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Multidrug-Resistant Escherichia coli in Commercial Grasscutter (Thryonomys swinderianus) Farms: Prevalence and Association with Bio-Preservation Practices in Togo
Carriage of Multidrug-Resistant Escherichia coli in Farmed Thryonomys swinderianus in the South-Western Plateaux Region of Togo

ABSTRACT
Introduction: In Togo, limited data exist few data are available on the implementation of biosecurity and bio-preservation practices in animal production systems, particularly in grasscutter (Thryonomys swinderianus) farming. This study aimed to describe the level of intestinal microbiota contamination by multidrug-resistant E. coli strains in grasscutters and to explore farming practices—especially those related to bio-preservation —that may influence the emergence or dissemination of multidrug resistance profiles.
Materials and Methods: The study was conducted on four grasscutter farms located in the south-western part of the Plateaux Region (Togo). Bio-preservation practices were assessed using an observation checklist. Fresh fecal samples were collected in August 2020 and subjected to microbiological analyses. Antibiotic susceptibility testing was performed using the Mueller-Hinton agar disk diffusion method on the isolated E. coli strains.
Results: The average level of bio-preservation control was 62.5%, with variations across sites. Antibiotic susceptibility testsAntibiograms performed on 75% of isolates revealed high resistance frequencies to tetracycline, amoxicillin, trimethoprim, and piperacillin. No extended-spectrum β-lactamase (ESBL)-producing strains were detected; however, 3.8% exhibited high-level penicillinase activity and 2.5% showed low-level cephalosporinase activity. Multidrug resistance was observed in 26.3% of isolates, and 56.2% were resistant to at least one antibiotic.
Conclusion: These findings highlight the need for improved bio-preservation and surveillance to mitigate AMR risks in grasscutter farmingThese findings suggest that the quality of bio-preservation practices influences the persistence and spread of multidrug resistance in grasscutter farming. Further studies covering additional regions and incorporating molecular analyses are needed to strengthen prevention and surveillance strategies within a One Health approach.
Keywords: Antimicrobial resistance; Grasscutter farming; Escherichia coli; Thryonomys swinderianus; Bio-preservation; Togo.

Introduction
Antibiotic resistance has become one of current major public health challenges due to its simultaneous spread across human, animal, and environmental reservoirs [1]. This phenomenon, which lies within an ecological dimension, required integrated strategies based on the “One Health” approach. Such an approach relies on understanding bacterial persistence under antimicrobial pressure, particularly in the context of increasing multidrug resistance [2,3].
Several pathways contribute to the dissemination of antimicrobial resistance, including animal feed, manure, and human food chain. Moreover, livestock farms often serve as resistance hotspots, where poor biosecurity conditions and the misuse of antibiotics coexist, this is particularly true for grasscutter farming (Thryonomys swinderianus) [4,5].
To assess the magnitude of this phenomenon, numerous studies worldwide have focused on biosecurity [6,7] and have used Escherichia coli as a monitoring indicator. E. coli is considered a suitable model for identifying potential reservoirs of resistance genes transmissible to other bacteria [8]. However, in West Africa, besides studies on physiology and profitability, less information’s are available on antimicrobial resistance risks and biosecurity in grasscutter production systems [4,9].
While some countries have begun to implement measures to control health risks in grasscutter farming, data on multidrug resistance and biosecurity levels remain scarce in Togo. We therefore hypothesized that the intestinal microbiota of grasscutters harbors multidrug-resistant E. coli strains, which may serve as a reservoir of resistance genes and represent a potential health threat at the animal–human–environment interface.	Comment by Kashif:  Clarify the specific knowledge gap this study fills. For example, explicitly state that this is the first study to investigate AMR in grasscutter farms in Togo.
 The hypothesis could be stated more clearly and earlier in the section.

This study therefore examines the concept of resistance reservoirs, highlighting its relevance to public health, particularly in monitoring antimicrobial resistance indicators and managing biosafety risks in livestock farming. To this purpose, a field survey was conducted in the south-western part of the Plateaux Region of Togo, combined with laboratory-based microbiological investigations. The objective of this study was to describe the level of intestinal microbiota contamination by multidrug-resistant E. coli strains in grasscutters and to explore farming practices especially those related to bio-preservation in relation to the emergence or dissemination of these multidrug resistance profiles.

