Bacterial and Protozoan Etiology of Acute Diarrhea Among Under-Five Children in Nasarawa West, Nigeria


Abstract 
Background: Diarrheal diseases continue to constitute challenges to public health globally, with children under five years in underdeveloped and developing countries being the most affected.
Aim: The current study aimed to determine the pathogenic bacterial and protozoan agents associated with acute diarrhea among children under five years, alongside possible factors that contribute to the continuous predisposition of diarrheal diseases in the study area.
Methodology: The study was a hospital-based cross-sectional study conducted from July 2024 to August 2025, which utilised 420 diarrheic stool samples of children aged 0-5 years. Demographics and clinical information about the children were obtained using a questionnaire. Diarrheic stools were analysed using standard microbiological methods. The Chi-square test, Fisher’s exact test, and Cochran-Armitage test were used to test independence and trends. Statistical significance was defined as P < 0.05, and 95% confidence intervals were reported where applicable. Descriptive statistics, such as percentages, were used to summarise the collected data.
Results: Overall, 211(50.2%) of the samples were positive for bacterial and protozoan pathogens, with presumptive diarrheagenic Escherichia coli (DEC) being the predominant enteric bacteria isolated (27.4%). Enteric protozoa were detected in (18.9%) of cases, with Entamoeba histolytica (12.9%) and Giardia lamblia (4.3%) being the most prevalent. Furthermore, 13.6% of the cases were co-infection specifically with presumptive diarrheagenic Escherichia coli (DEC) and Entamoeba histolytica. The highest enteric pathogen infection rates were in the 25-36-month age group (86.1%) (P < 0.05). A greater number of males were infected (60.9%) compared to females (34.1%) (P < 0.05). Furthermore, fever, vomiting, diarrhea episodes, sources of drinking water, and sanitary practices were associated with the rate of infection (P < 0.05).
Conclusion: The findings indicate the endemicity of pathogenic enteric bacteria and protozoa in the study area. The cases of co-infection suggest that the children are exposed to multiple sources of contamination. Although this study was a hospital-based design, the high correlation between open defecation and infection (74.6%) suggests that community-led total sanitation (CLTS) programs should be prioritised over general health education in Nasarawa West.
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Introduction 
[bookmark: _Hlk211497743]Diarrheal diseases continue to pose challenges to public health globally, with significant regional differences in prevalence, especially in developing countries (Worede et al., 2025).  Infectious diarrhea is a symptom associated with a host of bacterial, viral, and parasitic organisms, most of which are spread by feces-contaminated water. The passage of three or more loose stools or liquid stools per day is often encountered. The type of symptom and the duration are basically used to categorize diarrhea into 2 primary clinical types: the acute and chronic types. Acute diarrhea is a condition in which diarrhea lasts for 3 or more consecutive days, not exceeding 14 days (WHO, 2024). This type of diarrhea is not only the most prevalent but also poses a significant risk factor for undernutrition, severe dehydration, and mortality, particularly among children. Chronic diarrhea on the other hand, is long-term diarrhea that usually lasts more than 4 weeks and is not necessarily preceded by an initial severe episode of diarrhea. Chronic diarrhea can lead to digestive disorders that may harm the child's developmental trajectory (Sathiyasekaran et al., 2023; Kombat et al., 2024). Infection is more common when there is a shortage of adequate sanitation, hygiene, and safe water for drinking, cooking, and cleaning (Bose et al., 2024). Among children under 5 years of age, the most common viral pathogens are rotavirus, norovirus, adenovirus, and astrovirus (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). Escherichia coli is a common pathogen encountered among children across all age groups, while parasitic pathogens are prevalent in children aged 3 to 5 years (Afum et al., 2022). Diarrheal disease, although preventable, accounts for high morbidity and mortality among children under the age of 5 globally (second only to respiratory diseases), especially in low and middle-income countries due to inadequate access to clean water, sanitation, and hygiene. Diarrhea accounted for approximately 9% of all deaths among children under 5 worldwide in 2021 alone (Ugboko et al., 2020; WHO, 2024). In Nigeria, the national prevalence of diarrheal disease ranges from 18.8% to 31.8%, while it is estimated that 150000 children die annually (Amuche et al., 2022). Multiple pathogens in the stool samples of children with diarrhea are an indication of poor sanitation. This may have significant implications for disease management and patient outcomes (Hugo et al., 2023). 
The prompt detection of the etiologic agents of diarrheal diseases among children, as well as effective preventive measures, is important in the reduction of associated morbidity and mortality.

