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Abstract
Camel meat has gained popularity in Nigeria because of its perceived nutritional benefits and cultural significance. However, concerns about meat safety, particularly regarding foodborne pathogens such as Escherichia coli (E. coli), have arisen. This study assessed the prevalence and antimicrobial susceptibility of E. coli in fresh and ready-to-eat camel meat from Maiduguri Central Abattoir, with the goal of guiding public health interventions. A total of 100 camel meat samples (50 fresh and 50 ready-to-eat) were analysed via standard microbiological techniques. Antimicrobial susceptibility testing was performed using the disc diffusion method against a panel of 10 antimicrobial agent. The overall prevalence of E. coli was 41 (41.0%), with a significantly greater prevalence in fresh camel meat 34 (68.0%) than in ready-to-eat camel meat 7 (14.0%). All isolates (41) were susceptible to trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin. However, 32 (78%) isolates exhibited high resistance to penicillin, while 25 (61%) isolates were resistant to ceftriaxone and ciprofloxacin. The results also showed that 35 (85.4) of the isolates were multidrug resistant. These findings underscore the importance of implementing improved handling and processing procedures, judicious antibiotic use, and regular surveillance to mitigate E. coli contamination risks and combat antimicrobial resistance. The results of this study have significant implications for food safety and public health in Nigeria, emphasizing the importance of good hygiene practices and responsible antibiotic use in the camel meat industry.

Keywords
Camel meat, E. coli, antimicrobial susceptibility, food safety, public health, Maiduguri.

