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PREVALENCE AND ASSOCIATED RISK FACTORS OF FECAL CARRIAGE OF MULTIDRUG-RESISTANT ENTEROBACTERIACEAEENTEROBACTERIACEAE IN A COMMUNITY SETTING IN TOUBORO, NORTHERN CAMEROON
[bookmark: _Hlk219372678]ABSTRACT 
Background: This study reports a high prevalence of intestinal carriage of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae (MDR-E) in the rural district of Touboro in Northern Cameroon. Methodology: A community-based cross-sectional study was conducted from May 29 to December 30, 2024. Fecal samples were collected and processed using standard microbiological methods for bacterial isolation and identification. Antimicrobial susceptibility testing was performed using the Kirby–Bauer disk diffusion method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines. Data were analyzed using R software, and a Pp-value < 0.05 was considered statistically significant. Results:  Among the 470 fecal samples analyzed, 161 EnterobacteriaceaeEnterobacteriaceae isolates were recovered. E. coli was the most prevalent species, accounting for 68.3% (110/161) of isolates, followed by E. cloacae (16.1%) and K. pneumoniae (15.5%). Of these, 83 isolates were identified as multidrug-resistant, corresponding to an overall MDR-E prevalence of 17.7% in the study population and 51.6% among the isolates. The MDR isolates exhibited extremely high resistance rates to ampicillin and cefixime (100% each). High resistance was also observed to other β-lactams, including ceftazidime (90.4%), ceftriaxone (89.2%), cefotaxime (80.7%), cefepime (86.7%), amoxicillin–clavulanic acid (83.1%), and cefoxitin (79.5%). Resistance to quinolones and fluoroquinolones was similarly high, particularly norfloxacin (84.3%), ciprofloxacin (83.1%), and nalidixic acid (79.5%). Lower resistance rates were observed for chloramphenicol (49.4%), aztreonam (55.4%), meropenem (45.8%), trimethoprim–sulfamethoxazole (48.2%), amikacin (68.7%), and nitrofurantoin (68.7%). Multiple antibiotic resistance (MAR) index analysis revealed that 35.0% of the isolates had a MAR index ≥ 0.6, indicating substantial antibiotic selection pressure. Bivariate analysis showed that male sex, marital status, recent hospitalization, lack of recent antibiotic use, residence in livestock areas, and non-consumption of wild animals were significantly associated with MDR-E carriage. Conclusion:  This study demonstrates a high burden of intestinal carriage of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae in a rural community of Northern Cameroon, reflecting intense antimicrobial pressure and potential community-level transmission. These findings underscore the urgent need for One Health oriented surveillance, rational antibiotic use, and targeted public health interventions to limit the spread of antimicrobial resistance in community settings.	Comment by Windows User: Check through all text P<.05 in Ilatic 
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1. INTRODUCTION
[bookmark: _Toc159528258][bookmark: _Hlk219451710]The emergence and global spread of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae (MDR-E) represent a major public health challenge, complicating the management of common bacterial infections and significantly increasing morbidity and mortality worldwide[1,2]. Antimicrobial resistance (AMR), including resistance among EnterobacteriaceaeEnterobacteriaceae, threatens both human and animal health and undermines the effectiveness of available antimicrobial therapies[3].  Of particular concern is the capacity of these bacteria to acquire and disseminate resistance determinants through mobile genetic elements, facilitating their rapid spread across populations and environments [4]. According to the WHO, MDR-E have been classified into multiple priority categories in the 2024 WHO Bacterial Priority Pathogens List (WHO BPPL) based on their severity and public health impact, highlighting the urgent need for prevention, surveillance, and the development of new treatment strategies [5].  
Multiple classes of antibiotics, such as  β-lactams, fluoroquinolones, and aminoglycosides, have been shown to be resistant to multidrug-resistant EnterobacteriaceaeEnterobacteriaceae, such as Escherichia coli, Klebsiella pneumoniae, and Enterobacter cloacae, which have greatly limited therapeutic options [6].  Low- and middle-income countries face significant challenges to healthcare systems due to limited access to diagnostic facilities and effective antimicrobial agents caused by this situation [5,7]. An estimated 4.95 million deaths globally were caused in 2019 by AMR, with 1.27 million of them being caused by infections caused by multidrug-resistant bacteria [8].  Projections suggest that, without effective interventions, annual AMR-related deaths could reach 10 million by 2050, with an estimated economic impact ranging from 1.1% to 3.8% of the global gross domestic product and cumulative losses approaching USD 3.4 trillion by 2030 [9]. The WHO has advised that systematic screening of BBPL should be performed in both community and hospital settings to monitor its spread and encourage the development of new antibiotics.
Touboro, located in Northern Cameroon, is a semi-urban area characterized by a predominantly agrarian economy, cross-border livestock trade, and limited access to health care services. The population is mainly engaged in agriculture, livestock rearing, and small-scale commerce, activities that increase exposure to both human and animal reservoirs. In addition, the proximity of Touboro to the Central African Republic facilitates population mobility and cross-border interactions, potentially enhancing the dissemination of resistant bacterial strains across human, animal, and environmental interfaces. Despite these conditions favoring the emergence and spread of antimicrobial resistance, data on the intestinal carriage of MDR-E in community settings in Touboro remain scarce. Understanding the local epidemiology of MDR-E carriage and its associated risk factors is essential for informing antibiotic stewardship policies, strengthening surveillance systems, and implementing effective One Health interventions. Therefore, this study aimed to determine the prevalence of intestinal carriage of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae and identify associated risk factors in the community setting of Touboro, Northern Cameroon.
2. MATERIAL AND METHOD
2.1. [bookmark: _Hlk208649498]Study design, area and period
[bookmark: _Hlk213858871] A cross-sectional study was conducted from May 29 to December 30, 2024, in Touboro, a municipality in the Mayo-Rey Division of the North Region of Cameroon.
2.2. Source population   
 The study included community residents from various neighborhoods and outpatients attending local health centers. This approach allowed the inclusion of both apparently healthy individuals and those accessing healthcare services, providing a comprehensive assessment of the community-level intestinal carriage of resistant EnterobacteriaceaeEnterobacteriaceae. 
2.3. Eligibility criteria
Community residents and outpatients of all ages and sexes were eligible for inclusion after providing a written informed consent. Consent was obtained from parents or legal guardians for minors. The exclusion criteria were hospitalization or admission for ≥48 h at the time of data collection, refusal to participate, antibiotic use within the preceding 14 days, and submission of non-compliant or inadequate stool samples.
2.4. Sample size
This community-based cross-sectional study required the determination of a minimum sample size to estimate the prevalence of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae (MDR-E) in Touboro. The minimum sample size was calculated using the Lorentz formula for prevalence studies: N = z² × p (1 - p) / m².
Formula Components & Typical Values: 
