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Prevalence of Salmonella infections and antibiotic resistance profile in malnourished children aged 06 to 59 months at the CHAD-CHINA Friendship Hospital and CHUME in N'djamena (Chad)
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ABSTRACT 

	
Aims: The increase in bacterial resistance to antibiotics has become a major public health issue worldwide, requiring data to be updated in order to adapt treatment. The aim of our study was to determine the epidemiology of salmonellosis and the degree of sensitivity of Salmonella to different antibiotics in malnourished children aged 6 to 59 months in the city of N'Djamena. Study design:  Mention the design of the study here.
Place and Duration of Study: At the CHAD-CHINA Friendship Hospital and CHUME in N'djamena (Chad), between May 2023 and July 2023.
Methodology: Salmonella spp. bacteria were isolated from stool and blood samples taken from these children using the usual method. Prevalence was determined by the Widal test and stool culture, while identification was performed using standard microbiological methods and confirmed by the API20E gallery. 
Results: A total of 103 children aged 6 to 59 months were screened at the UNTs. A prevalence of 42 children, or 40.77%, were non-malnourished children (controls) and 61 children, or 59.22%, were malnourished (cases). Of the latter, 39 malnourished children were found to be infected with salmonella (37.86%) during this study. With regard to the reaction of salmonella to antibiotics, we found that the germs isolated from malnourished children were resistant to antibiotics, namely 1.00% to ceftriaxone, 5.8% to vancomycin, 1.00% to cefepime, 1.00% to ciprofloxacin, 1.00% to amoxicillin, 1.00% to gentamicin, 1.00% to chloramphenicol, and 1.00% to norfloxacin. These results differ from those in non-malnourished children, where the only resistance was to norfloxacin at 1.00%. 
Conclusion: This study highlights a significant correlation between precarious nutritional status and the increased prevalence of antibiotic resistant bacterial strains in children.
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1. INTRODUCTION 

	By the term "malnutrition," we refer to deficiencies, excesses, or imbalances in an individual's energy and/or nutritional intake. This issue continues to be a global public health concern and is a significant contributor to high infant mortality rates (OMS, 2021), primarily due to the adverse physical and mental impacts of inadequate nutritional intake during the initial months of life (OMS, 2003). Malnutrition remains prevalent today. It is estimated that 45 million children under the age of 5 experienced wasting, the most lethal form of malnutrition, which can increase the risk of death in children by a factor of 12. Furthermore, 149 million children under 5 years old exhibited stunted growth and development as a result of a chronic deficiency of essential nutrients in their diets, while 39 million were classified as overweight (OMS, 2021).
	In Africa, the mortality rates for children under five have decreased by 39%, dropping from 163 deaths per 1,000 live births in 1990 to 100 in 2011. Nevertheless, half of the 6.9 million deaths of children under five globally still occur in Africa (UNICEF, 2022). In 2022, there was a 31% increase in admissions to health facilities for severe acute malnutrition, totaling 1.9 million children compared to 2021 and the average of the preceding three years across nine Sahel states, which include Burkina Faso, northern Cameroon, Gambia, Mauritania, Mali, Niger, northern Nigeria, Senegal, and Chad (UNICEF, 2023). Additionally, the rise in food insecurity and food prices is adversely impacting both the quality and quantity of diets for young children in the Sahel, where 82% of young children (aged 6-23 months) are facing food poverty, indicating they are not receiving the minimum dietary requirements necessary for optimal growth. Ensuring adequate nutrition during childhood is a crucial foundation for long-term prosperity. We share a collective responsibility to prioritize children's nutritional needs within our food, health, and social protection systems (UNICEF, 2023).
	Salmonella infection poses a risk factor for gastroenteritis in malnourished children aged 6 to 59 months, resulting in a disruption of the digestive system associated with poor dietary intake or inadequate hygiene, which subsequently creates a critical condition for the child. Annually, there are over 11 to 20 million cases and between 128 to 161 thousand fatalities, with 70% of these being children (Aubry and Alex, 2021). This research aimed to assess the prevalence of salmonellosis and the level of Salmonella's susceptibility to different antibiotics in malnourished children aged 6 to 59 months within our environment.	
2. material and methods 

