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ABSTRACT
Background: Acute gastroenteritis remains a leading cause of morbidity and mortality among children under five years, particularly in low- and middle-income countries where poor sanitation, unsafe water, and inadequate hygiene promote disease transmission. This study investigated the bacterial, viral, fungal, and protozoal pathogens associated with acute gastroenteritis among children under 5 years of age in Nasarawa West, Nigeria, and evaluated their antibiotic susceptibility profile.
Methods: A hospital-based cross-sectional study analysed 420 diarrheic stool samples collected from children aged 0–5 years attending five health facilities between July 2024 and August 2025. Demographic and clinical information were obtained using structured questionnaires. Stool samples were analysed using standard microbiological and biochemical methods. Data were analysed using Chi-square, Fisher’s exact, and Cochran–Armitage tests, with statistical significance set at P < 0.05.
Results: Of the 420 samples analysed, 355 (84.5%) yielded diarrhoeagenic pathogens. Escherichia coli was the most prevalent bacterial pathogen (27.4%), followed by Salmonella typhi (2.4%) and Shigella species (1.7%). Among protozoa, Entamoeba histolytica (12.9%) predominated, while Candida albicans accounted for 14.3% of isolates. Rotavirus was the most common viral pathogen (15.2%). Coinfections involving E. coli, E. histolytica, and C. albicans occurred in 15.5% of cases (P < 0.05). Infection was significantly associated with age (25–36 months), and male sex (P < 0.05). Rotavirus infection was significantly lower among vaccinated children (3.2%) compared with unvaccinated children (20.4%) (P < 0.05). High resistance rates were observed against amoxicillin (84.3%), ceftriaxone (81.7%), ofloxacin (79.1%), gentamicin (76.5%), and ceftazidime (75.7%). Salmonella typhi and Shigella species showed extensive multidrug resistance, whereas imipenem demonstrated the highest susceptibility across isolates.
Conclusion: Enteric pathogens and multidrug-resistant bacteria remain highly prevalent among children under five in Nasarawa West. Strengthening antimicrobial stewardship, improving diagnostic capacity, enhancing vaccination coverage, and implementing community-led sanitation interventions are critical to reducing diarrheal disease burden in the region.
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Background
[bookmark: _Hlk211497743]Children aged less than 5 years, especially in low-and middle-income countries, are reported to be most affected by acute gastroenteritis. Limited access to potable water, poor sanitation, inadequate hygiene, and food and product contamination exacerbates the situation, leading to morbidity and mortality (Farfán-García et al., 2020; Bose et al., 2024). The infectious nature of childhood diarrhoea, and its resultant high morbidity and mortality, is dictated by a plethora of microbial agents, each employing distinct pathogenic mechanisms that lead to fluid loss, nutrient malabsorption, and, critically, severe dehydration (World Health Organisation: WHO, 2021; Cohen et al., 2022). Understanding this etiology is the foundation for designing effective public health and clinical interventions. The primary pathogens can be broadly categorised into viral, bacterial, and parasitic agents, whose epidemiological dominance varies by region, season, and the age of the child. The most common viral pathogens are rotavirus, norovirus, adenovirus and astrovirus (Mokomane et al., 2018; Das et al., 2024). Bacterial pathogens include Escherichia coli, Salmonella species, Shigella species, Vibrio cholerae and Campylobacter species, while parasitic pathogens include Cryptosporidium, Giardia, and Entamoeba species (Shrestha et al., 2022). Rotavirus and Escherichia coli are the most common pathogens among children across all age groups, while parasitic pathogens are prevalent in children aged 3 to 5 years (Afum et al., 2022). The true burden of microbial-associated gastroenteritis is frequently underestimated due to under-reporting, especially at the level of primary health centres (PHCs), resulting from weak surveillance systems, limited health-seeking behaviour, and poor documentation practices, among others (Wiens et al., 2025). This leads to unregulated antibiotic use, with implications for antimicrobial resistance (Olagunju et al., 2025). Although diarrheal disease is reported to be prevalent in Nasarawa State, most reports focus on identifying a single causative pathogen in tertiary hospitals. This study explores the diversity and seasonal variations of diarrheal pathogens alongside their antibiotic susceptibility profiles. Our findings provide the evidence needed to strengthen surveillance, improve diagnostics, and promote the rational use of antimicrobials in the study area.
Materials and methods 
Study Location and Population
Selected hospitals in Nasarawa West of Nasarawa State, which is located in the North Central region of Nigeria, with coordinates 8°32′ N and  8°18′ E. It has an estimated population of 2.8 million based on projections by the National Population Commission (NPC) and a total area of 27,1117 km2 (10,470 sqm) comprising 13 local Government areas (Nasarawa State Population [NSP], 2023). It is bounded in the north by Kaduna State, in the west by Abuja (FCT), in the south by Kogi and Benue, and in the east by Taraba and Plateau states. It lies within the Guinea Savannah region and has a tropical climate (Sufiyan et al., 2020). The study participants were children aged 0-5 years with gastroenteritis.







