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Prevalence and Antimicrobial Resistance of Shigella and Salmonella Species Among Children Under Five with Diarrhoea in Enugu State, Nigeria


ABSTRACT
Background: Diarrheal diseases caused by Shigella and Salmonella species are a significant public health concern globally, particularly in children under five years. These pathogens are leading causes of morbidity and mortality, contributing to approximately 1.6 million deaths annually worldwide. This study aimed to determine the prevalence, antibiotic resistance patterns, and associated risk factors of Shigella and Salmonella species among children under five years presenting with diarrhea at ESUT Teaching Hospital, Park Lane, Enugu.
Study design: A hospital-based cross-sectional design was utilized.
Methodology: Stool samples and demographic data were collected from 100 children under five years attending the pediatric department. Samples were analyzed using microscopy, culture, Polymerase Chain Reaction (PCR), and the disk diffusion method for Antimicrobial Susceptibility Testing (AST). Data analysis involved descriptive statistics, inferential statistics (Chi-square test, Fisher's exact test), and multivariate analysis (logistic regression).
Results: Shigella species were not detected (0.0% prevalence), while Salmonella species were identified in 4 samples, resulting in a 4.0% prevalence rate. Salmonella was identified as the commonest bacterial pathogen in this population. Infection prevalence showed a borderline significant association with child age (3–5 years: 100.0% of cases, p = 0.050) and approached significance for residence type (rural areas: 75.0% of cases, p = 0.087). AST on Salmonella isolates showed 100% resistance to Nitrofurantoin, Chloramphenicol, and Clarithromycin. High resistance (75.0%) was also noted for Amoxicillin, Pefloxacin, Streptomycin, and Gentamicin. Ciprofloxacin demonstrated the highest sensitivity rate (75.0%).
Conclusion: The observed low prevalence of Shigella and Salmonella may be linked to improved water sanitation and hygiene practices, or effective public health interventions in the study area. However, the high antimicrobial resistance observed in Salmonella isolates to commonly prescribed drugs highlights the urgent need for continuous surveillance and the promotion of rational antibiotic use and alternative treatment strategies.
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INTRODUCTION
Diarrheal diseases are a significant public health concern globally, ranking among the leading causes of morbidity and mortality in children under five years (WHO, 2024). Worldwide, it is estimated that diarrheal diseases caused by pathogens such as Shigella and Salmonella species account for approximately 1.6 million deaths annually (Kotloff et al., 2017). These bacteria are identified as major causes of diarrhea in young children. Regionally, Africa is reported to have a Shigella prevalence rate of 15.6% (Nundwe et al., 2025). Furthermore, previous studies conducted across Nigeria have reported substantial and varying prevalence rates for Shigella (22.1–43.8%) and Salmonella (15.6–51.3%) among children suffering from diarrhea. Transmission of both pathogens occurs largely through the fecal-oral route, involving contaminated food, water, and hands (Ryabokon et al., 2020), with poor sanitation and hygiene practices identified as primary risk factors (Bocha et al., 2023). The consequences of these infections in young children are severe, including dehydration, malnutrition, stunting, and cognitive impairment (Suryawan et al., 2022). Children who are malnourished or immunodeficient are at increased risk for complications. A major challenge in the clinical management of these infections is the escalating threat of antimicrobial resistance (AMR). Multidrug resistance (MDR) is frequently reported, with regional studies indicating MDR rates of 55.6% for Salmonella and 71.4% for Shigella (Algammal et al., 2023). Globally, Salmonella has shown high resistance to Ampicillin and Chloramphenicol (Dessale et al., 2023). Regular surveillance of both the prevalence and the local antimicrobial resistance patterns of these bacteria is essential in managing diarrhea in young children. Given the significant burden of diarrheal diseases in Nigeria and the