


[bookmark: _Hlk181040549][bookmark: _GoBack]
[bookmark: _Hlk168496074]Molecular Characteristics and spa-Types of Staphylococcus aureus from Food-animals in the Federal Capital Territory, Abuja-Nigeria


Abstract
Aim: This study was undertaken to investigate the molecular characteristics of S. aureus isolates from chickens, sheep and goats in the Federal Capital Territory (FCT), Nigeria.
Study design: The study was designed to be a cross-sectional study. A simple random sampling method was used to collect a total of 684 nasal and tracheal swabs from chickens (n=228), sheep (228) and goats (228) in livestock markets in FCT from February to June, 2023.
Methodology: Samples were analyzed using standard bacteriological techniques. Antimicrobial susceptibility testing was determined using disk diffusion, and E-test methods. S. aureus isolates were genotypically characterized using DNA microarray analysis and spa-typing. 
Results: Twenty-two (3.2%), were confirmed as S. aureus. Eleven (4.8 %), six (2.6%), and five (2.2%) isolates were obtained from sheep, chickens, and goats respectively. All isolates exhibited susceptibility to vancomycin, teicoplanin, mupirocin, and tigecycline. The isolates from chickens were resistant to Penicillin G (33.0 %), Erythromycin (16.6 %), Chloramphenicol (16.6%) and Tetracycline (50.0 %) mediated by blaZ/IR, ermB, fexA tetK/M respectively, one isolate from sheep was resistant to linezolid (MIC 8 mg/L). The S. aureus clustered in three clonal complexes and five spa types. Whereas the isolates from sheep and goats belonged to the same clone, t4735-CC133, isolates from chickens belonged to different clones, t311-CC5, t448-CC88 and t786-CC88. None of the isolates was positive for genes for Panton Valentine leukocidin. The CC5 isolates from chickens harbored the egc (seg, sei, selm, seln, selo, selu), and the immune invasion genes (sak, scn and chp). 
Conclusion: This study has established baseline data on the prevalence and molecular characteristics of S. aureus in food animals in the FCT. 
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Introduction         
Cattle, chickens, sheep and goats are the major food-animals in Nigeria. The production of these animals in the country are largely small-scale, raised in close contact with humans. Although S. aureus is part of the microbiota of the skin and mucous membranes of animals, yet it causes a wide range of infections and diseases in both humans and animals (Alkuraythi et al., 2023). S. aureus produces disease due to its ability to multiply and spread in host cells, aided by virulence factors such as Staphylococcal protein A (spA), toxins and enzymes (Tam and Torres, 2019: Jackson et al., 2020). 
Staphylococcal Protein A (spA) is the first staphylococcal surface protein to be characterized, a key virulence factor that aid S. aureus to elude innate and adaptive immune responses (Foster, 2019). spA binds to the fragment crystallizable (Fc) fragments of mammalian IgG molecules, which makes the organism unavailable to opsonins, thereby prevent phagocytosis of the bacterial cells by the host immune system (Votintseva et al., 2014). A study by Kim et al. (2011) illustrated the significance of spA in S. aureus infections. The study showed that a mouse challenged intravenously with S. aureus mutants lacking spA were readily phagocytosed and killed more rapidly in the blood than wild type Staphylococci with intact spA.
[bookmark: _Hlk172105714]Apart from its high pathogenicity, S. aureus can also rapidly develop resistance to many antimicrobial agents which it was once susceptible. The irrational use of antibiotics in food animals either for the purpose of treating diseases, prevention of infections and for enhanced production through increased growth rate, has resulted in the emergence of multidrug-resistant strains of the organism such as methicillin-resistant S. aureus (MRSA), vancomycin-resistant S. aureus (VRSA) (Fox et al., 2017). These drug-resistant bacteria can be transmitted from food-animals to humans considering the close contact between both specie, with possible risk of infections that could pose challenges in the health settings due to limited treatment options (Hammad et al., 2012). 
