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[bookmark: _Hlk207452746][bookmark: _Hlk207464988]Prevalence and Antibiotic Resistance Profile of Salmonella spp. and Escherichia coli Isolated from Diarrhoea Patients in Boromo, Burkina Faso


ABSTRACT
Introduction: Salmonella spp. and Escherichia coli infections represent a major public health problem, particularly due to the emergence of antibiotic resistance.  This study  to assess the prevalence and antibiotic susceptibility of these Enterobacteriaceae in patients admitted to the Boromo health district in Burkina Faso.
Methods: In this cross-sectional study, 150 stool samples were collected from Diarrhoea Patients in Boromo, Burkina Faso and analysed. Bacterial strains were identified using standard microbiological methods, and their antibiotic susceptibility was determined by the disk diffusion method (EUCAST). Eighteen antibiotics were tested. Multidrug resistance profiles and extended-spectrum β-lactamase (ESBL) production were also assessed.
[bookmark: _Hlk208508654][bookmark: _Hlk208513613]Results: The results revealed a prevalence of 22% (n=33) for Salmonella spp. and 25.3% (n=38) for Escherichia coli. A co-contamination rate of 15.5% (n=11) was observed. Both species showed high resistance profiles, particularly to erythromycin (>90%) and tetracycline (>60%). Multidrug resistance rates of 69.7% for Salmonella spp. and 78.9% for Escherichia coli were recorded. The rate of ESBL-producing strains was 12.7%. Good susceptibility was maintained for azithromycin and carbapenems.
Conclusion: This study confirms the persistence of resistance of these enterobacteria in the hospital setting. Surveillance and antibiotic management measures are needed to preserve therapeutic options and limit the spread of resistant strains.
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1. Introduction 

[bookmark: _Hlk208530566]Bacterial infections represent a major socioeconomic burden for populations [1]. Gastroenteritis, often caused by enteropathogenic agents such as Salmonella and Escherichia coli, is among the most frequent pathologies [1,2]. Salmonella remains a leading cause of bacterial gastroenteritis and is a major global public health problem [3,4]. Similary, although , Escherichia coli represents a significant part of the normal intestinal flora, certain pathogenic strains can cause diarrhoea, urinary tract infections, or haemolytic uremic syndromes [5,6]. 
To treat these infections, the discovery of antibiotics was a crucial advance [7]. However, the emergence and spread of resistant bacteria have become a global health concern, recognised by the World Health Organisation (WHO) as one of the most serious threats to global health [8,9]. This resistance is largely fuelled by the misuse of antibiotics [10,11].
In Burkina Faso, several studies have been carried out to demonstrate the impact of pathogenic bacteria on the health of the population, but little data on these studies is available for the Boucle du Mouhoun region, specifically Boromo. 

This gap highlights the need to strengthen surveillance of antimicrobial resistance trends to ensure better management of bacterial infections and guide appropriate therapeutic strategies. The aim of this study is to contribute to a better understanding of the prevalence and antibiotic resistance profiles of Salmonella spp and Escherichia coli in the Boromo region in order to inform management and control strategies for bacterial infections in this region. The overall aim of this study was to assess the prevalence and antibiotic susceptibility of Salmonella spp and Escherichia coli from Diarrhoea Patients in Boromo, Burkina Faso.

2. Materials and Methods
2.1. Study Site and Period
[bookmark: _Hlk208537688]A prospective study was conducted from January 2023 to June 2024. Samples were collected at the Boromo health district (Figure 1). Analyses were performed at the Laboratory of Molecular Biology, Epidemiology and Surveillance of Bacteria and Viruses Transmitted by Water and Food (LaBESTA) at Joseph KI-ZERBO University.  
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Figure 1 :  Geographical representation of the sampling site


2.2 Study criteria
2.2.1 Inclusion criteria
The study involved school-age patients and adults with digestive disorders. received in consultation or hospitalized at the Boromo Medical Center during the study period, inclusion in the study was subject to informed consent:
- Adults (18 years and older): Written informed consent.
- Minors (12 to 17 years): Consent and assent.
- Minors (under 12): Consent of parent or legal guardian.