Materials and methods 
Study Location and Population
Selected hospitals in Nasarawa State, which is located in the middle belt region of North Central Nigeria, with coordinates 8°32′ N and  8°18′ E. Projections by the National Population Commission (NPC) estimates a total population of 2.8, 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 sites were Federal Medical Centre Keffi (FMCK), Primary Healthcare Clinic Garaku (PHCG), Primary Healthcare Clinic Panda (PHCP), and Primary Healthcare Clinic Laminga (PHCL), all in Nasarawa West. Participants were children aged 0-5 years with diarrhea.
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Figure 1. Map of Nasarawa State with sampling sites highlighted (Agidi et al., 2018).
Study Design 
This study was a cross-sectional hospital-based design. Stool samples were collected from selected hospitals of Nasarawa West Senatorial District (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 information, as well as the clinical information of the children, was obtained through a questionnaire issued to the mothers or caregivers of the children following consent.
Inclusion and Exclusion Criteria.
Children aged 0-5 who presented with diarrhea and gave consent were enrolled for the study, while those who did not present with diarrhea, 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 = 44.4% (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 samples were increased to 420.
Sample Collection and Storage.
The 420 diarrheic stool samples were collected from children aged 0-5 from 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 performed, by adding one milliliter of the mixed diarrheic stool to 7 milliliters of distilled water in a centrifuge tube. Thereafter, 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. 
The sediments were smeared on two different slides, each containing normal saline and Dobell iodine. The prepared slides were observed using (X10 and X40) of the microscope for eggs, ova, and cysts of different parasites, as previously done by Autier et al. (2022). The eggs, ova, and cysts of parasites were identified using standard morphological keys. These include size, shape, thickness of the egg, colour, and presence of special features such as polar filament (Adebambo et al., 2023). 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 and subsequently stained with strong carbol fuchsin for 20 minutes and then rinsed in tap water. 
[bookmark: _Hlk210418119]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 
A loopful of the watery diarrheic stool samples was streaked aseptically onto Eosin Methylene Blue agar (EMB) and MacConkey agar (MCA). Also, a loopful of the samples was introduced into a freshly prepared Rappaport Vassiliadis R10 broth (Oxoid, UK). All the inoculated plates and bottles were incubated overnight at 37 °C.  Plates were observed afterwards for colony formation after overnight incubation. 
[bookmark: _Hlk211593554]Furthermore, a loopful of overnight Rappaport Vassiliadis R10 broth culture was inoculated onto Xylose Lysine Deoxycholate agar (XLD) and Salmonella Shigella Agar (SSA). Distinct green metallic sheen colonies on EMB and pink colonies on MacConkey agar were aseptically picked, streaked, and stored on Nutrient agar slant as presumptive diarrheagenic Escherichia coli (DEC) for further biochemical characterisation. Colourless colonies with a black spot at the centre on SS Agar, and reddish colonies with black centres on XLD agar were aseptically picked and stored on Nutrient agar slant as presumptive Salmonella species for further biochemical characterisation. Finally, pale smooth colonies on Salmonella-Shigella Agar were aseptically picked and stored on Nutrient agar slant as presumptive Shigella species for further biochemical characterisation. (Dirisu et al., 2023; Mbuthia & Ng’ayo, 2023; Zakou et al., 2024; Dade et al., 2025).