regional variation in pathogen prevalence (previous studies reporting Shigella 22.1–43.8% and Salmonella 15.6–51.3%) and diverse Antimicrobial Resistance (AMR) profiles, local data are critical for informing public health policies and clinical guidelines. Previous regional studies have indicated high Multidrug Resistance (MDR) rates (55.6% for Salmonella and 71.4% for Shigella). This study, therefore, sought to bridge the existing knowledge gap by determining the current, site-specific prevalence of Shigella and Salmonella species analyzing their local antimicrobial resistance patterns to commonly prescribed drugs, and identifying associated risk factors among children under five years with diarrhea at ESUT Teaching Hospital, Park Lane, Enugu.
MATERIALS AND METHODS
Study Design
This study employed a cross-sectional design to determine the prevalence of Shigella and Salmonella species among children under five years with diarrhea at ESUT Teaching Hospital Park Lane, Enugu.
Study Area
The study was conducted at ESUT Teaching Hospital Park Lane, Enugu, Nigeria. The hospital is a tertiary healthcare institution that provides medical services to children and adults.
Study Population
The study population consists of children under five years presenting with diarrhea at the hospital's pediatric department.
Sample Size
A sample size of 100 children under five years was recruited for the study. This sample size was determined using Cochrane’s formula for estimating a single population proportion: 
N=Z2⋅P(1−P)/ d2​.
This calculation was based on:
1. Estimated Prevalence (P): 50.0% (0.50). This value was chosen to maximize the sample size required for a fixed margin of error, ensuring adequacy, especially since previous studies reported prevalence rates for Salmonella and Shigella in Nigeria ranging substantially, up to 51.3%.
2. Confidence Level (Z): 95% (corresponding to Z-score = 1.96).
3. Margin of Error (d): 10% (0.10).
The resulting required sample size was 96 participants. Therefore, the recruitment of 100 participants confirmed that the sample size was statistically adequate for estimating the prevalence of Shigella and Salmonella species in this population.
Data Collection
Data was collected through: Stool sample collection, Questionnaire administration, Laboratory analysis. A structured questionnaire was used to collect demographic and clinical data from parents/guardians, including: Child's age, sex, and breastfeeding status; Water source and sanitation facilities; Antibiotic use; Symptoms and duration of diarrhea.
Laboratory Tests
Stool samples were analyzed for Shigella and Salmonella species using: Microscopy (Gram stain); Culture (Salmonella-Shigella agar); PCR (Polymerase Chain Reaction); Antimicrobial susceptibility testing (disk diffusion method). Microscopy and culture were used as initial screening steps to isolate and identify presumptive colonies. The final confirmation of the presence of Shigella and Salmonella species was achieved using Polymerase Chain Reaction (PCR).
Data/Sample Collectors
Trained research assistants were used to collect stool samples and administer questionnaires.
Inclusion and Exclusion Criteria
Inclusion criteria: Children under five years; Presenting with diarrhea; Attending ESUT Teaching Hospital Park Lane.
Exclusion criteria: Children with diarrhea due to known causes (e.g., rotavirus, cholera); Children with underlying medical conditions (e.g., HIV/AIDS, cancer); Children who have taken antibiotics, antidiarrheals, or antimalarial drugs in the past two weeks.
Sample Collection
Stool samples were collected from participants using sterile containers and transported to the laboratory for analysis.
Sample Analysis
Stool samples were analyzed within 2 hours of collection.
Data Analysis
Data was analyzed using SPSS version 27.0 and results were presented in: Descriptive statistics (frequency, percentage, mean, standard deviation); Inferential statistics (chi-square test, Fisher's exact test); and Multivariate analysis (logistic regression). Prior to inferential testing, continuous quantitative variables were assessed for normal distribution. Appropriate non-parametric tests were selected where necessary, or data transformation methods were applied, although the primary focus of this study utilized categorical variables and prevalence measures.