2.2.2 Non-inclusion criterion
Refusal to participate in the study was the only criterion for non-inclusion.

2.3 Data and Sample Collection

A total of 150 participants were recruited and 150 stool samples were collected. One sample was collected from each enrolled patient. For each participant, approximately 10 to 25 grams of stool were collected in a sterile jar and then packaged in swabs containing transport medium. The samples were immediately placed in a cool box with ice packs and transported to the laboratory under sterile conditions for analysis on receipt. In addition socio-demographic and clinical data were collected using a standardized questionnaire. The information included general characteristics (gender, age, level of education), dietary habits, living environment, and clinical history (e.g., diarrhoea, fever). Socio-demographic and clinical data: These were collected using a standardised questionnaire, covering general information (gender, age, level of education), dietary habits, living environment and clinical history (diarrhoea, fever, etc.).

2.4 Laboratory tests
2.4.1 Bacteriological analyses and strain identification
An initial macroscopic examination was carried out on each sample. Salmonella spp. and Escherichia coli were tested by culture. - For Salmonella spp. analyses were carried out according to ISO standard 6579-1:2017 in four stages: pre-enrichment, selective enrichment in Rappaport-Vassiliadis (RVS) and MKTTn broths, followed by isolation on selective agars (XLD and Salmonella-Shigella agar). - For Escherichia coli, direct plating was performed on Eosin Methylene Blue (EMB) agar, followed by incubation at 42 °C. Metallic green colonies were considered presumptive. These colonies were then subjected to biochemical identification using a minimal gallery (Kligler Hajna and urea-indole tests). Confirmed strains were stored at -40°C for further analysis.

2.4.2 Determination of antibiotic susceptibility 

[bookmark: _Hlk208537606]Antibiotic susceptibility was determined by the diffusion method on Mueller-Hinton agar medium, in accordance with the recommendations of the Antibiogram Committee of the French Microbiology Society [12]. 

2.4.3 Antibiotic discs used 

[bookmark: _Hlk208536445]A total of 18 antibiotics (Bio-Rad, France) were tested for antimicrobial susceptibility: ampicillin (AMP), amoxicillin-clavulanic acid (AUG), cefoxitin (FOX), cefotaxime (CTX), ceftazidime (CAZ), cefepime (FEP), imipenem (IMI), meropenem (MRP), amikacin (AK), gentamicin (CN), nalidixic acid (NA), ciprofloxacin (CIP), trimethoprim-sulfamethoxazole (SXT), tetracycline (TE), colistin sulphate (CS), chloramphenicol (C), azithromycin (AZM), and erythromycin (E).

2.4.4. Reading the antibiotic susceptibility test 

The antibiotic susceptibility test was read by measuring the inhibition diameters using a calliper. These measurements were interpreted according to CASFM/EUCAST in 2017 criteria for tetracycline and CASFM/EUCAST in 2023 for other antibiotics. Interpretation was used to classify each strain as sensitive (S) or resistant (R) to the antibiotic tested. 

[bookmark: _Hlk208537075]2.4.5 Detection of extended-spectrum β-lactamases (ESBL) 

The presence of extended-spectrum beta-lactamases (ESBL) was tested for any observed resistance to third- and fourth-generation (Fig.3) cephalosporins, in particular Cefotaxime (CTX), Ceftazidime (CAZ) and Cefepime (FEP). In enterobacteria, the presence of an ESBL was confirmed by a "champagne cork" or "keyhole" synergy between Amoxicillin-Clavulanic Acid and the cephalosporins. In addition, the rate of bacterial multidrug resistance (BMR) was assessed by identifying strains resistant to more than three different families of antibiotics (Table 5).

2. Data processing and analysis 

The data were entered and organised using Microsoft Office Excel (version 2016). Statistical analyses were then performed using IBM SPSS Statistics (version 25). Descriptive statistics (frequencies, percentages, means) were used to summarise the sociodemographic and clinical characteristics of the patients. Association tests, in particular the Chi-square (χ²) test or Fisher's exact test, were used to assess the links between qualitative variables. Logistic regression was used to identify independent risk factors associated with infections with resistant strains. The statistical significance level was set at (p < 0.05).