[image: ]
Fig. 1. Map of Nasarawa State with sampling sites highlighted (NigeriaGalleria, n.d)





Study Design 
This study was cross-sectional and hospital-based. Stool samples were collected from selected hospitals in the Nasarawa West Senatorial District, namely, Federal Medical Centre Keffi (FMCK), Primary Healthcare Clinic Garaku (PHCG), Primary Healthcare Clinic Panda (PHCP), and Primary Healthcare Clinic Laminga (PHCL), from July 2024 to August 2025. Demographic and clinical information was obtained by the use of a questionnaire following consent.
Inclusion and Exclusion Criteria.
Children aged 0-5 who presented with gastroenteritis and gave consent were enrolled for the study, while those who did not present with gastroenteritis, who were on antibiotic treatment and those who were older than 5 years were excluded. 

Sample Size Estimation. 
A prevalence rate of 44.4% previously reported by Omotade et al. (2023) was used to estimate a minimum of 416 samples with the aid of the formula described by Bolarinwa (2020) as follows;
N = Z²pq/ d²                                                                                                         
Where, N = Sample size Z = Statistics for a level of 95% confidence interval = 1.96 
P = prevalence rate of rotavirus infection from previous studies = 25% (Omotade et al., 2023).
d = level of significance (allowable error) = 5% or 0.05 q = 1-p 
[bookmark: _Hlk164580635]Thus, N= (1.96) ² × 0.444 × (1-0.44) 
   (0.05) ² 

= 3.8416 × 0.444 × 0.556 
                  0.0025
 
=    379.3 ≈ 379
N = 379 
However, the actual sample size is equal to the calculated sample size + 10% Attrition rate. But 10% Attrition rate = 37.9
Therefore, actual sample size = 379 + 37.9 = 416

N = 416
To increase the chances of detection, the number of samples was increased to 420.
Sample Collection and Storage.
The 420 diarrheic stool samples were collected from children aged 0-5 from the different hospitals into sterile wide-mouth universal containers and labelled accordingly while taking note of the colour and texture. They were transported to the Federal Medical Centre Keffi laboratory in an ice box for analysis (Ghapoutsa et al., 2021; Omosigho et al., 2024).
Macroscopic Examination: 
The visual assessment of collected stool samples was carried out for colour, consistency, mucus, pus, smell and presence of adult worms or blood (Hasan et al., 2023). 

Microscopic Examination: 
Wet mount: One drop of the mixed diarrheic stool sample was picked up using a disposable Pasteur pipette and mixed with a drop of normal saline on a clean glass microscopic slide. 
The mixture was emulsified for 2 to 3 seconds to produce a homogenate, and a cover slip was placed on it. This was mounted on a microscope stage for observation using a times forty (X40) objective, to locate the egg, cyst, ova and live parasites. This was repeated using Dobell iodine to examine the nuclei of cysts and to stain the glycogen (Duguma et al., 2023).