2.1. Study area
	The CHUME is located in the heart of the capital, at latitude 12° 06′ 30″ North; Longitude: 15° 02′ 44″ East. Farcha road, 10th District. It is bordered to the north by Avenue Charles de Gaulle and to the west by Avenue Gaourang. Meanwhile, the CHAD-CHINA Friendship Hospital formerly known as the Liberty Hospital is Located at the Liberty District, N'Djamena, latitude 12° 07′ 56″ North and Longitude: 15° 04′ 40″ East.

2.2. Material
	Samples were collected at the laboratory by our team and the technicians, or they were brought in by patients within the shortest possible timeframe, not exceeding 24 hours, following prior communication in which the procedures and precautions for sample collection were thoroughly explained. Salmonella was systematically sought in stool samples through coproculture and in blood samples via the Widal test. This process involves obtaining serum in a sterile tube without anticoagulant after the standard puncture at the elbow crease for the Widal test, and stool samples collected using standard methods in sterile containers for bacterial culture. The Widal reagents utilized were sourced from the CHUME laboratory and were stored at +4°C in accordance with the manufacturer's guidelines. The ready-to-use culture media provided by the CHUME laboratory included Salmonella Shigella (agar) and Hektoen for isolation, while Muller Hinton (agar) was employed for antibiotic susceptibility testing. The Api 20E gallery from the same laboratory was utilized for the biochemical identification of the bacteria. Data collection was performed using a questionnaire and consent form that had been previously established based on literature data. Following consent from the child's parent, we proceeded to conduct interviews with the mothers of the children to collect information regarding the child's diet prior to the onset of the illness, as well as other inquiries that could be pertinent to our investigation.
2.3. Methods
2.3.1. Recruitment of children aged 6 to 59 months at the Nutritional Therapeutic Units of two Hospitals
	Recruitment was conducted by documenting various parameters found in the data collection sheets, which included: weight, height, diarrhoea, fever, abdominal bloating, and mid-upper arm circumference. Specifically concerning the last parameter, if the child is in the red zone, it signifies that the child is experiencing severe malnutrition; if the child is in the yellow zone, it indicates moderate malnutrition; and if in the green zone, it suggests that the child does not meet the criteria for malnutrition (IFRC 2023). Following this, the Z-score was computed to classify the children into different sub-groups based on weight-for-height. After categorizing these children, we proceeded to conduct interviews with their parents using a questionnaire that enabled us to identify factors associated with malnutrition and Salmonella infection, along with the survey form.
	Once the blood sample was collected in a sterile tube without anticoagulant, we immediately proceeded to an indirect test focused on typhoid fever. This test involves the detection and quantification of agglutinating antibodies of type O and type H in the patient's serum. The O antigen was of granular origin, with O agglutination occurring slowly (over 18 hours), being granular, and stable at room temperature. The H antigen, derived from flagella, exhibited rapid agglutination (within 2 hours), forming large clumps at 37°C that were easily dissociable. The somatic Vi antigen, which was inconsistent, is present only in S. Typhi and S. Paratyphi C (Avril et al., 2000). The sociodemographic status of the children's parents was recorded. Three groups were utilized to represent children's illnesses: M for Marasmus, K for Kwashiorkor, Mx for Mixed, and a control group (C).2.3.2. Stool sampling, inoculation, isolation and identification
For stool collection, sterile stool containers were used. After sampling, the stools were stored in a refrigerator at 4°C if they were not processed the same day. Sterile physiological saline was added to the stools before inoculation onto the two types of already prepared media (Hektoen and Salmonella Shigella). Inoculation was carried out by streaking onto Petri dishes. These were incubated in an incubator at 37°C for 18 to 24 hours. Rappaport broth was used for enrichment for 24 hours in the incubator before inoculation onto the Salmonella-Shigella and Hektoen media.