3. Quality control 

In order to guarantee the reliability of the analyses, bacterial reference strains were used as positive and negative quality controls throughout the study. Culture media were checked for sterility and performance before each use. Antibiogram results were validated using reference strains, including Escherichia coli ATCC 25922, in accordance with EUCAST standards.

Results 
1. [bookmark: _Toc177852877]Characteristics of the study population 
This study involved 150 patients and revealed that the population was predominantly female (54%, n=81) and that the most represented age group was children aged 0-5 years (38%, n=57). The majority of patients presented with symptoms of diarrhoea (82%, n=123). Other clinical features (fever, abdominal pain and vomiting) were also frequently observed. Full data are presented in Table 1.

[bookmark: _Toc177851818]Table 1: Characteristics of the Study population
	Characteristics
	Percentage

	Demographic characteristics

	
	Sex
	

	
	Male
	Female
	

	
Age range
	[0-5[
	(26/150) 
	(31/150) 
	(57/150) 38

	
	[5-15[
	(23/150) 
	(19/150) 
	(42/150) 28

	
	[15-65[
	(18/150) 
	(31/150) 
	(49/150) 32,67

	
	> à 65
	
	(02/150) 
	(02/150) 1,33

	Gender 
	(69/150) 46
	(81/150) 54
	

	Clinical features

	Clinical status
	Hospitalized
	(82/150) 54,7

	
	Outpatient
	(68/150) 45,3

	Diarrhoea 
	Yes
	(123/150) 82

	
	No
	(27/150) 18

	Fever 
	Yes
	(97/150) 64,7

	
	No
	(53/150) 35,3

	Abdominal pain
	Yes
	(109/150) 72,66

	
	No
	(41/150) 27,3

	Vomiting 
	Yes
	(82/150) 54,7

	
	No
	(68/150) 45,3

	Total 
	150


 : Percentage;  : higher 
2. [bookmark: _Toc177852878]Prevalence of Salmonella spp and Escherichia coli strains isolated 

The prevalence of strains isolated is illustrated in Figure 2. Of the 150 samples analysed, the prevalence of Salmonella spp. was 22% (n=33), and that of Escherichia coli 25.3% (n=38). Co-contamination was observed in 15.5% (n=11) of the 71 positive samples. 
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Figure 2: Prevalence of Salmonella spp. and Escherichia coli 

3. Prevalence of Salmonella spp and Escherichia coli by age group 

[bookmark: _Toc177852879]Table 2 shows the prevalence of the two bacteria as a function of age. The highest prevalence of Salmonella spp. was found in children under 5 (36.4%). Conversely, for Escherichia coli, the highest prevalence was found in the 15-65 years (39.5%). No cases of Salmonella spp. were isolated from patients aged over 65. 
[bookmark: _Toc177851820]Table 2: Prevalence of Salmonella spp and Escherichia coli according to age
	Characteristics
	Number (n)
	Prevalence (%)

	Salmonella spp
	

	

Age range 
	0-5
	12
	(12/33) 36,37

	
	5-15
	10
	(10/33) 30,3

	
	15-65
	11
	(11/33) 33,33

	
	 à 65
	0
	(00/33) 0,00

	Total
	
	33
	100

	Escherichia coli
	

	

Age range
	0-5
	11
	(11/38) 28,95

	
	5-15
	11
	(11/38) 28,95

	
	15-65
	15
	(11/38) 39,47

	
	 à 65
	1
	(01/38) 2,63

	Total 
	
	38
	100


 : Percentage; : higher; n: number of patients
4. Sensitivity of Salmonella spp and Escherichia coli to the antibiotics tested.

4.1. [bookmark: _Toc177852880]Sensitivity of Salmonella spp. to the antibiotics tested

Table 3 shows the resistance profile of the isolated strains by antibiotic class. Salmonella spp. strains showed high resistance to tetracycline (63.6%) and especially to erythromycin (90.9%) and tetracycline (63.6%). Moderate resistance was observed for beta-lactams, quinolones and sulfonamides. However, the strains retained excellent sensitivity to aminoglycosides (gentamicin and amikacin), carbapenems (meropenem and imipenem) and azithromycin, with sensitivity rates above 90%. 

