


Short Research Article 
Prevalence and antibiotic resistance profiles of Enterobacteriaceae isolated from street dèguè in Abidjan district, Ivory Coast



ABSTRACT
Background and Objective: Foods of animal origin are considered a major source of foodborne illness. Resistant Enterobacteriaceae strains pose a serious threat to public health due to the consumption of feed contaminated with antibiotics used to treat various bacterial infections in livestock. This study aimed to determine the prevalence and antibiotic resistance of Enterobacteriaceae strains isolated from deguè sold on the streets of the Abidjan district. Materials and Methods: A total of 160 samples of traditional deguè were analyzed. The isolated strains underwent biochemical identification and susceptibility testing to antibiotics commonly used in human and veterinary medicine. Results: On average, 54.4% of dairy product (dèguè) samples (87/160) were found contaminated with Klebsiella pneumoniae (25/87), Escherichia coli (21/87), Citrobacter koseri (21/87), Enterobacter aerogenes (19/87) and Salmonella sp (01/87) in almost all sampling areas of the Abidjan district. Antibiotic susceptibility testing showed the highest rates of resistance of isolates to amoxicillin-clavulanic acid (69.4%), piperacillin (61.2%) (Yopougon), cefepime (34.2%), and pefloxacin (40%) in the Songon commune, and the lowest rates of resistance to ciprofloxacin and amikacin, all at a rate of 2%, and levofloxacin (4%), gentamicin (5.7%). A 3% rate of extended-spectrum beta-lactamase production was detected. Conclusion: The high level of contamination caused by multidrug-resistant Enterobacteriaceae strains poses a risk to public health and highlights the need for further research on the surveillance and control of pathogens present in dairy products.
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1. INTRODUCTION 
Foodborne diseases are a major global public health problem (Bedasa et al., 2018). In industrialized countries, their incidence rate is estimated at 30%, while up to two million deaths are reported annually in developing countries (Abebe et al., 2020). Among the main pathogens responsible for these diseases is Escherichia coli, some variants of which can cause severe gastrointestinal disorders (CDC, 2011). Although its presence is naturally low (approximately 0.1%) in the gut microbiome of humans and warm-blooded animals, some pathogenic strains represent a significant health risk (Farrokh et al., 2013; Canizalez-Roman et al., 2013; Pendleton et al., 2013).
Foods of animal origin, particularly milk and its derivatives, are particularly susceptible to microbial contamination due to poor sanitation, inappropriate storage conditions, and careless handling by personnel (Farrokh et al., 2013; García-Heredia et al., 2016). Bacteria commonly isolated from these products include Enterobacteriaceae, known for their ability to produce toxins and their high prevalence of antibiotic resistance (Dhaka et al., 2016; Farshad et al., 2012). Several studies have demonstrated multidrug resistance of STEC strains to various antibiotics, including aminoglycosides, fluoroquinolones, tetracyclines, cephalosporins, sulfonamides, and chloramphenicol (Momtaz et al., 2012; Abdi et al., 2014).
The transmission of these pathogens through dairy products poses a serious public health threat, particularly in resource-poor countries such as Côte d'Ivoire, where data on antibiotic resistance in Enterobacteriaceae remain limited. Although several studies have studied the microbiological quality of local dairy products, few have explored the resistance of the pathogenic bacteria that contaminate them.
This study aimed to determine the prevalence and evaluate the antibiotic susceptibility profiles of Enterobacteriaceae isolated from dèguè, a traditional dairy product sold on the streets of the Abidjan district. The results obtained will help strengthen microbiological surveillance systems and guide policies to combat foodborne zoonoses in Côte d'Ivoire.

2. MATERIALS AND METHODS
2.1. Study Setting
This study was conducted at the National Reference Center for Antibiotics of the Pasteur Institute of Côte d'Ivoire, where the isolation of suspect bacteria, their identification, and antibiotic susceptibility testing took place.