For the preparation of culture media, the medium was measured according to the required volume and in accordance with the manufacturer's guidelines.
	After an incubation period of 18 to 24 hours, either pure colonies were obtained or a subculture was transferred to a new medium. The H2S-producing Salmonella spp. were identified as colonies featuring large black centers with clear peripheries. Following the isolation of the colonies, the bacteria were classified based on their biochemical properties utilizing the API 20E gallery (Weill, 2009). This process was performed on a plastic strip that contained 20 miniature test chambers (wells) filled with chemically defined dehydrated media for each specific test. These tests primarily assess enzymatic activity associated with carbohydrate fermentation or the breakdown of proteins or amino acids by the inoculated organisms. A bacterial suspension was employed to rehydrate each well, and the strips were subsequently incubated. During the incubation phase, bacterial metabolism resulted in color changes that were either spontaneous or enhanced by the addition of reagents. A single isolated colony (from a pure culture) was utilized to create a bacterial suspension in sterile distilled water (0.5 McFarland). We assembled the base and lid of an incubation box and added water to the wells to establish a humid environment. Next, we aseptically positioned the gallery within the incubation box and employed a Pasteur pipette to fill the compartments with the bacterial suspension. Subsequently, we labeled the plate with the identification number (patient ID or organism ID), the date, and our initials. The plate was incubated at 37°C for a duration of 18 to 24 hours. After the incubation period, we introduced the reagents as follows: a drop of TDA reagent into the TDA well, a drop of James or Kovacs reagent into the IND well, and a drop of VP1 followed by VP2 reagent into the VP well. The assessment of these reactions (positive or negative) was determined by observing color changes. The interpretation was conducted using the API20E gallery guide.
2.3.3. Preparation of the inoculum and performing the antibiotic sensitivity test
One to three well-isolated colonies were collected and subsequently introduced into a sterile tube filled with sterile physiological saline. The tube was then gently agitated until a homogeneous solution was achieved, comparable to the 0.5 McFarland standard. Various classes of antibiotics were utilized, including Beta-lactams (amoxicillin (25µg), cefepime (10 µg), ceftriaxone), quinolones (ciprofloxacin (5 μg), norfloxacin (5 μg)), aminoglycosides (gentamicin (15 μg)), and others (chloramphenicol (30 μg)).
The antibiogram was conducted using the disc diffusion method on a gelled medium. In this process, 50 µl of inoculum was added to a 90 mm Petri dish containing Muller Hinton gelled medium, which was then swirled on the bench with side-to-side motions to ensure that the inoculum covered the entire surface of the medium. Afterward, the dish was allowed to stand for 5 minutes prior to the placement of the antibiotic discs. The selection of discs was made to represent the primary families of antibiotics, while also considering the pediatric formulation (syrup). The discs were positioned using sterilized, flame-sterilized forceps. Two critical precautions were observed: the discs needed to be applied perfectly flat without slipping, with a light pressure on the surface of the agar while maintaining a distance of 15 mm between a peripheral disc and the edge of the plate, and ensuring that two discs were spaced 30 mm apart to prevent overlap of the inhibition zones.
Following 24 hours of incubation, the diameter of the inhibition zone for each antibiotic disc was measured using a graduated ruler, and the results were interpreted in accordance with the guidelines set forth by the Antibiotic Committee of the French Society of Microbiology (CASFM) version 2022.
3. results 
3.1. Prevalence of salmonellosis among children according to the sociodemographic status of the parents
The prevalence of salmonellosis among children based on the parents’ sociodemographic status in Table 1 showed that the number of children suffering from marasmus-type malnutrition was higher in the resourceful class, with a percentage of 71.8%, and there was a significant difference (p<0.05) between socioeconomic status and malnutrition (Table 1).