[bookmark: _Toc177851821]Table 3: Resistance profile of isolated Salmonella spp strains to antibiotic families. 
	Antibiotic family

	Strain behaviour

	
	Susceptible
	Resistant

	

Penicillins
	Ampicillin (AMP 10 μg)
	(21/33) 63,64
	(12/33) 36,36

	
	Amoxillin clavulanic acid (AUG 30 μg)
	(26/33) 78,79
	(7/33) 21,21

	Cephamycins



Cephalosporins 
	Cefoxitin (FOX 30 μg)
	(14/33) 42,42
	(19/33) 57,6

	
	Cefotaxime (CTX 5 μg)
	(28/33) 84,85
	(5/33) 15,15

	
	Ceftazidime (CAZ 10 μg)
	(28/33) 84,85
	(5/33) 15,15

	
	Cefepime (FEP 30 μg)
	(31/33) 93,94
	(2/33) 6,06

	

Carbapenems 
	Meropeneme (MRP 10 μg)
	(32/33) 96,97
	(1/33) 3,03

	
	Imipenem (IMI 10 μg)
	(30/33) 90,91
	(3/33) 9,09

	
Aminosides
	Amikacin (AK 30 μg)
	(30/33) 90,91
	(3/33) 9,09

	
	Gentamicin (CN 10 μg)
	(31/33) 93,94
	(2/33) 6,06

	
Quinolones
	Nalidixic acid (NA 30 μg)
	    (24/33) 72,73
	(9/33) 27,27

	
Fluoroquinolones 
	Ciprofloxacin (CIP 5 μg)
	   (30/33) 90,91
	(3/33) 9,09

	
Phenicols 
	Chloramphenicol (C 30 μg)
	   (27/33) 81,82
	(6/33) 18.18 

	
Sulfonamides 
	Trimethoprim-Sulfamethoxazole (SXT 25 μg)
	  (26/33) 78,8
	(7/33) 21,21

	Macrolides 
	Azithromycin (AZM 15 μg)
	(33/33) 100
	(0/33) 00.00 

	
	Erythromycin (E 15 μg)
	(3/33) 9,1
	(30/33) 90,9

	Cyclines 
	Tetracycline (TE 30 μg)
	(12/33) 36.4 
	(21/33) 63.6 


 μg: microgram; : percentage



4.2. Sensitivity of Escherichia coli
All 38 Escherichia coli strains isolated were resistant to at least one antibiotic. High resistance rates were noted for erythromycin (92.1%), tetracycline (84.2%) and cefoxitin (79.0%). Significant resistance was also observed to trimethoprim-sulfamethoxazole, nalidixic acid and ampicillin. Escherichia coli strains showed complete sensitivity to imipenem and azithromycin (100%), as well as good sensitivity to chloramphenicol and aminoglycosides. The complete profile is presented in Table 4. 

[bookmark: _Toc177851822]Table 4: Resistance profile of Escherichia coli strains to the antibiotics tested. 
	Antibiotic family
                                      
	Strain behaviour

	
	Susceptible
	Resistant

	

Penicillins
	Ampicillin (AMP 10 μg) 
	(18/38) 47,36
	(20/38) 52,63

	
	Amoxillin clavulanic acid (AUG 30 μg)
	(25/38) 65,80
	(13/38) 34,20

	Cephamycins


Cephalosporins
	Cefoxitin (FOX 30 μg)
	(8/38) 21,05
	(30/38) 78,95

	
	Cefotaxime (CTX 5 μg)
	(27/38) 71,05
	(11/38) 28,95

	
	Ceftazidime (CAZ 10 μg)
	(28/38) 73,68
	(10/38) 26,32

	
	Cefepime (FEP 30 μg)
	(31/38) 81,59
	(7/38) 18,42

	

