running buffer. Prior to loading, 4 μL of each PCR product was mixed with 2 μL of 10× loading dye. A 100-bp DNA ladder was included as the molecular size reference. Electrophoresis was performed at 120 V for approximately 45 min. DNA fragments were subsequently visualised under ultraviolet illumination using a transilluminator, and digital images of the gels were obtained for record keeping. PCR products producing discrete bands at approximately 1.5 kb were regarded as appropriate for downstream purification and sequence analysis. The use of near-full-length 16S rRNA gene amplification followed by sequence analysis is an established approach for bacterial identification and characterisation (Clarridge, 2004; Janda & Abbott, 2007).
Amplicons selected for sequencing were purified by ethanol precipitation. Purification was performed to remove residual primers, unincorporated dNTPs, salts, and other constituents of the PCR mixture that could interfere with subsequent sequencing reactions (Sambrook & Russell, 2001; Green & Sambrook, 2012).
For each sample, 40 μL of the PCR product was transferred into a sterile 1.5-mL microcentrifuge tube. Sodium acetate (7.6 μL of 3 M solution) was added, followed by 240 μL of chilled 95% ethanol. The contents of each tube were thoroughly vortex-mixed and incubated at −20°C for at least 30 min to promote precipitation of the amplified DNA.
The precipitated DNA was recovered by centrifugation at 13,000 × g for 10 min at 4°C. The supernatant was carefully removed without disturbing the DNA pellet. The pellet was subsequently washed with 150 μL of 70% ethanol and gently mixed before centrifugation at 7,500 × g for 15 min at 4°C. The wash solution was discarded, and the tubes were inverted over absorbent paper and allowed to air-dry in a fume hood at ambient temperature for approximately 10–15 min. The dried DNA pellets were reconstituted in 20 μL of sterile nuclease-free water and stored at −20°C pending sequencing.
Following purification, the PCR products were subjected to a second electrophoretic assessment to confirm recovery of the amplified DNA fragments. A 1.5% agarose gel was prepared in 1× TAE buffer, and electrophoresis was performed at 110 V for approximately 1 h. Samples yielding discrete DNA bands at the expected approximate size were considered to have satisfactory recovery of the target amplicon and were retained for sequence analysis.
The concentration and purity of the purified DNA were subsequently determined using a NanoDrop™ 2000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Amplicons that demonstrated satisfactory electrophoretic recovery and suitable DNA quality were considered ready for downstream sequencing.

2.3.3 DNA Sequencing, Sequence Analysis, and GenBank Submission
Purified PCR products corresponding to the amplified 16S rRNA gene were prepared for nucleotide sequence determination using bidirectional Sanger sequencing. Sequencing reactions were carried out with the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), using the purified amplicons as templates. The resulting extension products were resolved on an Applied Biosystems 3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The instrument is compatible with the BigDye Terminator v3.1 chemistry for automated capillary DNA sequencing (Thermo Fisher Scientific, 2024). Bidirectional sequencing was employed to obtain sequence information from both ends of the amplified fragment, thereby providing complementary reads for subsequent sequence assembly and identification.
The use of 16S rRNA gene sequence information for bacterial identification is well established because this genetic marker contains conserved and variable regions that permit comparison of bacterial isolates with reference sequences. Sanger sequencing of amplified 16S rRNA genes remains a routinely applied approach for molecular identification of bacterial isolates (Janda & Abbott, 2007; Locher et al., 2022).
The quality of the generated chromatograms was first assessed to identify sequence reads suitable for downstream analysis. Sequences that passed this quality assessment were compared against reference nucleotide sequences in the National Center for Biotechnology Information (NCBI) database using the nucleotide Basic Local Alignment Search Tool (BLASTn). Sequence identity was inferred from the similarity of the query sequences to database entries, with the BLAST algorithm providing statistical measures for evaluating the significance of the observed alignments (Altschul et al., 1990). The NCBI BLAST platform was used for the sequence-comparison analysis because it enables nucleotide queries to be matched against curated sequence databases and reports the corresponding alignment statistics and similarity relationships (National Center for Biotechnology Information [NCBI], n.d.). The nucleotide sequences obtained from the purified 16S rRNA gene amplicons were subjected to comparative sequence analysis using the GenBank database. Each query sequence was aligned against available nucleotide records through the Basic Local Alignment Search Tool (BLAST), and the resulting matches were evaluated using the alignment statistics generated by the search. BLAST provides a framework for determining sequence similarity between a query sequence and sequences deposited in reference databases (Altschul et al., 1990; Johnson et al., 2008).
Bacterial identification was based on the combination of sequence similarity and the proportion of the query sequence represented by the alignment. The best-supported taxonomic assignment was selected by considering the percentage identity and query coverage of the match, together with the reliability and taxonomic status of the corresponding reference sequence. This approach was adopted because 16S rRNA-based identification requires consideration of sequence similarity, database quality, and the taxonomic resolution of the marker rather than reliance on a similarity value alone (Janda & Abbott, 2007).
Where closely related bacterial taxa produced comparable sequence matches, the identity of the isolate was interpreted conservatively and supported by comparison with appropriate reference sequences. This consideration is particularly important for 16S rRNA analysis because the resolving power of the gene may vary among bacterial groups and some closely related taxa cannot be reliably differentiated solely from 16S rRNA sequence similarity (Janda & Abbott, 2007).
Following sequence quality assessment and taxonomic confirmation, the nucleotide sequences generated in this study were submitted to the National Center for Biotechnology Information (NCBI) GenBank database to facilitate public access and future retrieval. Each successfully processed sequence record was assigned a unique GenBank accession number by the database. These accession numbers were subsequently used to identify and retrieve the corresponding nucleotide records and to provide a permanent reference for the bacterial isolates characterised in this study (Benson et al., 2018; National Center for Biotechnology Information [NCBI], n.d.). GenBank accession numbers identify individual sequence records, while accession-version identifiers distinguish successive versions when sequence data are subsequently modified (NCBI, n.d.).

