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Objectives: Animals are a potential source of Methicillin Resistant Staphylococcus aureus. This study evaluated the antibiotics susceptibility pattern of S. aureus isolates from breeders and livestock.Methods: S. aureus strains were isolated from 180 livestock and 48 livestock farmers and identified using standard methods. Antibiotic susceptibility profiles and MRSA status were determined via disk diffusion susceptibility method.Results: Among farm workers, 37.5% were colonized by S. aureus, with pig farm workers exhibiting the highest prevalence (56.2%), cattle herders (37.5%), and goat farm workers (18.7%). MRSA carriage among livestock isolates was 41.3%, while, six isolates from the poultry farm worker were MRSA, representing a carriage of 33.3%. Drug susceptibility profiles revealed differential patterns between isolates from breeders and animals. Gentamicin and levofloxacin demonstrated higher efficacy against farm worker isolates compared to animal isolates. Resistance to cefuroxime was higher among animal isolates (84.1%) as against the 66.7% for the breeders.Conclusion: The identification of multidrug-resistant S. aureus strains underscores the risk posed to humans in contact with animals. These findings stress the importance of monitoring and managing MRSA transmission between animals and humans.Keywords: poultry, Staphylococcus aureus, livestock, resistance, prevalence
INTRODUCTION
Staphylococcus aureus is a distinct microorganism that is well-known worldwide for its clinical significance in causing mastitis in livestock [1] as well as a number of infection in humans, such as bacteremia, endocarditis, and infections of the skin and soft tissues. There have been reports of this organism’s spread across other animal species, particularly in areas with a high concentration of livestock farming, as well as that of its variation, methicillin-resistant S. aureus (MRSA).
Nigeria is an agrarian country where raising livestock is a significant source of income. In addition to commercial farms, subsistence poultry farming is also carried out. Therefore, it may not be possible to completely eradicate MRSA from the animal population. Instead, it is strongly recommended to investigate ways to stop the spread of animal Associated MRSA (LA-MRSA), particularly among livestock workers. According to Khairullah et al. [2], animals have emerged as a significant secondary source of MRSA in the environment, and human-animal contact frequently serves as a major conduit for the spread of the bacteria.
Controlling the worldwide silent antimicrobial resistance (AMR) epidemic requires close observation of zoonotic antimicrobial resistance bacteria. The spread of these AMR infections to humans poses a concern to public health. Findings of the same kinds or clones in pig herds and humans working in these herds are among the several signs of LA-MRSA transmission from pigs to humans [3]. The frequency and length of farmers’ contact with cattle have been related to their carriage of LA-MRSA.
Humans were found to harbor livestock-associated MRSA strains in 17 of the 19 EU member states; including Holland 30.7%, 29.3% in Denmark and 9.7% in Spain which all had high LA-MRSA prevalence rates [4]. According to several research [5, 6], the majority of short-term farm visits only temporarily carry LA-MRSA, and only a small percentage (12%, 6%) remain positive after 24 h. Farmers’ families had a higher chance of having MRSA carriers in their households [7, 8]. Numerous animals, including pets and cattle that interact closely with people as well as wild animals, have been found to harbor S. aureus [9]. Methicillin-resistant Staphylococcus aureus (MRSA) associated with livestock (LA) is common. Methicillin-resistant Staphylococcus aureus (MRSA) associated with livestock is common in many animal species, with pigs being the most common host globally [10]. Simultaneously, there has been a rise in human cases, either with or without documented exposure to animals. This suggests that the production of livestock has a knock-on effect on the population, ultimately leading to illness in human [11].
According to Omoshaba et al. [12], animals have the ability to spread MRSA-resistant strains both horizontally and vertically, as well as through items meant for commercial processing and consumption. The number of countries reporting cases of MRSA pandemic strains is rising, and this indicates a serious risk to public health. To control cross-contamination and the rising trends in MRSA infections in humans and animals alike, an evaluation of the traits of MRSA from farm animals and humans who interact with them is still an essential step. Because of the MRSA’s intense circulation in the farming environment and society, the epidemiology is evolving dynamically [13].