Carbapenems
	Meropenem (MRP 10 μg)
	(36/38) 94,74
	(2/38) 5,26

	
	Imipenem (IMI 10 μg)
	(38/38) 100
	(2/38) 0.00 

	
Aminosides
	Amikacin (AK 30 μg)
	(32/38) 84,21
	(6/38) 15,79

	
	Gentamicin (CN 10 μg)
	(35/38) 92,10
	(3/38) 7,89

	Quinolones
	Nalidixic acid (NA 30 μg)
	(16/38) 42,11
	(22/38) 57,89

	Fluoroquinolones
	Ciprofloxacin (CIP 5 μg)
	(26/38) 68,42
	(12/38) 31,58

	Phenicols
	Chloramphenicol (C 30 μg)
	(36/38) 94,74
	(2/38) 5.26 

	
Sulfonamides
	Trimethoprim-Sulfamethoxazole (SXT 25 μg)
	(13/38) 34,21
	(25/38) 65,79

	

Macrolides
	Azithromycin (AZM 15 μg)
	(38/38) 100
	(0/38) 0.00 

	
	Erythromycin (E 15 μg)
	(3/38) 7,89
	(35/38) 92,11

	Cyclines
	Tetracycline (TE 30 μg)
	(6/38) 15.79 
	(32/38) 84.21 


μg: microgram; : percentage

5. Multidrug resistance 

More than half of the isolated strains were multidrug-resistant bacteria, defined as resistant to at least three families of antibiotics. This rate reached 69.7% for Salmonella spp. and 78.9% for Escherichia coli. While 21.2% of Salmonella spp. strains were resistant to four families, 23.7% of Escherichia coli strains showed resistance to five families of antibiotics. In addition, 2.6% of Escherichia coli strains were resistant to up to seven families of antibiotics, a rate not observed for Salmonella spp. Table 5 shows the multidrug resistance profiles of Salmonella spp and Escherichia coli.


Table 5: Multidrug resistance profile of Salmonella spp. and Escherichia coli
	Multidrug resistance profile
	Escherichia coli
	Salmonella spp

	3 families 
	78,95%
	69,7%

	4 families
	15,16%
	21,21%

	5 families
	23,68%
	15,15%

	6 families
	21,05%
	00

	7 families
	2,63%
	00




6. [bookmark: _Toc177851824]Detection of Extended-Spectrum β-lactamases (ESBL)

[bookmark: _Toc177852883]Among the multidrug-resistant bacteria, 12.7% (n=9) of the isolated enterobacteria were identified as ESBL producers. Their phenotype was demonstrated by "champagne cork" synergy, as illustrated in Figure 3.
[image: ]