Materials and Methods
2.1. Study Design and Period
This was a cross-sectional study conducted from August to October 2020. It was based on the analysis of antibiotic susceptibility test results performed on Escherichia coli strains isolated from grasscutter fecal samples, as well as observational data on environmental preservation —one of the components of biosecurity.
2.2. Study Area
The study was carried out in four prefectures of the Plateaux Region in Togo. This region, the largest of the country’s five administrative regions, has twelve prefectures and is characterized by the presence of modern livestock farms, particularly in the poultry and grasscutter production sectors [10,11].
For the purpose of this research, grasscutter farms served as the survey and sampling sites. Samples were collected from farms located in the prefectures of Agou, Kloto, and Kpélé; the Danyi site was excluded as it was no longer operational during the final phase of the project.
2.3. Study Population, Selection, and Sampling Procedure
The study population involved three levels: grasscutter farming sites, the grasscutters themselves, and the bacterial strains isolated from the samples.
The inclusion criteria covered all grasscutter farms located in the south-western part of the Plateaux Region (Togo), within 70 km of the microbiology testing site, that were operational and housed at least ten animals. Farms that did not meet these criteria or whose owners refused site access were excluded.
A probability proportional to size (PPS) sampling method was applied, and half of the grasscutters on each eligible farm were sampled. Sick animals or those younger than three months were excluded during fecal sample collection. The remaining grasscutters were selected through simple random sampling.
Biological samples were anonymized using a coding system based on the sampling sites (A, B, C, D). Among the E. coli strains isolated, 75% (selected in order of isolation) underwent antibiotic susceptibility testing.	Comment by Kashif: Number of animals per farm?
2.4. Biological Material
Fecal samples were collected from domesticated grasscutters (Thryonomys swinderianus) that were clinically healthy and showed no signs of digestive disorders.
2.5. Data Collection and Sampling of Biological Specimens
The implementation of the survey required the design of an observational guide and a structured questionnaire designed to collect information on farming practices and biosecurity measures related to bio-preservation applied at the study sites. This guide was based on the biosecurity principles described by Saegerman et al. [7], while also incorporating socio-demographic data and information on antibiotic use.
Biological sample collection was carried out over a period of four consecutive days per site. Two hours before sampling, animal enclosures were systematically cleaned, and one grasscutter per enclosure was randomly selected. Fresh morning feces were collected from each enclosure using sterile plastic spoons,one spoon per enclosure and per sample. Each fecal sample was then placed in a pre-labeled sterile coproculture container. The labeled containers were stored in a triple-layered cooler at 4 °C and transported to the laboratory within two hours after sampling. Additional data were recorded on an evaluation sheet after each series of collections.
All sampling and experimental procedures were performed in strict compliance with biosafety and biosecurity standards governing protection against biological, particularly microbiological, hazards [12].
2.6. Detection, Culture, Isolation, and Identification of E. coli
For each fecal sample received at the laboratory, a non-selective enrichment was performed in peptone water (Liofilchem, Italy) and incubated at 37 °C for six hours [12]. Subsequently, the cultures were streaked onto Eosin Methylene Blue (EMB) agar (Liofilchem, Italy) and incubated at 37 °C for 24 hours.
Presumptive colonies of metallic sheen were purified on Trypticase Soy Agar (Liofilchem, Italy) after subculture on a chromogenic medium (Uriselect 4, Bio-Rad, France) [13]. The isolates were then subjected to standard orientation tests (Gram staining, catalase, oxidase) and differential biochemical assays using mini-galleries, including Hajna-Kligler, Fergusson, Simmons citrate, and motility mannitol media.
E. coli ATCC 25922 was used as a positive control strain for both isolation and biochemical identification. Confirmed isolates were stored at −80 °C in Trypticase Soy Broth (TSB) supplemented with 20% glycerol, pending antibiotic susceptibility testing.
2.7. Antibiotic Susceptibility Testing and Quality Control
Antibiotic susceptibility testing was performed using the agar disk diffusion method on Mueller-Hinton (MH) agar, according to the guidelines of the Antibiogram Committee of the French Society for Microbiology (CA-SFM) [14] and the World Organization for Animal Health (WOAH, formerly OIE) [12]. These recommendations covered the preparation of MH culture medium, the bacterial inoculum, and the selection and placement of antibiotic disks.