In addition to spreading horizontally and vertically, animals can also spread MRSA-resistant strains through goods meant for commercial processing and consumption [12]. There is a serious risk to public health as more and more countries report experiencing outbreaks of MRSA pandemic strains. One of the most important steps in preventing cross-contamination and the rising trends in MRSA infections in humans and animals is to evaluate the traits of MRSA from farm animals and humans who come into contact with them. Due to extensive circulation in the farming community and community, the epidemiology of MRSA is dynamically changing [13]. Continual and sustained surveillance can provide information about emerging resistance or virulence. However, because a significant proportion of individuals remain asymptomatic, studies such as this is needed to evaluate the drug resistance pattern of these organisms.
METHODS
Source of Samples
One hundred and twenty (180) Nasal and oral swab samples were obtained from goats, pigs and cattle. Also, swabs (nasal and palm) were collected from 48 different farm animals handlers across the different farms visited. The semi-intensive farming system was practiced at the farms. The farms practiced a secondary biosecurity system which was aimed at preventing pathogen spread within the farm. There were perimeter fences, closed passage way with clear warning notices for visitors, sterile showers and strict disinfection protocols. The study was conducted between September to November 2022 with reduced rainfall.
Isolation of Organisms
Using the streak plate method, the samples were inoculated onto mannitol salt agar. The inoculated plates were incubated at 37°C for 24 h. After the period of incubation, bacterial colonies with golden yellow pigmentation on mannitol salt agar, characteristic of S. aureus, were subcultured onto newly made nutrient agar plates. The CLSI Guidelines (2024) were followed in the identification of the bacterial isolates as S. aureus based on their morphology, Gram staining, catalase characteristics, coagulase, and DNase tests.
Antimicrobial Susceptibility Testing
The identified S. aureus isolates were tested for susceptibility to 10 different antimicrobial agents by the disc diffusion method on Mueller Hinton agar. Colonies from each isolate from an 18-hour old nutrient agar plate were introduced into sterile distilled water to create a bacterial suspension that met the 0.5 McFarland turbidity standard. A cotton swab was dipped into the bacterial inoculum and then pressed against the tube’s side to drain excess fluid. The same inoculum swab was then used to inoculate the whole surface of each Mueller Hinton agar plate, rotating the plate to guarantee confluent bacterial growth. The Mueller Hinton agar plates were pre-seeded with the isolates before the antibiotic discs were added.
After 24 h of incubation at 35oC, the plates were checked for zones of inhibition, measured using a ruler, and documented. After comparing the zones of inhibition produced by the antibiotics against the isolate with that of a reference guide provided by the [14], the isolates were classified as susceptible, resistant, or in intermediate status based on the zones of inhibition produced by the antibiotics against them.
Detection of MRSA
Each isolate was suspended in sterile saline using the colonies from an overnight growth on nutrient agar plates. The turbidity of the solution was adjusted to 0.5 McFarland’s standard. A cotton swab was dipped into the bacterial mixture and then pressed against the tube’s side to drain excess fluid. The same inoculum swab was then used to inoculate the whole surface of each Mueller Hinton agar plate, rotating the plate to guarantee confluent bacterial growth. Cefoxitin disks were inserted into each Mueller-Hinton plate that had been inoculated. The plates were incubated at 37°C for 24 h. The zone surrounding the disc’s diameter was measured, and the findings were interpreted in accordance with CLSI guidelines. MRSA strains were identified among the isolates as those whose zone of inhibition was smaller than 22 mm. The strain of Staphylococcus aureus ATCC 25923 was employed as the control.
Phenotypic Characterization of Biofilm Production in Congo Red Agar (CRA)
The isolates were cultivated on Congo red agar (CRA plates), which were made by combining 1 L of Brain Heart Infusion agar with 0.8 g of Congo red and 36 g of sucrose. After that, the plates were incubated at 37°C for 24 h. The ability of strains that produced slime (biofilm formers) to form rough black colonies served as a means of distinguishing them from strains of S. aureus that did not produce slime (red smooth colonies).