RESULTS
Table 1: Prevalence of Shigella and Salmonella species among children under five years with diarrhea.

	[bookmark: _Hlk180289843]Variables
	Prevalence

	
	N
	%

	Stool samples examined

	100
	100.0

	Presence of Shigella species
	0
	0.0

	Presence of Salmonella species
	4
	4.0



Table 1 shows the prevalence of Shigella and Salmonella species among children under five years with diarrhea. The analysis of 100 stool samples revealed that Shigella species were not detected (0.0% prevalence), while Salmonella species were identified in 4 samples, resulting in a prevalence rate of 4.0%.


Table 2: Risk factors associated with Shigella and Salmonella infections among children under five years with diarrhea.
	Variables
	Frequency (%)
	Shigella/Salmonella
Yes (%)                  No(%)
	χ2
	df
	P 

	Age
<1 year
1-3 years
3-5 years
	
16(16.0)
43(43.0)
41(41.0)
	
0(0.0)
0(0.0)
4(100.0)
	
16(16.7)
43(44.8)
37(38.5)
	

5.996
	

2
	

0.050

	Gender
Male
Female
	
53(53.0)
47(47.0)
	
2(50.0)
2(50.0)
	
51(53.1)
45(46.9)
	
0.015
	
1
	
0.902

	Residence
Rural
Urban
	
35(35.0)
65(65.0)
	
3(75.0)
1(25.0)
	
32(33.3)
64(66.7)
	
2.930
	
1
	
0.087

	Immunization
Yes
No
	
77(77.0)
23(23.0)
	
2(50.0)
2(50.0)
	
75(78.1)
21(21.9)
	
1.715
	
1
	
0.190

	Type of Diarrhea

Bloody
Mucoid
Watery
	

12(12.0)
53(53.0)
35(35.0)
	

0(0.0)
2(50.0)
2(50.0)
	

12(12.5)
51(53.1)
33(34.4)
	


0.775
	


2
	

‘
0.679

	Frequency of Diarrhea
Once
Twice
Thrice and above
	
63(63.0)
28(28.0)
9(9.0)
	
3(75.0)
1(25.0)
0(0.0)
	
60(62.5)
27(28.1)
9(9.4)
	

0.484
	

2

	
	
	
	
	
	
	0.785

	Source of water
Improved
Unimproved
	
63(63.0)
37(37.0)
	
1(25.0)
3(75.0)
	
62(64.6)
34(35.4)
	
2.581
	
1
	
0.108

	Contact with animals
Yes
No
	
89(89.0)
11(11.0)
	
1(25.0)
3(75.0)
	
86(89.6)
10(10.4)
	
0.834
	
1
	
0.361

	Previous history of Diarrhea
Yes
No
	

17(17.0)
83(83.0)
	

0(0.0)
4(100.0)
	

17(17.7)
79(82.3)
	

0.853
	

1
	

0.356

	Hand wash after using the toilet
Yes
No
	

81(81.0)
19(19.0)
	

3(75.0)
1(25.0)
	

78(81.3)
18(18.8)
	

0.097
	

1
	

0.755


χ2= Chi Square; 	df= degree of freedom; 		p=significant at <0.05 
Table 2 presents an analysis of risk factors associated with Salmonella infections among children under five years with diarrhea. Regarding associated risk factors, most variables assessed were not statistically significant (p > 0.05). However, the age of the child showed a borderline significant association (p=0.050), with all four positive cases occurring exclusively in children aged 3–5 years (100.0% of cases). Residence type also approached statistical significance (p=0.087), showing a higher infection prevalence in children from rural areas (75.0%) compared to those in urban areas (25.0%). Other factors, including gender, immunization status, type of diarrhea, source of water, and handwashing practices, showed no significant association with Salmonella infection (p > 0.05).
Table 3 Antimicrobial susceptibility pattern of Salmonella species isolated from children under five years with diarrhea.
	[bookmark: _Hlk183185218]Antibiotics
	Sensitive (%)
	Resistant (%)

	Nitrofurantoin
	0(0.0)
	4(100.0)

	Gentamicin
	1(25.0)
	3(75.0)

	Ciprofloxacin
	3(75.0)
	1(25.0)

	Chloramphenicol
	0(0.0)
	4(100.0)

	Ofloxacin
	2(50.0)
	2(50.0)

	Clarithromycin
	0(0.0)
	4(100.0)

	Pefloxacin
	1(25.0)
	3(75.0)