The inoculum was prepared by suspending one or two colonies from a 24-hour pure culture in 10 mL of 0.9% NaCl solution. The suspension was homogenized and adjusted to a turbidity equivalent to 0.5 McFarland standard. The MH agar (Liofilchem, Italy) plates were then inoculated by swabbing the surface with this bacterial suspension.
Antibiotics of both human and veterinary importance were tested on the isolated E. coli strains to characterize phenotypic resistance. A total of 18 antibiotic disks (Liofilchem, Italy), representing seven antibiotic families, were applied using sterile forceps. These included: Amikacin (AK, 30 µg), Gentamicin (GM, 10 µg), Amoxicillin (AMX, 20 µg), Amoxicillin/clavulanic acid (AMC, 20 µg + 10 µg), Piperacillin (PIP, 30 µg), Cephalothin (KF, 30 µg), Cefoxitin (FOX, 30 µg), Cefotaxime (CTX, 5 µg), Ceftazidime (CAZ, 10 µg), Cefepime (CPM, 30 µg), Imipenem (IMP, 10 µg), Aztreonam (ATM, 30 µg), Nalidixic acid (NA, 30 µg), Ciprofloxacin (CIP, 5 µg), Trimethoprim (TMP, 5 µg), Chloramphenicol (C, 30 µg), Tetracycline (TE, 30 µg), Fosfomycin (FOS, 200 µg). The plates were then incubated at 37 °C for 24 hours. Disk performance and accuracy were verified using the reference strain E. coli ATCC 25922.
2.8. Detection of Antimicrobial Resistance Phenotypes
The detection of antimicrobial resistance phenotypes was performed through an interpretative reading of antibiotic susceptibility testing (AST) results, combined with specific tests for the detection of extended-spectrum beta-lactamases (ESBL).
Using a caliper, the diameters (in millimeters) of inhibition zones around antibiotic discs were measured and compared with the reference diameters recommended by the French Society for Microbiology Antibiogram Committee (CA-SFM) / EUCAST [14].
Results were interpreted according to the following categories: R: Resistant, S: Susceptible at standard dose, ZIT: Technical uncertainty zone (Susceptible at high dose). Strains were classified as multidrug-resistant bacteria (MDR) when they exhibited resistance to at least one antibiotic in three or more different classes [15]. Antibiotic families were further divided into classes when resistance mechanisms differed within the same family, namely: the beta-lactams, which include penicillins, cephalosporins, and carbapenems; the aminoglycosides, represented by gentamicin and amikacin; and the quinolones, which comprise nalidixic acid and ciprofloxacin (a fluoroquinolone). In addition to ESBLs investigated by the double-disk synergy tests (DDST30 and DDST20) [16], the following beta-lactam resistance phenotypes were identified and quantified [17]: low-level penicillinase, high-level penicillinase, low-level cephalosporinase, high-level cephalosporinase.
2.9. Variables, Data Processing, and Statistical Analysis
Data collected from the field questionnaires were coded and entered in an Excel file.
For the calculation of bacterial resistance proportions, results classified as "technical uncertainty zone" were grouped under the “resistant” category. Descriptive data analysis was performed using R software (version 3.3.2). The variables studied included strain origin, antimicrobial resistance profiles and phenotypes, and bio-preservation practices. Evaluation criteria were encrypted as follows: 0: Non-compliance, 1: Partial compliance and 2: Full compliance. The frequencies of compliance with bio-preservation standards were calculated for each site. A value ≥ 80% was considered acceptable compliance, A value between 50% and 79% indicated a need for improvement, A value < 50% represented non-compliance. Proportion comparisons were made using the chi-square test, with a significance level set at p < 0.05.  
	Comment by Kashif: Provide more detail on the observation checklist used to assess bio-preservation practices. What specific criteria were evaluated?	Comment by Kashif: Mention the software version used for statistical analysis
3. Results
3.1. Characterization of Breeding Sites and Animal Population
Based on the selection criteria applied to primary data, three prefectures out of four (75.0%) and four aulacodiculture farms out of five (80.0%) were included in the study.
Overall, four aulacodiculture farms (designated A, B, C, and D) were chosen, located in three of the four initially selected prefectures. The sampled Thryonomys swinderianus (grasscutters) were of both sexes and aged between 3 and 27 months (mean age: 10 months). A total of 113 fecal samples were collected, representing 50.4% of the eligible population (n = 224). Moreover, 75.0% of the isolated Escherichia coli strains were subjected to antibiotic susceptibility testing (Table 1).
Table 1. Characterization of aulacodiculture sites in the study area
	Epidemiological unit
	Primary data
	Included
	Inclusion rate (%)