· N: Minimum sample size needed.
· z (Z-score): 1.96 for 95% confidence
· p (Prevalence/Proportion): Estimated proportion of the outcome (use 0.5 for maximum variability if unknown).
· m (Margin of error/Precision): 0.05 (5%). 
In this study, we used a prevalence of 16% (p=0.16p = 0.16p=0.16) reported by Lonchel et al. in the community of Ngaoundere in 2012  [10], with a margin of error of 5% (m=0.05m = 0.05m=0.05): N = z² x p (1 - p) / m²; A.N: N= (1,96)2 × 0,16 (1 - 0,16) / (0,05)2 = 206.52. Thus, the minimum required sample size was 207 participants. For this study, a total of 470 fecal samples were collected from participants in Touboro, exceeding the minimum requirement and improving the study’s statistical power.
2.5. [bookmark: _Hlk214375399][bookmark: _Toc159528269]Stool sample collection and transport
After obtaining free and informed consent, stool samples were collected from participants, and in the case of children, by a parent or legal guardian. Collection was performed in accordance with World Health Organization (WHO) and Clinical and Laboratory Standards Institute (CLSI) recommendations to ensure proper handling and minimize contamination[11]. Participants or their guardians were provided with sterile, wide-mouthed, screw-capped containers and instructed to collect approximately 5–10 grams of fresh stool, taking care to avoid contamination with urine or water. After collection, samples were transported to the laboratory of the Touboro District Hospital in insulated containers with ice packs to maintain the cold chain. Upon arrival, the samples were transferred into Cary-Blair transport medium using sterile swabs, pre-cooled at 2–8 °C for 1–2 hours prior to use, and subsequently stored at −80 °C. For further analyses, some samples were transported to the laboratory of the Regional Hospital Centre of Garoua in insulated containers with ice packs to maintain the cold chain, and upon arrival, specimens were stored at −80 °C until microbiological analysis. This standardized approach ensured the viability of EnterobacteriaceaeEnterobacteriaceae and minimized pre-analytical errors prior to culture and antimicrobial susceptibility testing.
2.6. Bacterial isolation and identification
 Thereafter, the culture from the enrichment broth was inoculated onto MacConkey agar (ThermoScientific, United States) and incubated at 37 ̊C for 24 h. After incubation during 24 h, Suspected EnterobacteriaceaeEnterobacteriaceae colonies, usually pink to red, were picked and streaked on MacConkey agar. After incubation, each colony, differentiated by structure and color, was picked, transferred by the same means, and incubated under the same conditions. EnterobacteriaceaeEnterobacteriaceae was be identified by their morphological and biochemical characteristics (Gram negative bacilli, oxidase negative) completed using API 20E galleries (BioMérieux, France) to confirmed [12]. 
2.7. [bookmark: _Hlk213613511]Antibiotic susceptibility testing (AST)
[bookmark: _Hlk213531346][bookmark: _Hlk156991788][bookmark: _Hlk156992646][bookmark: _Toc159528271]Antimicrobial susceptibility testing (AST) was performed using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Oxoid, UK). The results were interpreted according to CLSI guidelines [13]. A total of 18 antibiotic disks (Bio-Rad, France) representing multiple antimicrobial classes were tested, including: ampicillin, amoxicillin-clavulanic acid, cefixime, cefoxitin, ceftazidime, ceftriaxone, cefotaxime, cefepime, chloramphenicol, aztreonam, meropenem, gentamicin, amikacin, ciprofloxacin, norfloxacin, nalidixic acid, trimethoprim-sulfamethoxazole, and nitrofurantoin. Multidrug resistance was defined as non-susceptibility to at least one agent in three or more antimicrobial categories according to the CLSI criteria[14]. Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603 were used as quality-control strains.
2.8. [bookmark: _Toc159528274]Multiple Antibiotic Resistance (MAR) Index
The Multiple Antibiotic Resistance (MAR) index was calculated according to the method described by Krumpermann (1983), using the formula a/b, where “a” represents the number of antibiotics to which an isolate was resistant and “b” represents the total number of antibiotics tested (18). An MAR index ≤ 0.2 was considered indicative of low-risk contamination, whereas values > 0.2 were indicative of high-risk sources of antimicrobial resistance.
2.9. [bookmark: _Toc159528275]Data Analysis
Statistical analyses were performed using R software version 3.5.1 (RStudio 1.1.442). Descriptive statistics were used to summarize the characteristics of the study population, the bacterial species isolated, and AST results. The prevalence of MDR bacteria and associated factors was estimated with 95% confidence intervals (CI). The Chi-square (χ²) test was used to assess the statistical significance of differences between subgroups.
2.10. [bookmark: _Toc218778905]Ethical considerations 
The study was conducted in accordance with Good Clinical Practice and the approved study protocol, with ethical approval obtained from the Ethics Committee of Kesmonds International Research Institute (Ref. No. 0041022/SG/KIU) and the Regional Ethics Committee for Human Health Research of the North Region (Ref. No. 00193/CERSH/NO/2024). Authorization for the research was also granted by the Regional Delegation of Public Health for the North Region (Authorization No. 0610/L/24/RN/DRSP/BFP/GRA) and the Director of the Regional Hospital Centre of Garoua (Authorization No. 005/DAR/MINSANTE/CHRG/D). Ethical considerations and informed consent will be prioritized throughout the study, and all participants will be provided with detailed information regarding the research objectives, procedures, and potential risks and benefits. Participation will be voluntary, and the confidentiality of personal information will be strictly maintained to ensure the privacy of study participants.
2.11. Storage of isolates for further analysis
All EnterobacteriaceaeEnterobacteriaceae isolates were preserved in nutrient broth supplemented with 15% glycerol and stored at −80 °C for future analyses.
2.12. [bookmark: _Toc159528298]Data availability
The datasets generated and analyzed during the current study are available from the corresponding author upon reasonable request, in accordance with confidentiality and privacy regulations.
3. RESULTS 
3.1. [bookmark: _Hlk213778648]Sociodemographic, clinical and environmental characteristics
Table 1 reports the sociodemographic, clinical, and environmental characteristics of the study population, including age, sex, educational level, recent hospitalization, antibiotic use, and animal- and environment-related exposures. The study population was predominantly male (57.2%) and relatively young, with more than half of the participants (51.5%) aged 11–30 years. Educational attainment was generally low; 40.0% of participants had no formal education, and only 4.7% had attained higher education. Approximately one-third of the participants (32.6%) reported hospitalization in the previous year. Antibiotic use within the past three months was reported by 58.1% of participants, mainly through self-medication (69.2%), with ciprofloxacin (44.0%) and ceftriaxone (14.3%) being the most commonly used antibiotics. Comorbidities were infrequent (1.9%), and 62.1% of the participants reported exposure to invasive devices. Regarding animal-related exposures, 17.7% of participants were involved in livestock activities, 83.0% resided in livestock-rearing areas, 38.1% reported consuming wild animals, 8.1% participated in hunting activities, and 4.9% reported the presence of hunting dogs in their households. Access to drinking water was limited, with only 10.0% of the study population reporting access to it.
Table 1.  Socio-demographic, clinical, and environmental characteristics of study participants (n = 470). 
	Characteristic
	Category
	n (%)