2.2. Selection of Study Sites
The samples were collected in the autonomous district of Abidjan, located in southern Côte d'Ivoire, bordering the Atlantic Ocean in the Gulf of Guinea. This district covers an area of ​​2,119 km², or approximately 0.7% of the national territory, and includes thirteen (13) communes (including Yopougon and Songon) as well as four (04) sub-prefectures (Anyama, Songon, Bingerville, and Brofodoumé). The total projected population for 2024 is estimated at 6,865,306 inhabitants (ANStat, 2024).
The sampling sites were chosen in the communes of Yopougon and Songon due to their high population density and commercial dynamics. These areas are home to an active population composed mainly of traders, transporters, and small artisans, fostering intense street food activity, particularly around the sale of dèguè. This socioeconomic and demographic context makes these sites particularly relevant for assessing microbiological risks associated with informally marketed dairy products.
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Figure 1 : Autonomous District of Abidjan (Source : https://thabor-immobilier.fr/wp-content/uploads/2020/07/Sch%C3%A9ma-directeur-durbanisme-du-grand-Abidjan_compressed.pdf)

2.3. Study Type and Period
This was a cross-sectional study conducted between December 2024 and April 2025, focusing on dèguè, a traditional dairy product prepared locally from fermented, sweetened, and flavored millet couscous. This product is widely consumed and sold on the streets of the autonomous district of Abidjan, often under variable hygiene conditions, making it a potential vector of microbiological risks.

2.4. Sampling
Samples were collected on the streets of two municipalities in the district of Abidjan: Yopougon and Songon. Each sample consisted of approximately 300 mL of dairy product packaged in plastic or in a 500 mL bottle, previously used to package mineral water. The samples were collected in bulk.

2.5. Sample Size
The sample size for the deguè was 160, including 59 collected in Songon and 101 in Yopougon.

2.6. Sample Transportation
All samples were promptly transported to the National Reference Center for Antibiotics at the Pasteur Institute of Côte d'Ivoire. Transport was carried out in an insulated container equipped with ice packs, ensuring the temperature chain was maintained. Microbiological analyses were performed within 24 hours of collection, in accordance with microbiological quality standards.

2.7. Culture and Screening of Escherichia coli
Approximately 25 mL of liquid dairy products were mixed with 225 mL of phosphate-buffered saline (pH = 7.2; Merck, Darmstadt, Germany), followed by vigorous stirring for at least 1 minute. Then, 1 mL of the homogenized solution was inoculated into a liquid medium, buffered peptone water, and incubated for 24 hours at 37°C. After incubation, 15 μL of the resulting solution was streaked onto Eosin Methylene Blue (EMB) agar (HiMedia, Mumbai, India) and incubated at 37°C for 24 hours. Presumptive Escherichia coli colonies (bright, metallic green colonies with a dark or purple center) were identified by Gram staining and oxidase and catalase tests. Isolate confirmation was performed by biochemical identification (Le Minor reduced rack) for further identification.
Biochemically confirmed isolates were selected and stored at -20°C in brain heart infusion broth with glycerol (20% v/v) for antibiotic susceptibility testing.

2.8. Antibiotic Susceptibility Testing
The antibiotic susceptibility of all isolates was assessed using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar plates (Oxoid™), following the EUCAST-CASFM guidelines, latest version 2024. In this study, bacterial suspension densities measured at 0.5 McFarland were prepared. The following antibiotic discs (BioMérieux) were used: amikacin (AKM, 30μg), gentamicin (GNM, 10μg), amoxicillin/clavulanic acid (AMC, 20/10μg), cefotaxime (CTX, 5μg), cefepime (FEP, 30μg), ciprofloxacin (CIP, 5μg), levofloxacin (LVX, 5μg), pefloxacin (PEF, 5μg), imipenem (IPM, 10μg), piperacillin (PIP, 30μg) and tigecycline (TGC, 15μg). Plates inoculated with Escherichia coli isolates were incubated aerobically at 37°C for 18 to 24 hours. Additionally, Escherichia coli ATCC 25922 was used as a quality control strain. Finally, multidrug-resistant bacteria (MDB) are characterized by bacteria that exhibit acquired resistance to at least 3 classes of antibiotics (Magiorakos et al., 2012). To calculate the prevalence of Enterobacteriaceae and the resistance rate, the following formulas were used:

Resistance rate =
Number of bacteria resistant to antibiotics x 100
Total number of antibiotics tested
Prevalence of Enterobacteriaceae =
Number of positive samples x 100
Total number of samples










2.9. Detection of Enzyme Production, Extended-Spectrum Beta-Lactamases
All isolates were tested for extended-spectrum beta-lactamase production using the double synergy test. This test was performed under standard antibiogram conditions. Ceftazidime and cefepime discs were placed around an amoxicillin/clavulanic acid disc on Mueller-Hinton agar (approximately 30 mm) and incubated at 37°C for 24 hours. The appearance of a "champagne cork" pattern indicates the production of an extended-spectrum beta-lactamase by the strain tested (Drieux et al., 2008).

3. Statistical Data Analysis
All recorded parameters were used to generate an Excel database from which prevalence and resistance rates were calculated. 

4. RESULTS
4.1. Prevalence of Isolated Enterobacteriaceae
Of the 160 degu samples analyzed in this study, Enterobacteriaceae were isolated from 87 samples (54.4%) based on their morphological and biochemical characteristics. The Enterobacteriaceae identified were: Klebsiella pneumoniae (28.73%; 25/87), Escherichia coli (24.13%; 21/87), Citrobacter koseri (24.13%; 21/87), Enterobacter aerogenes (21.83%; 19/87), and Salmonella sp (1.14%; 1/87) (Figure 1).




Figure 2: Distribution of enterobacteria isolated from dèguè sold in the streets of the district of Abidjan

4.2. Distribution of Isolated Strains by Sampling Site
The distribution of Enterobacteriaceae strains isolated from samples collected at the two study sites (Yopougon and Songon) is shown in Figure 3. During the study period, 87 Enterobacteriaceae strains were isolated from the dèguè samples collected, including 56% from the commune of Yopougon and 44% from the commune of Songon.












Figure 3: Distribution of Enterobacteriaceae strains isolated at the two sampling sites

4.3. Antibiotic resistance profiles of Enterobacteriaceae isolated in the municipality of Yopougon
Analysis of antibiotic resistance among Enterobacteriaceae isolated in the municipality of Yopougon revealed worrying levels of resistance to several commonly used antibiotics. The observed rates were: 69.4% for the amoxicillin-clavulanic acid combination, 61.2% for piperacillin, 42.8% for cefotaxime, and 32.6% for cefepime and pefloxacin. In contrast, resistance rates to ciprofloxacin and amikacin remained relatively low, at 2%. These data are illustrated in Figure 4.



Figure 4 : Antibiotic resistance profiles of 49 strains of enterobacteria isolated from deguè in the commune of Yopougon (Abidjan, Ivory Coast)
AMC : Amoxicilline acide clavulanique, PIP : Pipéracilline, AKM : amikacine, GMN : gentamicine, FEP : Céfépime, CTX : cefotaxime, CAZ : ceftazidime, LVX : levofloxacine, PEF : péfloxacine, CIP : ciprofloxacine, IPM : imipenème

4.4. Antibiotic resistance profiles of Enterobacteriaceae isolated in the commune of Songon
The study revealed variable rates of antibiotic resistance among Enterobacteriaceae isolated in the commune of Songon. The highest resistance was observed with pefloxacin (40%), cefepime (34.2%), piperacillin (28.9%), and cefotaxime (21.6%). In contrast, resistance rates to ciprofloxacin, gentamicin, and levofloxacin remained relatively low, at 8%, 5.7%, and 4%, respectively. These data are summarized in Figure 5.
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Figure 5 : Antibiotic resistance profiles of 38 strains of enterobacteria isolated from deguè in the commune of Songon (Abidjan, Ivory Coast)
AMC : Amoxicilline acide clavulanique, PIP : Pipéracilline, AKM : amikacine, GMN : gentamicine, FEP : Céfépime, CTX : cefotaxime, CAZ : ceftazidime, LVX : levofloxacine, PEF : péfloxacine, CIP : ciprofloxacine, IPM : imipenème

4.5. Prevalence of Resistance Phenotypes
The distribution of Enterobacteriaceae strains isolated from the degu showed variable resistance phenotypes. One strain of Enterobacter aerogenes from the commune of Songon produced an extended-spectrum beta-lactamase (3%). A proportion of 33.3% of Enterobacteriaceae were resistant to fluoroquinolones (Songon), 32.8% of these strains produced hyperproduced cephalosporinases (Yopougon), and 26.2% of strains were suspected of producing carbapenemases (Yopougon) (Table I).