Introduction
The global demand for camel meat has increased in recent years, driven by its perceived nutritional benefits and cultural significance (Mohamed and Habib, 2023; Elkady et al., 2024). As a result, camel meat has gained popularity in Nigeria, particularly in the northeastern region, due to its availability and affordability. However, this growing demand has also raised concerns about meat safety, particularly in the context of foodborne pathogens such as Escherichia coli (E. coli) a normal flora of animal and human intestines and a common bacterial contaminant in many animal-derived products (WHO, 2020).  Notably, E. coli is a significant public health threat, causing a range of illnesses in humans, including diarrhea, urinary tract infections, and life-threatening conditions such as hemolytic uremic syndrome (HUS) (Pokharel et al., 2023, Saad et al., 2024).
In Maiduguri, the capital of Borno State, the abattoir serves as a central hub for the camel meat trade. However, it faces significant infrastructural and operational challenges that increase the risk of microbial contamination (Jaji et al., 2017). Specifically, the concurrent slaughter of different livestock species, poor sanitation, and limited access to potable water contribute to the risk of contamination with enteric pathogens such as E. coli (Musa et al., 2017; Tegegne et al., 2019). 
Furthermore, the misuse and overuse of antibiotics in animal husbandry has exacerbate this issue. Antibiotics are often used inappropriately, driving the development of multidrug-resistant (MDR) bacteria, including E. coli (Caneschi et al., 2023; Matheou et al., 2025). In Nigeria, studies have shown that many farmers use antibiotics without proper guidance. Over 87% of farmers use antibiotics for prophylaxis (Ojo et al., 2016), while 80% of broiler farmers administer antimicrobials without veterinary prescriptions (Nurudeen et al., 2019). Herders also practice self-prescription, with 58.3% administering antibiotics without guidance and 23.2% using them as growth promoters (NmaBida & Tajudeen, 2018).
Given the increasing consumption of camel meat in Maiduguri and the public health implications of potential E. coli contamination, especially strains with antimicrobial resistance, there is a critical need for local data to guide preventive strategies. To the best of our knowledge, no study has investigated the antimicrobial susceptibility profiles of E. coli in fresh and ready-to-eat camel meat from the Maiduguri Abattoir. This study aims to address this knowledge gap by assessing the occurrence and antimicrobial susceptibility profiles of E. coli in camel meat obtained from butchers at the Maiduguri Abattoir, thereby contributing to existing knowledge on food safety risks associated with camel meat and helping mitigate the public health impacts of consuming contaminated or drug-resistant meat products.
Methodology 
Sampling Technique
This study used a nonprobability convenience sampling method to collect camel meat samples from consenting butchers at the Maiduguri abattoir. Sampling was carried out over a three-month period (July to September 2024), resulting in a total of 100 camel meat samples. These included 50 fresh raw camel meat samples and 50 ready-to-eat roasted camel meat samples. For each sample, approximately 10 gram of meat was collected using sterile forceps and aseptically transferred into individually labeled sterile polythene bags. The samples were then immediately packed in iceboxes and transported to the Bacterial Zoonoses Laboratory, Department of Public Health and Preventive Medicine, University of Maiduguri, for microbiological analysis. 
Isolation and identification of E. coli
The isolation of E. coli was performed following the method described by Quinn et al. (2002), with slight modifications. Briefly, 5 gram of each sample was enriched in 90 ml of peptone water (HiMedia, Mumbai, India) and incubated at 37°C for 24 h. The enriched samples were then inoculated onto MacConkey Agar (MCA) (HiMedia, Mumbai, India) via the four-flame technique, and the plates were incubated at 37°C for 24 h. Pink-colored colonies, presumptive of E. coli, were selected for further analysis.
Gram-staining was performed according to the method described by Merchant and Packer (1969) to determine the Gram reaction, size, shape, and arrangement of bacterial cells. Gram-negative, pink-colored, rod-shaped cells arranged singly or in pairs were suggestive of E. coli.
A single well-isolated colony was selected from MacConkey Agar (MCA) and streaked onto Eosin Methylene Blue Agar (EMB) (HiMedia, Mumbai, India). After incubation at 37°C for 24 h, colonies exhibiting a characteristic green metallic sheen were presumptively identified as E. coli. The combination of colony morphology and color on both MCA and EMB agar plates, along with Gram staining results, were used for the initial identification of E. coli colonies (Eaton et al., 1995).
Colonies with typical characteristics were then subcultured in nutrient broth and agar for further biochemical examination. Standard biochemical tests, including catalase, indole, methyl red, Voges-Proskauer, nitrate reduction, citrate utilization, and urease production, were performed to confirm the identification of E. coli (Jarvis et al., 1994; Brenner et al., 2005; MacFaddin, 2000; Chakraborty, 2011). Additionally, the triple sugar iron test was conducted according to Vanderzant and Splittstoesser (1992), and carbohydrate fermentation tests were performed via the method described by Simmons (Cheesbrough, 1985).
Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed using the disc diffusion method against a panel of 10 Antimicrobial agent. The Kirby–Bauer disk diffusion method was used in accordance with the method of Clinical and Laboratory Standards Institute (CLSI) guidelines (2023). Mueller–Hinton agar plates were inoculated with a standardized bacterial suspension adjusted to match the 0.5 McFarland turbidity standard (approximately 1.5 × 10⁸ CFU/mL). Turbidity was verified both visually and with a nephelometer. Antibiotic discs (Table 1) were then applied on the agar surface using sterile forceps and a disc dispenser. Following incubation at 37°C for 18–24 hours, the zones of inhibition around the discs were measured and interpreted according to the CLSI M100 guidelines (2023), with the breakpoints outlined in Table 1.
Table 1 Breakpoint of antibiotics in accordance with the Clinical and Laboratory Standards Institute (CLSI, 2023)
	Antimicrobial Class
	Antibiotic
	Concentration
	Susceptible
	Intermediate
	Resistant

	Aminoglycosides
	Gentamicin (CN)
	10 µg
	≥15
	13-14
	≤12

	Beta-lactams
	Amoxicillin/
Clavulanic acid (AU)
	20 µg/
10 µg
	≥ 18
	14-17
	≤13

	Sulfonamides
	Sulfamethoxazole/Trimethoprim (SXT)
	1.25 µg
23.75 µg
	≥16
	11-15
	≤10