	Gender
	Female
	201 (42.8%)

	
	Male
	269 (57.2%)

	Age (years)
	1-5
	48 (10.2%)

	
	6-10
	41 (8.7%)

	
	11-20
	138 (29.4%)

	
	21-30
	104 (22.1%)

	
	31-40
	72 (15.3%)

	
	Over 40
	67 (14.3%)

	Level of Education
	Not enrolled
	188 (40%)

	
	Primary education
	151 (32.1%)

	
	Secondary education
	109 (23.2%)

	
	Higher education
	22 (4.7%)

	Hospitalization (previous year)
	Yes
	153 (32.6%)

	
	No
	317 (67.4%)

	Antibiotic Use (<3 months)
	Yes
	273 (58.1%)

	
	No
	197 (41.9%)

	Type of Antibiotic Used
	Ciprofloxacin
	120 (44%)

	
	Unknown
	50 (18.3%)

	
	Ceftriaxone
	39 (14.3%)

	
	Metronidazole
	30 (11%)

	
	Amoxicillin
	18 (6.6%)

	
	Amoxiclav
	11 (4%)

	
	Cloxacillin
	3 (1.1%)

	
	Cefixime
	2 (0.7%)

	Who Prescribed the Antibiotic?
	Professional prescription
	95 (30.8%)

	
	Self-medication
	213 (69.2%)

	Comorbidities
	Yes
	9 (1.9%)

	
	No
	461 (98.1%)