Sedimentation method: A modification of the method used by Garcia et al. (2017) was carried out by adding one milliliter of the mixed diarrheic stool to 7 milliliters of distilled water in a centrifuge tube, after which it was emulsified with a stick for two to three seconds. 
The suspension was centrifuged at 4000rpm for five minutes to separate the sediment from the supernatant, and the supernatant was discarded. 
[bookmark: _Hlk210418119]The sediments were smeared on two different slides, each containing normal saline and Dobell iodine. The ova and cysts of parasites were identified using standard morphological keys (size, shape, thickness of the ova, colour, and presence of special features such as polar filament) (Adebambo et al., 2023; Autier et al., 2022). For the detection of Cryptosporidium species, a stool smear was made on a clean glass slide and allowed to dry. The dried smear was fixed in methanol for 3 minutes, followed by staining with strong carbol fuchsin for 20 minutes and then rinsing it with tap water. The smear was counterstained with methylene blue for 60 seconds, then rinsed with tap water, and then dried. Examination of the slides was done using x40 and x100 objectives (Bejide et al., 2023).
Isolation and Identification of Bacteria and Yeast
The diarrheic stool samples were aseptically streaked onto Eosin Methylene Blue, MacConkey, and Sabouraud Dextrose agars, while a portion was enriched in Rappaport Vassiliadis R10 broth; all were incubated at 37 °C overnight. Following enrichment, the broth was sub-cultured onto XLD and Salmonella-Shigella agars. Presumptive isolates were identified by colony morphology and stored on nutrient agar slants for biochemical characterization. Gram staining, motility test and microscopic observation were carried out. The biochemical tests carried out were: oxidase test, urease test, indole test, citrate test, sugar fermentation test, TSIA (Triple Sugar Iron Agar), methyl red test, Voges-Proskauer test and germ tube test for Candida albicans identification. The tested isolates were stored on nutrient agar slants for further use (Chauhan & Jindal, 2020; Aryal, 2022; Dirisu et al., 2024; Zakou et al., 2024).
[bookmark: _Hlk223183339]Detection of Rotavirus, Adenovirus and Norovirus 
Detection of rotavirus, adenovirus and norovirus was performed using a commercially available CerTest ROTA+ADENO+NORO one-step combo card test (Certest Biotec S.L, Spain) following the manufacturer’s instructions. The results were read at 15 minutes by observing the test and control windows for the appearance or absence of a pink line. The presence of a pink line in any of the test windows with a control line indicated a positive test for that virus.
Antibiotic Susceptibility Testing 
[bookmark: _Hlk223183161][bookmark: _Hlk223781573]Antibiotic susceptibility profile of all isolates of Escherichia coli, Salmonella typhi and Shigella species was determined by the modified Kirby-Bauer disk diffusion method as recommended by the Clinical Laboratory Standard Institute, CLSI (CLSI, 2021). 
The following commercially available antimicrobial disks (Oxoid, UK) were used: ceftazidime (30 µg), cefuroxime (30 µg), gentamicin (10 µg), ceftriaxone (30 µg), ofloxacin (5 µg), augmentin (30 µg), streptomycin (30 µg), ciprofloxacin (5 µg), imipenem (30 µg), chloramphenicol (30 µg), and amoxicillin (30 µg). The isolates were standardised to 0.5 McFarland equivalence and aseptically inoculated on prepared Muller-Hinton agar using a swab stick (Jafari et al., 2021). The antibiotic disks were aseptically placed on the Muller-Hinton agar plates and incubated overnight at 37 °C. The inhibition zone diameters were measured, recorded and interpreted using the standard antibiotic breakpoints of Clinical and Laboratory Standards Institute (CLSI, 2021).
Statistical Analysis
[bookmark: _Hlk222666468]The Chi-square test, Fisher’s exact test, and Cochran-Armitage test were used to test independence and trends using the IBM SPSS Statistics package for Windows, Version 29.0 (IBM Corp., Armonk, NY, USA). Statistical significance was defined as P < 0.05, and 95% confidence intervals were reported where applicable. Descriptive statistics, like frequency and percentages, were used to summarise the collected data.
Results 
Overall Distribution and Prevalence of Enteric Pathogens
[bookmark: _Hlk223184851][bookmark: _Hlk223184939]Of the 420 stool samples analysed, a total of 355(84.5%) isolates were identified as diarrhoea-causing pathogens. There was a statistically significant prevalence, and the distribution of these isolates demonstrated a highly polymicrobial etiology, with bacterial pathogens dominating. Presumptive diarrheagenic Escherichia coli (DEC) had the highest 115(27.4%), followed by Salmonella typhi 10(2.4%), and Shigella species 7(1.7%). The highest pathogenic protozoa identified was Entamoeba histolytica 54(12.9%), followed by Giardia lamblia 18(4.3%) and Cryptosporidium species 7(1.7%). While Candida albicans was 60(14.3%). Regarding enteric viral pathogens, Rotavirus was the most prevalent, at 64 (15.2%), followed by Adenovirus at 12(2.9%) and Norovirus at 8(1.9%). Cases of coinfection, particularly with Escherichia coli, Entamoeba histolytica, and Candida albicans, were detected 65(15.5%) (χ² = 334.08, df = 10, P < 0.001) (Table 1).






[bookmark: _Hlk219707967]

Table 1. Overall Distribution and Prevalence of Diarrhoea-causing Enteric Pathogens Detected (n = 420).
	Organism
	Number isolated
	Percentage (%)
	P value

	Escherichia coli
	115
	27.4
	<0.001

	Salmonella typhi
	10
	2.4
	<0.001

	Shigella species
	7
	1.7
	<0.001

	Entamoeba histolytica
	54
	12.9
	<0.001

	Giardia lamblia
	18
	4.3
	<0.001

	Cryptosporidium species
	7
	1.7
	<0.001

	Candida albicans
	60
	14.3
	<0.001

	Rotavirus
	64
	15.2
	<0.001

	Adenovirus
	12
	2.9
	<0.001

	Norovirus
	8
	1.9
	<0.001

	Co-infection 
(E. coli, E. histolytica, & C. albicans)
	65
	15.5
	<0.001


*P-values based on Chi-square goodness-of-fit test (χ² = 334.08, df = 10)








[bookmark: _Hlk223882404]Prevalence of Enteric Pathogens Isolated According to the Age and Gender of the Children
In the current study, a significant association between the prevalence of the isolated enteric pathogens and gender was observed (P < 0.05) (Table 2). Out of the 420 stool samples examined, children aged between 25-36 months had a higher prevalence (86.1%) followed by those aged 37-48 months (54.5%), 13-24 months (50.0%) and 49-60 months (47.4%), while those aged 0-12 months had the least prevalence (23.1%). Males had a higher prevalence of (60.9%) compared to females (34.1%).
[bookmark: _Hlk217813612]
