	Aminoglycosides
	Streptomycin (S)
	10 µg
	≥15
	12-14
	≤11

	Beta-lactams
	Penicillin (PN)
	10IU
	≥21
	18-20
	≤17

	Cephalosporins
	Ceftriaxone (CEP)
	30 µg
	≥23
	20-22
	≤19

	Fluoroquinolones
	Ofloxacin (OFX)
	5 µg
	≥ 16
	13-15
	≤12

	Quinolones
	Nalidixic acid (NA)
	30 µg
	≥19
	14-18
	≤13

	Fluoroquinolones
	Ciprofloxacin (CPX)
	5 µg
	≥21
	16-20
	≤15

	Fluoroquinolones
	Pefloxacin (PEF)
	5 µg
	 ≥19
	16-18
	≤15



Data analysis
The data were analysed via the Statistical Package for Social Sciences (SPSS) version 20. Descriptive statistics, including frequency and percentage, were used to summarize the prevalence of E. coli in various meat types. Chi-square (χ²) tests were conducted to assess the relationship between E. coli occurrence and meat category (fresh vs. ready-to-eat), with statistical significance determined at p < 0.05.
Results
The results of the occurrence of E. coli in camel meat samples from Maiduguri Central Abattoir are presented in Table 2. Accordingly, 34 (68.0%) of the 50 fresh camel meat samples tested positive for E. coli, with a 95% confidence interval of 53.8--79.6. In contrast, 7 (14.0%) out of 50 ready-to-eat camel meat samples were positive, with a 95% confidence interval of 6.4–26.7. Overall, E. coli was detected in 41 (41.0%) out of 100 samples, with a 95% confidence interval of 31.5–51.1.
Table 3 shows the prevalence of E. coli in fresh camel meat and ready-to-eat camel meat. Among the 50 fresh camel meat samples examined, 68.0% (34/50) were positive for E. coli. In contrast, of the 50 ready-to-eat camel meat samples examined, 14.0% (7/50) were positive. There was a statistically significant association between the prevalence of fresh camel meat and ready-to-eat camel meat (p value <0.0001; odds ratio = 13.0536; 95% CI= 4.8--35.3).
All 41 E. coli isolates were highly susceptible to trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin (100% each). In contrast, high resistance was observed against penicillin (78%), ceftriaxone (61%), and ciprofloxacin (61%). A moderate susceptibility rate of 25 (61.0) was recorded for streptomycin, and 25 9 (22.0%) each were recorded for gentamicin and nalidixic acid. (Figure 1).
Table 4 shows Multidrug resistance (MDR) profile of Escherichia coli isolates from camel meat samples in Maiduguri, Borno State, Nigeria. Of the 37 MDR isolates, 15 were resistant to three drugs (Penicillin, Ciprofloxacin, Ceftriaxone), 7 were resistant to four drugs (Penicillin, Ciprofloxacin, Ceftriaxone, Nalidixic Acid), 6 were resistant to five drugs (Penicillin, Ciprofloxacin, Ceftriaxone, Nalidixic Acid, Streptomycin), 4 were resistant to six drugs (Penicillin, Ciprofloxacin, Ceftriaxone, Nalidixic Acid, Streptomycin, Amoxicillin/Clavulanate), and 3 were resistant to seven drugs (Penicillin, Ciprofloxacin, Ceftriaxone, Nalidixic Acid, Streptomycin, Amoxicillin/Clavulanate, Gentamicin).




Table 2: Prevalence of E. coli in camel meat samples from the Maiduguri Central Abattoir
	Meat Type
	No. Examined
	No. (%) Positive
	95% CI

	Fresh Camel Meat
	50
	34 (68.0)
	53.8 - 79.6

	Ready-to-Eat Camel Meat
	50
	7 (14.0)
	6.4 - 26.7

	Total
	100
	41 (41.0)
	31.5 - 51.1



Table 3: Risk analysis of E. coli contamination in fresh and ready-to-eat camel meat samples

	Meat Type
	No. Examined
	No. (%) Positive
	p value
	Odd Ratio
	95% CI

	Fresh Camel Meat
	50
	34 (68.0)
	<0.0001
	13.0536
	4.8-35.3

	Ready-to-Eat Camel Meat
	50
	7 (14.0)
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Table 4: Multidrug resistance (MDR) profile of Escherichia coli isolates from camel meat samples in Maiduguri, Borno State, Nigeria
	No. of Antimicrobial
	Resistant Pattern
	No. (%) of Isolate