Statistical Analysis
Prevalence rates of S. aureus strains from the different poultry animals were statistically analysed by T-test and results were considered significant at 95% confidence level.
RESULTS
A total of eighteen (37.5%) of Staphylococcus aureus were isolated from the different breeders whilst the breeding animals contributed a total of 63 isolates. The pigs had a larger proportion of the isolates amongst the animals (Table 1). Out of 60 cattle screened, 31.7% (19/60) harbored S. aureus in their nostrils. The same prevalence was noticed for goats. There was a statistically significant association (χ2 = 0.86; p = 0.83) between the prevalence of S. aureus and isolate source. In the same vein there was a significant association in the distribution of MRSA among breeders and farm animals (χ2 = 2.00; p = 0.37). Also, significant difference was observed in the biofilm Forming Potential of the S. aureus isolates from the poultry farms. Table 2 shows the distribution of S. aureus isolates according to their resistance to one, two or more antibiotics. Because S. aureus can spread to other people or emerge from colonized locations to cause infection, these levels of nasal carriage of the bacteria still pose a serious hazard to human health. The antibiotic susceptibility pattern of the isolates (Figure 1) showed that a greater percentage of the S. aureus isolates from the farm animal workers were susceptible to Levofloxacin, (83.3%), and Gentamicin (83.3%) followed closely by ciprofloxacin, (61.1%), ofloxacin, (77.8%). For the isolates obtained from the farm animals, imipenem, ofloxacin, levofloxacin, and gentamicin were the most potent antibiotics as the Staphylococcus aureus isolates showed 92.9%, 77.8%, 82.5% and 68.3% susceptibility respectively to the antibiotics. It can be noted from the Table that 28.0% of the pig isolates were resistant to at least one antibiotic. Seventeen out of the 81 isolates (20.9%) were resistant to one antibiotic, 31 out of the 81 isolates (38.2%) were resistant to two antibiotics while 48 out of the 81 isolates (59.3%) showed MDR. Twenty-six (41.3%) of the overall 63 S. aureus isolates obtained from the study animals were resistant to cefoxitin and considered to be methicillin resistant S. aureus. On the other hand, 6 (33.3%) out of the 18 S. aureus isolates from the breeders were Methicillin resistant (Table 3).
TABLE 1 | Prevalence of Staphylococcus aureus isolated from breeders and farm animals in Umuahia, Abia State Nigeria (Abia State, Nigeria, 2024).
[image: Table 1]TABLE 2 | Distribution of the Staphylococcus aureus isolates according to their resistance to one, two or more antibiotics (Abia State, Nigeria, 2024).
[image: Table 2][image: Figure 1]FIGURE 1 | Comparison of the antibiotic resistance profile of Staphylococcus aureus isolates from livestock and breeders in Umuahia, Abia State Nigeria (Abia State, Nigeria, 2024).
[image: Figure 2]FIGURE 2 | Comparison of the antibiotic susceptibility profile of Staphylococcus aureus isolates from livestock and breeders in Umuahia, Abia State Nigeria (Abia State, Nigeria, 2024).
TABLE 3 | Distribution of methicillin-resistant Staphylococcus aureus among breeders and farm animals in Umuahia, Abia State Nigeria (Abia State, Nigeria, 2024).
[image: Table 3]TABLE 4 | Biofilm Forming Potential of the Staphylococcus aureus Isolates from Poultry farms in Umuahia Abia State, Nigeria (Abia State, Nigeria, 2024).
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As the global issue of antibiotic resistance worsens, the spread of MRSA from livestock farmers to their animals continues to be a serious public health concern. Genes that provide resistance to drugs can be significantly concentrated in livestock colonized by MRSA. One important epidemiological worry is the potential for these genes to be passed on.