	Prefectures
	4
	3
	75.0

	Aulacodiculture sites
	5
	4
	80.0

	Animal population
	224
	113
	50.4



3.2. Level of Implementation of Bio-Preservation Measures on Grasscutter Farms
Overall, the average level of compliance with bio-preservation practices was 62.5%. Farm B demonstrated the highest level of compliance (83.3%), followed by Farm C (66.7%) (Figure 1).

Figure 1. Levels of bio-preservation risk control on grasscutter (Thryonomys swinderianus) breeding sites.

3.3. Detection and Phenotypic Characterization of E. coli Resistance Profiles
Distribution of Collected Samples and Detected E. coli Strains. 
A total of 113 fecal samples were collected. The isolation rate of Escherichia coli was 93.8% (106/113), with site-specific variations: 95.2% at site A, 95.7% at site B, 95.8% at site C, and 91.1% at site D (Table 2).
[bookmark: _Hlk212209100]Table 2. Distribution of Collected Samples and Isolated E. coli Strains
	Sites
	Number of Fecal Samples Collected
	Number of E. coli Strains Isolated
	Proportion of Samples in the Study Population (%) (n=113)
	Positivity Rate
	

	A
	21
	20
	18.6
	20/21 (95.2%)
	

	B
	23
	22
	20.4
	22/23 (95.7%)
	

	C
	24
	23
	21.2
	23/24 (95.8%)
	

	D
	45
	41
	39.8
	41/45 (91.1%)
	

	Total
	113
	106
	100.0
	106/113 (93.8%)
	



· Antibiotic Resistance Profiles of E. coli
Among E. coli isolates, more than half (52.5%) were resistant to tetracyclines, followed by amoxicillin (23.8%), trimethoprim (22.5%), and piperacillin (18.8%) (Figure 2).
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Figure 2. Antibiotic resistance profiles of isolated E. coli strains.  
Abbreviations and disk contents: AK (Amikacin, 30 µg), GM (Gentamicin, 10 µg), AMX (Amoxicillin, 20 µg), PIP (Piperacillin, 30 µg), AMC (Amoxicillin + Clavulanic acid, 20 µg + 10 µg), KF (Cephalothin, 30 µg), FOX (Cefoxitin, 30 µg), CAZ (Ceftazidime, 30 µg), CTX (Cefotaxime, 30 µg), CPM (Cefepime, 30 µg), ATM (Aztreonam, 30 µg), IPM (Imipenem, 10 µg), NA (Nalidixic acid, 30 µg), CIP (Ciprofloxacin, 5 µg), C (Chloramphenicol, 30 µg), TE (Tetracycline, 30 µg), TMP (Trimethoprim, 5 µg), FOS (Fosfomycin, 200 µg).

· [bookmark: _Toc56157854]Distribution of Multidrug Resistance among E. coli Strains
Among the 80 isolates obtained (from farms A, B, C, and D), 56.3% (45/80) were resistant to at least one antibiotic. The multidrug resistance index (resistance to 3 to 7 antibiotics) ranged from 0.20 to 0.47 (Table 3).
Table 3. Proportion of multidrug-resistant E. coli strains in the farms
	Number of antibiotic classes involved
	Proportion of isolates (%)
	

	
	 Farm A n=20
	Farm B
n=20
	Farm C
n=20
	Farm D
n=20
	Total
n=80

	0
	4 (20.0)
	12 (60.0)
	12 (60.0)
	7 (35.0)
	35 (43.8)

	1
	2 (10.0)
	3 (15.0)
	5 (25.0)
	6 (30.0)
	16 (20.0)