	3
	Pen, Cip, Cep
	15 (36.6)

	4
	Pen, Cip, Cep, NA
	7 (17.1)

	5
	Pen, Cip, Cep, NA, Strep
	6 (14.6)

	6
	Pen, Cip, Cep, NA, Strep, AMC
	4 (9.8) 

	7
	Pen, Cip, Cep, NA, Strep, AMC, Gen
	3 (7.3)

	Total Resistan	
	
	35 (85.4)









Discussion
[bookmark: _Hlk203871105]The findings of this study provide valuable insights into the prevalence of Escherichia coli (E. coli) in fresh and ready-to-eat camel meat. The overall prevalence of E. coli in camel meat was 41.0%, which raises substantial concerns about the microbial quality and safety of camel meat consumed in Maiduguri, Northeast Nigeria.
The statistical analysis revealed a significant association between the type of meat and E. coli prevalence (p < 0.0001). Fresh camel meat was approximately 13 times more likely to be contaminated with E. coli than ready-to-eat camel meat. The high prevalence rate of E. coli in fresh camel meat (68.0%) underscores the need for improved handling and processing procedures to mitigate the risk of contamination.
In contrast, the relatively lower prevalence rate in ready-to-eat camel meat (14.0%) suggests that processing and handling procedures may play a crucial role in reducing E. coli contamination. This finding aligns with the general understanding that heat treatment during processing may reduce the microbial load, thereby increasing food safety (Tang et al., 2020; Elkady et al., 2024).
Our findings on the prevalence of Escherichia coli in fresh camel meat are notably greater than those reported in previous studies from similar settings. For example, Rahimi et al. (2012) reported a prevalence of 2.0%, whereas Sallam et al. (2023) reported 38.2% in fresh camel meat from Fars and Khuzestan Provinces in Iran and Egypt, respectively. Similarly, Al-Ajmi et al. (2020) detected E. coli in 4.3% of camels sampled in Al Ain, United Arab Emirates.
The contamination of fresh camel meat with E. coli frequently occurs during meat processing, particularly in abattoirs. As we observed in our study, cross-contamination can arise from faulty evisceration, exposure to contaminated environments, and improper handling practices during slaughter and processing. This is consistent with previous reports by Sallam et al. (2023) and Hunduma et al. (2024), which highlight the critical role of proper hygiene and handling practices in minimizing microbial contamination of meat products. Implementing strict sanitation protocols and Good Manufacturing Practices (GMPs) in abattoirs can help reduce the risk of E. coli contamination and improve the overall safety of fresh camel meat.
Nigeria faces a significant challenge with antimicrobial resistance (AMR), driven by the overuse and misuse of antimicrobials in both human and animal healthcare (Awulu et al., 2025). The country is projected to experience a significant increase in antimicrobial use in food animals, further exacerbating the problem (Van Boeckel et al., 2015). Specifically, over 70% of farms in Nigeria use antimicrobials for growth promotion and routine operations (Alhaji et al., 2023), and in the public health sector, antimicrobials are often prescribed without prior laboratory diagnosis (Babatola et al., 2021; Chukwu et al., 2020). The antimicrobial susceptibility profiles of the 41 E. coli isolates from camel meat samples revealed notable patterns of susceptibility and resistance to various antibiotics. The results indicate that the isolates were highly susceptible to three antibiotics, namely trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin, with 100% of the isolates being susceptible to each of these antibiotics. The high susceptibility of E. coli isolates to trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin may be attributed to their relatively limited use in veterinary medicine in our region, reducing selective pressure for resistance. On the contrary, 48.4% of E. coli O157:H7 and O55:H7 isolates in Camel Meat were resistance to trimethoprim-sulfamethoxazole (Sallam et al., 2023)
 were sensitive to 