3. Results and Discussion

3.1 Morphological and Biochemical Characteristics and Sugar Fermentation Patterns of Enterobacteriaceae Species Isolated from Pigs’ Faeces and Cow Intestines

The morphological, biochemical, and carbohydrate fermentation characteristics of bacterial isolates recovered from pig faeces and cow intestines revealed a diverse community of Gram-negative bacteria, comprising members of the family Enterobacteriaceae as well as other intestinal microorganisms (Table 1). The gastrointestinal tract of food-producing animals represents a complex microbial ecosystem containing numerous bacterial taxa with varying ecological and clinical significance. Among the organisms commonly associated with this intestinal community are members of the family Enterobacteriaceae, including Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter freundii, Proteus mirabilis, Salmonella enterica and Shigella spp., together with several species of Yersinia. While many intestinal members occur as commensals, others possess pathogenic potential and could serve as reservoirs of antimicrobial resistance determinants. Consequently, the intestinal microbiota of livestock constitutes an important interface for the persistence, exchange and dissemination of bacterial populations of veterinary and public-health significance (Heredia & García, 2018; McMillan et al., 2020; Zinno et al., 2023). Previous investigations involving food-producing animals have likewise demonstrated that these bacterial populations are naturally associated with the intestinal microbial community but may also function as important sources of zoonotic pathogens and reservoirs of antimicrobial resistance genes (Garcia et al., 2024; Tuhamize & Bazira, 2024). 
The biochemical characterisation of the isolates provided a phenotypic basis for distinguishing among bacterial taxa with closely related characteristics. Identification was supported by the combined reaction patterns obtained from tests for urease activity, citrate assimilation, indole production, motility, methyl red and Voges–Proskauer reactions, gelatin hydrolysis, and nitrate reduction. Rather than relying on a single biochemical response, the overall profile generated from these assays was used to support differentiation at the species level. Such combinations of biochemical characteristics have been widely applied in the identification and differentiation of members of the Enterobacteriaceae (Stiles & Ng, 1981; Farmer et al., 1985). Furthermore, variations in glucose, lactose, and sucrose fermentation patterns strengthened the accuracy of bacterial classification. For example, E. coli exhibited positive indole and methyl red reactions, whereas K. pneumoniae was characterised by positive urease and citrate utilisation tests but lacked motility. The observed biochemical profiles correspond with the recognised taxonomic features of enteric bacteria and continue to serve as important phenotypic criteria for their routine identification in veterinary microbiology laboratories.
The detection of multiple Yersinia species, including Yersinia enterocolitica, Yersinia pseudotuberculosis, Yersinia kristensenii, and Yersinia intermedia, is noteworthy because the genus comprises bacteria of considerable public health relevance, with several species implicated in zoonotic transmission and foodborne gastrointestinal disease (Bancerz-Kisiel & Szweda, 2015; EFSA & ECDC, 2024). Distinct biochemical profiles observed among the isolates enabled their differentiation from other Enterobacteriaceae. Recent studies have demonstrated that pigs represent one of the principal reservoirs of pathogenic Y. enterocolitica, with transmission occurring through contaminated pork products and environmental exposure, thereby posing significant public health concerns (Lou et al., 2026).
The recovery of opportunistic and pathogenic bacteria such as Salmonella, Shigella, Yersinia, Klebsiella, and Proteus further suggests that pigs and cattle can serve as important sources of microorganisms capable of causing disease in both animals and humans. The gastrointestinal carriage of organisms such as K. pneumoniae enhances the potential for environmental dissemination and transmission through the food chain, particularly under poor hygienic conditions (Bray & Zafar, 2024; Kot & Witeska, 2024). The recovery of these microorganisms from faecal and intestinal specimens highlights the importance of implementing comprehensive biosecurity practices, maintaining high standards of hygiene throughout animal production and processing, conducting regular microbiological surveillance, and strengthening antimicrobial resistance monitoring programmes to minimise contamination of animal-derived foods and limit the transfer of zoonotic pathogens to humans (Tseng et al., 2023; Tuhamize & Bazira, 2024). 

