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ABSTRACT
This study evaluated the antibiotic susceptibility of Escherichia coli isolated from rodent droppings. A purposive sampling technique was adopted in the selection of the rodent droppings. One hundred and fifteen (115) different rodent droppings were collected from nine locations in the environment of Federal University Teaching Hospital (FUTH), Owerri, using sterile containers. Standard microbiological methods were adopted in the isolation and identification of Escherichia coli from the rodent droppings. Disc diffusion technique was adopted in the determination of the antibiotic susceptibility of Escherichia coli. Out of the twenty (20) samples analyzed, Escherichia coli occurred in 68 rodent droppings samples (60.0%). Antibiotic susceptibility of Escherichia coli revealed zones of inhibition ranged 8 mm to 26 mm with some of the isolates being resistant to some antibiotics such as amoxicillin, ofloxacin, streptomycin, gentamycin and septrin. Therefore, to prevent possible microbiological contaminations, safety issues for the environment and uncovered foods kept in the hospital should be properly checked before use. 
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1.0	Introduction 
Antimicrobial resistance (AMR) has become one of the most topical global public health risks of the 21st-century. Recent developments in the rapid transmission of resistant enteric bacteria have been pointed out in literature by the World Health Organization (WHO, 2011) and the Food and Agriculture Organization (FAO, 2018) as a major threat to the health of humans, animals, and the environment. Escherichia coli takes an intermediate place in this battery of pathogens because of the dual relationship between being a commensal intestinal bacterium and a significant opportunistic pathogen, which can cause diarrheal disease, urinary tract infections, septicemia, and other extra-intestinal infections (Jafari et al., 2012; Tortora, 2010). The organism is commonly employed to predict fecal contamination and the spread of antimicrobial resistance in ecological systems (CDC, 2019).
Rats are known to harbour a range of microbial pathogens among them the multidrug-resistant strains of E. coli (Davies, 2011; Gyles, 2008). Particularly, rodent droppings are a significant source of enteric bacteria in the environment and serve as a source of contaminated feeds and water, hospitals, and households (Islam et al., 2014; Nwabueze, 2012). Zoonotic and environmental aspects of AMR have been reported, as the transmission of antibiotic resistant E. coli between the animals reservoirs and humans has been observed (Van den Bogaard et al., 2001; EFSA, 2019).
Research has also shown all over the world that the prevalence of antibiotic-resistant E. coli isolates in rodent habitats is increasing. Resistance in E. coli of rodent farms and droppings has shown a high level of resistance in studies conducted in Nigeria (Adelowo et al., 2014; Geidam et al., 2012; Ojo et al., 2013; Omoya and Ajayi, 2017). The same has been described in Bangladesh (Ali and Junaid, 2016; Khatun and Islam, 2018; Matin et al., 2017), India (Ramchandran and Madhavan, 2014, Singh et al., 2019), China (Li et al., 2018; Liu et al., 2018), and Europe (Bos, 2013; Peyroux et al., 2020), where the multidrug-resistant and Their pathogenic potential is also enhanced by the presence of virulence genes as well as resistance determinants (Ewers et al., 2012; Johnson and Nolan, 2009; Djordjevic et al., 2013).
Resistance selection and spread has been cited to be largely triggered by intensive use of antibiotics in animal production systems (Blount, 2013; Smith et al., 2007). The resistant strains of E. coli can be transmitted in the environment with the help of rodent feces, litter, and contaminated feeds and contribute to the horizontal gene transfer between the bacterial populations (Montealegre et al., 2018; Shaikh et al., 2015). Genetic plasticity of E. coli promotes the resistance gene acquisition and transmission through plasmids, integrons, and transposons (Tenaillon et al., 2016; Wang et al., 2013).
Although there are already studies concerning antimicrobial resistance in poultry and E. coli related with livestock, there is a lack of attention to the isolates gained particularly in rodent droppings in environmental and hospital environments. Considering that rodents live in close contact with human environments, the evaluation of the E. coli antibiotic susceptibility profiles based on rodent droppings will be of great importance in the appreciation of their potential in the AMR cycles. These types of investigations can help in surveillance in accordance with the systems of global surveillance, such as the National Antimicrobial Resistance Monitoring System (CDC, 2019) and provide help with the One Health strategies intended to manage antimicrobial resistance.
Thus, the paper is devoted to the assessment of the patterns of antibiotic resistance of Escherichia coli in rodent droppings and the task to determine the frequency of the resistance and evaluate possible public health outcomes of such environmental reservoirs.
