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ABSTRACT

	Brief Background/Aims: Antimicrobial resistance in dogs is a growing global concern under the One Health framework. While several studies have examined antimicrobial resistance (AMR) in domestic dogs, most have focused on sick animals. This study described the occurrence of AMR Escherichia coli in apparently healthy dogs.
Study design: Cross-sectional study
Place and Duration of Study: This study was conducted in the Diagnostic Laboratory of National Veterinary Research Institute, Vom and samples were obtained from dogs in Rayfield, Jos, Nigeria between August 2024 to September 2024.
Methodology: Rectal swabs were collected from 100 apparently healthy dogs from within the month of July 2024 and cultured for Escherichia coli (E. coli) isolation and confirmation. Antimicrobial susceptibility testing was performed on the E. coli isolates (n=13) using 10 antibiotics selected based on regional resistance pattern. This testing was done in accordance with the Clinical and Laboratory Standards Institute guidelines. Descriptive analysis was conducted using STATA 17 and results for frequencies and proportions were presented in tables and charts
Results: Most of the dogs were between 4 and 6 years old (46/100) and female (54/100). There were equal numbers each for exotic and mongrel breeds (50/100). The overall proportion of E. coli among dogs was 13% (13/100). More E. coli isolates were found in dogs aged 4–6 years 53.85% (7/13), females 69.2% (9/13), and mongrel breeds 53.85%. The isolates showed the highest susceptibility to ofloxacin 69.2% (9/13), gentamycin 61.54% (8/13), and streptomycin 53.85% (7/13). The highest resistance was recorded for amoxicillin (76.9%, 10/13), followed by ciprofloxacin (69.23%, 9/13) and sparfloxacin (53.85%, 7/13). Multi-drug resistance was detected in 69% (9/13) of the isolates.
Conclusion: This study identified multidrug-resistant (MDR) Escherichia coli strains in apparently healthy domestic dogs. A notable proportion of the isolates exhibited resistance to multiple antibiotics commonly used in veterinary medicine. High resistance rates were observed, particularly against amoxicillin and ciprofloxacin. The findings suggest the need for further research to understand the factors contributing to MDR E. coli in healthy dogs and its potential implications for animal and public health.
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1. Introduction        
Antimicrobial resistance (AMR) is a major global health threat that undermines the effectiveness of antibiotics in treating bacterial infections in humans and animals. The World Health Organization (WHO) recognizes AMR as one of the top ten global public health threats, emphasizing its role in increasing morbidity, mortality, and healthcare costs (Murray et al., 2022; WHO, 2023). The misuse and overuse of antibiotics in human medicine, veterinary practice, and agriculture drive the emergence of resistant bacterial strains in companion animals like dogs (Ahmed et al., 2024; Yaovi et al., 2022). Among these, Escherichia coli (E. coli) is of particular concern due to its ability to acquire and transmit resistance genes, leading to multidrug-resistant (MDR) infections (Asare et al., 2024).
The One Health approach underscores the interconnectedness of human, animal, and environmental health in addressing AMR. Dogs live in close contact with humans, creating opportunities for the exchange of resistant bacteria (Bhat, 2021). Studies have documented antimicrobial-resistant E. coli strains in domestic dogs (Abad-Fau et al., 2024; Aurich et al., 2022; Damborg et al., 2023; Lanzi et al., 2022; Poirel et al., 2018), raising concerns about their role as reservoirs for resistance genes that could be transmitted to humans through direct contact, the environment, or contaminated food sources (Damborg et al., 2023). Evidence suggests that resistant E. coli from dogs share genetic similarities with strains that cause human infections (Carvalho et al., 2016; Elankumaran et al., 2022; Flament‐simon et al., 2020), reinforcing the need for surveillance in companion animals.
Most research on AMR in dogs has focused on clinically sick animals, particularly those with urinary tract infections, skin infections, or enteric diseases (Abad-Fau et al., 2024; Damborg et al., 2023; KuKanich et al., 2020; Salleh et al., 2022; Yuan et al., 2024; Yu et al., 2020). However, apparently healthy dogs can silently carry and shed resistant E. coli, contributing to the spread of AMR within communities (Wedley et al., 2017). Studies have found that healthy companion animals frequently harbor MDR-E. coli, particularly in settings with high antibiotic exposure (Carvalho et al., 2016; Wedley et al., 2017). This asymptomatic carriage poses a risk of transmission to humans, especially in households where pets share living spaces.
Understanding the resistance patterns of E. coli in apparently healthy dogs is crucial for assessing the potential risks associated with their carriage and transmission of MDR bacteria. In Nigeria, data on antimicrobial resistance (AMR) in apparently healthy dogs remain scarce, with most studies focusing on livestock and other animals that are raised for human consumption (Adenipekun et al., 2015; Azabo et al., 2022; Oloso et al., 2018). Given the increasing trend of pet ownership in urban and peri-urban areas, there is a need to investigate the antimicrobial susceptibility of E. coli in dogs to inform veterinary antibiotic stewardship programs and public health interventions. Therefore, this study aimed to describe the antimicrobial resistance patterns of E. coli isolates from apparently healthy dogs in Rayfield Jos, Nigeria
2. MATERIALS AND METHODS
2.1 Study area
This study was conducted in Rayfield, an area in Du district of Jos South Local Government Area (LGA) of Plateau State in Nigeria. It lies within latitude 9°44'0" and 9°52'30" North of the Equator and longitude 8°50'30" and 8°59'05" East, on average elevation of around 1280m above sea level. Rayfield (Map. 1) houses the state governors’ office and so is designated by default as capital of Plateau state. Jos-South LGA has an average land area of 510km2 with 306,716 residents from the 2006 census report (Brinkhoff, 2024).

