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INTRODUCTION
Salmonellae are zoonotic bacteria with a rising prevalence in the cattle industry (Randall, 2001). Salmonellosis remain a global problem with a significant economic impact on the cattle industry causing livestock mortality, abortion and reduced milk production. They are among the most common bacterial food-borne pathogens worldwide (Todd, 1997).Under-reporting of salmonellosis and the presence of other diseases considered to be of higher priority may have over-shadowed the problem of the disease in some developing countries. In Nigeria, efforts at prevention and control have largely been by improved conditions on grazing reserves, improved sanitation and hygiene (Adene and Oguntade, 2008), improvement in public water supply, safe disposal of waste, use of newer antimicrobials and general public health measures (Adeniran et al., 2005).
This study was designed to determine the serovars and antimicrobial susceptibility profile of Salmonella species from cattle in Jos, Nigeria.
MATERIALS AND METHODS
Study sites     
A total of 712 faecal samples were collected from cattle from 3 different sites including cattle farms (572), cattle control-post (60) and an abattoir (80) (Table 1). The 712 cattle comprised of 164 males and 548 females, 120 calves and 592 adults 609 White Fulani cattle, 3 Cross breeds and 100 Holstein Friesians. One hundred were raised under intensive system, 224 under semi intensive, 248 under extensive while 140 were unknown (control post and abattoir). Faecal samples were obtained from the cattle’s rectum using clean polythene bags, packed in an insulated box containing icepacks then transported immediately from point of collection to the laboratory for examination.

Isolation and serotyping 
Salmonellae were isolated and identified according to the techniques recommended by the International Organisation for Standardisation (ISO) 6579 (2002) from pre-enrichment to serotyping (Serotyping was done in Salmonella Reference Laboratory Padova, Italy).
Antimicrobial susceptibility profile 
The antimicrobial susceptibility pattern of the isolates was conducted using a modified Kirby-Bauer disk diffusion method (Bauer et al., 1966). A panel of 16 antibiotics namely: colistin (10 µg), sulphamethoxazole + trimethoprim (23.75 µg +1.75 µg), kanamycin (30 µg), gentamicin (10 µg), cefotaxime (30 µg), amoxicillin + clavulanic acid (20 µg + 10 µg), ceftazidine (30 µg), nalidixic acid (30 µg), tetracycline (30 µg), ampicillin (10 µg), streptomycin (10 µg), triple sulfa (0.25 µg), chloramphenicol (30 µg), cephalothin(30 µg), enrofloxacin (5 µg), ciprofloxacin (5µg) were tested. Each isolate was diluted in sterile saline solution to a 0.5 McFarland standard. The diluted bacterial suspension was transferred onto Mueller Hinton agar plates using sterile swabs. The plates were seeded uniformly by rubbing the swabs against the entire agar surface. Each antimicrobial impregnated disk was applied onto the surface of the inoculated plate by using a sterile disc dispenser. The plates were incubated at 370C for 18 hours. Interpretation of the growth inhibition zones and classification of isolates as susceptible, intermediate and resistant was done following guidelines of the National Clinical Laboratory Standards (NCCLS, 2004). 
Statistical analysis
The occurrence of Salmonella was calculated using percentages and the results were analysed to determine if any relationship existed between the presence of Salmonella and age, sex, breed and management system using Chi square test by Statistical Package for Social Sciences (SPSS) Version 15 (Inc.,Chicago,USA).
RESULTS
An isolation rate of 2.95% (21 of 712) was found. Higher isolation rates were recorded in adults (3.21%), females (4.19%),White Fulani breeds (3.28%) and extensively managed cattle (6.45%) compared to that in calves (1.67%), males (1.22%), Holstein Freisian (1%) and Cross-breeds (0%), intensively (1%) and semi-intensively bred cattle (1.34%) respectively. Isolation rates of 6.29%, 3.06% and 1.59% were recorded in Jos-East, Jos-North and Jos-South respectively. Four serotypes were isolated; S. Pullorum (43.48%), S. Hull (34.8%), S. Poona (13.04%) and S. Rubislaw (8.7%) (Table 2). The occurrence rate of S. Pullorum in Jos-East, Jos-South and Jos-North L.G.As were 54.5%, 36.4% and 9.1% respectively. In addition, there were mixed infections in some samples resulting in 23 isolates. Most of the isolates (91.6%) were susceptible to all the antimicrobials tested except colistin and triple sulfa (9.1%) to which some isolates were resistant. There was a significant association (P=0.0012) between the presence of Salmonella and location. There was also a significant association between the presence of Salmonella and management system (P=0.005). However there was no significant association between the presence of Salmonella and age, sex, breed and site.