Table 1. Morphological, Sugar fermentation pattern and Biochemical Characteristics of Enterbacteriaceae species isolated from Pigs’ faeces and Cow Intestines

	Gram Reaction
	Oxidase test

	Urease test

	Methyl Red test

	Voges Proskaeur

	Citrate  test

	Motility test

	Indole test

	Gelatin hydrolysis


	Nitrate reduction
 
	Glucose

	Lactose

	Sucrose

	


Probable Identity

	-
	+
	D
	-
	-
	+
	+
	-
	+
	+
	-
	-
	-
	Pseudomonas stutzeri

	-
	+
	D
	-
	-
	+
	+
	-
	+
	+
	+
	-
	-
	Pseudomonas aeruginosa

	-
	+
	-
	-
	-
	D
	+
	-
	-
	-
	-
	-
	-
	Alcaligenes faecalis

	-
	+
	+
	+
	-
	+
	-
	-
	-
	+
	+
	+
	+
	Klebsiella pneumoniae

	-
	-
	-
	+
	-
	D
	D
	+
	-
	+
	D
	-
	D
	Providencia alcalifaciens

	-
	-
	-
	+
	-
	-
	+
	+
	-
	-
	+
	+
	D
	Escherichia coli

	-
	-
	D
	+
	-
	+
	+
	-
	-
	+
	+
	D
	+
	Citrobacter freundi

	-
	-
	D
	-
	+
	+
	+
	-
	D
	+
	+
	+
	+
	Enterobacter cloacae

	-
	+
	-
	-
	D
	+
	+
	+
	-
	+
	+
	+
	+
	Enterobacter aerogenes

	-
	-
	+
	D
	-
	D
	+
	-
	+
	+
	+
	+
	+
	Proteus mirabilis

	-
	-
	-
	+
	-
	-
	-
	D
	-
	-
	-
	-
	-
	Shigella flexeneri

	-
	+
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	Shigella sonnei

	-
	-
	-
	+
	-
	+
	+
	-
	-
	+
	+
	-
	-
	Salmonella typhi

	-
	-
	+
	+
	-
	-
	-
	D
	-
	+
	-
	-
	-
	Yersinia kristensenii

	-
	-
	+
	+
	+
	-
	-
	D
	-
	+
	-
	-
	+
	Yersinia enterocolitica

	-
	-
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	+
	Yersinia pseudotuberculosis