	Exposure to Invasive Devices
	Yes
	175 (62.1%)

	
	No
	107 (37.9%)

	Livestock Activities
	Yes
	83 (17.7%)

	
	No
	387 (82.3%)

	Residence in Livestock Area
	Yes
	390 (83%)

	
	No
	80 (17%)

	Consumption of Wild Animals
	Yes
	179 (38.1%)

	
	No
	291 (61.9%)

	Hunting Activities
	Yes
	38 (8.1%)

	
	No
	432 (91.9%)

	[bookmark: _Hlk208648355]Presence of Hunting Dogs
	Yes
	23 (4.9%)

	
	No
	447 (95.1%)

	Access to Drinking Water
	Yes
	47 (10%)

	
	No
	423 (90%)


3.2. Frequency of different enterobacteria species
[bookmark: _Hlk213531499][bookmark: _Toc204461471]Among the 161 bacterial isolates identified, E. coli was the most prevalent species, accounting for 68.3% (110/161) of the isolates, followed by E. cloacae (16.1%) and K. pneumoniae (15.5%) (Figure 1).
[bookmark: _Hlk207794696]
 Figure 1. Relative frequency of EnterobacteriaceaeEnterobacteriaceae species identified in the study population.
3.3. Antimicrobial susceptibility of EnterobacteriaceaeEnterobacteriaceae isolates
[bookmark: _Hlk219195153]The isolates exhibited extremely high resistance rates to ampicillin (AM) and cefixime (CFM), with resistance observed in 100% of the isolates (Figure 2). Resistance to other β-lactam antibiotics was moderate to high, including ceftazidime (CTZ; 90.4%), ceftriaxone (CRO; 89.2%), cefotaxime (CTX; 80.7%), cefepime (FEP; 86.7%), amoxicillin-clavulanic acid (AMC; 83.1%), and cefoxitin (FOX; 79.5%). High resistance rates were also observed for quinolone and fluoroquinolone agents, including norfloxacin (NOR; 84.3%), nalidixic acid (NA; 79.5%), and ciprofloxacin (CIP; 83.1%). Lower or more balanced resistance levels were observed for chloramphenicol (C; 49.4%), aztreonam (ATM; 55.4%), meropenem (MEM; 45.8%), trimethoprim-sulfamethoxazole (SXT; 48.2%), amikacin (AN; 68.7%), and nitrofurantoin (NIF; 68.7%).

Figure 2. Antimicrobial resistance profiles of EnterobacteriaceaeEnterobacteriaceae isolates included in the study.
3.4.  Prevalence of Multidrug-Resistant (MDR) EnterobacteriaceaeEnterobacteriaceae
A total of 83 isolates were identified as MDR, corresponding to a prevalence of 17.7% relative to the total study population (n = 470) and 51.6% relative to the total number of isolates (n = 161). In the bivariate analysis, E. coli was the most frequently isolated MDR species, with 58 MDR-positive isolates (52.7%) and 52 MDR-negative isolates (47.3%), and was therefore used as a reference category (Table 2). K. pneumoniae showed a significantly higher proportion of MDR isolates (76.0% MDR-positive vs. 24.0% MDR-negative; odds ratio [OR] > 1), whereas E. cloacae was less frequently associated with MDR (23.1% MDR-positive vs. 76.9% MDR-negative; OR < 1). Overall, the MDR distribution differed significantly among EnterobacteriaceaeEnterobacteriaceae species (p < 0.001P < .001) (Table 2).
Table 2.  Bivariate analysis of multidrug resistance (MDR) among EnterobacteriaceaeEnterobacteriaceae isolates
	isolates
	MDR+ (n, %)
	MDR- (n, %)
	OR 

	CI 95%
	Pp--value

	E. coli
	58 (52.7%)
	52 (47.3%)
	1.00
	NA
	<0.001

	Enterobacter cloacae
	6 (23.1%)
	20 (76.9%)
	0.27
	0.10-0.72
	

	Klebsiella pneumoniae
	19 (76%)
	6 (24%)
	2.84
	1.05-7.65
	


3.5. Multiple Antibiotic Resistance (MAR) Index
[bookmark: _Hlk219195344]The MAR index analysis showed that 6.8% of isolates had a MAR index ≤ 0.2, whereas 35.0% exhibited a MAR index ≥ 0.6, indicating substantial antibiotic exposure among a large proportion of isolates (Figure 3). The highest frequency of isolates (n = 24) was observed at a MAR index of 0.2. Figure 4 illustrates the distribution of the Multiple Drug Resistance Index (MDRI) according to the different phenotypic antibiotic resistance profiles observed among the EnterobacteriaceaeEnterobacteriaceae isolates. Each bar represents the MDRI value corresponding to a specific resistance profile, and the number above each bar indicates the number of isolates associated with that profile. Overall, MDRI values were consistently high across most phenotypic resistance profiles, demonstrating widespread multidrug resistance among the isolates. Profiles involving resistance to a greater number of antibiotics were associated with higher MDRI values. In addition, the most frequent phenotypic profiles were among those with elevated MDRI values, indicating the predominance of highly multidrug-resistant strains in the studied population. MDRI values well above the threshold of 0.2 were commonly observed, highlighting the potential risk of antimicrobial misuse or overexposure in the environment from which these isolates were recovered.
[image: ]
Figure 3. MAR indices of Enterobacteria strains. The highest frequency (n = 24) was recorded against a MAR index of 0.2.
[image: ]
Figure 4.   MDRI Index by phenotypic resistance profile (The bars represent the MDRI, the number above each bar corresponds to the number of isolates observed for the considered profile.)
3.6. Phenotypic antibiotic resistance profiles