Identification of Bacterial Isolates 
Isolates were identified using several tests as follows:
[bookmark: _Hlk212129647]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. The tested isolates were stored on nutrient agar slants for further use (Chauhan & Jindal, 2020).
Data Analysis
The Chi-square test, Fisher’s exact test, and Cochran-Armitage test were used to test independence and trends. Statistical significance was defined as P < 0.05, and 95% confidence intervals were reported where applicable. Descriptive statistics, like percentages, were used to summarise the collected data.
Results 
Overall Distribution and Prevalence of Diarrhea-causing Organisms Detected 
Out of the 420 stool samples analysed, a total of 211(50.2%) isolates were identified as diarrhea-causing pathogens. 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%) though not significant (P > 0.05), followed by Giardia lamblia 18(4.3%) and Cryptosporidium species 7(1.7%) (P < 0.05, χ² = 215.87, df = 6). Cases of coinfection, particularly with Escherichia coli and Entamoeba histolytica, were detected, 57(13.6%). Even though there was no statistical significance (P > 0.05) (Table 1).







[bookmark: _Hlk217813561][bookmark: _Hlk217813533]
Table 1. Overall Distribution and Prevalence of Diarrhea-causing Organisms Detected 
	[bookmark: _Hlk217813579]Organisms Isolated
	Number isolated (n= 420)
	Percentage (%)
	P value

	Escherichia coli
	115
	27.4
	<0.0001*

	Salmonella typhi
	10
	2.4
	<0.0001*

	Shigella species
	7
	1.7
	<0.0001*

	Entamoeba histolytica
	54
	12.9
	0.439

	Giardia lamblia
	18
	4.3
	<0.0001*

	Cryptosporidium species
	7
	1.7
	<0.0001*

	Co-infection (Escherichia coli and Entamoeba histolytica)

	57
	13.6
	0.699


	*P-values based on Chi-square goodness-of-fit test (χ² = 215.87, df = 6)














Prevalence of diarrhea-causing isolates regarding Age and Gender of the Children
In the current study, a significant association between the prevalence of diarrhea-causing isolates and gender was observed (P < 0.05) (Figure 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]

†Cochran-Armitage test for trends across age groups; ‡ Chi-square test for gender comparison
Figure 2. Age and Gender Prevalence Regarding the Pathogenic Isolates






Prevalence of diarrhea-causing isolates regarding some demographic variables of the children. 
There was a significant association between the prevalence of the isolates and selected demographic factors (Table 2). Feeding practices showed marked differences, as children who received complementary foods in addition to breast milk exhibited the highest prevalence (82.4%), followed by those exclusively breastfed (55.6%). The lowest prevalence was observed among children who consumed other forms of food only (47.0%) (P < 0.05).
The source of drinking water was also significantly associated with prevalence. Participants who consumed stream water had the highest prevalence (65.2%), followed by those using tap water (44.0%), borehole water (41.47%), and table water (38.9%). The lowest prevalence was observed among those who were exclusively breastfed (34.4%) (P < 0.05).
Daycare or school attendance was significantly linked to diarrheal prevalence (P < 0.05). Children attending daycare or school recorded a prevalence of 52.0%, compared to 34.9% among those who did not.
Household sanitation practices further revealed significant differences. Open defecation was associated with the highest prevalence (74.6%), whereas households utilizing pit latrines and water closets recorded lower prevalence rates of 39.9% and 34.5%, respectively (P < 0.05).








[bookmark: _Hlk217814438]


Table 2. Prevalence of diarrhea-causing isolates regarding some demographic variables of the children. 
	Variable
	Number examined 
	Number Positive
	Prevalence (%)
	P value

	Feeding practice
	
	
	
	

	Exclusive
	18
	10
	55.6
	<0.0001

	Breast milk and others
	34
	28
	82.4
	

	Others 
	368
	173
	47.0
	

	Sources of drinking water
	
	
	
	

	Tap 
	168
	74
	44.0
	<0.0001

	Borehole 
	12
	5
	41.7
	

	Stream 
	158
	103
	65.2
	

	Table water
	18
	7
	38.9
	

	Exclusive breastfeeding 
	64
	22
	34.4
	

	Day care /school attendance 
	
	
	
	

	Yes 
	377
	196
	52.0
	0.022

	No 
	43
	15
	34.9
	

	Type of toilet facility
	
	
	
	