Table 2. Prevalence of Enteric Pathogens Isolated According to the Age and Gender of the Children
	Age group (Months)
	Number examined
	Number negative
	Number positive
	Prevalence
	P value

	0-12
	52
	40
	12
	23.1%
	[bookmark: _Hlk219656110]<0.0001†

	13-24
	92
	46
	46
	50.0%
	

	25-36
	36
	5
	31
	86.1%
	

	37-48
	124
	57
	67
	54.5%
	

	49-60
	116
	61
	55
	47.4%
	

	Gender
	
	
	
	
	

	Males
	253
	99
	154
	60.9%
	<0.0001‡

	Females
	167
	110
	57
	34.1%
	


†Cochran-Armitage test for trends across age groups; ‡ Chi-square test for gender comparison





[bookmark: _Hlk223882582]Association between Seasonal Variation and Distribution of Enteric Pathogens Isolated 

In this study, seasonal variation significantly influenced the distribution of enteric pathogens among children under five years (χ² = 65.30, df = 18, P < 0.05) (Table 3). Bacterial and protozoan pathogens such as Escherichia coli (59.1%), Salmonella typhi (60%), Shigella spp. (71.4%), and Entamoeba histolytica (62.9%) were more frequently isolated during the rainy season. Candida albicans (46.7%) also had a distinct spike during the rainy season.  On the contrary, rotavirus (53.1%), adenovirus (41.7%) and norovirus (62.5%) showed higher prevalence during the harmattan season. 























Table 3. Association between Seasonal Variation and Distribution of Enteric Pathogens Isolated.

	Pathogen 
	Rainy season 
	(%)
	Dry season
	(%)
	Harmattan 
	(%)
	Total

	Escherichia coli
	68
	59.1
	37
	32.2
	10
	8.7
	115

	Salmonella typhi
	6
	60
	3
	30
	1
	10
	10

	Shigella spp.
	5
	71.4
	1
	14.3
	1
	14.3
	7

	Candida albicans
	28
	46.7
	18
	30
	14
	23.3
	60

	Entamoeba histolytica
	34
	62.9
	12
	22.2
	8
	14.8
	54

	Giardia lamblia
	10
	55.6
	6
	33.3
	2
	11.1
	18

	Cryptosporidium spp.
	4
	57.1
	2
	28.6
	1
	14.3
	7

	Rotavirus
	16
	25
	14
	21.9
	34
	53.1
	64

	Adenovirus	
	4
	33.3
	3
	25
	5
	41.7
	12

	Norovirus 
	2
	25
	1
	12.5
	5
	62.5
	8


Chi-square test: (χ² = 65.30, df = 18, P < 0.001)


[bookmark: _Hlk223882688]Antibiotic Susceptibility Profile of Presumptive Diarrheagenic Escherichia coli Isolated from Diarrheic Stool Samples.
All the tested antimicrobial agents showed statistically significant deviation from an equal distribution of susceptibility categories (P < 0.05). High levels of resistance were observed against commonly used antibiotics, particularly amoxicillin (84.3%), ceftriaxone (81.7%), ofloxacin (79.1%), gentamicin (76.5%), and ceftazidime (75.7%). Furthermore, moderate resistance rates were recorded for cefuroxime (58.3%), chloramphenicol (57.4%), and ciprofloxacin (67.8%). In contrast, Imipenem demonstrated the highest susceptibility rate (65.2%), followed by erythromycin (54.8%), indicating relatively better effectiveness against Escherichia. coli isolates (Table 4).
















Table 4. Antibiotic Susceptibility Profile of Escherichia coli Isolated from Diarrheic Stool Samples 
	Antimicrobial agent
	Disc (µg)
	Sensitive n (%)
	Intermediate n (%)
	Resistant n (%)
	χ² (df = 2)
	P-value