	2
	6 (30.0)
	1 (5.0)
	0 (0.0)
	1 (5.0)
	8 (10.0)

	3
	6 (30.0)
	0 (0.0)
	1 (5.0)
	1 (5.0)
	8 (10.0)

	4
	2 (10.0)
	3 (15.0)
	2 (10.0)
	1 (5.0)
	8 (10.0)

	5
	0 (0.0)
	0 (0.0)
	0 (0.0)
	3 (15.0)
	3 (3.8)

	6
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	7
	0 (0.0)
	1 (5.0)
	0 (0.0)
	1 (5.0)
	2 (2.5)

	Total
	20 (100.0)
	20 (100.0)
	20 (100.0)
	20 (100.0)
	80 (100.0)

	Multidrug resistanceMultirésistance
	8 (40.0)
	4 (20.0)
	3 (15.0)
	6 (30.0)
	21 (26.3)



The most frequent resistance was observed against tetracycline alone (20.0%), followed by multidrug combinations involving tetracycline and trimethoprim (7.5%), or tetracycline, amoxicillin, and piperacillin (5.0%). A few isolates (≤ 2.5%) exhibited complex resistance phenotypes involving up to five or six antibiotics (Table 4).




Table 4. Antibiotic resistance phenotypes of E. coli strains
	Antibiotic resistance phenotypes*
	Frequency (%)

	
	n=45
	n=80

	AMX-AMC-KF-FOX-TE-FOS
	2 (4.4)
	2 (2.5)

	AMX-AMC-PIP-KF-C-TE-TMP
	2 (4.4)
	2 (2.5)

	AMX-AMC-PIP-KF-TE
	1 (2.2)
	1 (1.3)

	AMX-PIP
	2 (4.4)
	2 (2.5)

	AMX-PIP-TE
	4 (8.9)
	4 (5.0)

	AMX-PIP-TE-FOS
	2 (4.4)
	2 (2.5)

	AMX-PIP-TE-TMP
	6 (13.3)
	6 (7.5)

	TE
	16 (35.6)
	16 (20.0)

	TE-TMP
	6 (13.3)
	6 (7.5)

	TE-TMP-AN
	1 (2.2)
	1 (1.3)

	TE-TMP-FOS
	3 (6.7)
	3 (3.8)

	Total
	45 (100.0)
	45 (56.3)


* Abbreviations correspond to the antibiotics tested. 

3.4. Variation in Resistance Spectrum and Bio-preservation Practices
Figure 3 shows the relationship between the level of bio-preservation management and the resistance profiles of the E. coli isolates. In farms A and D, where bio-preservation was partially implemented (~50%), isolates displayed a higher proportion of antibiotic-resistant bacteria and a broader resistance spectrum. Conversely, in farms B and C, where bio-preservation practices were better applied (≥ 66%), a larger proportion of isolates remained susceptible to most antibiotics, with less pronounced multidrug resistance. These differences were statistically significant (p < 0.05).
	Comment by Kashif: Clarify the axes and what "resistance spectrum" specifically refers to. Is it the number of antibiotic classes to which isolates are resistant?
Figure 3. Variation in the resistance spectrum according to the level of risk management related to bio-preservation.
Considering the degree of implementation of bio-preservation measures (in blue), the resistance spectra were analyzed within the farm groups (A, D) and (C, B).