Genotypic typing of S. aureus has helped in understanding the global epidemiology of the organism through the determination of specific clonal complexes (CC) found in both humans and animals and as well as monitoring of their antibiotic resistance in various countries and locations (Shittu et al., 2021). Little is known of the molecular epidemiology of S. aureus in food-animals in Nigeria due to limited access to facilities for molecular typing techniques in the country. Hence, this study sought to explore the molecular characteristic of S. aureus from some selected food animals such as chickens, sheep and goats sold in open markets in the Federal Capital Territory (FCT), Nigeria.
Materials and Methods
Study area
The study was conducted in the Federal Capital Territory of Nigeria (FCT). FCT is located in the central region of the country, just North of the confluence of the Niger and Benue Rivers. It falls within the savannah zone vegetation of the West African sub-region and is bordered by the states of Niger to the West and North, Kaduna to the Northeast, Nasarawa to the East and South, and Kogi to the Southwest. FCT lies between latitude 8o25 and 9 o20 North of the equator and longitude 6o45 and 7o39 East of Greenwich Meridian and consist of Six Area Councils namely: Abaji, Abuja Municipal Area Council, Bwari, Gwagwalada, Kuje and Kwali. 
Sampling
Simple random sampling was used to collect samples from chickens, sheep and goats in livestock markets in FCT. Individual animals were selected randomly from group of animals owned by different livestock traders. 228 nasal swabs were collected from sheep and goats each, while 228 tracheal swabs were collected from chickens, using a sterile cotton swab stick. The sterile swab stick was inserted into nostrils of sheep and goats, and tracheal of chickens, gently rubbed against the mucosa surface for approximately 4 to 5 seconds. Individual swab sticks were placed in sterile cryo-vials containing Mueller-Hinton broth (Oxoid, UK) supplemented with 6.5 % Sodium Chloride (NaCl), appropriately labeled and placed in a flask containing icepacks, and immediately transported to the Department of Veterinary Microbiology laboratory, University of Abuja for isolation and identification (European Food Safety Authority, 2012). . 
Bacterial isolation and identification
Samples collected in Mueller Hinton broth (Oxoid, England) were incubated at 37°C for 24 hours. A loopful of about 10-μl of the inoculum were streaked onto prepared plates of Mannitol salt agar (Oxoid, England) and incubated at 37°C for 24 hours. Following incubation, all cultured plates were examined for colonial morphology and pigmentation. Smooth, shiny, opaque and golden yellow colonies were picked using sterile wire loop and sub-cultured on prepared plates of nutrient agar, incubated at 37 °C for 24 hours. Presumptive isolates were phenotypically characterized using Gram staining, catalase, hemolysis test on blood agar containing 5% sheep blood, slide and tube coagulase test as described bsy Cheesbrough (2016). Isolates were further screened using STAPH Latex Reagent (Liofilchem, Italy) according to the manufacturer’s instruction. Presumptive S. aureus isolates were stored on MSA slants in 2 ml cryovials and shipped to Microbiology Laboratory, College of Medicine, University of Kuwait for molecular characterization of isolates (European Union Reference Laboratory-Antimicrobial Resistance, 2018).
Antimicrobial Susceptibility Testing	