	-
	-
	+
	+
	-
	-
	-
	+
	-
	+
	-
	D
	+
	Yersinia intermedia


D- Delay

3.2 Distribution of Enterobacteriaceae and Yersiniaceae Isolates from Different Pigs’ Faeces and Cow Intestines
The distribution of Enterobacteriaceae and Yersiniaceae isolates from different pigs’ faeces and cow intestines is presented in Table 2. In this study, the bacterial isolates recovered from adult pigs, grower pigs, piglets, and mature cow intestines represented a diverse population of members of the families Enterobacteriaceae and Yersiniaceae. A total of 213 isolates were obtained, with Yersinia species constituting the largest proportion (40.38%) of all isolates. This finding suggests that Yersinia was widely distributed among the sampled animals and could represent a significant component of the intestinal microbiota and a potential pathogen reservoir within the study environment.
The predominance of Yersinia species, particularly in grower pigs (50 isolates), supports previous reports identifying pigs as the principal animal reservoir of pathogenic Yersinia enterocolitica. Growing and finishing pigs commonly serve as asymptomatic carriers of Yersinia species, with the organisms persisting in the tonsillar tissues and gastrointestinal tract. Although infected animals often remain clinically healthy, they can continuously shed the bacteria into the farm environment, increasing opportunities for contamination during production and slaughter and promoting transmission to humans through contaminated pork and other food products (Bancerz-Kisiel & Szweda, 2015; EFSA & ECDC, 2024). The substantially higher occurrence of Yersinia in pigs than in cattle observed in this study agrees with epidemiological studies that have consistently identified pigs as the most important source of human yersiniosis worldwide (EFSA & ECDC, 2024).
The greater recovery of Yersinia isolates from grower pigs compared with adult pigs and piglets may be associated with age-related differences in gut microbiota composition, management practices, feeding regimes, and exposure to contaminated environments. Grower pigs are often subjected to increased animal movement, feed transitions, and housing density, factors that can enhance bacterial colonisation and shedding. Similar observations have been reported in commercial pig production systems, where the prevalence of Yersinia tends to increase during the growing phase before declining in older animals (Koskinen et al., 2019).
Among the non-Yersinia isolates, Enterobacter aerogenes (currently classified as Klebsiella aerogenes) was the second most frequently recovered bacterium, representing 12.68% of the total isolates recovered in this study. This organism is commonly found in soil, water, feed, and the gastrointestinal tracts of animals (Bagley, 1985). The occurrence of K. aerogenes in the present study therefore reflects the ability of this taxon to persist across environmental and gastrointestinal habitats. Its relatively high occurrence indicated extensive environmental exposure and faecal contamination within the production system. Although often regarded as an opportunistic organism, K. aerogenes has increasingly been associated with antimicrobial resistance and animal health concerns, making its presence noteworthy from a public health perspective (Sun et al., 2024).
The isolation of Enterobacter cloacae and Citrobacter freundii, which constituted 6.10% and 5.16% of the isolates, respectively, further indicates the taxonomic heterogeneity of the enteric bacterial population recovered from the sampled animals. Both taxa have been reported from animal-associated and environmental sources, demonstrating their capacity to persist across diverse ecological niches. Of particular concern is their ability to harbour antimicrobial-resistance determinants, with members of these groups increasingly recognised as potential reservoirs and vehicles for the persistence and dissemination of resistance genes (Diene & Rolain, 2014; Osei Sekyere & Reta, 2021; Martak et al., 2024).
The isolation of Escherichia coli from all animal groups examined, representing 4.69% of the total bacterial isolates, was consistent with the established occurrence of this species within the intestinal microbiota of mammals. Although many intestinal E. coli strains exist as commensals without causing apparent disease, genetically diverse lineages may acquire virulence-associated traits that enable intestinal or extra-intestinal infections in animals and humans (Kaper et al., 2004; Manges & Johnson, 2015). The detection of E. coli among the pig and cattle isolates is therefore of public-health relevance, particularly because livestock-associated populations can harbour antimicrobial-resistant strains and resistance determinants. Surveillance of E. coli from food-producing animals can consequently contribute to monitoring the occurrence and dissemination of antimicrobial resistance within the animal–food–environment interface (Caruso, 2018; Mihailovskaya et al., 2024).
Similarly, the isolation of Klebsiella pneumoniae (4.69%) is of considerable concern. This bacterium is increasingly recognised as a zoonotic pathogen capable of causing severe infections and carrying multiple antibiotic resistance determinants. Its occurrence in both pigs and cattle could reflect contamination from environmental sources, feed, water, or animal-to-animal transmission within production facilities (Hu et al., 2021; Kot & Witeska, 2024).
The presence of Proteus mirabilis (7.51%) across all animal categories suggests its widespread distribution within the intestinal ecosystem. P. mirabilis is a common gastrointestinal inhabitant and an opportunistic pathogen associated with urinary tract and wound infections. Its relatively high frequency could be linked to its ability to survive under diverse environmental conditions and compete successfully within the intestinal microbiome (Armbruster & Mobley, 2012).
The isolation of Shigella flexneri (3.29%) and Shigella sonnei (2.82%) primarily from grower pigs, piglets, and cattle is noteworthy because Shigella species are traditionally regarded as human-adapted pathogens. Their detection could indicate faecal contamination originating from human handlers, contaminated water sources, or shared environmental reservoirs. Similar findings have occasionally been reported in livestock settings where hygiene and biosecurity measures are inadequate (Kotloff et al., 2018).
The occurrence of Salmonella Typhi (2.35%) is unusual because this pathogen is generally considered human-restricted. Its recovery from animal samples could reflect environmental contamination, misidentification of closely related Salmonella serovars, or contamination during handling. Consequently, molecular confirmation would be necessary to verify the identity of these isolates and determine their epidemiological significance (Dougan & Baker, 2014).
Although Pseudomonas aeruginosa, Pseudomonas stutzeri, Alcaligenes faecalis, Providencia alcalifaciens, and Aeromonas jandaei occurred only occasionally among the isolates, their detection adds to the range of bacterial taxa recovered from the gastrointestinal samples. Several of these organisms have been associated with opportunistic infections, particularly in hosts with underlying susceptibility, while P. aeruginosa is also well recognised for its capacity to develop and acquire antimicrobial resistance (Letizia et al., 2025; Janda & Abbott, 2010). Members of the genus Aeromonas likewise possess established pathogenic potential and have been associated with antimicrobial-resistance determinants of One Health concern (Janda & Abbott, 2010; Jones et al., 2023).
The greater recovery of several bacterial taxa, particularly Proteus mirabilis, Alcaligenes faecalis, Shigella spp., and Enterobacter spp., from mature cattle intestines could be associated with differences in host-associated microbial ecology and the conditions to which the animals were exposed. Variation in diet, gastrointestinal physiology, environmental contact, and husbandry practices can influence the composition and abundance of intestinal bacterial communities in livestock (Looft & Allen, 2012; Holman et al., 2017). In contrast, the comparatively infrequent detection of Yersinia spp. in cattle, relative to the pig population examined, is consistent with the recognised epidemiological importance of swine as a major reservoir of pathogenic Yersinia, particularly Yersinia enterocolitica (Bonardi et al., 2016; EFSA & ECDC, 2024). This host-associated difference could therefore help explain the contrasting distribution of Yersinia observed between the two animal groups in the present study.