	Amoxicillin
	30
	15 (13.0)
	3 (2.6)
	97 (84.3)
	132.4
	<0.001

	Augmentin
	30
	54 (47.0)
	10 (8.7)
	51 (44.3)
	34.6
	<0.001

	Ceftazidime
	30
	10 (8.7)
	18 (15.7)
	87 (75.7)
	96.8
	<0.001

	Ceftriaxone
	30
	12 (10.4)
	9 (7.8)
	94 (81.7)
	116.2
	<0.001

	Cefuroxime
	30
	42 (36.5)
	6 (5.2)
	67 (58.3)
	45.1
	<0.001

	Chloramphenicol
	30
	32 (27.8)
	17 (14.8)
	66 (57.4)
	29.3
	<0.001

	Ciprofloxacin
	5
	23 (20.0)
	14 (12.2)
	78 (67.8)
	55.8
	<0.001

	Erythromycin
	20
	63 (54.8)
	13 (11.3)
	39 (33.9)
	31.9
	<0.001

	Gentamicin
	10
	6 (5.2)
	21 (18.3)
	88 (76.5)
	97.4
	<0.001

	Imipenem
	10
	75 (65.2)
	23 (20.0)
	17 (14.8)
	48.6
	<0.001

	Ofloxacin
	5
	5 (4.3)
	19 (16.5)
	91 (79.1)
	109.5
	<0.001

	Streptomycin
	30
	27 (23.5)
	7 (6.1)
	81 (70.4)
	66.3
	<0.001






Antibiotic Susceptibility Profile of Salmonella typhi Isolated from Diarrheic Stool
The Salmonella typhi isolates demonstrated high levels of resistance to several commonly used antibiotics. Complete resistance (100%) was observed against cefuroxime, ciprofloxacin, erythromycin, and streptomycin (P < 0.05). Resistance to third-generation cephalosporins was also substantial, particularly ceftriaxone (90.0%) and ceftazidime (80.0%). Imipenem showed the highest level of sensitivity, with 70.0% of isolates remaining susceptible (P < 0.05). Augmentin and chloramphenicol exhibited mixed susceptibility patterns with no statistically significant relationship (P > 0.05 and P > 0.05, respectively) (Table 5).

















Table 5 Antibiotic Susceptibility Profile of Salmonella typhi Isolated from Diarrheic Stool 
	Antimicrobial agent
	Disc (µg)
	Sensitive n (%)
	Intermediate n (%)
	Resistant n (%)
	χ² (df = 2)
	P-value

	Amoxicillin
	30
	2 (20.0)
	1 (10.0)
	7 (70.0)
	5.6
	0.018

	Augmentin
	30
	5 (50.0)
	2 (20.0)
	3 (30.0)
	1.4
	0.50

	Ceftazidime
	30
	1 (10.0)
	1 (10.0)
	8 (80.0)
	7.4
	0.006

	Ceftriaxone
	30
	1 (10.0)
	0 (0.0)
	9 (90.0)
	10.6
	0.001

	Cefuroxime
	30
	0 (0.0)
	0 (0.0)
	10 (100)
	20.0
	<0.001

	Chloramphenicol
	30
	3 (30.0)
	2 (20.0)
	5 (50.0)
	0.8
	0.67

	Ciprofloxacin
	5
	0 (0.0)
	0 (0.0)
	10 (100)
	20.0
	<0.001

	Erythromycin
	20
	0 (0.0)
	0 (0.0)
	10 (100)
	20.0
	<0.001

	Gentamicin
	10
	2 (20.0)
	1 (10.0)
	7 (70.0)
	5.6
	0.018

	Imipenem
	10
	7 (70.0)
	1 (10.0)
	2 (20.0)
	4.6
	0.032

	Ofloxacin
	5
	2 (20.0)
	4 (40.0)
	4 (40.0)
	0.8
	0.67

	Streptomycin
	30
	0 (0.0)
	0 (0.0)
	10 (100)
	20.0
	<0.001






Antibiotic Susceptibility Profile of Shigella Species Isolated from Diarrheic Stool
The Shigella species demonstrated extremely high resistance levels to most tested antibiotics. Complete resistance (100%) was observed against amoxicillin, ceftriaxone, chloramphenicol, ciprofloxacin, ofloxacin, and streptomycin (P < 0.05). High resistance was also recorded for Augmentin (71.4%), cefuroxime (71.4%), and gentamicin (85.7%). Imipenem showed the highest susceptibility activity, with 57.1% of isolates remaining susceptible (P < 0.05). Erythromycin and ceftazidime exhibited mixed susceptibility patterns. There was no statistical significance (P > 0.05 and P > 0.05) (Table 6).




















Table 6. Antibiotic Susceptibility Profile of Shigella Species Isolated from Diarrheic Stool 
	Antimicrobial agent
	Disc (µg)
	Sensitive n (%)
	Intermediate n (%)
	Resistant n (%)
	χ² (df = 2)
	P-value