	Pit Latrine 
	168
	67
	39.9
	<0.0001

	Water closet
	110
	38
	34.5
	

	Open defecation 
	142
	106
	74.6
	






Prevalence of Diarrhea-causing isolates Regarding Clinical Demographics of Participants
Regarding the clinical demographics of participants represented in Figure 3, dehydration (72.6%), fever (42.9%), and vomiting (27.0%) were statistically significant (P < 0.05). Diarrhea episodes of more than three times a day 52.0% and less than three times a day 48.2% were recorded, although there was no significant association (P > 0.05). Regarding the association between the colour of the stool samples and isolated pathogens, yellowish stool had a prevalence of 54.3%, followed by greenish stool (45.9%), and brownish stool (36.8%) (P < 0.05).
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Figure 3. Prevalence of Diarrhea-causing Isolates Regarding the Clinical Demographics of the Participants









Association between Gender Differences and Clinical Severity Among Diarrhea Cases
The analysis of gender differences and clinical severity among diarrhea cases revealed that most symptoms were distributed similarly between male and female patients (Table 3). Dehydration was observed in 61.0% of males compared to 49.1% of females, though this difference did not reach statistical significance (χ² = 2.47, P > 0.05). Fever was reported in 42.2% of males and 38.6% of females, with no significant association (χ² = 0.23, P > 0.05). Vomiting occurred in 27.3% of males and 26.3% of females, also showing no significant difference (χ² = 0.02, P > 0.05). The frequency of diarrhea exceeding three episodes per day was slightly higher among females (61.4%) than males (52.6%), but this difference was not statistically significant (χ² =1.28, P > 0.05). Notably, severe diarrhea was significantly more prevalent in male patients (47.4%) compared to females (33.3%), with statistical significance achieved (χ² = 3.42, P < 0.05).













Table 3. Association between Gender Differences and Clinical Severity Among Diarrhea Cases
	Clinical Variable
	Male (n=154)
	Percentage (%)
	Female (n=57)
	Percentage (%)
	Total (n=211)
	Percentage (%)
	χ² Value
	P-value