[image: ]
Map 1. Location of Rayfield in Jos South LGA, Plateau State, Nigeria (Pam et al., 2024).
2.2 Study design, population and sampling
A descriptive cross-sectional study was used to describe antibiogram profile of E. coli isolated from 100 apparently healthy dogs. The study included apparently healthy dogs sampled between July-August 2024 from selected households in Rayfield, Jos, Nigeria. Dogs were eligible if they showed no clinical signs of infection and had owner consent. Sick dogs, those on recent antibiotic treatment, strays, and aggressive dogs were excluded. Readily available dogs were randomly sampled after approaching their owners who agreed for rectal swabs to be taken from their dogs. 
2.3 Study Variables
The primary outcome of interest was the antibiogram profile of isolated E. coli (i.e., susceptibility or resistance patterns of the bacteria to various antibiotics), while the secondary outcome variable was multidrug resistance (MDR), defined as resistance to three or more of the antibiotics tested. The independent variables in this study included the sex, age, and breed of the dogs (mongrel or exotic).
2.4 Sample collection, storage and transport
Dogs were gently restrained with breathable rubber muzzles by the help of owners and two animal health veterinary officers. Rectal swabs were collected after cleaning the canine’s perianal parts with methylated spirit-soaked cotton wool. Sterile labelled cotton-tipped swab sticks were carefully inserted about 2cm into the dog’s rectum by another trained veterinary officer and gently rotated to obtain fecal specimens (Zewdu et al., 2019). The sticks were then placed into sterile polythene bags with id, sex, age, and breed of dogs labelled on it clearly and transported to the laboratory within 2 hours on cold ice packs. The samples were incubated overnight at 37°C in peptone water for primary enrichment before culturing.
2.5 Escherichia coli Isolation and Identification
The enriched samples were streaked onto MacConkey agar plates and incubated at 37°C for 24 hours. Sixteen samples developed lactose-fermenting colonies with characteristic pink pigmentation, suggesting presumptive Escherichia coli. These isolates were further sub-cultured onto Eosin Methylene Blue (EMB) agar. Thirteen colonies showed green metallic sheen, identifying them as E. coli.
To confirm these, we performed a series of biochemical tests, including the Indole, Methyl Red, Voges-Proskauer, and Citrate (IMViC) tests. We also performed the Triple Sugar Iron (TSI) agar test. All the identified isolates exhibited a positive reaction for Indole and Methyl Red, while Voges-Proskauer and Citrate tests were negative. The TSI agar results showed acid production (yellow slant and yellow butt) with gas formation, consistent with the presence of E. coli.
2.6 Antimicrobial Susceptibility Testing
We conducted antimicrobial susceptibility testing on the confirmed E. coli using the standardized Kirby-Bauer disk diffusion method. We followed the guidelines of the 4th edition of the Clinical and Laboratory Standards Institute (CLSI) guidelines (VET01-A4) for veterinary medicine (CLSI, 2013). The bacterial suspensions were adjusted to a 0.5 McFarland standard and uniformly spread on Mueller-Hinton agar plates. We selected a panel of 10 antibiotics based on veterinary prescribing practices in Nigeria (Adebowale et al., 2023; Daniel et al., 2021; Ogwuche et al., 2021; Smith et al., 2022), regional antimicrobial resistance trends (Iheanacho, 2022; Oloso et al., 2018; Tanko et al., 2020), and CLSI recommendations for testing E. coli from animal sources. The selected antibiotics are listed in Table 1. The antibiotic disks were placed on inoculated Mueller-Hinton agar plates, which were incubated at 37°C for 18–24 hours. Zone diameters were measured in millimeters and classified as susceptible, intermediate, or resistant according to CLSI interpretive criteria (CLSI, 2013).