[bookmark: _Toc178572991]2.0	Methods 
[bookmark: _Toc178572992]2.1 Study Design
Cross-sectional study design was used for this study. A cross-sectional study provides a diverse dataset that includes different hospital areas, potentially revealing patterns or variations in rodent infestations and bacterial contamination. 
[bookmark: _Toc178572993]2.2   Study Setting
[bookmark: _Toc178572994]The setting of study was Federal University Teaching Hospital (FUTH), Owerri, Imo State, Nigeria. It is a public health care center located in Owerri city in Imo State, southeastern Nigeria. It was founded as a colonial dispensary in 1903, promoted to a District Hospital, then a General Hospital, before becoming a Federal Medical Centre in 1995 (Nkwopara,2020.), and finally it became a Federal University Teaching Hospital on 10th May, 2023. It is a 700-bed capacity hospital.
2.3 Study Population
[bookmark: _Toc178572995]The study population of 115 rodent droppings seen within the premises of Federal University Teaching Hospital (FUTH), Owerri was used in this study.  
2.4 Sample Size and Sampling Methods
[bookmark: _Toc178572996]2.4.1 Sample size
The sample size for this study was based on estimated rodent infestation by occurrence and distribution of rodent droppings within the hospital environment. 
2.4.2 [bookmark: _Toc178572997]Sampling methods
[bookmark: _Toc178572998][bookmark: _Toc178573000]Purposive sampling method was adopted. Certain areas (locations) where rat droppings are commonly seen were selected purposively. The sampling locations included Main store, Ward 6 Male Surgical, Open Registry, Heart to Heart Area, Health Record Office, Super Store, Kitchen Area, Ward 10 Male Medical and Ward 7 Female Surgical.
2.5 Rodent droppings collection 
A total of 115 different rodent droppings were collected from 9 different locations within the hospital environment using sterile containers. They were taken to the laboratory for microbiological analysis.
2.6	Isolation of Escherichia coli  in rodent droppings
The method described by Omoya and Ajayi(2016) was adopted in the isolation of Escherichia coli  in rodent droppings. Five (5) grams each of the rodent droppings were weighed into a sterile beaker and 45ml of sterile water was added. This was thoroughly homogenized in the beaker for 90 seconds. The ten-fold serial dilution was prepared in 9ml of solvent using 1ml sterile pipette. At the end of the serial dilution, 0.1ml of 10-3 dilution was aseptically inoculated onto sterile plates of Eosin methylene blue agar standard culture media for enumeration of microorganisms. After inoculating the sterile media, they were incubated at 370C for 24hours to 48 hours.
2.7   Escherichia coli  Count 
The method described by Langata et al. (2019) was adopted in the determination of the Escherichia coli  count. The colonies that developed on the plates were counted and expressed as colony forming unit per gram (cfu/g).
2.8	Colonial morphology identification
The method described by Kevin (2020) was adopted in the colonial morphology identification. Presumptive identification of the colonies were done by observing their individual shape, colour, elevation, edge, surface, consistency and appearance on the media used for isolation. Colonies with characteristic metallic sheen on Eosin methylene blue agar (EMB) agar.
2.9    Purification and Preservation of Bacterial Isolates
The method described by Langata et al. (2019) was adopted in the purification and preservation of bacterial isolates. Each of the colonies were picked using sterilized wireloop and streaked onto freshly prepared nutrient agar slant to obtain pure cultures.  They were further incubated for 24h at 370C. After incubation pure cultures were stored in McCartney bottle in a refrigerator at 40C. 
2.10	Gram staining 
The Gram staining technique described by Cheesbrough (2010) was adopted. The procedure was as follows: A smear of each of the bacterial isolates were made and fixed by air drying. The smears were then covered with crystal violet stain for 60 seconds and rapidly washed off with water thereafter. The smears were covered with Lugol's iodine for 60 seconds and washed off with water. The smears were decolorized with acetone alcohol and washed off after 10 seconds. The smears were finally flooded with safranin for 2minutes and washed- off with clean water. The back of the slides were wiped and placed in a draining rack for the smear to dry before they were viewed with x 40 and x 100 oil immersion objective lens. Gram positive bacteria gave purple coloration while Gram negative bacteria gave pinkish coloration.
2.11  Biochemical tests with the bacterial isolates 
The method described by Cheesbrough (2010) and Ochei and Kolhatkar (2010) was adopted in the determination of biochemical characteristics of the bacterial isolates. The biochemical tests that were carried out included; catalase, oxidase, citrate utilization, indole production, coagulase, motility and sugar fermentation.