As shown in Table 3, the phenotypic antibiotic resistance profiles revealed several distinct groups based on the number of antibiotics to which the isolates were resistant to. The first group consisted of a single isolate exhibiting resistance to nine antibiotics (AM–AMC–CFM–FOX–CTZ–FEP–GEN–CIP–NIF). The second group comprised intermediate resistance phenotypes, including five isolates resistant to ten antibiotics and eleven isolates resistant to eleven antibiotics, represented by different resistance combinations (e.g., CFM–FOX–CTZ–CRO–CTX–FEP–GEN–AN–NOR–NA). The third group included extended resistance phenotypes, with nine isolates resistant to 12 antibiotics and nine isolates resistant to 13 antibiotics, such as AMC–CFM–CTZ–CRO–CTX–FEP–ATM–MEM–GEN–AN–CIP–NOR–NA–NIF. Resistance patterns involving 14 antibiotics formed another important cluster comprising 14 isolates. The final group represented the most extensive resistance phenotypes, including isolates resistant to 15 (n = 12), 16 (n = 5), and 17 (n = 17) antibiotics. The most prevalent resistance pattern was the seventeen-antibiotic profile, with a major subgroup of 15 isolates sharing the same profile (AM–AMC–CFM–FOX–CTZ–CRO–CTX–FEP–C–ATM–MEM–GEN–AN–CIP–NOR–NA–NIF). 



Table 3. Phenotypic resistance profile and MDRI index
	Phenotypic Resistance Profile
	Number of Isolates
	MDRI
	Number of Antibiotic

	AM AMC CFM FOX CTZ FEP GEN CIP NIF
	1
	0.50
	9

	AM AMC CFM FOX CRO CTX GEN CIP NOR SXT
	4
	0.56
	10

	AM AMC CFM FOX CTZ CRO CTX GEN CIP NIF
	1
	0.56
	10

	AM AMC CFM CTZ FEP MEM GEN AN NOR NA. SXT
	1
	0.61
	11

	AM AMC CFM FOX CTZ CRO CTX FEP CIP NOR NA.
	2
	0.61
	11

	AM CFM CTZ FEP ATM MEM GEN AN CIP SXT NIF
	1
	0.61
	11

	AM CFM FOX CTZ CRO CTX FEP GEN AN NOR NA.
	2
	0.61
	11

	AM CFM FOX CTZ CRO CTX FEP GEN NOR NA. SXT
	5
	0.61
	11

	AM AMC CFM CRO CTX C GEN CIP NOR NA. SXT NIF
	1
	0.67
	12

	AM AMC CFM CTZ FEP ATM MEM GEN AN CIP SXT NIF
	3
	0.67
	12

	AM AMC CFM FOX CTZ CRO CTX FEP AN CIP NOR NA.
	4
	0.67
	12

	AM CFM FOX CTZ CRO FEP MEM GEN AN NOR NA. SXT
	1
	0.67
	12

	AM AMC CFM CTZ CRO CTX FEP GEN AN CIP NOR NA. NIF
	4
	0.72
	13

	AM AMC CFM CTZ CRO FEP ATM MEM GEN AN CIP SXT NIF
	1
	0.72
	13

	AM AMC CFM FOX CTZ CRO FEP MEM GEN AN NOR NA. SXT
	2
	0.72
	13

	AM AMC CFM FOX CTZ FEP ATM MEM GEN AN CIP SXT NIF
	1
	0.72
	13

	AM CFM FOX CTZ CRO CTX FEP ATM GEN NOR NA. SXT NIF
	1
	0.72
	13

	AM AMC CFM CTZ CRO CTX FEP ATM GEN AN CIP NOR NA. NIF
	4
	0.78
	14

	AM AMC CFM FOX CRO CTX FEP C ATM MEM GEN AN SXT NIF
	1
	0.78
	14

	AM AMC CFM FOX CTX FEP C ATM GEN CIP NOR NA. SXT NIF
	1
	0.78
	14

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM GEN NOR NA. SXT
	1
	0.78
	14

	AM AMC CFM FOX CTZ CRO CTX FEP GEN AN CIP NOR NA. NIF
	1
	0.78
	14

	AM AMC CFM FOX CTZ CRO CTX FEP GEN CIP NOR NA. SXT NIF
	2
	0.78
	14

	AM CFM FOX CTZ CRO FEP C ATM MEM GEN AN CIP SXT NIF
	4
	0.78
	14

	AM AMC CFM CTZ CRO CTX C ATM MEM GEN AN CIP NOR NA. NIF
	2
	0.83
	15

	AM AMC CFM FOX CTX FEP C ATM GEN AN CIP NOR NA. SXT NIF
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX C ATM MEM GEN CIP NOR NA. NIF
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM GEN AN CIP NOR NA.
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM GEN CIP NOR NA. SXT
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX FEP C GEN CIP NOR NA. SXT NIF
	4
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX FEP GEN AN CIP NOR NA. SXT NIF
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO FEP C ATM GEN AN CIP NOR NA. NIF
	1
	0.83
	15