	Amoxicillin
	30
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001

	Augmentin
	30
	2 (28.6)
	0 (0.0)
	5 (71.4)
	3.4
	0.034

	Ceftazidime
	30
	1 (14.3)
	2 (28.6)
	4 (57.1)
	1.1
	0.58

	Ceftriaxone
	30
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001

	Cefuroxime
	30
	1 (14.3)
	1 (14.3)
	5 (71.4)
	2.6
	0.047

	Chloramphenicol
	30
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001

	Ciprofloxacin
	5
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001

	Erythromycin
	20
	1 (14.3)
	3 (42.9)
	3 (42.9)
	0.6
	0.74

	Gentamicin
	10
	1 (14.3)
	0 (0.0)
	6 (85.7)
	6.3
	0.012

	Imipenem
	10
	4 (57.1)
	1 (14.3)
	2 (28.6)
	2.6
	0.049

	Ofloxacin
	5
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001

	Streptomycin
	30
	0 (0.0)
	0 (0.0)
	7 (100)
	14.0
	<0.001







Comparative MDR, XDR, and PDR Classification of Enteric Bacterial Pathogens (n = 115 for Escherichia coli, n = 10 for Salmonella typhi, n = 7 for Shigella species)
Multidrug resistance (MDR) is ubiquitous among enteric bacterial pathogens in this study, with all three organisms exhibiting resistance to ≥ 3 antimicrobial classes. Escherichia coli exhibited widespread multidrug resistance, with resistance to six of the nine classes, particularly for amoxicillin (84.3%), ceftriaxone (81.7%), ofloxacin (79.1%), and gentamicin (76.5%). suggesting potential XDR.
Extensively drug-resistant (XDR) patterns were phenotypically observed in Salmonella typhi, as complete resistance to cefuroxime, ciprofloxacin, erythromycin, and streptomycin (100%) was observed. Resistance to third-generation cephalosporins was high (ceftriaxone 90%, ceftazidime 80%). Carbapenems retained activity (70% susceptibility for imipenem). 
The seven Shigella isolates showed extensive resistance to most antibiotic classes, including penicillins, cephalosporins, fluoroquinolones, aminoglycosides, and phenicols, with rates ranging from 71.4–100%. Imipenem was the only class with retained susceptibility (57.1%). MDR and XDR patterns were observed.
[bookmark: _Hlk223870706]No pan-drug resistance (PDR) was detected, as carbapenems retained substantial activity in all organisms (Table 7).
















[bookmark: _Hlk219834609]Table 7. Comparative MDR, XDR, and PDR Classification of Enteric Bacterial Pathogens (n = 115 for Escherichia coli, n = 10 for Salmonella typhi, n = 7 for Shigella species)
	Antimicrobial Class
	E. coli Resistance (%)
	Salmonella typhi Resistance (%)
	Shigella Resistance (%)
	Interpretation

	Penicillins
	84.3
	70.0
	100
	High to very high resistance in all three organisms

	β-lactam/β-lactamase inhibitor
	44.3
	30.0
	71.4
	Moderate to high resistance

	Cephalosporins (2nd generation)
	58.3
	100
	71.4
	High to very high resistance

	Cephalosporins (3rd generation)
	81.7
	90.0
	100
	Very high resistance

	Fluoroquinolones
	79.1
	100
	100
	Very high resistance

	Aminoglycosides
	76.5
	70.0
	85.7
	High to very high resistance

	Macrolides
	33.9
	100
	42.9
	Moderate to high resistance; Salmonella is most resistant

	Phenicols
	57.4
	50.0
	100
	High to very high resistance

	Carbapenems
	14.8
	20.0
	28.6
	Low resistance; most effective class across organisms


Summary of MDR, XDR, and PDR Across Enteric Bacterial Pathogens: 
Escherichia coli; MDR present, XDR; suggestive, PDR; not detected.
Salmonella typhi; MDR present, XDR; present, PDR; not detected
Shigella species; MDR present, XDR; present, PDR; not detected 