2.12	Antibiotic resistance patterns of Escherichia coli  isolated from the rodent droppings
The disc diffusion technique described by Clinical and Laboratory Standard Institute (2020) was adopted in the determination of the antibiotic resistance patterns of Escherichia coli  isolated from the rodent droppings. Antibiotic susceptibility profiles of the bacterial isolates were evaluated using disc diffusion assay. The antibiotic discs containing the following antibiotics were used: tarivid (10mcg), riflacine (10mcg), ciproflox (10mcg), augmentin (30mcg), gentamycin (10mcg), streptomycin (30mcg), ceporex (10mcg), nalidixic acid (30mcg), septrin (30mcg) and amplicin (30mcg).The discs were aseptically placed on the surface of Mueller-Hinton agar (MHA) plates that has already been seeded with 0.5 McFarland standards of the test isolates and was incubated at 37°C for 18-24hrs. After incubation, diameters of zone of inhibitions were observed and measured in millimeters accordingly. The interpretation of the measurement as sensitive and resistant was made according to the manufacturer’s standard zone size interpretative table.
3.8.10	Molecular Characteristics of E. coli resistant genes
The method described by Timofeeva et al. (2024) was adopted in the molecular characterization of E. coli resistant genes. Genomic DNA was extracted from E. coli isolates obtained from cow meat samples using a buffer containing 25 mM NaOH and 0.2 mM disodium EDTA (pH 12), followed by incubation at 95°C for 15 minutes and centrifugation at 12,000× g for 10 minutes. The supernatant was then neutralized with 40 mM Tris-HCl (pH 5). PCR analysis was conducted to detect antimicrobial resistance genes (bla<sub>TEM</sub>, sul1, strA, and tetA) using a pre-prepared PCR reaction mixture containing specific primers, Taq polymerase, and molecular weight markers. The PCR reaction was performed with an initial denaturation at 95°C for 15 minutes, followed by 35 cycles of denaturation at 95°C for 10 seconds, annealing at 59°C for 10 seconds, and extension at 72°C for 30 seconds. PCR products were then separated on a 1.5% agarose gel, stained with ethidium bromide, and visualized under a UV transilluminator to confirm the presence of antimicrobial resistance genes in E. coli isolates from cow meat samples.
2.13	Method of Data Analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) Version 20.0 for Windows (Armonk, NY: IBM Corp.). The collected data were presented in tables, frequencies and percentages. 
2.14	Ethical consideration
A letter of introduction and ethical clearance was obtained from the department of Public Health, Federal University of Technology Owerri before commencing the study. Ethical approval was secured to ensure compliance with research ethics and standards. 
3.0	Results and Discussion
Table 1 showed the result for the cultural morphology and biochemical characteristics of Escherichia coli isolated from the rodent droppings.








Table 1: Cultural morphology and biochemical characteristics of Escherichia coli  isolated from the rodent droppings
Morphological Characteristics   Gram reaction      Oxidase test   Indole test  Spore test   Catalase test    Citrate test   Coaguase test  Motility test                  S FT
                                                                                                                                                                                                                                            S       B           G          H2S                  Possible bacteria
Pinkish, convex,                     Gram  negative rods            -                 -                +                +                      -                          -                 +                  Y       Y          +          -          Escherichia species
mucoid colonies 

Key:         -= Negative           += Positive            S = color of slope      B = color of butt       G= Gas production     H2S= Hydrogen sulphide production (blackening)       
 R= Reddish coloration (alkaline production)  Y= Yellow coloration (Acidic production)  SFT= Sugar fermentation test    



Table 2 showed the frequency and percentage occurrence of Escherichia coli from the rodent droppings. Out of the 115 samples analyzed, Escherichia coli occurred in 69 rodent droppings samples (60.0%). 
Table 2: Frequency and percentage occurrence of Escherichia coli from the rodent droppings
	Samples (n=115)
	Escherichia coli  (%)
	Other growth (%) 

	
	69 (60.0)
	46 (40)


Table 3 showed the antibiotic susceptibility pattern of Escherichia coli  from the rodent droppings samples. Zones of inhibition recorded ranged 8 mm to 26 mm with some of the isolates being resistant to some antibiotics such as amoxicillin, ofloxacin, streptomycin, gentamycin and septrin.