Antimicrobial susceptibility testing was done using the disk diffusion method of Kirby-Bauer and in accordance with the guidelines of the Clinical Laboratory Standards Institute (CLSI, 2020). The antimicrobials tested includes:  Cefoxitin (30μg), Penicillin (10 units), Gentamicin (10μg), Amikacin (30μg), Erythromycin (15μg), Clindamycin (2μg), Chloramphenicol (30 μg), Tetracycline (30 μg), Trimethoprim (25 μg), Rifampicin (5 μg), Spectinomycin 100 μg , Fusidic acid (10 μg), Ciprofloxacin (5 μg), Kanamycin (30 μg), Mupirocin (200 μg), Cadmium acetate (50 μg), Mercury chloride (109 μg), Ethidium bromide (50 μg).  A transparent ruler was used to measure growth inhibition zone diameters, and the results were interpretated based on the breakpoints for each antimicrobial agents in accordance with the Clinical and Laboratory Standards Institute guidelines (CLSI, 2020). Minimum inhibitory concentrations for vancomycin, linezolid, tigecycline and teicoplanin were determined using E-TEST strips (BioMérieux, France) following the instructions of the manufacturer. 
[bookmark: _Hlk184045228][bookmark: _Hlk168844668]Molecular characterization of S. aureus strains
Extraction, Purification and Quantification of DNA
[bookmark: _Hlk180752989]S. aureus isolates on MSA slants were sub cultured on prepared plates of Columbia blood agar (Oxoid, UK) and incubated over night at 37 oC. Two colonies were suspended into microfuge tube containing 50 μL of lysostaphin lysing solution, 50 μL lysozyme and 10 μL ribonuclease A, (Sigma-Aldrich Chemical, Germany), incubated for 40 minutes at temperature of 37 oC in a Thermoshaker (Eppendorf, Hamburg, Germany). After incubation, 50 μL of proteinase K (Qigen, Hilden, Germany) and 150 μL of tris buffer (0.1 M) were added and then incubated for another 10 minutes at 60°C in a water bath. The mixture was further incubated at 95°C for 10 min in Thermoshaker, then centrifuged at 10,000 rpm for 30 seconds.  Genomic DNA was purified using DNeasy blood and tissue kits (Qiagen Hilden, Germany) as instructed by the manufacturer. Nanodrop 2000 (Thermo Scientific, USA) was used to determine the concentration and purity of the extracted DNA. The DNA samples was then stored at 4°C.
DNA Microarray Hybridization
[bookmark: _Hlk168844740]Microarray-based genotyping was done as described by Monecke et al. (2024), using S. aureus Genotyping system (Alere Technologies, Germany). The DNA microarray was performed to assign S. aureus isolates into clonal complex (CC), and consist of 185 different target genes and their allelic variants including specie makers, regulatory genes, methicillin resistance and sccmec typing, antimicrobial resistance genes and virulence genes. Commercial probes and primers (Martinsried, Germany), previously reported by Monecke et al. (2008) were used. 
Staphylococcal Protein A (spa) Typing
[bookmark: _Hlk168844773]Sequence typing of the S. aureus protein A (spa) repeat region was carried out as described by Harmsen et al. (2003). PCR amplification of the polymorphic X region of the spa gene was performed using forward and reverse primers 1095F (5’-AGACGATCCTTCGGTGAGC-3’) and 1517R (5’-GCTTTTGCAATGTCATTTACTG-3’). DNA sequencing was done using an ABI 377 sequencer (Applied Biosystems, Foster City, Calif.). spa types were determined with the Ridom StaphType software (Ridom GmbH, Wu¨rzburg, Germany). 
Data Analysis 
[bookmark: _Hlk172110823]Data generated were analyzed using Statistical Package for Social Sciences (version 20.0 for windows Xp and vistal). Descriptive statistics was used to present results in percentages, tables, figures and charts. Chi square test was used to analyzed data for association between variables; p value < 0.005 was considered statistical significance.
Results
Prevalence of S. aureus 
[bookmark: _Hlk173417102]Out of the 684 samples examined 22 isolates were confirmed to be S. aureus giving an overall prevalence of 3.2%. Six (2.6 %) of the isolates were obtained from chickens, eleven (4.8%) were from sheep, while five (2.2%) of the S. aureus isolates were gotten from goats (Table 1.) There was no statistically significant difference (X2= 3.84, df = 4, p value = 0.428) in the occurrence of S. aureus among the different species of food-animals in the study area.
 Table 1:  Prevalence of S. aureus among the studied food-animals in FCT. 
	Specie of Animal
	No of Samples
	No Positive
	Percentage Positive (%)