In contrast, the E. coli isolates presented high levels of resistance to several antibiotics, including penicillin (78% resistant), ceftriaxone (61%), and ciprofloxacin (61%). The high resistance rates to these antibiotics may be due to their widespread use or misuse in the study area. Notably, high resistance to ceftriaxone and ciprofloxacin is a serious concern, as these drugs are currently the preferred treatment options for human infections (Sekoni et al., 2022). The observed 61% resistance rate to ciprofloxacin in our study starkly contrasts with findings from other research, such as Sallam et al.'s (2023) study, which reported a resistance rate of 22.2%, and El-Ghareeb et al.'s (2020) study in Saudi Arabia, which found 17.6% resistance in E. coli isolates from minced camel meat. These discrepancies suggest regional variations in antibiotic resistance patterns, potentially influenced by differences in antibiotic usage, bacterial strain prevalence, and sample sources. Interestingly, a study by Sallam et al. (2023) in Egypt reported 100% resistance to penicillin, consistent with our findings of high penicillin resistance in our study.
The presence of resistance to ceftriaxone, a third-generation cephalosporin, in camel meat samples is noteworthy, particularly given its limited application in animal husbandry within the study area. Conversely, ceftriaxone is frequently utilized in human medicine in the region (Sekoni et al., 2022), which may facilitate the transmission of resistant strains from humans to animals or the development of resistance via mechanisms such as horizontal gene transfer. The 61% ceftriaxone resistance rate in our study is significantly higher than the 3.97% reported by Sallam et al. (2023) in Egypt, suggesting potential differences in antibiotic use, bacterial strains,
The susceptibility patterns to gentamicin, Amoxicillin/Clavulanic acid, and nalidixic acid were more variable, with a mix of susceptible, intermediate, and resistant isolates. For example, 39% of the isolates were susceptible to gentamicin, 39% were resistant, and 22% exhibited intermediate susceptibility. Similarly, 61% of the isolates were susceptible to Amoxicillin/Clavulanic acid, whereas 39% were resistant.
The intermediate susceptibility patterns observed with streptomycin, where no isolate was fully susceptible and 61.0% showed intermediate responses, reflect a complex resistance dynamic that may signify evolving genetic adaptations. Aminoglycoside-modifying enzymes and efflux pump mechanisms have been implicated in streptomycin resistance among E. coli isolates in similar studies (Jouybari et al., 2021; Essalhi et al., 2024). The use of streptomycin in animal husbandry as a growth promoter or for routine disease control may contribute to this gradual resistance build-up.
The emergence of multidrug-resistant (MDR) bacteria poses a substantial threat to public health. Our study found a high prevalence of MDR among isolates, with 85.3% resistant to three or more antibiotics, this finding is in agreement with 85.4% reported in a previous study (Sallam, 2023) on E. coli O157 isolates in camel meat in Egypt. The most common MDR pattern involved resistance to critical antibiotics like penicillin, ciprofloxacin, and ceftriaxone. Similar resistance profiles have been documented in Nigeria (Adenipekun et al., 2015; Adesoji et al., 2019; Ahmed et al., 2019; Bamigboye et al., 2020; Datok et al., 2021; Mola et al., 2021; Agusi et al., 2024; Onwumere-Idolor et al., 2024). The high level of MDR observed is concerning, as it may lead to treatment failures and increased morbidity and mortality. The widespread use and misuse of antibiotics likely contributed to the development and spread of MDR bacteria. Importantly, our findings suggest that trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin could be effective first-line treatments for E. coli infections in camels and humans. However, the high resistance rates to penicillin, ceftriaxone, and ciprofloxacin underscore the need for judicious antibiotic use and responsible antimicrobial stewardship in both veterinary and human medicine.