[bookmark: _Hlk208182901]Figure 3 : Champagne cork" ESBL phenotype

Discussion

Our study revealed significant data on the prevalence and resistance profiles of Salmonella spp. and Escherichia coli, two major pathogens causing diarrhoeal infections. The results of this work highlight an alarming epidemiological and resistance context in Boromo. The study revealed a prevalence of 22% for Salmonella spp. and 25.3% for Escherichia coli, confirming that these enterobacteria remain major pathogens in cases of diarrhoea. In effect, these findings underscore the urgent need for continuous surveillance of enteric pathogens and their antimicrobial resistance patterns. Indeed, the prevalence of Salmonella spp. in the study population is 22% (33/150). This result is lower than that found by [13] in Ethiopia, who reported a higher prevalence of Salmonella in children with diarrhoea (42%). This difference in prevalence could be explained by the specific characteristics of the study population and the diversity of geographical environments. However, our result is in line with the prevalence rates commonly found in other African countries, where Salmonella is isolated in 25 to 26% of cases [14]. We observed a particularly high prevalence among children aged 0 to 5 years (36.4%), a result similar to that of [15] and [16] in Mali, which could be explained by the immaturity of their immune systems. The rate of 30.3% among individuals over 15 years of age could be linked to eating habits outside the home [4]. With regard to Escherichia coli, our prevalence rate of 25.3% is lower than the rates reported by [17] and [18], suggesting variability in prevalence depending on geographical and epidemiological contexts. The highest frequency of Escherichia coli was recorded in patients aged 15 to 65 years (39.5%), which is consistent with other studies conducted in Burkina Faso [19] and Morocco [20] and highlights the vulnerability of this active age group. These results highlight the need to target public health interventions at these two risk groups. The high rate of multidrug resistance observed in our study is a source of great clinical concern. The antibiotic resistance profile and multidrug resistance showed that the isolated strains have alarming rates, with 69.7% of Salmonella spp. strains and 78.9% of Escherichia coli strains resistant to at least three families of antibiotics. The study by [5] in Burkina Faso reported a multi-resistance rate of 20% in Salmonella and 67.7% in Escherichia coli [21], highlighting an alarming upward trend in resistance that, if unaddressed, could result in serious therapeutic challenges and limited treatment options.
Among the resistances observed, erythromycin and tetracycline show very high rates for both species (more than 90% for erythromycin and 63% to 84% for tetracycline). This can be explained by the horizontal transfer of resistance genes via plasmids and other mobile genetic elements as well as the massive selection pressure exerted by these antibiotics, which are often available without a prescription or widely used in paediatric medicine. These results are consistent with those of [22], indicating strong selection pressure due to the widespread use of these molecules, particularly in paediatrics and self-medication.
[bookmark: _Toc177852886]Resistance to beta-lactams was also observed. The high resistance of Salmonella spp. strains to cefoxitin (57.6%) and other beta-lactams suggests the production of enzymes such as extended-spectrum beta-lactamases (ESBLs). A study by [10] in Burkina Faso found even higher resistance to amoxicillin-clavulanic acid (89%), highlighting the seriousness of the situation. Resistance to β-lactams (up to 57.6% for cefoxitin in Salmonella) and the detection of a 12.7% rate of ESBL-producing strains are particularly concerning. These enzymes, often transmitted by plasmids, indicate rapid spread of resistance and threaten the effectiveness of last-resort treatments. With regard to quinolones, our rate of resistance to nalidixic acid (27.3% for Salmonella and 57.9% for Escherichia coli) is comparable to that reported by [23]. The increase in resistance to ciprofloxacin (9.1% for Salmonella and 31.6% for Escherichia coli) suggests increased use of this molecule. These results are higher than those obtained by [24] who reported resistance of 40.63% to nalidixic acid and 21.83% to ciprofloxacin, showing that resistance to nalidixic acid is a step in the evolution towards fluoroquinolone resistance. Despite these resistances, we noted excellent sensitivity of the strains to carbapenems and phenicols. The total sensitivity of the strains to imipenem and azithromycin (100%) is particularly encouraging. These results are consistent with those of [6,15,16], and confirm the very good activity of these antibiotics on the isolated strains. Despite these resistances, we noted total sensitivity of the strains to carbapenems and azithromycin, and good sensitivity to aminoglycosides (92.1% sensitivity to gentamicin for Escherichia coli). These classes of antibiotics could therefore be effective therapeutic alternatives. However, it is crucial to implement measures to preserve the effectiveness of these antibiotics, including rational prescription, surveillance of resistance trends, and strict adherence to treatment guidelines.

Conclusion
Our study confirms the high prevalence of Salmonella spp. and Escherichia coli in the Boromo health district and, more worryingly, the emergence of multi-resistant strains. The extent of resistance to first-line antibiotics such as tetracycline and β-lactams poses a threat to the clinical management of diarrhoeal infections.
The study revealed a significant prevalence of Salmonella spp. and Escherichia coli infections in Boromo, with the highest prevalence among children and the working-age adult population.
[bookmark: _Hlk206995505]The phenomenon of multidrug resistance is particularly alarming, with high rates of resistance to erythromycin, tetracycline and beta-lactams. The presence of ESBL-producing strains highlights the emergence of complex resistance mechanisms.In light of this situation, it is crucial to establish continuous surveillance of antibiotic resistance and to regulate their use more strictly. Azithromycin and carbapenems could be valuable alternatives for the treatment of serious infections and it is crucial to implement measures to preserve the effectiveness of these antibiotics.

[bookmark: _GoBack]
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[bookmark: _Hlk207465155]Abbreviations
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