	Ceftriaxone
	2(50.0)
	2(50.0)

	Amoxicillin
	1(25.0)
	3(75.0)

	Streptomycin
	1(25.0)
	3(75.0)



[bookmark: _Hlk182625883]Table 3 presents the antimicrobial susceptibility pattern of Salmonella species isolated from children under five years with diarrhea. The Antimicrobial Susceptibility Testing (AST) performed on the four Salmonella isolates demonstrated high levels of resistance (Table 3). The isolates showed 100% resistance to Nitrofurantoin, Chloramphenicol, and Clarithromycin. High resistance (75.0%) was also noted for Amoxicillin, Pefloxacin, Streptomycin, and Gentamicin. Conversely, Ciprofloxacin demonstrated the highest sensitivity rate (75.0%), suggesting it may be a suitable treatment option. Ofloxacin and Ceftriaxone showed moderate sensitivity at 50.0% each
DISCUSSION
In Nigeria, diarrhea accounts for approximately 16% of under-five mortality, with Shigella and Salmonella species being major contributors. Thus, this Study sought to determine the prevalence, risk factors, and antimicrobial resistance patterns of Shigella and Salmonella species among children under five years with diarrhea attending ESUT Teaching Hospital, Park Lane.Out of 100 stool samples examined, Shigella species were not detected, indicating a prevalence of 0.0%. However, Salmonella species were identified in 4 samples, representing a prevalence rate of 4.0%. The findings of this study contradict those of Abebe et al. (2018), whose study reported a prevalence of Shigella species at 8.3%, and Dade et al. (2025), who recorded a prevalence of 6.3% for Salmonella and Shigella species among children under five with diarrhea. A much lower prevalence of 2.88% and 1.44% for Salmonella and Shigella species, respectively, was reported by Shalaby et al., 2022.
This little to no prevalence in both Salmonella and Shigella species may be attributed to improved water sanitation and hygiene practices. Okesanya et al. (2024) highlighted that enhanced sanitation infrastructure, such as access to clean drinking water, proper sewage disposal, and public awareness campaigns on hygiene, plays a critical role in reducing exposure to waterborne pathogens. Additionally, the absence of Shigella species could be influenced by the seasonal and regional variations in bacterial prevalence, as Badr et al. (2023) noted that the incidence of enteric pathogens like Shigella tends to vary with climatic factors such as temperature, rainfall, and humidity, which affect pathogen survival and transmission. Additionally, the reduced prevalence may also reflect the effectiveness of public health interventions. For instance, health education campaigns emphasizing handwashing with soap, as advocated by the World Health Organization, have been shown to drastically lower the risk of diarrheal diseases, which could explain the low prevalence observed in this study. Moreover, vaccination programs targeting common enteric pathogens, such as the Salmonella Typhi conjugate vaccine introduced in several regions, might have contributed to reduced Salmonella prevalence, as suggested by Andrews, et al. (2019). Finally, differences in study populations and sample collection methods could also explain the variation, as the inclusion criteria, diagnostic tools, and sampling locations significantly influence pathogen detection rates.
The study found a borderline significant association between a child’s age and infections (χ²=5.996, p=0.050), with all cases occurring in children aged 3–5 years (100.0%), while no infections were recorded among those under 3 years. This finding aligns with those of Assefa and Girma (2019) in Ethiopia, who reported that children aged 1–3 years were more susceptible to diarrhea caused by Salmonella. They attributed this to behaviors such as ingesting contaminated soil, food, and water, which increase exposure to pathogenic microbes, including Salmonella and Shigella spp.
Residence type also approached statistical significance (χ²=2.930, p=0.087), with a higher infection prevalence in rural areas (75.0%) compared to urban areas (25.0%). This finding is consistent with Assefa and Girma (2019), who reported that children from rural areas were more vulnerable to diarrhea caused by Salmonella and Shigella infections. This vulnerability may stem from lower awareness of personal hygiene and environmental sanitation, as well as limited access to health facilities in rural areas compared to urban settings.
Additionally, Hayamo et al. (2021) identified a high prevalence of Salmonella infections associated with mucoid diarrhea and a history of diarrhea. However, none of these variables were statistically significant in the current study. Hayamo et al.(2021) also found that watery diarrhea was significantly associated with Salmonella infections in Bahir Dar, Ethopia, which contrasts with the findings of this study.