	Dehydration
	94 
	61.0
	28 
	49.1
	122 
	57.8
	2.47
	0.116

	Fever
	65 
	42.2
	22 
	38.6
	87 
	41.2
	0.23
	0.632

	Vomiting
	42 
	27.3
	15 
	26.3
	57 
	27.0
	0.02
	0.887

	Diarrhea >3×/day
	81 
	52.6
	35 
	61.4
	116 
	55.0
	1.28
	0.259

	Severe Diarrhea
	73 
	47.4
	19 
	33.3
	92 
	43.6
	3.42
	0.044














Discussion 
In the current study, of the 420 diarrheic stool samples collected for the identification of bacterial and protozoan pathogens, 211(50.2%) pathogens were isolated. The bacteria isolated include; presumptive diarrheagenic Escherichia coli (DEC) 115(27.4%), Salmonella typhi 10(2.4%) and Shigella species 7(1.7%). The protozoan pathogens isolated are Entamoeba histolytica 54(12.9%), Giardia lamblia 18(4.3%) and Cryptosporidium species 7(1.7%). There were also cases of coinfection with Escherichia coli and Entamoeba histolytica 57(13.6%) dominating. Similarly, Langendorf et al. (2015) reported a mixed infection at 10.3%, while Hugho et al. (2023) detected cases of co-infection in 26.03% of their study population.
The occurrence of multiple pathogens in the stool samples of children with diarrhea suggests poor sanitation with significant implications for disease management and patient outcomes (Hugo et al., 2023). Gobir & Paul (2025) reported an overall prevalence of 16.2% in Kano, Nigeria, with a predominance of E. histolytica (9.5%) and G. lamblia (6.7%), respectively. Gobena et al. (2024) reported a combined prevalence of 11.8% for Entamoeba histolytica and Giardia lamblia in Ethiopia, which is lower than that obtained in this study. Similarly, Ansari et al. (2012) reported a prevalence of 8.8% for Escherichia coli, Salmonella species, and Shigella species in Nepal. In Ethiopia, Belina et al. (2023) reported an overall prevalence of 26.96% with diarrheagenic Escherichia coli (10.31%) being the predominant isolate. On the contrary, higher prevalence has been reported among children with diarrhea globally. Akinlabi et al. (2023) in their work on the ‘Epidemiology and Risk Factors for Diarrheagenic Escherichia coli Carriage among Children in Northern Ibadan, Nigeria’ reported a prevalence of 65.8%. Mero et al. (2021) in Guinea-Bissau also reported that diarrhea was associated with entero-invasive E. coli and Shigella (63.3%).
The difference in prevalence and a myriad of organisms isolated has been attributed to study design, sample size, sampling method, geographic location, and seasonal variations (Shah et al., 2016; Ashenafi et al., 2024; Okumu et al., 2025).
In the current study, children aged 25-36 months (86.1%) were affected by diarrheal disease compared to other age groups, with the least group being 0-12 months (23.1%) (P < 0.05). Mbuthia et al (2018) reported a higher prevalence among children aged 0-12 months (35.6%) in central Kenya, which is in variance with our study. Kiiru et al. (2024) reported a predominance of diarrhea among children aged 12-24 months in Nairobi, Kenya. Similarly, Hakizimana et al. (2023) reported higher (57.6%) among children aged 12-23 months, while in Nepal, Ansari et al. (2012) reported the highest prevalence among children aged 6-24 months (78.3%). In Tanzania, Hugho et al. (2023) observed that infection with Shigella/EIEC was higher in children aged 0–11 months and 24–59 months and that this difference was significant. Younger children are prone to diarrhea infections due to increased crawling and exploration, frequent hand-to-mouth behavior, the gradual loss of maternal antibodies, poor hygiene, and low socio-economic status (Ashenafi et al., 2024; Chakon et al., 2025; Da Cruz Carvalho et al., 2025; Gobir & Paul, 2025).
Our results showed a significant difference in the gender of participants (P < 0.05). Males were more infected (60.9%) compared to females (34.1%). This trend has been reported by other authors (Kiiru et al., 2024; Kombat et al., 2024). In contrast, Mbuthia et al. (2018) reported a predominance among females (52.8%) over males (47.2%), while Hakizimana et al. (2023) in Rwanda reported almost similar prevalence of (52.9%) for males and (53.6%) for females. Interestingly, Jarman et al. (2018) in Dhaka and Mahmud et al. (2020) in Bangladesh did not find any difference in gender regarding severe diarrhea among their subjects. 
Care-seeking patterns, biological and cultural practices contribute to differences in prevalence regarding gender (Chowdhary et al., 2015; Jarman et al., 2018; Thurstan et al., 2022). 
Children who received complementary foods in addition to breast milk exhibited the highest prevalence (82.4%), followed by those exclusively breastfed (55.6%). The prevalence among children who consumed other forms of food only was the least (47.0%) (P < 0.05). In a study by Otu-Bassey et al. (2022), comparing the presence of intestinal parasites between breastfeeding and non-breastfeeding mothers and their infants in Calabar, Nigeria, the frequency of enteric parasites was 10.7% among breastfeeding mothers, 0.0% among their infants, 16.0% among non-breastfeeding mothers, and 22.7% among their infants. However, they did not find any significant difference between the two groups. Interestingly, in Karachi, Pakistan, Makki et al. (2023) found that the duration of breastfeeding was protective against intestinal parasitic infections, as children who were breastfed for ≥ 6 months had a lower prevalence (29.5%) compared to those breastfed for < 6 months (32.4%).