Discussion
[bookmark: _Hlk223791167]A total of 355 (84.5%) isolates were identified as diarrhoea-causing pathogens out of the 420 stool samples analysed. Presumptive Escherichia coli had the highest (27.4%), followed by Salmonella typhi (2.4%), and Shigella species (1.7%). The highest pathogenic protozoa identified were Entamoeba histolytica (12.9%), followed by Giardia lamblia (4.3%) and Cryptosporidium species (1.7%), while Candida albicans was 60(14.3%). Rotavirus was the most prevalent viral pathogen, at 64 (15.2%), followed by Adenovirus at 12 (2.9%) and Norovirus at 8 (1.9%). A similar high prevalence of Escherichia coli (65.8%) has been reported by Akinlabi et al. (2023) in Ibadan, Nigeria, and Omotade et al. (2023) in Ile-Ife, Nigeria, who reported that at least one pathogen was detected in 63 (60.6%) children with gastroenteritis. A lower prevalence of 34.3% was, however, reported by Ablaku et al. (2018) in Nasarawa and 31.6% by Nakano et al. (2025) in Katsina. Cases of coinfection, particularly with Escherichia coli, Entamoeba histolytica, and Candida albicans, were detected in 65 (15.5%). Similarly, Langendorf et al. (2015) reported a mixed infection at (10.3%), and Farfa´n-Garcı´a et al. (2020) detected a much higher rate of co-infection in 28% of cases.  Hugho et al. (2023) reported 26.03% of their study population had mixed infection. On the contrary, Belina et al. (2023) reported coinfection in 8.53% of the studied children. 
[bookmark: _Hlk223794331][bookmark: _Hlk223605546]In the current study, children aged 25-36 months (86.1%) were significantly affected by diarrheal disease compared to other age groups, with the least affected group being 0-12 months (23.1%). This observation has been attributed to the transfer of maternal antibodies through the placenta and breast milk to neonates, which gives protection against infectious diseases (Atyeo & Alter, 2021; Verhasselt et al., 2024). Interestingly, Ojobor et al. (2020) in Enugu, Nigeria, reported a higher prevalence of rotavirus (60.9%) among children aged 0-12 months. Similarly, Mbuthia et al (2018) reported a higher prevalence among children aged 0-12 months (35.6%) in central Kenya. On the contrary, several reports within and outside Nigeria have indicated that higher prevalence is seen among children older than 12 months (Jiwok et al., 2021; Hugho et al., 2023; Mafokane et al., 2023). Frequent hand-to-mouth behavior, the gradual loss of maternal antibodies, poor hygiene, and low socioeconomic status are responsible for frequent infection among young children (Ashenafi et al., 2024; Chakon et al., 2025). Males were more infected (60.9%) than females (34.1%). This trend has been reported by Omotade et al. (2023) in Ile-Ife, Nigeria, and Eze et al. (2023) in Awka, Nigeria, as well as by other authors (Kiiru et al., 2024; Kombat et al., 2024). In contrast, Dirisu et al. (2024) in Nigeria observed that females (55.2%) were more likely to be positive for enteric pathogens compared to their male counterparts (44.8%) among the studied population. Care-seeking patterns, biological and cultural practices contribute to differences in prevalence regarding gender (Jarman et al., 2018; Thurstan et al., 2022). 
A significant association between seasonal variations and enteric pathogen distribution among children under five years (P < 0.05) was observed, indicating non-random variation in pathogen occurrence across rainy, dry, and harmattan seasons. Bacterial and protozoan pathogens such as Escherichia coli, Salmonella typhi, Shigella spp., and Entamoeba histolytica were more frequently isolated during the rainy season. This pattern may reflect the increased contamination of water sources due to rainfall, surface runoff, and flooding (Abdulrahim et al., 2022; Amisu et al., 2023; Acosta-España et al., 2024). There is also evidence that open defecation and poor sanitation are strongly correlated with enteric infections, suggesting that environmental hygiene plays a critical role in pathogen transmission (Ali et al., 2022).
Antibiotic susceptibility testing was carried out, with high levels of resistance observed with commonly used antibiotics in Nasarawa West. Escherichia coli isolates were resistant to amoxicillin (84.3%), ceftriaxone (81.7%), ofloxacin (79.1%), gentamicin (76.5%), and ceftazidime (75.7%). In contrast, Imipenem demonstrated the highest susceptibility rate (65.2%), followed by erythromycin (54.8%), indicating relatively better effectiveness. Salmonella typhi isolates demonstrated complete resistance (100%) to cefuroxime, ciprofloxacin, erythromycin, and streptomycin (P < 0.05). Resistance to third-generation cephalosporins was also substantial, particularly ceftriaxone (90.0%) and ceftazidime (80.0%). Imipenem showed the highest level of sensitivity, with 70.0% of isolates remaining susceptible. A similar trend was observed for Shigella species, where a complete resistance (100%) to amoxicillin, ceftriaxone, chloramphenicol, ciprofloxacin, ofloxacin, and streptomycin was observed (P < 0.05). Similarly, Augmentin (71.4%), cefuroxime (71.4%), and gentamicin (85.7%) were all resistant. Imipenem showed the highest susceptibility activity, with 57.1% of isolates remaining susceptible (P < 0.05). Overall, imipenem was effective against the three isolates. Similarly, in their study, David et al. (2025) reported that none of the diarrheagenic Escherichia coli isolated was resistant to imipenem. Imipenem’s potency compared to cephalosporins in treating infections caused by Enterobacteriaceae is due to extreme stability against hydrolysis by beta-lactamase enzymes (Yang et al., 2022). In a study carried out in Kano, Nigeria by Ali et al. (2025), Escherichia coli showed high resistant to streptomycin (63.2%) and chloramphenicol (23.8%), Salmonella was resistant to streptomycin (78.3%), gentamicin (61.9%) and erythromycin (33.7%) while Shigella species were resistant to streptomycin (74.6%), gentamicin (76.6%) and ampicillin (54%). All the isolates were sensitive to ciprofloxacin, augmentin and nalidixic acid. Ashenafi et al. (2024) reported that ceftriaxone and ciprofloxacin were effective against Salmonella and six Shigella species isolated in their study. However, resistance was observed against amoxicillin/clavulanate, chloramphenicol, tetracycline, and gentamycin; nearly all patients were resistant to ampicillin and amoxicillin. Escherichia coli isolates showed susceptibility to all drugs tested. A similar resistance pattern was reported by Abbasi et al. (2020) in Iran and Mwirigi et al. (2025) in Kenya against Escherichia coli isolated from children with diarrhoea. In Yemen, AbdulMughni et al. (2024) detected high resistance of Salmonella isolates to tetracycline (29/81, 35.8%) but relatively low resistance to ciprofloxacin (7/81, 8.6%) and ceftriaxone (5/81, 6.3%). The difference in reported antibiograms across geographical locations is frequently attributed to a combination of laboratory methods, the specific antibiotics tested, and the underlying resistance mechanisms expressed by the bacterial isolates (Bhat et al., 2020; Wallace et al., 2020; Jian et al., 2021). 
Additionally, Multidrug resistance (MDR) was widespread among the enteric bacterial pathogens isolated in this study, with all three isolates exhibiting resistance to more than three antimicrobial classes. Our findings are consistent with recent studies from Nasarawa State that demonstrate high levels of resistance to first and second-line antibiotics among enteric bacteria, such as Salmonella typhi and Escherichia coli, in clinical settings. Ishaleku & Kaigama (2025) reported substantial resistance among Salmonella typhi isolates from general hospitals in the Nasarawa West Senatorial District, indicating ongoing challenges to effective therapy. Zakou et al. (2024) reported that more than 90% of Escherichia coli isolated from children with cases of diarrhoea in Nasarawa-South were multidrug-resistant. Garba et al. (2024) showed that isolates from diarrhoeagenic stools in hospitals in Lokoja, Nigeria, exhibited high levels of multidrug resistance, with a resistance index ranging from 0.4 to 0.7. Adesoji et al. (2020) found that two Escherichia coli and one Salmonella species isolated from diarrheal patients attending a general hospital in Katsina, Nigeria, were multidrug resistant. 
[bookmark: _GoBack]Abbasi et al. (2020) reported high levels of MDR (78.1%) in diarrheagenic Escherichia coli pathotypes in pediatric patients with gastroenteritis in central Iran. Heine et al. (2024) determined that all isolates (98.8 %) were categorised as MDR Escherichia coli isolated from South African children under 5 years old with diarrhoea. Furthermore, Sharif et al. (2023) reported MDR Escherichia coli, Salmonella typhi and Shigella isolates among children with diarrhoea in Bangladesh between 2019 and 2021. Monira et al. (2017) revealed that 78% of gut bacteria isolated from young children in Bangladesh were multidrug resistant. On the contrary, lower levels of MDR have also been reported. For instance, Kiiru et al. (2024) reported that (21%) bacterial isolates were multidrug-resistant in their study carried out in Kenya. Also, among the Enterobacteriaceae isolated, Escherichia coli accounted for 11.8% of MDR in a study among Vietnamese children having acute diarrhoea (Tran et al., 2026). The global AMR situation has been intensifying rapidly. According to recent WHO surveillance reports, one in six bacterial infections worldwide is now resistant to antibiotic treatment, with resistance rising by 5-15% annually, particularly affecting Gram-negative organisms such as Escherichia coli and Salmonella (Wise, 2025). Health systems, particularly in low and middle-income countries, such as Nigeria, are under increasing pressure, as diagnostic capacity is limited and empirical treatment remains common (Iheanacho & Eze, 2022; Viana et al., 2025). Despite the importance of accurate and prompt detection of the etiology of diarrheal diseases, they are not easily detectable, especially in low-income settings such as ours.
Conclusion 
[bookmark: _Hlk223797096][bookmark: _Hlk223797137][bookmark: _Hlk223797205][bookmark: _Hlk223779353][bookmark: _Hlk223797275]Diarrheal diseases remain a growing public health challenge, with sub-Saharan Africa and South Asia being the worst affected. An overall prevalence of 84.5% for enteric pathogens associated with diarrhoea obtained in this study is higher than the national estimates of 18.8% to 31.8%. The outcome of this study suggests the endemicity of pathogenic enteric microorganisms in the study area and highlights the need to intensify efforts targeted towards reducing this prevalence. Our findings documented a high prevalence of MDR and phenotypically extensive drug-resistant enteric pathogens, with carbapenems remaining the most effective. This underscores the critical need for enhanced antimicrobial stewardship, improved diagnostics, expanded surveillance systems, and ensuring rational use of antimicrobials. Although this study used a hospital-based design, the prioritization of community-led total sanitation (CLTS) programs over general health education in Nasarawa West is important. 
Limitations 
[bookmark: _Hlk223867504]The current study was hospital-based; the outcomes do not reflect the broader community cases. Pathogenic strains of Escherichia coli were not identified, nor was the detection of Campylobacter species and other pathogenic bacteria associated with gastroenteritis in children. Also, we relied on caregivers' reports on rotavirus vaccination, as vaccination cards were not presented.
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