	AM AMC CFM FOX CTZ CRO CTX C ATM MEM GEN AN CIP NOR NA. NIF
	1
	0.89
	16

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM MEM GEN AN CIP NOR NA.
	2
	0.89
	16

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM MEM GEN CIP NOR NA. NIF
	1
	0.89
	16

	AM AMC CFM FOX CTZ CRO CTX FEP C GEN AN CIP NOR NA. SXT NIF
	1
	0.89
	16

	AM AMC CFM FOX CTZ CRO CTX C ATM MEM GEN AN CIP NOR NA. SXT NIF
	1
	0.94
	17

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM GEN AN CIP NOR NA. SXT NIF
	1
	0.94
	17

	AM AMC CFM FOX CTZ CRO CTX FEP C ATM MEM GEN AN CIP NOR NA. NIF
	15
	0.94
	17


 
3.7. Risk factors associated with MDR carriage
In the bivariate analysis (Table 4), male sex was significantly associated with MDR carriage (OR = 3.07; 95% CI: 1.60-6.02; p < 0.001P < .001). Married participants were more likely to carry MDR bacteria than single individuals (OR = 3.53; 95% CI: 1.84-6.94; p < 0.001P < .001). Participants without hospitalization in the previous year (OR = 2.97; 95% CI: 1.56-5.77; p = 0.001) and those without recent antibiotic use (OR = 5.14; 95% CI: 2.59-10.6; p < 0.001P < .001) also had significantly higher odds of MDR carriage. Environmental factors were significant predictors: individuals not residing in livestock areas (OR = 15.8; 95% CI: 5.25-68.4; p < 0.001P < .001) and those not consuming wild animals (OR = 2.69; 95% CI: 1.20-6.39; p = 0.019) showed increased odds of MDR carriage. No significant associations were observed between age, level of education, livestock activities, comorbidities, exposure to invasive devices, and access to drinking water.
[bookmark: _Hlk208604081]Table 4. Bivariate analysis of risk factors associated with multidrug-resistant (MDR) Enterobacterales carriage among study participants (n = 470).
	Characteristic
	Category
	MDR +
n (%)
	MDR -
n (%)
	OR
	CI 95%
	pP-value

	Gender
	Female
	22 (34.9%)
	41 (65.1%)
	1
	
	

	
	Male
	61 (62.2%)
	37 (37.8%)
	3.07
	1.60- 6.02
	<0.001

	Age range (years)
	1-5
	2 (40%)
	3 (60%)
	1
	
	

	
	6-10
	3 (60%)
	2 (40%)
	2.25
	0.18- 34.4
	0.5

	
	11-20
	11 (37.9%)
	18 (62.1%)
	0.92
	0.13- 7.80
	>0.9

	
	21-30
	26 (59.1%)
	18 (40.9%)
	2.17
	0.33- 17.7
	0.4

	
	31-40
	19 (47.5%)
	21 (52.5%)
	1.36
	0.20- 11.2
	0.8

	
	Over 40
	22 (57.9%)
	16 (42.1%)
	2.06
	0.31- 17.1
	0.5

	Association between Marital Status and Outcome
	Single
	22 (33.3%)
	44 (66.7%)
	1

	NA
	

	
	Married
	60 (63.8%)
	34 (36.2%)
	3.53
	1.84- 6.94
	<0.001

	Level of Education
	Widowed
	1 (100%)
	0 (0%)
	/
	/
	/

	
	Not enrolled
	24 (57.1%)
	18 (42.9%)
	1
	
	

	
	Primary education
	21 (45.7%)
	25 (54.3%)
	0.63
	0.27- 1.46
	0.3

	
	Secondary education
	38 (56.7%)
	29 (43.3%)
	0.98
	0.45- 2.14
	>0.9

	
	Higher education
	0 (0%)
	6 (100%)
	/
	/
	/

	Hospitalization (previous year)
	Yes
	37 (40.2%)
	55 (59.8%)
	1
	
	

	
	No
	46 (66.7%)
	23 (33.3%)
	2.97
	1.56- 5.77
	0.001

	Antibiotic Use (<3 months)
	Yes
	16 (27.1%)
	43 (72.9%)
	1
	
	

	
	No
	67 (65.7%)
	35 (34.3%)
	5.14
	2.59- 10.6
	<0.001

	Who Prescribed the Antibiotic?
	Professional prescription
	18 (52.9%)
	16 (47.1%)
	1
	
	

	
	Self-medication
	49 (72.1%)
	19 (27.9%)
	2.29
	0.97- 5.45
	0.058

	Comorbidities
	Yes
	7 (100%)
	0 (0%)
	1
	
	

	
	No
	76 (49.4%)
	78 (50.6%)
	0.00
	
	>0.9

	Exposure to Invasive Devices
	Yes
	14 (37.8%)
	23 (62.2%)
	
	
	

	
	No
	58 (69%)
	26 (31%)
	
	
	