Table 1. Panel of antibiotics used for susceptibility testing
	Class
	Antibiotics
	Amount (µg)

	β-lactams
	Amoxicillin 
	30

	
	Co-amoxiclav (Augmentin)
	10

	Aminoglycosides
	Gentamycin 
	30

	
	Streptomycin 
	30

	Fluoroquinolones
	Ciprofloxacin
	30

	
	Sparfloxacin 
	10

	
	Ofloxacin 
	10

	
	Pefloxacin
	30

	Folate pathway inhibitor
	Trimethoprim-sulfamethoxazole (Septrin)
	30

	Phenicol class
	Chloramphenicol 
	30


2.7 Statistical analysis
Data was collected using Microsoft excel from the Microsoft 365 package. Data was exported to STATA 17 (StataCorp LLC Statistics and Data science USA) for cleaning and analysis. Descriptive statistics were performed on demographic characteristics of the dogs, isolated E. coli and the susceptibility profile. Results were described using frequencies and proportions, whilst presented in tables and pie charts. 

Ethical consideration and Consent
The study was approved by National Veterinary Research Institute, Animal Ethics Committee (Reference number: NVRI/AEC/02/158/24). All procedures adhered to international and institutional ethical guidelines for the use of animals in research (Council for international organization of medical sciences I council for laboratory animal science, 2012). Prior to sample collection, informed consent was obtained from all dog owners. They were provided with clear explanations regarding the study's purpose, procedures, and potential implications. Only dogs whose owners voluntarily consented were included in the study. To ensure animal welfare, all dogs were handled gently and humanely, following standard veterinary ethical practices. No procedures caused harm, distress, or undue discomfort to the animals.

3. RESULTS
Demographic characteristics of dogs
Most of the dogs were between 4 and 6 years old (46/100) and female (54/100). There were equal numbers of exotic (50/100) and mongrel breeds (50/100) (Table 2). 

Table 2. Demographical characteristics of selected apparently healthy dogs in Rayfield Jos, Nigeria, July 2024
	Characteristics
	Frequency (N=100)

	Age
	

	      ≤3 years
	8 (8.0%)

	     4-6 years
	46 (46.0%)

	     7-9 years
	34 (34.0%)

	     ≥10 years
	12 (12.0%)

	Sex
	

	     Female
	54 (54.0%)

	     Male
	46 (46.0%)

	Breed
	

	    Exotic
	50 (50.0%)

	    Mongrels
	50 (50.0%)




Isolation of E. coli
The overall proportion of E. coli among dogs were 13% (13/100) (Figure 1). Most of the isolates were found in dogs aged 4–6 years (7/13), females (9/13), and mongrel breeds (7/13) (Table 3).

Figure 1. Proportion of E. coli found from rectal swab of apparently healthy dogs in Rayfield Jos, Nigeria, July 2024

Table 3. Proportion of E. coli isolates stratified by demographic characteristics among apparently healthy dogs in Rayfield Jos, Nigeria, July 2024
	Variables
	Number of E. coli isolated
(N=13)
	Proportion (%)
	95% Conf. Interval

	Age (years)
	
	
	

	≤ 3
	1
	7.69
	   0.86 - 44.59

	4 – 6
	7
	53.85
	25.77 - 79.68

	7 – 9
	4
	30.77
	10.71 - 62.21

	10 – 12
	1
	7.69
	  0.86 - 44.59


	Sex
	
	
	

	Female
	9
	69.23
	37.79 – 89.29

	Male
	4
	30.77
	10.71 – 62.21


	Breed
	
	
	