Conclusion and Recommendations
The prevalence of E. coli in camel meat was 41.0% overall, with a significantly higher prevalence in fresh camel meat (68.0%) than in ready-to-eat camel meat (14.0%). The E. coli isolates exhibited high resistance rates to penicillin (78%, n=32) and ceftriaxone (61%, n=25), as well as ciprofloxacin (61%, n=25). Conversely, the isolates showed high susceptibility to trimethoprim-sulfamethoxazole, ofloxacin, and pefloxacin, with 100% susceptibility (n=41) to each of these antibiotics. The results also showed that 85.3% of the isolates were resistant to three or more antibiotics.
Based on these findings, implementing good hygiene practices is essential to reduce E. coli contamination in camel meat. Additionally, promoting the judicious use of antibiotics and conducting regular surveillance to monitor antimicrobial resistance patterns is crucial

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of manuscripts. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc have been used during writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
[bookmark: _GoBack]3.





[bookmark: _Hlk204213331]



REFERENCE
Abd El-fatah, S. S., Saad, A. S., Salam, A. E. & Samir, A. (2020). Study on dispersal of Escherichia coli and Salmonella enterica in retail beef and chicken meat. International Journal of Veterinary Science, 9(2), 309-312.
Adenipekun, E. O., Jackson, C. R., Oluwadun, A., Iwalokun, B. A., Frye, J. G., Barrett, J. B., Hiott, L. M., & Woodley, T. A. (2015). Prevalence and antimicrobial resistance in Escherichia coli from food animals in Lagos, Nigeria. Microbial Drug Resistance, 21(3), 358-365.
Adesoji, A. T., Onuh, J. P., Musa, A. O., & Akinrosoye, P. F. (2019). Bacteriological qualities and antibiogram studies of bacteria from “suya” and smoked fish (Clarias gariepinus) in Dutsin-Ma, Katsina State, Nigeria. Pan African Medical Journal, 33, 219.
Agusi, E. R., Kabantiyok, D., Mkpuma, N., Atai, R. B., Okongwu-Ejike, C., Bakare, E. L., Budaye, J., Sule, K. G., Rindaps, R. J., James, G. K., Audu, B. J., Agada, G. O., Adegboye, O., & Meseko, C. A. (2024). Prevalence of multidrug-resistant Escherichia coli isolates and virulence gene expression in poultry farms in Jos, Nigeria. Frontiers in Microbiology, 15, 1298582.
Ahmed, A. O., Raji, M. A., Mamman, P. H., Kwanashie, C. N., Raufu, I. A., Aremu, A., & Akorede, G. J. (2019). Salmonellosis: Serotypes, prevalence and multi-drug-resistant profiles of Salmonella enterica in selected poultry farms, Kwara State, North Central Nigeria. Onderstepoort Journal of Veterinary Research, 86(1), 1-8.
Alhaji, N. B., Odetokun, I. A., Adamu, A. M., Hassan, A., Lawan, M. K., & Fasina, F. O. (2023). Antimicrobial usage and associated residues and resistance emergence in smallholder beef cattle production systems in Nigeria: A One Health challenge. Veterinary Research Communications, 47, 233-245. 
Angulo, F. J., Collignon, P., Powers, J. H., Chiller, T. M., Aidara-Kane, A. & Aarestrup, F. M. (2009). World Health Organization ranking of antimicrobials according to their importance in human medicine: A critical step for developing risk management strategies for the use of antimicrobials in food production animals. Clinical Infectious Diseases, 49(1), 132-141.
Awulu, O. A., Jenkins, A., Balogun, B. A., Chukwu, E. E., Fasina, F. O., Egwuenu, A., Oduyebo, O. O., Bamidele, T. A., Cadmus, S., Aworh, M. K., Adekola, A. A., Desbois, A. P., Chah, K. F., & Brunton, L. A. (2025). Prioritising intervention areas for antimicrobial resistance in Nigeria's human and animal health sectors using a mixed-methods approach. One Health, 20, 101082.