The level of colonization by S. aureus was most prevalent among pig farm workers who had 56.2% colonization followed by cattle herders with 37.5% prevalence and least the goat farm workers with 18.7% prevalence. These prevalence levels have been reported across several related studies such as those by Khanna et al. [15], Effa et al. [16] and Locatelli et al. [17].
This study’s findings on the prevalence of Staphylococcus aureus colonization in goats (31.7%) are consistent with those of Pirzada et al. [18], who found that 38% of goats had sub-clinical mastitis. The current study findings are lower than those of Ali et al. [19] and Najeeb et al. [20], who reported prevalence of 47% and 53%, respectively. In addition, Raafat et al. [21] found that among goats living in freedom, the prevalence of S. aureus was lower (25.5%), and MRSA was significantly less common (1.38%) than it was in our study (31.5%). However, comparable results to this study’s have been found in other research that have examined the prevalence of MRSA in domestic goats [22, 23].
Chai et al. [24] and Murray et al. [25] have earlier identified similar antibiotic susceptibility characteristics with those of this study. It is noteworthy that there were differences in the isolates’ susceptibilities to gentamicin: the isolates from farm personnel were more susceptible (83.3%) than those from animals (68.3%). Nevertheless, others such as ofloxacin and levofloxacin had comparable susceptibility profiles. However, Azithromycin was more effective against the S. aureus isolated from the farm animals (28.6%) when compared to those from the workers (5.0%). Cefuroxime resistance was found to be higher in animal isolates (84.1%) compared to the farm personnel isolates (66.7%). Similarly, resistance to ciprofloxacin was 17.5% and 22.2%, respectively for the animals and workers. Equal level of resistance (11.1%) was observed for ofloxacin. The antibiogram pattern may indicate that the isolates could have a common ancestor. Thus, our work reports an increase in animal S. aureus isolate resistance to fluoroquinolones.
The isolates from the farm workers were observed to record higher resistance to cefotaxime, gentamicin and ciprofloxacin over their counterparts from the animals. Overall, there was increased resistance to ceftriaxone, cefotaxime and cefepime amongst all the isolates. The isolates’ resistance to ceftriaxone and cefotaxime is consistent with research conducted by Robert et al. [26]. LA-SA has been found in pigs [27, 28], poultry [29], sheep [30, 31], and goats [32], according to a number of investigations conducted worldwide. The results of this study are supported by [33] investigation, which likewise revealed increased resistance to cefepime at 94.7%. This could be because the MRSA strain contains intrinsically produced beta-lactamase.
Out of the 63 S. aureus isolates that were recovered from the research animals, 26 (41.3%) were found to be resistant to cefoxitin and were therefore considered to be methicillin-resistant S. aureus. However, Table 3 shows that 6 (33.3%) of the 18 S. aureus isolates from the livestock farmers were resistant to the antibiotic methicillin. Globally, S. aureus has become resistant to multiple drugs [34]. In comparison to the 59.3% seen in this study, Aydin et al. [35] revealed that 25.3% of S. aureus strains exhibited multidrug resistance. But Al-Ashmawy et al. [34] discovered a greater prevalence of multidrug resistance (MDR), with 84.1% of isolates showing high resistance levels, meaning they were resistant to three or more antibiotics.
Based on this investigation, it was found that 32 (or 50.8%) of the 63 S. aureus isolates that were isolated had the ability to produce biofilms. This trait might enable them to stick to various surfaces and avoid the effects of antibiotics. Two-thirds of illnesses are caused by bacteria found in biofilms, which exhibit a broad spectrum of antibiotic resistance. This observation aligns with the findings of Sharvari and Chitra [36] and Ramakrishna et al. [37], who reported higher resistance to routinely used antibiotics in staphylococci biofilm makers. Tuladhar [38] found higher values, with 78.4% of their isolates being strong biofilm makers. However, our results differed from other findings from Iran (93.1%) and Poland (99.2%) [39, 40].
Conclusion
Antimicrobial resistance is a global problem of increasing proportions that we cannot afford to look away from. The 59.3% MDR observed in this study calls for swift actions in monitoring these organisms to contain further dissemination.
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