	Exotic
	6
	46.15
	20.32 – 74.23

	Mongrels
	7
	53.85
	25.77 – 79.68



Antibiogram profile of isolated E. coli
The antimicrobial susceptibility testing of E. coli isolates (n = 13) revealed varying resistance patterns across the tested antibiotics (Table 4). The isolates demonstrated the highest susceptibility to ofloxacin (69.23%, 9/13), gentamycin (61.54%, 8/13), and streptomycin (53.85%, 7/13). Moderate susceptibility was observed for chloramphenicol (53.85%, 7/13) and pefloxacin (46.15%, 6/13). 
Resistance was most pronounced against amoxicillin (76.92%, 10/13), followed by ciprofloxacin (69.23%, 9/13) and sparfloxacin (53.85%, 7/13). Notably, co-amoxiclav exhibited the highest intermediate resistance (84.62%, 11/13), with no isolates showing complete resistance. Co-trimoxazole and chloramphenicol had equal resistance (38.46%, 5/13) values in the study.

Table 4. Antibiogram Profile of Isolated E. coli in apparently healthy Dogs in Rayfield Jos, Nigeria, July 2024
	Antibiotics
	E. coli Susceptibility

	
	Susceptible
	Intermediate
	Resistant

	Co-trimoxazole
	4 (30.77%)
	4 (30.77%)
	5 (38.46%)

	Chloramphenicol
	7 (53.85%)
	1 (7.69%)
	5 (38.46%)

	Co-Amoxiclav
	2 (15.38%)
	11 (84.62%)
	0 (0%)

	Ciprofloxacin
	0 (0%)
	4 (30.77%)
	9 (69.23%)

	Amoxicillin
	1 (7.69%)
	2 (15.38%)
	[bookmark: _Hlk160480814]10 (76.92%)

	Sparfloxacin
	2 (15.38%)
	4 (30.77%)
	[bookmark: _Hlk160480942]7 (53.85%)

	Gentamycin
	8 (61.54%)
	2 (15.38%)
	3 (23.08%)

	Pefloxacin
	6 (46.15%)
	3 (23.08%)
	4 (30.77%)

	Ofloxacin
	9 (69.23%)
	2 (15.38%)
	2 (15.38%)

	Streptomycin
	7 (53.85%)
	0
	[bookmark: _Hlk160480972]6 (46.15%)

	Co-Amoxiclav: amoxicillin/clavulanate




Multidrug Resistance (MDR) Status
Multidrug resistance (MDR) was observed in 69.23% (9/13) of the E. coli isolates, while 30.77% (4/13) were non-MDR. 

Figure 2. MDR status of Escherichia coli isolates from apparently healthy dogs in Rayfield Jos, Nigeria, July 2024
Multidrug resistance E coli stratified by demographic characteristics of dogs
Notably, a majority of MDR isolates were found among female dogs (66.67%), those aged 7-9 years (44.44%), and of mongrel breed (55.56%) (Table 5).

Table 5 Stratification of multi-drug resistance status of E. coli isolates by demographic characteristics of apparently healthy dogs, Rayfield Jos, Nigeria, July 2024
	Variables
	Multi-drug resistance status

	
	No MDR
(N=4)
	MDR
(N=9)
	Total
(N=13)

	Age
	
	
	

	≤ 3
	0 (0.0%)
	1 (11.11%)
	1 (7.69%)

	4 – 6
	4 (100%)
	3 (33.33%)
	7 (53.85%)

	7 – 9
	0 (0.0%)
	4 (44.44%)
	4 (30.77%)

	10 – 12
	0 (0.0%)
	1 (11.11%)
	1 (7.69%)

	Sex
	
	
	

	Female
	3 (75%)
	6 (66.57%)
	9 (69.23%)

	Male
	1 (25%)
	3 (33.33%)
	4 (30.77%)

	Breed
	
	
	

	Exotic
	2 (50%
	4 (44.44%)
	6 (46.15%)

	Mongrels
	2 (50%)
	5 (55.56%)
	7 (53.85%)