	Chickens
Sheep
Goats
	228
228
228
	6
11
5
	2.63
4.82
2.19

	Toal
	684
	22
	3.21




Distribution of  S. aueus across the six area councils of the Federal Capital Territory showed that Abaji had the highest prevalence of  7 %, followed by Abuja Municipal Area Council with 5.3 % prevalence, Gwagwalada had 3.5 % prevalence , Kwali 1.7 %, while Kuje and Bwari had the lowest prevalence of 1% each (Table 2).
Table 2:  Prevalence of S. aureus from food-animals in the Six Area Councils of FCT
	Location
	No of Samples
	No Positive
	Percentage Positive (%)

	Abaji
AMAC
Bwari
Kuje
Gwagwalada
Kwali
	114
114
114
114
114
114
	8
6
1
1
4
2
	7.017
5.3
0.87
0.87
3.5
1.7


Antimicrobial Susceptibility of the S. aureus from food-animals in FCT
[bookmark: _Hlk176275065][bookmark: _Hlk173419014]The results of the AST showed high susceptibility of S. aureus isolates from food animals to most of the antimicrobial agents tested. All 22 isolates (100%) were susceptible to cefoxitin, gentamicin, kanamycin, amikacin, rifampicin, streptomycin, fusidic acid, mupirocin and cadmium. The results also showed that the S. aureus isolates from sheep and goats were susceptible to all of the antimicrobial agents tested, but isolates from chickens were resistant to ciprofloxacin (66%), tetracycline (50), penicillin G (33.33%), mercuric chloride (66%), 16.66% resistance to erythromycin (16,6%), chloramphenicol (16.6%), trimethoprim (16.6%) and ethidium bromide (16.6%).
DNA Microarray Analysis
[bookmark: _Hlk173680081]Twenty-two isolates were confirmed to be S. aureus having positive results for specie makers and were assigned into three clonal complexes (CCs): CC5 (N =2), CC88 (N = 4) and CC133 (N= 16). All S. aureus strains from the three studied animals gave positive hybridization signal for specie makers including rrnD1 (Domain 1 of 23S-rRNA), gapA (Glyceraldehyde 3-phosphate dehydrogenase), katA (catalase A), coa (coagulase), nuc1 (Thermostable extracellular nuclease) and spa (Staphylococcal protein A), Sbi (IgG-binding protein), eno (Enolase), fnbA (Fibronectin-binding protein A) genes (Table 3).







Table 3: Presence and Distribution of Specie makers in S. aureus isolates from food-animals
	Specie
	Target Gene
	No positive (%)

	
	RrnD1
	gapA2
	katA
	Coa
	Nuc
	spa
	sbi
	eno
	fnbA
	biotin
	

	Chickens
Sheep
Goats
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	+
+
+
	6 (100)
11 (100)
5 (100)


Key: + = positive, %= percentage, rrnD1 = Domain 1 of 23S-rRNA, gapA = Glyceraldehyde 3-phosphate dehydrogenase, katA = catalase, coa = coagulase, nuc= Thermostable extracellular nuclease, spa= Staphylococcal protein A, Sbi= IgG-binding protein, eno = Enolase, fnbA= Fibronectin-binding protein A
Detection of Antimicrobial resistance Genes
None of the isolates in this study was positive for signal for mecA that mediates resistance to methicillin and other beta-lactam antibiotics. However, 33% of the MSSA-CC5 strains from chickens carried the beta-lactamase gene blaZ that encodes resistance to penicillin, tet (K) the genetic determinants for tetracycline resistance and fosB that encodes Fosfomycin resistance. While the CC88-MSSA strain from chicken which exhibited phenotypic resistance to erythromycin, chloramphenicol, tetracycline, trimethoprim and ciprofloxacin harbored ermB gene which encodes for erythromycin, aac-A and aadD (genetic determinants for aminoglycosides resistance), tet (M), cfr and fexA which mediate resistance to phenicol. There was conformity between the result of the disk diffusion test and the DNA microarray resistance gene profile as evidenced of the high phenotypic susceptibility of isolates and the lack of resistance genes among the MSSA-CC133 strains from sheep and goats except for the detection of fosB gene in all the CC133 strains (Table 4).









Table 4: Antimicrobial resistance genes of S. aureus from food-animals
	S/No
	Isolate No
	Antibiogram
	Antibiotic resistance genes
	CC
	