Table 2: Distribution of Enterobacteriaceae and Yersiniaceae Isolates from different pigs’ faeces and cow intestines

	Pathogens
	Adult pigs
	Grower pigs
	Piglets
	Mature cow intestines
	Percentage (%) occurrence

	ENTEROBACTERIACEAE AND YERSINIACEAE COUNT  (n=213)

	Pseudomonas stutzeri
	1
	0
	0
	2
	1.41

	Pseudomonas aeruginosa
	2
	1
	0
	2
	2.35

	Alcaligenes faecalis
	2
	2
	0
	6
	4.69

	Klebsiella pneumonia
	3
	2
	1
	4
	4.69

	Providencia alcalifaciens
	1
	0
	0
	1
	0.94

	Escherichia coli
	2
	3
	1
	4
	4.69

	Citrobacter freundi
	4
	3
	1
	3
	5.16

	Enterobacter cloacae
	3
	3
	2
	5
	6.10

	Enterobacter aerogenes
	7
	8
	4
	8
	12.68

	Aeromonas jandaei
	0
	0
	0
	2
	0.94

	Shigella flexeneri
	0
	1
	2
	4
	3.29

	Shigella sonnei
	0
	1
	0
	5
	2.82

	Salmonella Typhi
	0
	2
	0
	3
	2.35

	Proteus mirabilis
	2

	3

	2

	9

	7.51

	Yersinia species 
	11
	50
	19
	6
	40.38



3.3. Molecular Characterisation of the Yersinia Isolates
The molecular characterisation of the Yersinia isolates revealed the presence of several species distributed across different animal age groups, demonstrating the diversity of Yersinia populations within the livestock production environment (Table 3). Of the 157 samples examined, 86 isolates were confirmed as belonging to the genus Yersinia. Based on their morphological characteristics, eleven isolates were chosen for subsequent molecular identification and characterisation. The highest proportion of isolates was recovered from grower and finisher pigs (54.5%), followed by adult pigs (18.2%) and weaners and piglets (18.2%), while cow intestines accounted for the lowest occurrence (9.1%). These findings reinforce the widely accepted view that pigs serve as the principal reservoir of Yersinia species, particularly pathogenic strains associated with human yersiniosis (EFSA & ECDC, 2024).
The distribution of Yersinia isolates across the production stages showed greater recovery among grower and finisher pigs than among the other age groups examined. This age-related pattern could be associated with cumulative exposure to contaminated feed, water and housing environments, together with increased opportunities for animal-to-animal transmission under intensive production conditions. Husbandry practices and physiological changes occurring during growth, including dietary transitions, regrouping and environmental stress, can also modify the intestinal microbial community and potentially influence the persistence and shedding of enteric bacteria (Nowak et al., 2006; Amachawadi & Nagaraja, 2016; Holman et al., 2017).
The comparatively high occurrence of Yersinia in grower and finisher pigs is epidemiologically relevant because pigs are recognised as an important reservoir of Yersinia enterocolitica, particularly strains associated with human yersiniosis. Previous investigations have reported substantial carriage of Y. enterocolitica in growing and finishing pigs and have identified these production stages as important points for environmental contamination and subsequent dissemination within the farm and food-production chain (Bonardi et al., 2016; EFSA & ECDC, 2024). Thus, the distribution observed in the present study could reflect the combined influence of animal age, cumulative environmental exposure and production-management practices on intestinal carriage of Yersinia.
The detection of several Yersinia enterocolitica strains in grower and finisher pigs is epidemiologically significant because this organism remains one of the principal bacterial agents responsible for human yersiniosis. Swine may harbour pathogenic strains without exhibiting clinical signs, as the organism can persist in the tonsillar tissues and gastrointestinal tract of apparently healthy animals. During slaughter operations, contamination of carcasses and pork products may occur, creating a potential pathway for human exposure. The isolation of Y. enterocolitica from four grower pigs, together with additional recoveries from weaners and piglets, further demonstrates the contribution of different production stages to the persistence and circulation of this pathogen within pig populations. Previous studies have identified domestic pigs as the major reservoir of pathogenic Y. enterocolitica, with infection risks largely associated with consumption of contaminated pork, occupational exposure, and contact with contaminated farm environments (Bancerz-Kisiel & Szweda, 2015).
The detection of Yersinia pseudotuberculosis among grower and finisher pigs is also noteworthy. Although less frequently isolated than Y. enterocolitica, Y. pseudotuberculosis is an important zoonotic pathogen capable of causing enteric disease, mesenteric lymphadenitis, and systemic infections in both animals and humans. Its occurrence in apparently healthy pigs suggests the existence of asymptomatic carriage, which may contribute to environmental dissemination and occasional outbreaks. Similar carriage in pigs and transmission along the pork production chain have been reported previously (Laukkanen et al., 2008).