Babatola, A. O., Fadare, J. O., Olatunya, O. S., Obiako, R., Enwere, O., Kalungia, A., Ojo, T. O., Sunmonu, T. A., Desalu, O., & Godman, B. (2021). Addressing antimicrobial resistance in Nigerian hospitals: Exploring physicians' prescribing behavior, knowledge, and perception of antimicrobial resistance and stewardship programs. Expert Review of Anti-infective Therapy, 19, 537-546. 
Bamigboye, C. O., Amao, J. A., Ayodele, T. A., Adebayo, A. S., Ogunleke, J. D., Abass, T. B., Oyedare, T. A., Adetutu, T. J., Adeeyo, A. O., & Oyedemi, A. A. (2020). An appraisal of the drinking water quality of groundwater sources in Ogbomoso, Oyo State, Nigeria. Groundwater for Sustainable Development, 11, 100453.
Brenner, D. J., Krieg, N. R., Staley, J. T., & Garrity, G. M. (2005). Bergey's manual of systematic bacteriology (2nd ed.). Springer.
Caneschi, A., Bardhi, A., Barbarossa, A. & Zaghini, A. (2023). The use of antibiotics and antimicrobial resistance in veterinary medicine, a complex phenomenon: A narrative review. Antibiotics (Basel), 12(3):487-453.
Chakraborty, S. P., Mahapatra, S. K., & Roy, S. (2011). Biochemical characters and antibiotic susceptibility of S. aureus isolates. Asian Pacific Journal of Tropical Biomedicine, 1, 212-216.
Chukwu, E. E., Oladele, D. A., Awoderu, O. B., Afocha, E. E., Lawal, R. G., Abdus-salam, I., Ogunsola, F. T., & Audu, R. A. (2020). A national survey of public awareness of antimicrobial resistance in Nigeria. Antimicrobial Resistance & Infection Control, 9, 72. 
CLSI. (2023). Performance standards for antimicrobial susceptibility testing. Clinical and Laboratory Standards Institute.
Datok, D. W., Ishaleku, D., Tsaku, P. A., Agya, E. O., & Adoga, M. P. (2021). Multidrug resistance to commonly prescribed antibiotics in Escherichia coli isolated from barbecued beef (Suya) sold in a Nigerian City. Pan African Medical Journal, 39, 50.
Eaton, A. D., Clesceri, L. S., & Greenberg, A. E. (1995). Standard methods for the examination of water and wastewater (19th ed.). American Public Health Association.
Elkady, S. A., Darwish, W. S., Tharwat, A. E., Said, M. A., ElAtriby, D. E., Seliem, M. M., Alfifi, A. E., El-Ghareeb, W. R., Reda, L. M. & Gad, T. M. (2024). Prevalence and antibiogram of Shiga toxin-producing E. coli in camel meat and offal. Open Veterinary Journal, 14(1):571–576.
Essalhi, A., Nayme, K., Maaloum, F., Errami, A., Zerouali, K., Bousfiha, A. A., & El Kettani, A. (2024). Characterization of aminoglycoside-modifying enzymes in uropathogenic Enterobacterales of community origin in Casablanca, Morocco. Acta Microbiologica Hellenica, 69(4), 311–321.
Jaji, A. Z., Elelu, N., Mahre, M. B., Jaji, K., Ghali Mohammed, L. I., Audu Likita, M., Kigir, E. S., Onwuama, K. T. & Saidu, A. S. (2017). Herd growth parameters and constraints of camel rearing in Northeastern Nigeria. Pastoralism, 7:16.
Jarvis, C. J., Kellerman, G. E., Van Rensburg, W. J. J., & Whitehead, C. J. (1994). The bacteriology manual (2nd ed.).
Jouybari, M. A., Ahanjan, M., Mirzaei, B., & Goli, H. R. (2021). Role of aminoglycoside-modifying enzymes and 16S rRNA methylase (ArmA) in resistance of Acinetobacter baumannii clinical isolates against aminoglycosides. Revista da Sociedade Brasileira de Medicina Tropical, 54, e05992020.
MacFaddin, J. F. (2000). Biochemical tests for identification of medical bacteria (3rd ed.). Lippincott Williams & Wilkins.
Matheou, A., Abousetta, A., Pascoe, A. P., Papakostopoulos, D., Charalambous, L., Panagi, S., Panagiotou, S., Yiallouris, A., Filippou, C. & Johnson, E. O. (2025). Antibiotic use in livestock farming: A driver of multidrug resistance? Microorganisms, 13(4): 779.
Merchant, I. A., & Packer, R. A. (1969). Veterinary bacteriology and virology (7th ed.). The Iowa State University Press.