Discussion
This preliminary study was primarily designed to assess whether the multidrug resistance profiles of E. coli in the intestinal microbiota of greater cane rats (Thryonomys swinderianus) are associated with the level of implementation of bio-preservation measures in the cane rat farming sector.
· Degree of implementation of bio-preservation in cane rat farms
In this study, we analyzed biosafety practices related to bio-preservation that could favor the dissemination of microorganisms in cane rat farming. The results indicated that operators, particularly in farms A and D (with a score of 50.0%), faced difficulties in implementing bio-preservation measures across its various aspects. Improving bio-preservation is required through proper management of manure, effluents, and waste [6,18] to prevent pathogen persistence in the environment and the potential recolonization of the animals’ gut flora. Furthermore, the average level of bio-preservation management in the study area was 62.5% in the farms where resistance profile variations were analyzed.	Comment by Kashif: Expand on the practical implications of the observed association between bio-preservation levels and AMR.	Comment by Kashif: What specific improvements could be made to bio-preservation practices?
· Detection and phenotypic characterization of E. coli resistance profiles
Fresh fecal samples from 113 cane rats, used as a clinical diagnostic substrate, were analyzed microbiologically to detect E. coli and test their susceptibility to antibiotics commonly used in cane rat farming or otherwise. After culture and caracterisation, the average positivity rate for E. coli was 93.8%. Isolation of E. coli was therefore not possible in 6.2% of the collected samples, a proportion slightly higher than expected. This absence of growth could be explained by an imbalance of the intestinal microbiota, local bacterial inhibition conditions at the time of sampling, or environmental factors. The slight variation in E. coli carriage observed among farms may reflect differences in farming practices, diet, water quality, or biosafety conditions [19].
Studies conducted on related E. coli species corrobarted these observations: in Benin, Kpodekon et al. [20] reported a positivity rate of 56.9% in rabbits, while Silva et al. [21] found 54.7% in wild rabbits in northern Portugal, attributing these low rates to environmental factors. Conversely, a multicenter study similar to ours, conducted on three sites in China in farmed rabbits, reported a positivity rate of 91.7% [22], which is relatively close to the results of the present study.
Regarding antibiotic susceptibility levels of the E. coli isolates in our study, only aminoglycosides (amikacin and gentamicin) remained fully active against all tested strains. In contrast, high resistance was observed for several antibiotic families, particularly tetracyclines (tetracycline, 52.5%), aminopenicillins (amoxicillin, 23.8% and piperacillin, 18.8%), and folate synthesis inhibitors (trimethoprim, 22.5%). The high prevalence of tetracycline resistance can be explained by its frequent use in cane rat farming, often for prophylactic or empirical purposes [21]. Similar trends were reported by Kpodekon et al. [20] in Benin, who observed marked resistance to tetracycline (78.9%) and trimethoprim (52.6%).
The analysis of the distribution of antibiotic resistance phenotypes (Table 3) of our study revealed that farms A (20.0%) and D (35.0%), which used antibiotics, presented fewer fully susceptible E. coli strains. In contrast, farms B and C, which relied solely on phytosanitary products, showed a higher proportion of fully susceptible strains (60.0%). The study also identified 26.3% of multidrug-resistant strains, predominantly present in farms A and D, which additionally exhibited more non-compliance in bio-preservation practices.
Although no extended-spectrum beta-lactamase (ESBL)-producing strains were detected, resistance enzymes were recorded: 17.5% of strains produced low-level penicillinase, 3.8% high-level penicillinase, and 2.5% low-level cephalosporinase. The calculated multidrug resistance index (for 3 to 7 antibiotics) ranged from 0.20 to 0.47, confirming the presence of strains with concerning cross-resistance profiles.
· Variation of resistance spectrum and bio-preservation
Comparative analysis of resistance spectra by farm (Figure 3) showed heterogeneity among sites. The proportions of strains presenting distinct resistance profiles were 35.0%, 25.0%, 20.0%, and 40.0% in farms A, B, C, and D, respectively. Within the same farm and under identical rearing conditions, variability in resistance profiles was observed. This variation in resistance spectra among bacteria from the same farm highlights the importance of individual sampling of cane rats to obtain a better understanding of the diversity of commensal flora within a single farm. Furthermore, resistance to critically important antibiotics in veterinary medicine [8], such as piperacillin and fosfomycin, was noted. Their detection, even at low frequency, represents a warning signal regarding the potential emergence and spread of resistance mechanisms that may compromise the therapeutic management of animal infections.
Regarding bio-preservation, considered here as an indicator of the level of control over microbial persistence in the environment, two major observations emerge. The proportions of bacteria resistant to at least one antibiotic were statistically higher in farms with lower levels of bio-preservation: χ² (3, N=4) = 26.99; p<0.05. Similarly, the resistance spectrum appeared to be associated with bio-preservation levels in the farms: χ² (3, N=4) = 16.26; p<0.05. These results indicate that the quality of sanitary and environmental management in farms directly influences the persistence and circulation of multidrug-resistant strains. They underscore the importance of integrating good bio-preservation practices into antibiotic resistance prevention strategies, including improving pen hygiene, effluent treatment, and prudent antibiotic use.
Strengths and limitations of the study
This study adopts an integrated public health approach, contributing to the fight against antibiotic resistance within a “One Health” framework. Despite the limited number of sites and some subjectivity in observations, it provides relevant data on a scarcely explored sector, namely cane rat farming, highlighting its potential role in the circulation of multidrug-resistant bacteria. The included cane rats were adults or weaned, clinically healthy, and of varying ages, minimizing biases related to maternal microbiota or digestive disorders. The use of fresh feces rather than rectal swabs, although potentially exposed to environmental contamination, was mitigated by strict hygiene of the enclosures and rapid transport under cold chain conditions. Finally, due to the lack of robust references on cane rat farming, results were discussed with reference to studies in rabbits, a species with similar rearing conditions.
However, some limitations should be noted. The small number of studied sites (four) prevents generalization of results to the entire national territory. Additionally, resistance assessment was based solely on phenotypic tests without genomic confirmation, which may lead to underestimation of latent resistances. Finally, some environmental variables, such as feed origin, water quality, or local climatic conditions, were not included in the analysis, even though they could influence the dynamics of bacterial resistance.	Comment by Kashif: Discuss how the small sample size (4 farms) might limit the generalizability of the results. Could regional or seasonal variations affect the findings?
Conclusion
This study highlighted a low level of implementation of bio-preservation practices in cane rat farms, indicating the potential persistence of resistant bacteria in the environment. Escherichia coli strains isolated presented susceptibility to aminoglycosides, carbapenems, and third- and fourth-generation cephalosporins, but high resistance levels were observed for other antibiotic classes, notably tetracyclines, aminopenicillins, folate synthesis inhibitors, and fosfomycin. These results underscore the potential risk of AMR transmission from grasscutter farms to humans and the environment, highlighting the urgency of integrated surveillance and intervention strategies
The extent of multidrug resistance and the diversity of observed phenotypes confirm the existence of a potential resistance reservoir in Thryonomys swinderianus, representing a real public health risk. Further studies, including a larger number of sites and molecular and phylogenetic analyses, are needed to better understand the mechanisms of resistance spread and to strengthen surveillance and adapt prevention strategies in cane rat farming. Furthermore, Molecular characterization of resistance genes or longitudinal studies to track AMR trends over time.