Table 1: Prevalence of salmonellosis in children according to the parents' sociodemographic status.
	Parents’ characteristics 
	
	Frequency (%)
	
	Chi-Square
(X2)
	P

	
	
	
	N = 103
	n (%)
	
	

	




Sociodemographic Situation
	
civil servant
	M
	39 (37,9)
	6 (15,4)
	





35,253
	





0,000

	
	
	K
	11 (10,7)
	0 (0,00)
	
	

	
	
	Mx
	11 (10,7)
	1 (9,1)
	
	

	
	
	C
	42 (40,8)
	18 (42,9)
	
	

	
	
Trader
	M
	39 (37,9)
	5 (12,8)
	
	

	
	
	K
	11 (10,7)
	8 (72,7)
	
	

	
	
	Mx
	11 (10,7)
	7 (63,6)
	
	

	
	
	C
	42 (40,8)
	11 (26,2)
	
	

	
	
Resourceful

	M
	39 (37,9)
	28 (71,8)
	
	

	
	
	K
	11 (10,7)
	3 (2,9)
	
	

	
	
	Mx
	11 (10,7)
	3 (2,9)
	
	

	
	
	C
	42 (40,8)
	13 (27,3)
	
	


M= Marasmus   K= Kwashiorkor         Mx= Mixed               C= Control


3.2. Statistical analysis (type of breastfeeding) in relation to salmonellosis (stool culture and felix widal test)

	The statistical analysis of Table 2 indicates a notable correlation between breastfeeding types and the incidence of salmonellosis. The findings revealed that non-exclusive breastfeeding was the most prevalent, comprising 51.5% of the overall population, and was responsible for the majority of infection cases, with 53.8% of positive stool cultures and 52.3% of positive Widal tests. In contrast, while the exclusive and optimal breastfeeding categories were numerically smaller at 5.8% each, the supplementary breastfeeding group was not far behind, accounting for 28.2% of positive stool cultures.
	This indicates that non-exclusive breastfeeding significantly contributed to infection rates, often due to external food sources leading to a number of salmonellosis cases and inadequate food hygiene. This is in stark contrast to exclusive and optimal breastfeeding, which benefits from immune protection provided by antibodies and antigens found in breast milk that serve as a defense against Salmonella.
	Concerning complementary feeding, it was shown that children whose diets were predominantly sourced from external food, rather than breast milk, which is considered a supplement, exhibited an average prevalence of 28.2% of salmonellosis-infected samples.

Table 2: prevalence of salmonellosis in children according to the type of breastfeeding.
	Characteristics of the children studied
	Categories
	Frequency (%)
	Children testing positive in stool culture
	Children testing positive for Widal
	Negative group for Salmonella
	Chi-Square
(X2)
	P

	
	
	N = 103
	n (%)
	n (%)
	n (%)
	
	

	

Types of breastfeeding
	Exclusive breastfeeding
	6 (5,8)
	6 (15,4)
	5 (7,7)
	0 (0.00)
	


12,346
	


0,006

	
	Optimal breastfeeding
	6 (5,8)
	1 (2,6)
	4 (6,2)
	5 (7,8)
	
	

	
	Non-exclusive breastfeeding
	53 (51,5)
	21 (53,8)
	34 (52,3)
	32 (50,0)
	
	

	
	Supplementary feeding
	38 (36,9)
	11 (28,2)
	22 (33,8)
	27 (42,2)
	
	


3.3. Statistical analysis (weaning age and type of weaning) according to salmonellosis (stool culture and Felix Widal test)
Table 3 indicates that the rate of non-weaned children was higher than that of others, with a frequency of 26.6% (p = 0.019), demonstrating a significant impact of weaning age on the frequency of salmonella infection. Children whose weaning type was "refusal" had the higher rate of 58.2% (p = 0.035).


Table 3: Statistical analyses of weaning ages and types of weaning according to Salmonellosis by coproculture and Felix Widal.
	Characteristics of the children studied

	Categories
	Frequency (%)
	Children positive in stool culture
	Children positive in Widal test
	Group negative for Salmonella
	Chi-Square
(X2)
	P

	
	
	N = 103
	n (%)
	n (%)
	n (%)
	
	

	Weaning age
Characteristics of the children studied

	1 to 5 months
	1 (1,0)
	1 (2,6)
	1 (1,5)
	0 (0.00)
	


13,469
	


0,019

	
	6 to 11 months
	2 (1,9)
	0 (0.00)
	1 (1,5)
	2 (3,1)
	
	