Table 1: Frequency of isolation of Salmonella based on source of samples
	
Site			No collected			No positive (%)
Cattle farms		572				19 (3.32)
Abattoir			80				2 (2.5)
Control post		60				0 (0)
Total			712				21 (2.95)
P = 0.3401
                  Table 2: Distribution of Salmonella serotypes isolated from the three sampling sites 
	Serotypes 	Farms 	        Abattoir            Control-post 	Total (%)

	
S. Pullorum	9		1		0                    10  (43.48)
S. Poona	2		1		0		3   (13.04) 
S. Rubislaw	2		_		0		2   (8.70)
S. Hull		7		1		0		8   (34.8)

	
Total    	12		3		0	           23 (100.02)






DISCUSSION
Salmonellae were isolated from cattle on farms and those slaughtered for meat at the abattoir. Overall, 2.95% (21 of 712) of cattle sampled were positive for Salmonella species. The low isolation rate of Salmonella obtained in this study might be due to single sampling per animal, season, regional variation, management practices or a low carrier rate in cattle in the study area at the time of sampling. 
In this study, Salmonella was isolated in all the three localities sampled though Jos-East had a higher isolation rate with a statistically significant value (P>0.05) compared to Jos-North and Jos-South. The higher isolation rate in Jos-East could be attributed to the movement of high population of cattle (especially nomadic) through the area.
The higher frequency of isolation on farms (though not statistically significant: P>0.05) compared to the abattoir or control-post was likely due to the lowered gastric acidity in the animals from starvation during movement from the farms to the abattoir.
The extensively managed cattle produced the highest isolation rate with a statistically significant value (P < 0.05) compared to those on semi-intensive or intensive farms. This was attributed to their mode of feeding which is majorly random grazing where they may be exposed to various pathogens.

Interestingly, from the 21 positive samples, host adapted Salmonella (S. Pullorum) had the highest occurrence rate compared to the other serotypes. This observation may be associated with random grazing habits of the cattle in different regions including areas where poultry farms are situated or where poultry have roamed, thereby contaminating the pasture with poultry faeces/wastes. In addition, potential sources of infection arise when poultry waste is released into waterways and is thereafter used to irrigate livestock forage crops or inadvertently contaminates pasture on which cattle graze or is ingested via drinking.
Other serotypes: S. Hull, S. Poona and S. Rubislaw were isolated in a decreasing order respectively. These serotypes or other environmental Salmonella may be the cause of food-borne outbreaks, in particular from fruits, vegetables and spices contaminated by Salmonella from feral reptiles or other animals. This may explain recent outbreaks of S. Poona in the USA (Molbak et al., 2012). Reports of S. Poona and S. Rubislaw have been made in Nigeria by Olayemi et al. (1978) in sewage waste from the abattoir in Zaria and Collard and Sen (1956) in Ibadan respectively. Stevens et al. (2006) equally isolated S. Poona from beef in Senegal. If more colonies per sample had been picked, we might have found more serotypes, masked by dominant ones. In this work however, isolated colonies were randomly selected among characteristic ones for confirmation. The bias is therefore weak, but a different competitiveness for each serotype cannot be excluded. The serotypes obtained in this study may reflect the serotypes prevalent in this environment.
 
Majority of the isolates were susceptible to the panel of antimicrobials. However, 2 isolates were resistant to sulfonamide. Among the 23 serotypes, 8.69% displayed resistance to at least one antimicrobial. In contrast 91.3% were sensitive to all the antimicrobials. Development of resistance to sulfonamides may be as a result of indiscriminate use of the antimicrobial in animal husbandry in the area. In Ethiopia, Alemayehu et al. (2003) reported that 52% of the Salmonella isolated at the slaughterhouse from beef were resistant to at least three antimicrobials. In the United States, 84% of the Salmonella isolates from retail meats were resistant to at least one antimicrobial, and 53% to at least three antimicrobials (Duffy et al., 1999). By comparison therefore, the strains isolated from Jos showed a low level of resistance to commonly used antimicrobials. Among the serotypes, only S. Poona manifested multiple drug resistance. This resistance was exhibited to sulphonamide. This resistance may have been due to availability of drugs being the centre of the State’s capital where economic activities are highest. In addition inappropriate use of antimicrobials in the area due to quackery is a common practice.
                

CONCLUSIONS  
A 1ow overall Salmonella occurrence rate of 2.95% in cattle in Jos-Nigeria was recorded in this study. Samples from the control-post in Jos failed to yield Salmonella isolates. The data documented rare or unusual serovars of Salmonella in cattle (S. Poona, S. Rubislaw, S. Hull and S. Pullorum). To the best of our knowledge, this is the first report of such Salmonella serotypes in cattle in the study area. This result is significant because S. Pullorum is known to be a poultry associated serotype and coincidentally recorded the highest occurrence among the serotypes found, implying that the serotype may have a wider host range. The resistance of the isolates to the tested antimicrobials was low (8.69%).

RECOMMENDATIONS
We recommend that there is need to improve surveillance especially at control-posts to avoid spread and introduction of new serotypes into other areas. Information on Salmonella isolates, their antimicrobial susceptibility patterns and  virulence characteristics need to be passed on to medical practitioners. Public education on the need for hygienic slaughter, handling, processing or cooking of meat should be enhanced.
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