List of Abbreviations
The abbreviations A, B, C, and D refer to the anonymous codes of the herbivore farms included in the study. Antibiotic abbreviations are as follows: AK (Amikacin), GM (Gentamicin), AMX (Amoxicillin), PIP (Piperacillin), AMC (Amoxicillin + Clavulanic Acid), KF (Cefalotin), FOX (Cefoxitin), CAZ (Ceftazidime), CTX (Cefotaxime), CPM (Cefepime), ATM (Aztreonam), IPM (Imipenem), NA (Nalidixic Acid), CIP (Ciprofloxacin), C (Chloramphenicol), TE (Tetracycline), TMP (Trimethoprim), FOS (Fosfomycin).
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Farm A	Farm B	Farm C	Farm D	50	83.3	66.7	50	Biopreservation

Level of risk control (%)


AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	Sensible	
AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	100	100	76.25	95	81.25	100	100	95	97.5	100	100	100	97.5	47.5	77.5	98.75	100	91.25	AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	Résistant	
AK	GM	AMX	AMC	PIP	ATM	IPM	KF	FOX	CTX	CAZ	CPM	C	TE	TMP	NA	CIP	FOS	0	0	23.75	5	18.75	0	0	5	2.5	0	0	0	2.5	52.5	22.5	1.25	0	8.75	      Sensitive                   Resistance

Proportion (%)


Level of expertise in biopreservation	
Farm A	Farm B	Farm C	Farm D	50	83.3	66.7	50	Proportion of bacteria resistant to at least one antibiotic (Khi2 = 26.99 ; p-value 	<	 0.05)	
Farm A	Farm B	Farm C	Farm D	75	40	40	65	Spectre de résistance (Khi2 = 16.68 ; p-value 	<	 0.05)	
Farm A	Farm B	Farm C	Farm D	35	25	20	40	1.Ferme A     2.Ferme B     3.Ferme C      4.Ferme D

Proportion (%)
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