In this study, gender, immunization status, type and frequency of diarrhea, water source, contact with animals, history of diarrhea, and handwashing practices were not statistically associated with Salmonella infections (p > 0.05). This may be due to the host's immune response and pathogen-specific factors. The ability of Salmonella to evade host immunity through mechanisms like intracellular survival in macrophages may overshadow the influence of some behavioral and environmental factors (Boyle et al., 2017). Additionally, variations in individual immunity due to previous subclinical exposure or vaccination, even if not fully protective, could reduce the clinical impact and statistical significance of these variables (WHO, 2018). Salmonella species isolated in this study exhibited 100% resistance to Nitrofurantoin, Chloramphenicol, and Clarithromycin. High resistance levels were also observed for Pefloxacin (75.0%), Amoxicillin (75.0%), Streptomycin (75.0%), and Gentamicin (75.0%). This finding partially aligns with those of Bazira et al. (2025), whose study showed a resistance to Chloramphenicol (53.4%) and Ciprofloxacin. However, unlike this study, their research demonstrated lower sensitivity for Ciprofloxacin, whereas in our study, Ciprofloxacin exhibited the highest sensitivity rate (75.0%), suggesting it could be a more effective treatment option.
On the other hand, Ofloxacin and Ceftriaxone showed moderate sensitivity rates of 50.0% each, while Gentamicin, Pefloxacin, Amoxicillin, and Streptomycin had lower sensitivity rates (25.0%). Therefore, the recommended antibiotics for Salmonella are Ceftriaxone and Ciprofloxacin (Sivanandy et al., 2024). Since no Shigella species were isolated in the study, no antimicrobial susceptibility testing was performed on them. 
CONCLUSION
This study has identified Salmonella species, compared to Shigella, as the primary bacterial pathogen in children under five years with diarrhea at ESUT Teaching Hospital, Park Lane. The observed low prevalence of both Salmonella and Shigella species may be attributed to improved water sanitation, hygiene practices, and the potential impact of public health interventions, such as vaccination programs and health education campaigns on handwashing. Additionally, variations in bacterial prevalence could be influenced by seasonal and regional factors. The study found that a child’s age and residence type were significant factors in infection prevalence, with children aged 3–5 years and those from rural areas being more susceptible to Salmonella infections.
The antimicrobial resistance patterns observed in this study show high resistance to commonly used antibiotics, including Nitrofurantoin, Chloramphenicol, and Clarithromycin, as well as moderate resistance to other antibiotics such as Ofloxacin and Ceftriaxone. This highlights the urgent need for continuous surveillance and antimicrobial susceptibility testing to guide effective treatment options. Given the rising resistance levels, it is crucial to promote rational antibiotic use and consider alternative treatment strategies for managing Salmonella infections.
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RECOMMENDATION
Based on the findings of this study, the following recommendations are proposed:
1. Health facilities should implement routine antimicrobial susceptibility testing for Salmonella species to guide the selection of effective antibiotics for treating infections. This will help reduce the misuse of antibiotics and prevent the development of resistance.
2. Public health initiatives should focus on promoting good sanitation, hygiene practices, and the importance of vaccination in preventing Salmonella infections. Educational campaigns on handwashing and the dangers of antibiotic misuse should be strengthened, especially in rural areas.
3. Policymakers and healthcare institutions should enhance antibiotic stewardship programs, particularly in settings with high antimicrobial resistance, to regulate the use of antibiotics such as Nitrofurantoin, Chloramphenicol, and Clarithromycin. This will reduce the prevalence of antibiotic-resistant Salmonella strains.
4. Further research should investigate the seasonal and regional variations in Salmonella prevalence to better understand the factors influencing infection rates. This can guide more targeted public health interventions and improve disease prevention strategies.
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