Table I: Resistance Phenotype of Enterobacteriaceae Isolated from the Deguè
	Resistance phenotype
	Proportion of strains by locality (%)

	
	Songon
	Yopougon

	Extended Spectrum Beta-Lactamases
	3
	0

	Overproduced cephalosporinase
	18,2
	32,8

	Resistance to fluoroquinolones
	33,3
	13,1

	Suspicion of carbapenemase production
	21,2
	26,2

	Combination of resistance phenotypes
	24,2
	27,9



5. DISCUSSION 
This study revealed significant contamination of degu by Enterobacteriaceae, with a positivity rate of 54.4%. This result is higher than the prevalence reported in Iran (30.2%, Ranjbar et al., 2018) and Ethiopia (33.9%, Disassa et al., 2017), similar to that observed in China (52.4%), but lower than other more recent Iranian data (68.7%, Fallah et al., 2021). This variability could be explained by differences in hygiene practices, storage conditions, and artisanal manufacturing protocols. Indeed, inadequate management of livestock, milking equipment, or HACCP standards increases the microbiological risk (Bedasa et al., 2018; Ombarak et al., 2016). In terms of antibiotic resistance, the results confirmed the scale of the phenomenon and the associated health emergency. In Yopougon, Enterobacteriaceae showed high rates of resistance to amoxicillin-clavulanic acid (69.4%), piperacillin (61.2%), and several 3rd and 4th generation cephalosporins. In Songon, similar levels of resistance were observed, although slightly lower. These results are consistent with data reported in Senegal (Dia et al., 2015), while highlighting an evolutionary dynamic in the resistance profile. Conversely, certain molecules such as ciprofloxacin, gentamicin and amikacin retained significant activity, with resistance rates below 10%, in contrast to data from Benin (Anago et al., 2015). The presence of ESBL-producing strains remained moderate in this study (3% in Songon), but the increase in hyperproduced cephalosporinases (up to 32.8% in Yopougon) and the suspicion of carbapenemase production (up to 26.2%) were worrying. These mechanisms, observed in particular in E. coli, Klebsiella spp. and Enterobacter spp., indicate potentially uncontrolled community spread (Poirel et al., 2013; EFSA, 2025). The differences in resistance profiles between this study and those conducted in other countries (Morocco, Algeria, Nigeria, China) could be attributed to the variability of veterinary practices, the availability of antibiotics in pharmacies and the behavior of prescribers (Ranjbar et al., 2018; Sanders et al., 2017). Thus, our results support the implementation of a strengthened surveillance system for antimicrobial resistance in traditional dairy products.

6. CONCLUSION 
This study revealed significant microbiological contamination of traditional dèguè sold on the streets of the autonomous district of Abidjan, with a marked prevalence of Enterobacteriaceae, particularly in the communes of Yopougon and Songon. Although only one strain of Salmonella sp. was detected, the presence of antibiotic-resistant Enterobacteriaceae strains represents a serious threat to food safety and the public health of consumers.
Strains isolated in Yopougon showed high resistance rates to amoxicillin-clavulanic acid and piperacillin, while in the commune of Songon, these rates remained below 40%. The most active antibiotics were ciprofloxacin, amikacin, gentamicin, and levofloxacin, suggesting their therapeutic potential against multidrug-resistant Enterobacteriaceae. The detection of a strain producing extended-spectrum beta-lactamases (Enterobacter aerogenes), hyperproduced cephalosporinases, fluoroquinolone-resistant phenotypes, and suspected carbapenemase production highlights the diversity and complexity of the resistance mechanisms present. The inappropriate use of antibiotics in the livestock industry could contribute to this emergence, justifying the urgent implementation of control measures, continuous microbiological surveillance, and antibiotic resistance policies adapted to the Ivorian context.
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