Table 3: Antibiotic susceptibility of Escherichia coli  from the rodent droppings samples
Escherichia coli  isolates		Antibiotics/Zones of inhibition (mm)
			CPX	CN	PEF	E	S	AMX	OFX	SXT
EC 1			-	-	25	14	22	-	24	-
EC 2			22	26	8	22	22	24	-	22
EC 3			26	20	10	18	18	-	-	10
EC 4			12	16	20	24	-	26	24	-
EC 5			16	12	24	26	-	-	14	-
EC 6			18	20	22	24	-	-	-	24
EC 7			12	-	20	-	14	-	-	-
EC 8			-	14	8	12	9	13	-	28
EC 9			16	20	10	18	18	-	-	20
EC 10			28	16	28	24	-	20	22	-
EC 11			16	12	24	26	-	-	14	-
EC 12			18	10	22	24	-	8	12	24
Key:	CPX = Ciprofloxacin	CN = Gentamycin (30mcg)
PEF = Peflacine (30mcg)		E = Erythromycin			
S = Streptomycin			AMX = Amoxicillin
OFX = Ofloxacin			SXT = Septrin (30mcg)
CLSI guidelines	= Clinical Laboratory Standard Institute 
R = Resistant (0 – 12 mm)		S = Susceptible (16 mm and above)

This study was carried out to determine the antibiotic resistance patterns of Escherichia coli  from rodent. The presence of Escherichia coli  was detected in the rodent droppings samples. The detection of this organism in this study agrees with the fact that the bacteria are part of the enteric flora of the rodent birds. However, it was observed from results obtained that there is a variation in the carriage of the organisms in both rodent birds and local birds. This could be due to a host of factors that are beyond the scope of this study but such variations may be due to the environmental settings in which the birds are raised, the nutritional status of the birds, and so on.
Furthermore, the probiotic and physiological state of the gut of animals has been described as one of the factors that could influence the distribution, and ultimately the recovery rate of organisms from the gut of animals (Ajayi & Egbebi, 2011; Willey et al., 2016). Islam et al., (2014) reported on isolation and identification of Escherichia coli  and Salmonella from rodent.In their study, a total of 48 samples were collected from the different Broiler farms of Dinajpur district of Bangladesh. Omoya and Ajayi (2016) reported the isolation and identification of Escherichia coli , Enterobacter aerogenes, Klebsiella, Citrobacter, Salmonella species, Serratia marcescens, Shigella dysenteriae, Proteus species, Pseudomonas aeruginosa, Staphylococcus aureus and Micrococcus luteus from rodent droppings in some rodent farms in Akure, Ondo State.
Langata et al. (2019) reported the isolation ofSalmonella and Escherichia coli  isolates from chicken droppings in Nairobi, Kenya. Similarly, Kevin (2020) reported the isolation of Escherichia coli  and Salmonella isolates from feeds, litter and cloacal swabs from broiler chicken in Kalerwe and Kasubi Markets. The implication of the bacterial isolates from rodent droppings is that rodent meat and other rodent products can be contaminated by droppings with a variety of food-borne pathogens that may cause human illness following ingestion and is due to handling of raw meat, undercooking or mishandling of the cooked product (Timothy et al., 2012)
Result of the antibiotic susceptibility patterns showed that zones of inhibition recorded ranged 8 mm to 26 mm with some of the isolates being resistant to some antibiotics such as amoxicillin, ofloxacin, streptomycin, gentamycin and septrin. This is in line with the findings of Kevin (2020) who reported that Escherichia coli  from rodent droppings were resistant to tetracycline, ampicillin, chloramphenicol and nalidixic acid. Similarly, Omoya and Ajayi (2016) reported that bacterial isolates from free-range chicken and nine commercial chicken farms, in Akure, Ondo State, Nigeriawere resistant to Augmentin, Ceftriaxone, Nitrofuratoin, Amoxicillin and Cotrimoxazole, tetracycline, chloramphenicol, gentamycin, ciprofloxacin, ofloxacin, streptomycin, cotrimozazole and augmentin.
Abunna et al. (2017) reported overall proportion of Salmonella positive was found to be 5.6% (13/232). Of a total sample, 9.1%, 2.2%, 33.3%, 16.7%, 16.7 % and 6.7% was Salmonella positive observed from carcass swab, feces, pooled knives swab, poled hand swab, pooled hanging materials swab and udder milk, respectively. The use of rodent droppings as manual in vegetable farms could contaminate the vegetables. Proper vaccination of rodent birds and treatment of rodent droppings before use as manual should be encouraged among the farmers. 
The isolation of multiple drug resistant Escherichia coli  from rodent droppings is a public health concern. Therefore, to prevent possible microbiological contaminations, safety issues for the environment and food crops grown in the field, rodent droppings should be composited before use as organic manure.
Conclusion
The results of this study have shown that rodent droppingsharbor Escherichia coli  that are resistant to different antibiotics. The implication of Escherichia coli  especially the drug resistant strains in rodent droppings on the use of rodent droppings as manure in vegetable farms. These resistant organisms could be transmitted to the farm products which could invariably reach the food chain.
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