4. DISCUSSION
[bookmark: _Hlk162872101]This study described the proportion of E. coli in apparently healthy dogs and their susceptibility to some commonly used antibiotics in veterinary medicine in Nigeria. Our study found that the proportion of MDR E coli among these apparently healthy dogs was 69.23% (9/13). This is consistent with the high prevalence reported in other studies, including 98% in a systematic review from Africa (Yaovi et al., 2022), 71.5% in Spain (Abad-Fau et al., 2024), and 54.81% in China (Yuan et al., 2021). Conversely, Teng et al. reported a lower MDR rate of 40.96% which could be attributed to differences in local antimicrobial usage and resistance patterns (Teng et al., 2023). 
Resistance to fluoroquinolones, particularly ciprofloxacin, was of particular concern in our study, with a zero-susceptibility rate among isolates. This trend aligns with findings from other studies that have also reported E. coli resistance to fluoroquinolones in both veterinary and human antibiotic use (Bhat, 2021; Jacob et al., 2015; Yaovi et al., 2022). Given the widespread use of ciprofloxacin for treating bacterial infections in both human and veterinary medicine, the emergence of resistant E. coli strains could complicate treatment choices and highlights the need for responsible antibiotic use to preserve their effectiveness.
Notably, while amoxicillin showed high resistance (76.92%), the combination therapy of amoxicillin with clavulanic acid (co-amoxiclav) exhibited no complete resistance. This supports previous findings that E. coli resistance to beta-lactam antibiotics is often mediated by beta-lactamase enzymes, which clavulanic acid effectively inhibits (Chinemerem et al., 2022). While this observation is encouraging, evidence suggests that resistance to co-amoxiclav is increasing globally, necessitating judicious antibiotic use and ongoing surveillance (Chokshi et al., 2019).

Demographic implications and zoonotic risks
Our findings highlight notable differences in E. coli resistance patterns across demographic groups. Female dogs exhibited a higher prevalence of MDR isolates compared to males. This observation aligns with previous studies suggesting that sex-based biological factors, such as hormonal influences and immune system variations, could influence bacterial colonization and resistance mechanisms (Ahmed et al., 2024; Mestrovic et al., 2022; Tesema, 2024). Additionally, mongrel breeds showed a higher prevalence of MDR strains than exotic breeds, a pattern that may reflect differences in genetic predisposition, exposure to environmental pathogens, or access to veterinary care (Mestrovic et al., 2022; Teng et al., 2023).
Age-related variations were also observed, with dogs aged 7-9 years harboring the highest proportion of MDR E. coli. Older dogs may have accumulated more prolonged antibiotic exposures, increasing the likelihood of harboring resistant strains. These demographic insights suggest that antimicrobial stewardship efforts should consider targeted interventions for at-risk dog groups.
The presence of MDR E. coli in apparently healthy dogs has significant zoonotic implications. Given the close human-animal interactions in domestic settings, these resistant bacteria can potentially be transmitted through direct contact, contaminated household environments, or food sources (Bhat, 2021; Damborg et al., 2023; Iheanacho & Eze, 2022). Studies have demonstrated genetic similarities between resistant E. coli strains in dogs and those causing infections in humans, further emphasizing the need for enhanced surveillance and public awareness initiatives (Elankumaran et al., 2022; Flament‐simon et al., 2020).
Despite our findings, we must recognize the limitations of our study. Firstly, our sample was limited and restricted to Rayfield, an area in Du district of Jos South Local Government Area (LGA) of Plateau State in Nigeria. Future research needs to include more samples and broaden the sampling locations. Secondly, our study used a convenience sampling method, which may have introduced selection bias. We included only dogs whose owners were available and willing to consent, which may not fully represent the broader population of apparently healthy dogs in Rayfield, Jos. Random sampling would have been ideal; however, logistical and ethical constraints made it impractical. Given the need for direct sample collection, securing owner consent was crucial. Future studies should adopt random or stratified sampling to improve generalizability and minimize potential bias. Finally, our study was descriptive in nature and could not determine possible factors associated with the existence of MDR-EC in domestic dogs.
Notwithstanding these limitations, our findings provide valuable preliminary data on AMR in apparently healthy dogs in Rayfield Jos, Nigeria.
5. CONCLUSION
This study identified multidrug-resistant (MDR) Escherichia coli strains in apparently healthy domestic dogs. A notable proportion of the isolates exhibited resistance to multiple antibiotics commonly used in veterinary medicine. The findings suggest the need for further research to understand the factors contributing to MDR E. coli in healthy dogs and its potential implications for animal and public health. Our study highlights the urgent need for enhanced antimicrobial stewardship and surveillance in veterinary medicine. Targeted interventions should focus on demographic groups at higher risk of carrying MDR E. coli, particularly older dogs, females, and mongrel breeds.
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NA: Nutrient, MCA: MacConkey agar, EMB: Eosin Methylene Blue agar, IMVIC: Indole, methyl red, Voges Proskauer, citrate, CLSI: Clinical and Laboratory Standards Institute, LGA: Local Government Area, TSI: Triple sugar-iron agar, MDR-EC: Multidrug resistance E. coli, NVRI: National Veterinary Research Institute
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