	
	12 to 17 months
	21 (20,4)
	9 (23,1)
	14 (21,5)
	12 (18,8)
	
	

	
	18 to 23 months
	22 (21,4)
	5 (4,9)
	12 (18,5)
	17 (26,6)
	
	

	
	24 months and over
	5 (4,9)
	5 (4,9)
	4 (6,2)
	0 (0.00)
	
	

	Weaning age
	Spontaneous
	25 (24,3)
	4 (10,3)
	12 (18,5)
	21 (32,8)
	
6,710
	
0,035

	
	GIF
	18 (17,5)
	8 (20,5)
	13 (20,0)
	10 (15,6)
	
	

	
	Refusal
	60 (58,3)
	27 (26,2)
	40 (61,5)
	33 (51,6)
	
	


GIF: Gradual introduction of food

3.4. Statistical analysis of (frequency of diarrhoea and type of diarrhoea) in relation to salmonellosis (stool culture and Felix Widal)
The statistical analysis (frequency of diarrhoea and type of diarrhoea) in relation to salmonellosis (stool culture and Felix Widal) in Table 4 showed that the frequency of diarrhoea was very high, from 7 to 10 times/day with a prevalence of 53.8% and (p=0.001). However, the types were not significant to Salmonella infection.

Table 4: Statistical analyses of the frequencies of diarrhoea according to salmonellosis by stool culture and Felix Widal test.
	Characteristics of the children studied

	Categories
	Frequency (%)
	Children testing positive for coproculture
	Children testing positive for Widal
	Group negative for Salmonella
	Chi-Square
(X2)
	P

	
	
	N = 103
	n (%)
	n (%)
	n (%)
	
	

	
Characteristics of the children studied

	1 to 3 times
	3 (22,3)
	5 (12,8)
	11 (16,9)
	18
	

017,677
	

0,001

	
	4 to 6 times
	34 (33,0)
	7 (17,9)
	15 (23,1)
	27 (42,2)
	
	

	
	7 to 10 times
	39 (39,7)
	21 (53,8)
	32 (49,2)
	18 (28,1)
	
	

	
	More than 10
	7 (6,8)
	6 (15,4)
	7 (10,8)
	1 (1,6)
	
	





3.5. Distribution of antibiotic resistance frequencies according to treatments 
	As indicated in Table 5, the research demonstrated that the administration of treatments (including antibiotics, anti-inflammatory medications, antiparasitic agents, and others) prior to consultation influenced antibiotic resistance. This led to the observation that certain antibiotics showed resistance, while others were susceptible, and a third category fell into an intermediate classification. Our study's descriptive analysis of the χ² test (refer to Table 5) indicated that for amoxicillin, treatments other than antibiotics, anti-inflammatory medications, and antiparasitic agents enhanced susceptibility to this antibiotic, with a threshold of 46.4% (p = 0.025), which was greater than that noted with other treatments given to these children. In terms of resistance to ciprofloxacin, the findings revealed that the use of anti-inflammatory medications (NSAIDs) rendered ciprofloxacin effective, with a prevalence of 64.3% (p = 0.032), surpassing that observed with other treatment modalities. Concerning susceptibility to gentamicin, the results indicated that in children who received treatments apart from antibiotics, anti-inflammatory medications, and antiparasitic agents, Salmonella exhibited increased susceptibility to gentamicin (p = 0.000). With respect to norfloxacin, it was noted that in children who underwent treatments excluding antibiotics, anti-inflammatory medications, and antiparasitic agents, the bacteria displayed heightened sensitivity.
Table 5: Antibiotic susceptibility according to previous treatments.
	Types of antibiotics

	Sensitivy
	TYPES OF PREVIOUS TREATMENTS
	Chi-Square (X2)
	P

	
	
	Antibiotic

	Anti-inflammatory
	Anti-parasitic
	Others
	
	

	 Ceftriaxone
	R
	1 (1,00)
	0 (0,00)
	0 (0,00)
	0 (0,00)
	0,393
	0,068

	
	S
	10 (16,9)
	19 (32,2)
	15 (25,4)
	15 (25,4)
	
	