	1
	CKW24
	PEN, TET, Hg
	blaZ, blaI, blaR, tet(k), fosB
	CC5
	

	2
	CGW43
	CIP, Hg,
	Nil
	CC88
	

	3
	CGW51

	CIP, Hg
	Nil
	CC88
	

	4
	CAMC77

	EM, C, TET, TM, CIP
	erm(B), aacA-aphD, aadD,
tet(M), fexA, cfr
	CC88
	

	5
	CKU205

	CIP
	___
	CC88
	

	6
	CABJ217

	PEN, TET, Hg,
	blaZ, blaI, blaR, tet(K), fosB
	CC5
	

	7
	GKW30

	-
	fosB
	CC133
	

	8
	GGW78
	-
	fosB
	CC133
	

	9
	GABJ195
	-
	fosB
	CC133
	

	10
	GABJ207
	-
	fosB
	CC133
	

	11
	GABJ22
	-
	fosB
	CC133
	

	12
	SKW11
	-
	fosB
	CC133
	

	13
	SKW16
	-
	fosB
	CC133
	

	14
	SKW34
	-
	fosB
	CC133
	

	15
	SGW44
	-
	fosB
	CC133
	

	16
	SAMC71
	-
	fosB
	CC133
	

	17
	SBW102
	-
	fosB
	CC133
	

	18
	SBW115
	-
	fosB
	CC133
	

	19
	SABJ171
	-
	fosB
	CC133
	

	20
	SABJ179
	-
	fosB
	CC133
	

	21
	SABJ208
	-
	fosB
	CC133
	

	22
	SABJ221
	-
	fosB
	CC133
	


Abbreviations: AMK = amikacin, C = chloramphenicol, CC = clonal complex, CIP = ciprofloxacin, EM = erythromycin, PEN = penicillin, TeT = teteracycline, Hg= mercury 


[bookmark: _Hlk173680135]
Detection of Virulence Genes  
[bookmark: _Hlk173420151][bookmark: _Hlk173420340]All S. aureus isolates carried genes for biofilm formation, IcaA/icaC/icaD (intacellular adhesion proteins A, C and D) and clumping factors A and B (clfA/clfB). Similarly, all the stains carried the Haemolysin gamma / leucocidin genes (lukF-hlg, lukS-hlg,hlgA, lukD, lukE, lukX, lukY) and hemolysin toxins (hl, hla, hlb, hld, hlγ). The S. aureus strains from sheep and goats in this study lacked the staphylococcal enterotoxin gene (SE), but the strains from chickens were positive for enterotoxin gene cluster (seg, sei, sem, sen, sein, seo, seu) genes. The SE detected in chickens were carried only by the CC5 strains, as none was associated with the MSSA-CC88 and MSSA-CC133 strains in this study. None of the S. aureus strains yielded positive hybridization probe for tsst and pvl genes but the CC5 strains were positive for genes encoding Staphylokinase (sak), Chemotaxis-inhibiting protein (chp) and Staphylococcal complement inhibitor (scn) (Table 4). S. aureus strains from all the three studied food-animals carried genes for different proteases including Serin-protease A (splA), Serin-protease B (splB), Glutamylendopeptidase (sspA), Staphopain B protease (sspB) and Staphopain/Staphylopain A protease (sspP), aurelysins and hyaluronate Lyase genes, hysA1 and hysA2 (Table 5).
Table 5: Detection of Virulence Genes in S. aureus isolates from food-animals in FCT
	Gene Group
	Target Gene Detected 
	CC/Specie               

	
Enterotoxins 

Toxic shock syndrome toxin

Hemolysin gamma (HLG)                         
and Leukocidins

Hemolysins


Immune invasion clusters

Protease



Hyaluronate Lyase

Biofilm formation 
	
[bookmark: _Hlk173420836]egc, seg, sei, selm, seln, selo, selu
                 
-

lukF-hlg, lukS-hlg,hlgA, lukD, lukE, lukX, lukY                               

hl,hlIII, hla, hlb, hld, hlγ	      


sak, chp, scn

[bookmark: _Hlk173558142]aur, spIA, spIB, sspA
sspB, sspP


[bookmark: _Hlk173558314]hysA1 and hysA2

IcaA/icaC/icaD (intacellular adhesion proteins A, C and D)
	
CC5-chickens 

-

CC5, CC88, CC133-chickens, sheep goat

CC5, CC88, CC133-chickens, sheep, goats

CC5-chickens

CC5, CC88, CC133-chickens, sheep, goats

CC5, CC88, CC133-chickens, sheep, goats

CC5, CC88, CC133-chickens, sheep, goats






Staphylococcal Protein A Typing
Genetic diversity of isolates was studied using spa typing. The MSSA strains were classified into 4 spa types (Genotypes): t311 (n = 2), t786 (n = 2), t448 (n = 1) and t4735(n=16) One CC88 strain could not be assigned to any known type (non-typeable). The most predominant spa type t4735 (16/22; 72.7%) was associated with the CC133 clone detected in sheep and goats, spa type t311 was detected in 2 of the CC5-MSSA from chickens, while isolates with spa types t786 (2/22; 9.09%) and t448(1/22; 4.54%) were associated with the CC88-MSSA from chickens.
 Table 6 shows the composition of the four clones; the t311-CC5, t786-CC88, t448-CC88 and t4735-CC133 (Table 6).
Table 6. Distribution of S. aureus clones in food-animals in the FCT
	 Animal
specie
	No 
of isolates
	CC **
	spa-type
   (n)
	Spa repeat profile