Mohamed, M. Y. I. & Habib, I. (2023). Pathogenic E. coli in the food chain across the Arab countries: A descriptive review. Foods, 12(20): 3726.
Mola, I., Onibokun, A., & Oranusi, S. (2021). Prevalence of multi-drug-resistant bacteria associated with foods and drinks in Nigeria (2015–2020): A systematic review. Italian Journal of Food Safety, 10(4), 9417. (link unavailable)
Musa, Z., Onyilokwu, S. A., Jauro, S., Yakubu, C. and Musa, J. A. (2017). Occurrence of Salmonella in ruminants and camel meat in Maiduguri, Nigeria and their antibiotic-resistant pattern. Journal of Advanced Veterinary and Animal Research, 4(3): 227–233.
NmaBida, A. B. & Tajudeen, O. I. (2018). Antimicrobial usage by pastoralists in food animals in North central Nigeria: The associated cultural drivers for antimicrobial misuse and public health implications. One Health, 7, 100090.
Nurudeen, O. O., Ismail, A. A., Henriette van H., Olubunmi, G. F. & Folorunso, O. F. (2019). Antimicrobial drug administration and antimicrobial resistance of salmonella isolates originating from the broiler production value chain in Nigeria. Antibiotics, 8(2), 75. 
Ojo, O. E., Fabusoro, E., Majasan, A. A. & Dipeolu, M. A. (2016). Antimicrobials in animal production: Usage and practices among livestock farmers in Oyo and Kaduna States of Nigeria. Tropical Animal Health and Production, 48, 189-197.
Onwumere-Idolor, O. S., Kperegbeyi, J. I., Imonikebe, U. G., Okoli, C. E., Ajibo, F. E., & Njoga, E. O. (2024). Epidemiology of multidrug-resistant zoonotic E. coli from beef processing and retail points in Delta State, Nigeria: Public health implications. Preventive Veterinary Medicine, 224, 106132.
Pokharel, P., Dhakal, S. & Dozois, C. M. (2023). The diversity of Escherichia coli pathotypes and vaccination strategies against this versatile bacterial pathogen. Microorganisms, 11(2): 344.
Quinn, P. J., Markey, B. K., Carter, M. E., Donnelly, W. J. C., Leonard, F. C., & Maguire, D. (2002). Veterinary microbiology and microbial disease (1st ed.). Blackwell Science Ltd.
Saad, A. S., Elokle, A. A., Youssef, D. Y., Omara, N. M. & Kassem, S. (2024). Risk mitigation of E. coli O157 and its intimin (eaeA) and shiga toxin (stx2) gene expression in chilled chicken fillets using chitosan nanoparticle loaded with lysozyme. Advances in Animal and Veterinary Sciences, 12(4), 603-613.
Sallam, K. I., Abd-Elrazik, Y., Raslan, M. T., Imre, K., Morar, A., Herman, V. and Zaher, H. A. (2023). Cefotaxime-, ciprofloxacin-, and extensively drug-resistant Escherichia coli O157:H7 and O55:H7 in camel meat. Foods, 12: 1443.
Sekoni, K. F., Oreagba, I. A. & Oladoja, F. A. (2022). Antibiotic utilization study in a teaching hospital in Nigeria. JAC-Antimicrobial Resistance, 4(5), dlac093.
Tegegne, H. A., Berhanu, A., Getachew, Y., Serda, B., Nölkes, D., Tilahun, S. & Sibhat, B. (2019). Microbiological safety and hygienic quality of camel meat at abattoir and retail houses in Jigjiga City, Ethiopia. Journal of Infection in Developing Countries, 13(3): 188–194.
Van Boeckel, T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, T. P., Teillant, A., & Laxminarayan, R. (2015). Global trends in antimicrobial use in food animals. Proceedings of the National Academy of Sciences, 112, 5649-5654. 
Vanderzant, C., & Splittstoesser, D. F. (1992). Compendium of methods for the microbiological examination of foods (3rd ed.). American Public Health Association.
WHO, (2020) Food safety and Escherichia coli infections: A global perspective. World Health Organization. 
Susceptible %	CN	AU	SXT	S	PN	CEP	OFX	NA	CPX	PEF	39	61	100	0	0	22	100	39	39	100	Intermediate %	CN	AU	SXT	S	PN	CEP	OFX	NA	CPX	PEF	22	0	0	61	22	17	0	22	0	0	Resistant %	CN	AU	SXT	S	PN	CEP	OFX	NA	CPX	PEF	39	39	0	39	78	61	0	39	61	0	Antimicrobial Agent 


Percentage (%)