The recovery of Yersinia intermedia and Yersinia kristensenii from adult pigs expands the range of Yersinia taxa detected within the livestock gastrointestinal environment in the present study. Both species have been reported from environmental and animal-associated sources, although their epidemiological significance differs from that of the more established enteric pathogens Y. enterocolitica and Y. pseudotuberculosis (Vilela et al., 2024; Fredriksson-Ahomaa, 2017). Their occurrence in mature pigs could reflect repeated exposure to Yersinia-contaminated environmental materials during the production period, including feed, water, soil, and housing surroundings. However, because these exposure routes were not directly investigated in the present study, the observed recovery should be interpreted as evidence of carriage rather than definitive proof of environmental acquisition or long-term intestinal adaptation. The finding nevertheless demonstrates that the porcine gastrointestinal tract can harbour Yersinia populations extending beyond the species most commonly associated with human yersiniosis.
The isolation of Y. enterocolitica as the only Yersinia species identified among weaners and piglets could indicate age-related differences in susceptibility and colonisation patterns. Young pigs possess an immature intestinal microbiota and developing immune system, factors that may facilitate the establishment of specific pathogenic bacteria. Furthermore, stress associated with weaning, dietary changes, and separation from the sow has been reported to increase vulnerability to enteric pathogens, including Y. enterocolitica (Holman et al., 2021). The presence of pathogenic Yersinia strains in this age group could therefore represent an important source of infection for other animals within the production unit.
Only a single isolate, identified as Yersinia intermedia, was recovered from cow intestines, representing 9.1% of the total molecularly characterised Yersinia isolates. This relatively low occurrence is consistent with previous evidence that pigs are more important reservoirs of pathogenic Yersinia than cattle. Although cattle can harbour Yersinia species, particularly environmental strains, their contribution to the epidemiology of human yersiniosis is considered limited compared with that of swine. The detection of Y. intermedia rather than pathogenic Y. enterocolitica further supports the notion that cattle could primarily carry non-pathogenic or opportunistic Yersinia species (Bancerz-Kisiel & Szweda, 2015).
The identification of Yersinia enterocolitica, Y. pseudotuberculosis, Y. intermedia, and Y. kristensenii demonstrates that livestock harbours a taxonomically diverse Yersinia community in this study. The concurrent occurrence of pathogenic and less pathogenic species indicates that farm ecosystems provide favourable conditions for the maintenance of multiple Yersinia populations. Such ecological diversity could promote bacterial adaptation to different hosts and environmental niches while creating opportunities for the acquisition and dissemination of genetic traits, including determinants associated with survival and antimicrobial resistance (Bancerz-Kisiel & Szweda, 2015; Vilela et al., 2024). Molecular approaches provide an important complement to conventional phenotypic characterisation in the epidemiological investigation of Yersinia. Sequence- and genome-based analyses can resolve bacterial identity with greater taxonomic precision and, where sufficient discriminatory power is available, reveal relationships among isolates and circulating lineages. Such information strengthens surveillance by allowing strains recovered from different animals, farms, food products, or geographical locations to be compared and may help identify organisms with characteristics relevant to animal and public health (Hall et al., 2015; Besser et al., 2019; EFSA & ECDC, 2024). Consequently, molecular characterisation of Yersinia isolates can provide evidence for assessing their distribution and epidemiological significance within livestock production systems.
The detection of several Yersinia enterocolitica isolates and Yersinia pseudotuberculosis among the pig samples is of particular epidemiological interest because both species have recognised zoonotic potential and have been associated with human yersiniosis and foodborne transmission (Fredriksson-Ahomaa & Korkeala, 2003; EFSA & ECDC, 2024). Importantly, the recovery of these organisms from apparently healthy animals illustrates that clinical signs are not necessarily indicative of their absence from the porcine population. Pigs carrying Y. enterocolitica, in particular, can constitute a source of contamination along the pork-production chain, with opportunities for transfer to carcasses and meat occurring during slaughter and subsequent processing when hygienic controls are inadequate (Bonardi et al., 2016; Fredriksson-Ahomaa & Korkeala, 2003). From a public-health perspective, these findings support the need for interventions that address Yersinia at multiple points along the production pathway. Appropriate farm biosecurity, hygienic management during slaughter and processing, food-safety practices, and continued microbiological surveillance can help reduce opportunities for persistence and dissemination of these organisms. Molecular characterisation can further complement conventional detection by providing information useful for species confirmation and epidemiological comparison of recovered isolates (Janda & Abbott, 2007; EFSA & ECDC, 2024). Collectively, such measures are important for limiting potential exposure of consumers to pathogenic Yersinia originating from livestock and pork products.
Table 3: Distribution of Molecularly Identified Yersinia Species from Pig Faeces and Cow Intestines
	Sample
	Number of Samples
	Number of Isolates
	% Occurrence
	Name of Isolates