The source of drinking water was also significantly associated with prevalence. Participants who consumed stream water had the highest prevalence (65.2%), followed by those using tap water (44.0%), borehole water (41.47%), and table water (38.9%). The lowest prevalence was observed among those who did not consume drinking water (34.4%) (P < 0.05). Similar observations have been reported previously (Ashenafi et al., 2024). Khabo-Mmekoa et al. (2022) in South Africa also found a significant association between drinking water and enteric bacteria. In Lahore, Pakistan, Zahra et al. (2022) opined that the causative agents of enteric fever were transmitted through contaminated water sources.
Daycare or school attendance was significantly linked to diarrheal prevalence (P < 0.05). Children attending daycare or school recorded a prevalence of 52.0%, compared to 34.9% among those who did not attend. This is in agreement with Chakon et al. (2025) in Jos, Nigeria, who reported that daycare attendance was associated with a high rate of enteric infection. Also, Lu et al. (2004) and Jensen et al. (2019) concur that daycare attendance contributed to the risk of diarrheal disease.
Household sanitation practices further revealed significant differences, as open defecation was associated with the highest prevalence (74.6%), whereas households utilising pit latrines and water closets recorded lower prevalence rates of 39.9% and 34.5%, respectively (P < 0.05). Hakizimana et al. (2023) reported that good household sanitary practices reduced the chances of infection by a greater margin.
Overall, the clinical variables assessed in this study, fever (42.9%), vomiting (27.0%), and dehydration (72.6%), showed a significant association with diarrhea pathogens (P < 0.05). In a similar study conducted in Abia, Nigeria, Nwaoha et al. (2017) reported a prevalence associated with fever and vomiting. Similarly, Ezeonwu et al. (2013) observed fever and vomiting occurring in 82.9% and 73.7% of the subjects. Hugho et al. (2023) reported vomiting (88.36%) and fever (60.27%) as the most frequent clinical manifestations among children in Tanzania, while Loh et al. (2023) in Cameroon reported fever (73.6%) as the highest symptom, followed by vomiting (32.7%). In the current study, however, severe diarrhea was significantly prevalent among males (P < 0.05), suggesting that male gender may be associated with greater clinical severity in cases of diarrhea.
Furthermore, geographic variances, socioeconomic influences, and environmental factors play key roles in diarrheal diseases among children under the age of five, especially in sub–Saharan Africa and South Asia (Azanaw et al., 2024).
The macroscopic examination of stool for color, consistency, quantity, form, odor, and presence of mucus is crucial for diagnosis (Kasırga, 2019; Vyas & Karamchandani, 2024). In this study, we observed that yellowish stools (54.3%) were significantly associated with the pathogens isolated. Reports indicate that the yellow colour of stool in Entamoeba histolytica and Giardia lamblia-associated diarrhea is due to mucus secretion, which prevents the normal bile pigment metabolism and malabsorption of fat and sugars, giving the stool a yellowish appearance (Kantor et al., 2018; Adam, 2021; Guillén, 2023). These findings, coupled with other clinical examinations, are important, particularly in low-income settings such as ours. Decisions could be made by clinicians before results from further tests are available. 
The accurate and prompt detection of the etiology of diarrheal diseases is crucial. However, conventional methods tend to be laborious and time-consuming, often failing to identify pathogens that are difficult to culture. Sadly, the etiological agents of up to 40% of cases of diarrhea cannot be identified. This is more pronounced in low-income settings (Operario & Houpt, 2011; Ugboko et al., 2020; Qi et al., 2024).
Conclusion 
Diarrheal diseases remain a growing public health challenge, with sub-Saharan Africa and South Asia being the worst affected. An overall prevalence of 50.2% for enteric pathogens associated with diarrhea 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 bacteria and protozoa in the study area and highlights the need to intensify efforts targeted towards reducing this prevalence. Although this study was a hospital-based design, the high correlation between open defecation and infection (74.6%) suggests that community-led total sanitation (CLTS) programs should be prioritised over general health education in Nasarawa West.
Limitations
We employed a hospital-based study design in our study, and the outcomes do not reflect community cases.
Pathogenic Escherichia coli strains were not identified. Also, the detection of Campylobacter species was not conducted.
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Age and Gender Prevalence


Number Examined	
0-12	13-24	25-36	37-48	49-60	Males	Females	52	92	36	124	116	253	167	Prevalence (%)	
0-12	13-24	25-36	37-48	49-60	Males	Females	23.1	50	86.1	54.5	47.4	60.9	34.1	Age





Prevalence of Diarrhea-causing Isolates Regarding Clinical Demographics of Participants


Number Positive	
Fever	Vomiting	Dehydration	Diarrhea ≤3 times/day	Diarrhea 	>	3 times/day	Stool: Brownish	Stool: Yellowish	Stool: Greenish	57	32	122	95	116	21	151	39	Prevalance	
Fever	Vomiting	Dehydration	Diarrhea ≤3 times/day	Diarrhea 	>	3 times/day	Stool: Brownish	Stool: Yellowish	Stool: Greenish	0.42899999999999999	0.27	0.72599999999999998	0.48199999999999998	0.52	0.36799999999999999	0.54300000000000004	0.45900000000000002	
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