	
	I
	4 (6,9)
	1 (16,7)
	0 (0,00)
	1 (16,7)
	
	

	 Amoxicilline
	R
	2 (10,0)
	0 (0,00)
	0 (0,00)
	0 (0,00)
	19,081
	0,025

	
	S
	5 (25,0)
	11 (39,3)
	12 (44,4)
	13 (46,4)
	
	

	
	I
	8 (34,8)
	9 (38,1)
	3 (13,0)
	3 (13,0)
	
	

	 Ciprofloxacin
	R
	1 (5,00)
	0 (0,00)
	0 (0,00)
	0 (0,00)
	18,257
	0,032

	
	S
	8 (40,0)
	18 (64,3)
	12 (44,4)
	16 (57,1)
	
	

	
	I
	6 (30,0)
	2 (7,1)
	3 (11,1)
	0 (0,00)
	
	

	 Cefepime
	R
	1 (5,00)
	0 (0,00)
	0 (0,00)
	0 (0,00)
	7,016
	0,319

	
	S
	14 (21,5)
	20 (30,8)
	15 (23,1)
	16 (24,6)
	
	

	Chloramphénicol
	R
	1 (5,00)
	0 (0,00)
	0 (0,00)
	0 (0,00)
	11,977
	0,215

	
	S
	12 (20,0)
	17 (28,3)
	15 (25,0)
	16 (26,7)
	
	

	
	I
	2 (10,0)
	3 (10,7)
	0 (0,00)
	0 (0,00)
	
	

	Gentamicine
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	37,928
	0,000

	
	S
	17 (16,5)
	3(2,9)
	5 (4,9)
	36 (35,00)
	
	

	
	I
	0 (0,00)
	0(0,00)
	1 (1,00)
	3 (2,9)
	
	

	Norfloxacine
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	35,846
	0,000

	
	S
	17 (16,5)
	3 (2,9)
	6 (5,8)
	39 (37,9)
	
	


R: Resistant, S: Sensitive, I: Intermediary 
3.6. Distribution of resistance profiles of salmonella according to types of children
The distribution of salmonella sensitivity profiles according to types of children in Table 6 showed that the germs isolated from well-nourished children (controls) exhibited higher resistance to methicillin compared to that of other malnourished children. This prevalence was 37.9% and resistance was 16.5% among the malnourished (p<0.05).This prevalence is 37.9% with a resistance of 16.5% among the malnourished (p<0.05). For vancomycin, the bacteria isolated from non-malnourished children (controls) were sensitive to this antibiotic with a frequency of 26.2%, while resistance was founded in bacteria isolated from malnourished children at 15.5% (p<0.05). Regarding ceftriaxone, we observed that bacteria isolated from non-malnourished children (controls) were sensitive at 34.0%, with a resistance of 1.00% among bacteria isolated from malnourished children (p<0.05). For amoxicillin, the results showed that bacteria isolated from non-malnourished children (controls) were sensitive at 32.0%, whereas they were intermediate in malnourished children at 9.7% (p<0.05). Non-malnourished children (controls) were sensitive to ciprofloxacin at 35.0%, with 1.00% of malnourished children resistant to ciprofloxacin (p<0.05).
	For chloramphenicol resistance, we found in the results that non-malnourished children (controls) were sensitive to chloramphenicol with a frequency of 35.00%, and 1.00% of malnourished children were resistant to chloramphenicol (p<0.05). Regarding gentamicin, we observed that the germs isolated from non-malnourished children (controls) were sensitive at 35.00%, whereas 1.00% of germs from malnourished children show resistance (p<0.05). Also, 37.9% of germs isolated from non-malnourished children (controls) were sensitive to norfloxacin, and 1.00% of malnourished children were resistant to it (p<0.05).
	For doxycycline, the germs isolated from malnourished children showed intermediate resistance with a frequency of 15.5%, compared to 37.9% for germs isolated from non-malnourished children, both statistically significant. For clavulanic acid, the results showed that malnourished children were resistant at 2.00%, whereas non-malnourished children (controls) were sensitive at 36.9% (p<0.05).
Therefore, we can say that salmonella were sensitive in both malnourished and non-malnourished children, with the only difference being that the sensitivity (s) in the controls is higher than in the malnourished children.