	Adult male and female pigs (over 1year old)
	37
	2
	18.2
	Yersinia intermedia PQ609951, Yersinia kristensenii PQ892004


	Growers and Finishers (5-6 months)
	45
	6
	54.5
	Yersinia enterocolitica subsp. enterocolitica, PQ156574, Yersinia enterocolitica subsp. enterocolitica PQ156575,Yersinia enterocolitica PQ609948, Yersinia pseudotuberculosis PQ609950, Yersinia enterocolitica PQ892001, Yersinia intermedia PQ892003


	Weaners and piglets (0-16 weeks)
	35
	2
	18.2
	Yersinia enterocolitica PQ609949, Yersinia enterocolitica PQ892002,

	Cow intestines
	40
	1
	9.1
	Yersinia intermedia PQ156576

	Total
	157
	11
	100
	



3.4 NCBI BLAST Analysis, Agarose Gel Showing the Positive Amplification of the 16S rRNA Regions, and Phylogenetic Relationships among Yersinia Isolates
Molecular analysis provided additional evidence for the genetic relatedness of the Yersinia isolates recovered in this study. Previous investigations have demonstrated that molecular typing can reveal both closely related groups and genetic heterogeneity among Yersinia enterocolitica isolates, depending on the population examined and the discriminatory capacity of the method employed (Sachdeva & Virdi, 2004; Falcão et al., 2004). In the present study, comparison of the 16S rRNA gene sequences showed high nucleotide similarity among the selected isolates, with values ranging from 99.59% to 100% (Table 4). This high level of similarity indicates a close relationship among the sequences analysed; however, because 16S rRNA sequencing has limited discriminatory power among closely related bacterial strains, the result should not be interpreted as evidence of complete genomic uniformity among the isolates.
Successful amplification of the target 16S rRNA gene region was confirmed by the presence of distinct bands of approximately 1,500 bp on the agarose gels presented in Plates 1–3. The corresponding sequence data were subsequently used to examine the phylogenetic relationships of the Yersinia isolates and related reference taxa, as illustrated in Figures 1–3. The clustering patterns observed in these phylogenetic analyses provide additional information on the relatedness of the isolates based on the 16S rRNA sequences examined.
The distribution of Yersinia within the pig faecal and cattle intestinal samples could reflect the combined effects of host, environmental and management factors. Previous investigations in pig production systems have associated Y. enterocolitica carriage or shedding with factors such as water source, feed practices, animal contact and farm-management conditions (Virtanen et al., 2011). More broadly, environmental exposure, stocking conditions and management practices can influence opportunities for bacterial persistence and transmission within livestock populations. The occurrence of Yersinia in the present study could therefore reflect interactions between the intestinal environment of the host and the conditions prevailing within the production system, although these factors were not directly evaluated in the present investigation.
Table 4: NCBI BLAST Analysis Showing the Sequence Identity of Edited Isolate Sequences