	Livestock Activities
	Yes
	20 (52.6%)
	18 (47.4%)
	1
	
	

	
	No
	63 (51.2%)
	60 (48.8%)
	0.95
	0.45- 1.96
	0.9

	Residence in Livestock Area
	Yes
	80 (62%)
	49 (38%)
	1
	
	

	
	No
	3 (9.4%)
	29 (90.6%)
	15.8
	5.25- 68.4
	<0.001

	Consumption of Wild Animals
	Yes
	10 (32.3%)
	21 (67.7%)
	1
	
	

	
	No
	73 (56.2%)
	57 (43.8%)
	2.69
	1.20- 6.39
	0.019

	Access to Drinking Water
	Yes
	22 (66.7%)
	11 (33.3%)
	
	
	

	
	No
	61 (47.7%)
	67 (52.3%)
	
	
	

	Hunting Activities
	Yes
	11 (28,9%)
	27 (71,1%)
	0.29
	0.13-0.63
	0.002

	
	No
	72 (58,5%)
	51 (41,5%)
	1.00
	NA
	

	Presence of Hunting Dogs
	Yes
	13 (56,5%)
	10 (43,5%)
	1.26
	0.52-3.07
	0.657

	
	No
	70 (50,7%)
	68 (49,3%)
	1.00
	NA
	


4. DISCUSSION
[bookmark: _Hlk219412327][bookmark: _Hlk219404834]The intestinal carriage of multidrug-resistant EnterobacteriaceaeEnterobacteriaceae (MDR-E) has emerged as a global public health concern and has been increasingly reported in community settings across many countries. The present study is the first to investigate the fecal carriage of MDR-E in community in North Cameroon. This study demonstrated a high prevalence of intestinal MDR-E carriage in the Touboro District of Northern Cameroon, with an overall carriage rate of 17.7% in the study population. This prevalence is similar to that reported in Malawi (16.67%) [15]  and Cameroon (16%) [10], but lower than that reported in Nepal (28.46%) [16], Ethiopia (38.7%) [17], Palestine (37%) [18], Chad (44.5%) [19], and Tanzania (65.7%) [20], suggesting that community reservoirs of MDR EnterobacteriaceaeEnterobacteriaceae are widespread in the region. 
[bookmark: _Hlk219405214]In our study, E. coli predominated among the isolated species and showed a high rate of multidrug resistance (52.7%), which exceeded that observed for K. pneumoniae and E. cloacae. High levels of carriage and resistance to E. coli have been reported in numerous human health studies conducted in London [21], Bulgaria [22], China [23], the Central African Republic [24], Chad [19], and Cameroon [10,25,26]. Similarly, comparable findings have been reported in Italy [27], Gabon [28], Nigeria [29], Ethiopia [30], Togo [31], and Cameroon [14,32], highlighting the cross-sectoral role of this species in the dissemination of antimicrobial resistance. The resistance genes harbored by MDR E. coli confer an enhanced capacity for long-term persistence in the environment and a high ability for horizontal gene transfer mediated by mobile genetic elements [33]. Therefore, multidrug-resistant E. coli plays a key role as a surveillance indicator of antimicrobial resistance emergence, as recommended by the WHO within a One Health framework, notably through the WHO Tricycle protocol, which uses extended-spectrum β-lactamase (ESBL)-producing E. coli as a sentinel organism to integratively monitor the circulation of antimicrobial resistance across human, animal, and environmental sectors [34]. The findings of the present study align closely with this framework and further support the relevance of community-based surveillance of MDR E. coli, particularly in rural and cross-border settings. K. pneumoniae showed the highest proportion of MDR isolates, reinforcing its status as a key emerging multidrug-resistant pathogen [12,35,36]. This species is a well-recognized cause of severe infections, including septicemia, respiratory tract infections, urinary tract infections, and central nervous system infections [37]. In contrast, E. cloacae exhibited lower MDR rates, consistent with the species-specific ecological and resistance dynamics reported in sub-Saharan Africa [3,38]. In clinical settings, these isolates are among the leading causes of difficult-to-treat infections, resulting in prolonged treatment durations and increased healthcare costs, increased morbidity and mortality, and a greater reliance on last-resort antibiotics [39]. Moreover, these infections impose substantial socioeconomic burdens, including productivity losses and additional pressure on already fragile health systems, particularly in low-resource settings [40,41].
[bookmark: _Hlk219405226]Antimicrobial susceptibility patterns revealed a high level of resistance to β-lactam antibiotics, notably ampicillin and third-generation cephalosporins, including cefotaxime and ceftriaxone, which corroborates the findings previously reported by several authors [3].  Cefotaxime and ceftriaxone are commonly used to treat severe bacterial infections, such as lower respiratory tract infections, complicated urinary tract infections (UTIs), sepsis, intra-abdominal infections, and bone and joint infections [3,42]. These results indicate a concerning potential for the dissemination of ESBL-producing Enterobacterales in community settings [3,18]. The observed resistance to carbapenems, including meropenem, suggests the possible circulation of carbapenemase-producing Enterobacterales within the studied community, as reported in several previous studies [3,10,11,24,43]. Carbapenems, including meropenem, imipenem, and ertapenem, are considered the last-resort antibiotics for treating severe infections caused by gram-negative bacteria, particularly those resistant to other β-lactams, such as third-generation cephalosporins [44]. According to the 2024 WHO BPPL, carbapenem-resistant and third-generation cephalosporin-resistant Enterobacterales are classified as critical priority, reflecting their major threat to global public health [5]. These pathogens pose a substantial burden and contribute to increased healthcare costs, particularly in low- and middle-income countries [45].  