Table 6: Distribution of Salmonella resistance profiles according to types of children.
	Type of antibiotics
	
	Type of malnourished children
	Control(healthy)
	Chi-Square
(X2)
	P

	
	
	Frequency %
	
	

	
	
	Marasmus
	Kwashiorkor
	Mixed
	
	
	

	Ceftriaxone
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	36,667
	0,000

	
	S
	15 (14,6)
	3 (2,9)
	6 (5,8)
	35 (34,0)
	
	

	
	I
	2 (0,00)
	0 (0,00)
	0 (0,00)
	4 (4,9)
	
	

	Amoxicilline
	R
	1 (1,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	50,743
	0,000

	
	S
	6 (5,8)
	0 (0,00)
	2 (2,00)
	33 (32,0)
	
	

	
	I
	10 (9,7)
	3 (2,9)
	4 (3,9)
	6 (5,8)
	
	

	Ciprofloxacin
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	41,868
	0,000

	
	S
	16 (15,5)
	3 (2,9)
	5 (4,9)
	36 (35,0)
	
	

	
	I
	1 (1,00)
	0 (0,00)
	1 (1,00)
	3 (2,9)
	
	

	Cefepime
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	35,846
	0,000

	
	S
	   17 (16,5)
	3 (2,9)
	6 (5,9)
	39 (37,9)
	
	

	Chloramphénicol
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	36,596
	0,000

	
	S
	16 (15,5)
	3 (2,9)
	5 (4,9)
	36 (35,00)
	
	

	
	I
	1 (1,00)
	0 (0,00)
	1 (1,00)
	3 (2,9)
	
	

	Gentamicin
	R
	0 (0,00)
	1 (1,00)
	0 (0,00)
	0 (0,00)
	37,928
	0,000

	
	S
	17 (16,5)
	3 (2,9)
	5 (4,9)
	36 (35,00)
	
	

	
	I
	0 (0,00)
	0 (0,00)
	1 (1,00)
	3 (2,9)
	
	

	Norfloxacin
	R
	0 (0,00)
	1 (1,00)
	1 (1,00)
	1 (1,00)
	35,846
	0,000

	
	S
	17 (16,5)
	3 (2,9)
	6 (5,8)
	39 (37,9)
	
	