	Chickens


Sheep
Goats
	6


11
5
	CC5
CC88

CC133
CC133
	t311 (2)
t786 (2)
t448 (1)
t4735 (11)
t4735 (5)
	26-23-17-34-20-17-12-17-16
07-12-21-17-13-34-34-33-34
07-12-21-17-13-13-34-33-34
03-16-21-17-23-13-17-23-24
03-16-21-17-23-13-17-23-24




**, Clonal complex
Discussion
Staphylococcus aureus remains a significant pathogenic Staphylococci species which colonizes the skin and mucous membranes of some animals and humans. In this study, we investigated the phenotypic and genotypic characteristics of S. aureus isolates obtained from chickens, sheep and goats in the Federal Capital Territory, Nigeria. This first assessment of the prevalence of S. aureus strains among food animals in the FCT yielded a 3.2% carriage rate. This is much lower than the 6.5% prevalence reported in ruminants in Tunisia (Gharsa et al. 2015), and 9.9% nasal carriage of S. aureus in sheep and goats reported in Morocco (Mourabit et al. 2020), but higher than the 1.4% colonization rate reported in chickens in Malaysia by Neela et al. (2013). 
[bookmark: _Hlk179831026]The results of the antimicrobial susceptibility testing showed complete susceptibility of S. aureus isolates obtained from sheep and goats to all antimicrobial agents tested. The high susceptibility of S. aureus isolates from food animals in this study is consistent with observations in S. aureus isolates from goats in China (Zhou et al., 2017), chickens in Maylasia (Neela et al., 2013) and Korea (Lee et al., 2022), and from sheep in Italy (Glacinti et al., 2017). The high susceptibility of S. aureus isolates from sheep and goats and the absence of MRSA among the three food animals is noteworthy.  These findings may indicate that the food animals in this study, which were home grown and owned by small holder farmers have not been exposed to antimicrobial agents tested due to the methods of rearing the animals. 
[bookmark: _Hlk173419336]Although the S. aureus isolated from chickens were MSSA they were resistant to ciprofloxacin (67%), tetracycline (50%), penicillin (33%), erythromycin (17), trimethoprim (17%), mercuric chloride (17%) and ethidium bromide (17%). There was agreement between the phenotypic resistance to penicillin G, erythromycin and clindamycin, chloramphenicol, gentamicin, kanamycin, and tetracycline and the presence of the respective genotypic resistance determinants blaZ, erm(B), fexA, aacA-aphD/aadD and tetK/M. However, the dihydrofolate reductase (dfrA/dfrS1) and mercury resistance operon (merA) genes that mediate trimethoprim and mecuric chloride resistance, respectively were not detected in this study, suggesting that different mechanisms could be responsible for their resistance. For example, trimethoprim resistance could be caused by dfrG which has been reported in S. aureus in Nigeria and other African countries (Nurjadi et al., 2015). Antimicrobial resistance in chickens have been extensively reported in Nigeria (Echioda-Ogbole and Godwin, 2019; Bamidele et al., 2022) and in other parts of the world (Aires-de-Sousa, 2017; Panyako et al.,2022), this could be attributed to both therapeutic and prophylactic usage of amicrobial agents in poultry (White et al., 2003).
The S. aureus isolated from goats, sheep and chickens all possessed genes for specie identification, adhesion, hemolysins, leucocidins, proteases, and hyaluronate lyase. These virulence factors have been reported to aid in the pathogenesis of staphylococcal infections (Grumann et al., 2014) and have been detected in S. aureus strains associated with infections in humans (Udo et al., 2020), mastitis in cows, ewes, and goats (Rainard et al., 2003, Yamada et al., 2005) and in wild birds and pigs (Abdullahi, et al 2023). Furthermore, none of the S. aureus strains from the studied animals carried genes for the exfoliative toxin (eta, etb, etd), toxic shock syndrome toxin (tst1), Panton valentine leucocidin (lukF-PV/ lukS-PV).  In contrast, other studies have reported the detection of the pvl gene in S. aureus from animals and animal products (Okorie-Kanu et al., 2020; Sadat et al., 2022). 