In our study, resistance to fluoroquinolones was also high, with similar resistance rates observed for ciprofloxacin and ofloxacin, which are commonly used to treat various severe bacterial infections, including complicated UTIs, respiratory tract infections such as pneumonia, skin and soft tissue infections, and sexually transmitted infections (gonorrhea and chlamydia) [46,47]. The resistance to fluoroquinolones may suggest the circulation of plasmid-mediated quinolone resistance (PMQR) genes among the studied isolates [3]. The co-selection of these resistance mechanisms alongside β-lactamases may explain the frequent co-resistance to β-lactams and fluoroquinolones observed in this study, as previously reported in several studies [48]. In contrast, most isolates remained susceptible to carbapenems and amikacin, consistent with previous community-based studies in West and Central Africa [38,48]. Infection prevention and control (IPC), particularly through screening for MDR bacteria in healthy carriers, as recommended by the WHO, represents the primary strategic approach to prevent or limit the acquisition and spread of MDR infections in both community and healthcare settings [7]. 
[bookmark: _Hlk219405398]The bivariate analysis identified several factors associated with the digestive carriage of MDR-E, reflecting the complexity of the individual, therapeutic, and environmental determinants of antimicrobial resistance.   Male sex was associated with a significantly higher risk of MDR carriage (OR = 3.07; 95% CI: 1.60–6.02; p < 0.001P < .001), consistent with previous studies suggesting that menale subjects may experience greater environmental and occupational exposures and differences in hygiene practices and health care-seeking behavior than women[25]. Similarly, married participants had higher odds of MDR carriage (OR = 3.53; 95% CI: 1.84–6.94; p < 0.001P < .001), possibly due to increased intra-household transmission facilitated by crowding and close contact [49]. No significant associations were observed with age or education level, which aligns with the findings of other community-based studies, where sociodemographic factors were less predictive than behavioral and environmental exposures[20]. Hospitalization within the past year, recent antibiotic usage (less than three months ago), and the origin of the antibiotic prescription, especially self-medication, were strongly linked to the presence of MDR bacteria. These factors are frequently mentioned in various studies, underscoring the impact of medical history and antibiotic usage habits on the proliferation of antimicrobial resistance[10,19,38]. Most of the antibiotics used were third-generation cephalosporins (ceftriaxone) and fluoroquinolones (ciprofloxacin), which are known to apply significant selective pressure, encouraging the development of resistant bacterial strains. In settings with limited resources, the lack of regulation in accessing antibiotics leads to improper practices such as self-medication, sharing medications, inadequate dosing, and early cessation of treatment [50]. These actions contribute to the selection and persistence of multidrug-resistant strains within the gut microbiota, aiding their spread throughout the community [51]. Living in areas where livestock is raised, eating foods derived from animals, having limited access to clean drinking water, and participating in hunting were identified as key environmental factors linked to the presence of MDR[4]. This underscores the importance of the interplay between environmental conditions, dietary habits, and human activities in the proliferation of antimicrobial resistance. The movement of individuals, along with contaminated food and animals, plays a significant role in the global spread of public health threats, including the dissemination of resistant organisms[14,52]. Overall, these findings highlight the urgent need to strengthen rational antibiotic use in the community, regulate antibiotic sales, improve health education, and develop microbiological surveillance systems to limit the spread of multidrug-resistant Enterobacterales outside hospital settings.
CONCLUSION 
[bookmark: _Hlk219405414]This study demonstrates that multidrug-resistant EnterobacteriaceaeEnterobacteriaceae are widely distributed within the community in rural Northern Cameroon, independent of hospital exposure, representing a growing public health threat. The predominance of MDR E. coli K. pneumoniae and E. cloacae, coupled with high resistance to β-lactams and fluoroquinolones, reflects the intense selective pressure driven by inappropriate antibiotic use, environmental contamination, and limited access to safe water and sanitation. Although carbapenem resistance remains relatively low, the presence of isolates with reduced susceptibility suggests the early emergence of highly resistant strains of P. aeruginosa. These findings highlight the multifactorial drivers of antimicrobial resistance in rural settings, including behavioral, environmental, and sociodemographic factors. Urgent interventions are required, including strengthened community-based surveillance integrating human, animal, and environmental reservoirs, stricter regulation of antibiotic use, and sustained public education to reduce self-medication practices. Improvements in water, sanitation, and hygiene infrastructure are essential for limiting environmental transmission. Future research should focus on the molecular characterization of resistance determinants, including ESBL and plasmid-mediated quinolone resistance genes, as well as plasmid transfer dynamics. Comparative analyses of human, animal, and environmental isolates using whole-genome sequencing will be critical to elucidate transmission pathways and guide effective One Health interventions aimed at mitigating antimicrobial resistance in rural African contexts.
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