	Sample ID
	Scientific Name
	Max Score
	Total Score
	Query Cover
	E value
	Percentage. Identity
	Accession
Number

	P7
	Yersinia enterocolitica
	2569
	2569
	100%
	0
	99.72%
	PQ892001

	P12a
	Yersinia enterocolitica
	2567
	2567
	99%
	0
	99.79%
	PQ892002

	P14b
	Yersinia intermedia
	2575
	2575
	100%
	0
	99.65%
	PQ892003

	P16
	Yersinia kristensenii
	2593
	2593
	100%
	0
	99.72%
	PQ892004

	PL1
	Yersinia enterocolitica
	2606
	2606
	100%
	0
	100.00%
	PQ609948

	PE1(2)
	Yersinia enterocolitica
	2593
	2593
	99%
	0
	99.86%
	PQ609949

	PD2
	Yersinia pseudotuberculosis
	2601
	2601
	99%
	0
	99.86%
	PQ609950

	PH1
	Yersinia intermedia
	2590
	18064
	100%
	0
	99.72%
	PQ609951

	P1i
	Yersinia enterocolitica subsp. Enterocolitica
	2638
	18433
	99%
	0
	99.59%
	PQ156574

	P1s1
	Yersinia enterocolitica subsp. Enterocolitica
	2625
	18343
	99%
	0
	99.93%
	PQ156575

	C1Sb
	Yersinia intermedia
	2652
	2652
	99%
	0
	99.72%
	PQ156576



Plate 1[image: C:\Users\HP\OneDrive\Desktop\JO PHD\WhatsApp Image 2025-01-31 at 08.37.47_58dab548.jpg]
[image: C:\Users\HP\OneDrive\Desktop\JO PHD\WhatsApp Image 2025-01-31 at 09.23.20_fea7cbfc.jpg]
Plate 2
[image: C:\Users\HP\OneDrive\Desktop\JO PHD\WhatsApp Image 2025-01-31 at 09.26.00_5992cb7d.jpg]
Plate 3
Plate 1-3: Agarose gel showing the positive amplification of the 16s RNA regions amplified from the selected Yersinia isolates at approximately 1500bp
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Figure 3
Figure 1-3: Phylogenetic relationships among Yersinia species based on a comparison of 1500bp 16S rNA sequence


4. Conclusion

The findings of this study demonstrate that pigs, particularly grower and finisher pigs, serve as the principal reservoir of Yersinia species and other enteric bacteria of veterinary and public health importance. The predominance of Yersinia enterocolitica and the detection of Yersinia pseudotuberculosis underscore the significant role of swine in the epidemiology and transmission of yersiniosis, while the comparatively low recovery of Yersinia species from cattle further supports the established view that pigs are the primary source of pathogenic Yersinia in livestock production systems. Molecular characterisation confirmed the presence of genetically related yet potentially pathogenic Yersinia strains within the examined animal populations, highlighting their relevance to food safety and zoonotic disease transmission.
Furthermore, the coexistence of Yersinia species with numerous opportunistic and potentially pathogenic members of the Enterobacteriaceae within the gastrointestinal tract raises concerns regarding environmental contamination, contamination of animal-derived food products, and the dissemination of antimicrobial resistance determinants. These findings emphasise the importance of integrating molecular diagnostic approaches into routine veterinary and food safety surveillance programmes to improve pathogen detection, characterisation, and epidemiological tracking.
Collectively, the results highlight the need for strengthened farm hygiene practices, enhanced biosecurity measures, continuous monitoring of antimicrobial resistance, and regular surveillance of livestock-associated bacterial pathogens. Such interventions are essential for reducing the burden of yersiniosis, limiting zoonotic transmission, and safeguarding both animal and public health.  

Limitation
This cross-sectional study was based on samples obtained from one pig farm and cow intestines collected from one market within Ilorin, which limits wider generalisation of the findings. Although 86 Yersinia isolates were recovered, only 11 representative isolates underwent 16S rRNA sequencing. The 16S rRNA marker provides useful taxonomic information but has limited discriminatory power for closely related strains. Virulence determinants, antimicrobial-resistance genes, and the environmental or management factors potentially influencing carriage were not directly investigated. These limitations should be considered when interpreting the epidemiological significance and genetic relatedness of the isolates.
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