Surprisingly, the egc cluster: (seg, sei, sem, sen. Seo, seu/y) was detected in the CC5-MSSA clones from chickens but absent in the CC88 and CC133 strains although other studies have reported the presence of egc cluster in unrelated clonal complexes (Monecke et al., 2008). Interestingly, only the CC5-MSSA clone from chicken also harbored the phage-borne immune invasion cluster (IEC): sak, snc and chp genes encoding staphylokinase, staphylococcal complement inhibitor and chemotaxis -inhibiting protein respectively. The IEC gene (sak, snc, chp) is reported to be predominant in human S. aureus lineages and uncommon in animal strains and is considered a human adaptation maker (Abdullahi et al., 2024) and are seen as genetic markers for the identification of human associated S. aureus clones (Uhlemann et al., 2012). The IEC genes are carried by prophages and are responsible for S. aureus host switching, transmissibility, acclimation and initiation of infection (Chaguza et al., 2022). Therefore, the CC5-MSSA clone obtained in chickens could have been introduced by humans because of close co-existence between human and chickens, a possible case of reverse zoonosis (Noman et al., 2024).
The results of the spa-typing have furthered our understanding of the genetic diversity of S. aureus strains from goats, sheep and chicken in this study. It is interesting that none of the strains from chickens shared similar spa-types with strains from goats and sheep. The CC5-MSSA clones from chickens belonged to spa-type t311, harbored blaZ, tet (K) and fosB, that encode resistance to penicillin G, tetracycline and Fosfomycin, respectively. The t311 spa-type has been reported previously in S. aureus from humans (Shittu et al., 2015), and chicken carcasses (Okorie-Kanu et al., 2020) in Nigeria. The t311 spa-type was reported as one of the most predominant S. aureus clones in Ghana health care facility (Egyir et al., 2014), and in MRSA clones from patients and food-animals in Saudi Arabia (Alkuraythi et al., 2024) implying the transmission of the t311 strain between humans and chicken. 
The study also revealed two spa types: t448 and t786 that were associated with CC88-MSSA clones from chickens. The CC88 clone is reported to be the most predominant S. aureus lineage circulating in Africa, mainly among MRSA strains in humans (Aires-de-Sousa, 2017). Studies by Otalu et al. (2018) reported CC88 as the only clonal complex detected in 36 MRSA isolates from pigs and pig contact persons in Kogi state in Nigeria further supporting the high prevalence of CC88 clone among human and animal populations in Nigeria.  It is interesting that the single CC88-MSSA strain from chicken that carried the multiresistance genotype, erm(B), aacA-aphD, aadD, tet(M), fexA, cfr, was non-typable with spa typing. Non-typeability of strains could occur when the spa-primers failed to amplify the gene product due to rearrangements in the spa-gene (Votintseva et al., 2014).
The t4735-CC133-MSSA was the only clone detected from sheep and goats in this study. The isolation of the common S. aureus clone from sheep and goats in this study could be attributed to the close contact between both animals which could aid direct transmission. There are no documented reports of the spa-type t4735 in both animals and humans in Nigeria. Banaszkiewicz et al. (2023) reported the spa-type t4735 strains from wild boar in Poland. The CC133 with CC130 and CC398 lineages are reported to be mainly associated with ruminants (Lozano et al., 2016; Aires de-sousa, 2017).  The isolates were observed to be highly susceptible to antimicrobial agents, but harbored fosB gene as the only antimicrobial resistance gene.   High susceptibility of CC133 clones in this study is similar to that reported by Shittu et al. (2021) who reported low prevalence of antibiotic-resistant S. aureus in west African Dwarf goats.  The detection of fosB gene in all CC133-MSSA in this study collaborates the findings of Mont and de Oliveira (2023) who reported global trends in the increasing prevalence of Fosfomycin resistance gene in S. aureus in 34 different countries including Nigeria. The Fosfomycin gene detected in small ruminants in this study could be from humans or the environment because antimicrobial resistance is a one health issue which could arise from animals, humans or the environment, and Moreso, the Fosfomycin resistance gene can spread through plasmids (Mont and de Oliveira, 2023).
Conclusions
This study has established the prevalence, molecular characteristics and resistance profile of S. aureus isolates in food animals in FCT, Nigeria. It furthers the understanding of the epidemiology of S. aureus by identifying clonal complexes and spa types in the study are. Periodic surveillance of food animals is recommended to determine the level of their colonization by antibiotic resistant organisms for the purpose of food safety.
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