R: Resistant, S: Sensitive, I: Intermediary 
[bookmark: _GoBack]
4. DISCUSSION
	This research reveals that the rate of acute malnutrition in children aged 6 to 59 months who were admitted to the Mother and Child University Hospital Centre and the Chad-China Friendship Hospital in N’Djamena was 59.22%, with 61 out of 103 children being malnourished. This rate aligns with the results of Koumané et al. (2017) in Côte d’Ivoire, which reported a prevalence of 55.86% in hospital environments. It seems that parents categorized as resourceful based on their occupations exhibited a higher prevalence of 45.63%. This can be attributed to the fact that many parents lack adequate resources to fulfill their children's needs. Consequently, this situation has hindered parents from providing sufficient nutritional intake and safeguarding their children's health.	
	In the course of this study, it was found that 59.22% of the children, equating to 61 individuals, were malnourished, while 42 children, or 40.77%, experienced additional complications beyond malnutrition (controls) during their consultations. An investigation into the antibiotic resistance profile of isolated Salmonella spp. bacteria was carried out to determine its prevalence. Throughout this study, we identified and diagnosed 39 malnourished children suffering from salmonella infection, resulting in a prevalence rate of 37.86%. Conversely, a separate study conducted by Ateudjieu et al. (2018) regarding the profile and antibiotic sensitivity of pathogenic bacteria linked to diarrhoea in patients visiting the Annexe Regional Hospital of Kousseri, located in Far North Cameroon, reported a prevalence of 16% for germs isolated from Salmonella spp. This figure is half of the prevalence observed in our research. This discrepancy may be attributed to the fact that our study population comprised malnourished children who displayed various types of infections. This research indicates that the incidence of acute malnutrition among children aged 6 to 59 months admitted to the Mother and Child University Hospital Centre and the Chad-China Friendship Hospital in N’Djamena was 59.22%, with 61 out of 103 children being malnourished. This rate is consistent with the findings of Koumané et al. (2017) in Côte d’Ivoire, which reported a prevalence of 55.86% in hospital settings. It appears that parents classified as resourceful based on their occupations showed a higher prevalence of 45.63%. This can be explained by the fact that many parents do not possess sufficient resources to meet their children's needs. As a result, this situation has impeded parents from ensuring adequate nutritional intake and protecting their children's health against these infections. According to the study, we observed that previous treatments (including antibiotics, antiparasitics, anti-inflammatories, and others) administered prior to the children's hospitalization did not affect antibiotic resistance. This suggests the ongoing presence of salmonella infection in these children. A study by Kashosi et al. (2018) on Salmonella spp strains isolated in Bukavu found them to be sensitive to ciprofloxacin (91.7%), ceftazidime (81.7%), ceftriaxone (80%), norfloxacin (80%), amikacin (76.6%), and cefuroxime (73.3%). The same with the studies of Abba et al. (2017) in which they obtained high rates of susceptibility for ciprofloxacin (100%), ceftriaxone (92.68%), and gentamicin (95.12%) in non-typhoid Salmonella spp. strains isolated from chicken meat in Chad. These results are very different from ours. However, Song et al. (2022) in China obtained high resistance rates of Salmonella Typhi isolates to ampicillin, sulfamethoxazole/trimethoprim, ciprofloxacin, and ceftriaxone.  This could be explained by the study area and the population, which may have influenced the frequency differences. 
Concerning amoxicillin, chloramphenicol, gentamicin, and ciprofloxacin, a research conducted by Koffi et al. (2012) reported resistance rates of 72%, 50.7%, 0%, and 1.3% respectively against Salmonella, which contrasts with our findings of 1.00%, 1.00%, 1.00%, and 1.00%. This discrepancy can be attributed to the focus of our study on malnourished children, in contrast to theirs, which involved adults.
In the investigation by Brahimi and Benchouk (2020), it was shown that all strains (cases of typhoid fever) isolated were susceptible to the standard antibiotics (ampicillin + clavulanic acid, ticarcillin, cefazolin, ciprofloxacin, imipenem, ertapenem, gentamicin, amikacin, cotrimoxazole). This aligns with the antibiotics utilized in our research. The lack of resistance to cefepime led us to deduce that these agents continue to be a preferred treatment option against these bacteria. With respect to norfloxacin and doxycycline, the study indicated that the isolated pathogens exhibited intermediate sensitivity to salmonella at a rate of 46.1%. This contrasts with the findings of Kashosi et al. (2018), which indicated that 80% of isolated pathogens were sensitive to norfloxacin, alongside a noted decline in sensitivity to doxycycline. This variation from our study in terms of resistance rates and profiles can be explained by the method of isolation; our isolations were performed via coproculture, whereas theirs were conducted through blood culture. Additionally, the geographical areas of study and the samples collected may have impacted our results.
CONCLUSION
Having reached the end of our work, the objective of which was to determine the epidemiology of salmonellosis and its management in malnourished children aged 6 to 59 months, it emerges that, malnutrition affected children aged 6 to 59 months with a prevalence of 59.22%, most of whom came from resourceful families with married parents. These children represent the majority of children infected with salmonellosis, with the prevalence of salmonella infection at 37.86%, among whom malnourished children were the most infected. Malnutrition is a risk factor for salmonellosis. The germs isolated from malnourished children aged 6 to 59 months are multidrug-resistant to the antibiotics used. Malnutrition therefore increases the risk of developing resistance in these children. Malnutrition remains a health problem in children aged 6 to 59 months. This is exacerbated by salmonella infections, where better management requires the determination of the sensitivity profile of the isolated germs to antibacterial agents. This study highlights a significant correlation between precarious nutritional status and the increased prevalence of antibiotic resistant bacterial strains in children.
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