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Assessment of Enteropathogenic Load and Biochemical Alterations in Early Childhood Diarrhoea in Andoni Local Government Area of Rivers State, Nigeria: Implications for Public Health


ABSTRACT
Background: Childhood diarrhoeal disease remains a significant public health challenge, particularly in riverine communities where limited access to safe water, inadequate sanitation, and poor hygiene practices increase exposure to enteric pathogens and associated complications.
Aim: This study assessed the enteric bacterial pathogen burden and biochemical alterations associated with childhood diarrhoea in Andoni Local Government Area of Rivers State, Nigeria, and evaluated their public health implications.
Methodology: A cross-sectional study was conducted among 250 children under five years of age attending selected community health centres in Andoni Local Government Area, Rivers State, Nigeria. Stool samples from children with diarrhoea were examined using standard microbiological procedures to isolate and identify enteric bacterial pathogens, while serum samples were analysed for electrolyte (sodium, potassium, chloride, and bicarbonate) and zinc concentrations using established biochemical methods. Biochemical parameters were compared between 29 children with diarrhoeal disease and 30 apparently healthy children who served as the control group. Data were analysed using the Statistical Package for the Social Sciences (SPSS), version 25.0, and statistical significance was set at p < 0.05.
Results: Among the 250 children assessed, 29 presented with diarrhoeal disease, giving a prevalence of 11.6%. Four major enteric bacterial pathogens were isolated from diarrhoeal stool samples, including Escherichia coli (44.8%), Shigella spp. (23.1%), Salmonella spp. (20.7%), and Vibrio cholerae (10.4%). The highest mean bacterial load was observed in E. coli (4.9 × 10⁶ ± 0.6 × 10⁶ CFU/g), followed by Salmonella spp. (3.9 × 10⁶ ± 0.4 × 10⁶ CFU/g), V. cholerae (3.4 × 10⁶ ± 0.3 × 10⁶ CFU/g), and Shigella spp. (3.1 × 10⁶ ± 0.5 × 10⁶ CFU/g). Children with diarrhoeal disease had significantly lower serum sodium, chloride, bicarbonate, and zinc concentrations than controls (p < 0.05). Serum potassium was also significantly lower in children with diarrhoea than in controls (p = 0.002).
Conclusion: Childhood diarrhoeal disease in Andoni Local Government Area was associated with substantial enteric bacterial burden and significant alterations in serum biochemical parameters among under-five-year-old children. These findings highlight the need for improved water quality, sanitation, hygiene practices, and timely clinical management to reduce diarrhoeal morbidity and associated biochemical disturbances.
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1. INTRODUCTION
Infectious diseases continue to pose significant challenges to the survival and health of children under five years of age (Singh et al., 2022). Among these diseases, childhood diarrhoeal disease remains a major global public health problem and a leading cause of morbidity and mortality among children under five years of age (UNICEF, 2025; Das et al., 2024; Manetu et al., 2021; Ugboko et al., 2020). Despite substantial advances in preventive and therapeutic strategies, including oral rehydration therapy (ORT), zinc supplementation, vaccination, and water, sanitation, and hygiene (WASH) interventions, diarrhoea still accounts for a notable proportion of childhood illness and preventable deaths in Africa (George et al., 2025; Ahinkorah et al., 2022; Baral et al., 2020).
Recent global evidence further indicates that the burden remains concentrated among young children and is influenced by preventable risks, including unsafe water and poor sanitation (GBD 2021 Diarrhoeal Diseases Collaborators, 2025).
In Africa, particularly in Nigeria, diarrhoeal disease remains a major health issue, leading to regular healthcare visits, hospitalisations, childhood malnutrition, stunted growth, and preventable deaths (Choi, 2025; Amuche et al., 2022). The problem is more severe in rural and riverine areas, where access to safe drinking water, proper sanitation, and quality healthcare is often limited (Nwokoro et al., 2020). Poor environmental conditions, contaminated water sources, and substandard hygiene practices facilitate the spread of diarrhoeal enteropathogens (Pilipus et al., 2026; Namusisi, 2025).
Andoni Local Government Area of Rivers State is predominantly a riverine community characterised by extensive river networks, fishing activities, and reliance on seafood. Many households obtain drinking water from rivers and other untreated sources, such as dug-out wells, for domestic use (Tasie & Wilcox, 2018). These water sources are susceptible to contamination through sewage discharge, improper waste disposal, flooding, and other environmental factors, thereby increasing the risk of enteropathogenic infections among children. The area's geographical features and challenges related to healthcare accessibility may further increase the vulnerability of children under five years of age to diarrhoeal diseases (Yeboah et al., 2024; Kanu et al., 2018).
A recent study in south-eastern Nigeria further linked household water-storage practices with microbial contamination and reported diarrhoeal disease burden, underscoring the relevance of domestic water handling (Diala et al., 2025).
[bookmark: _Hlk235608400]Children under five years of age are particularly susceptible to diarrhoeal infections because of their immature immune systems, frequent exposure to contaminated environments, and increased risk of rapid fluid loss (Manetu et al., 2021; Ugboko et al., 2020). Beyond acute gastrointestinal symptoms, diarrhoeal episodes may result in dehydration, electrolyte imbalances, nutritional deficiencies, impaired growth and development, and increased susceptibility to other infections (Ahinkorah et al., 2022). Zinc deficiency is an important consequence of childhood diarrhoea because zinc plays essential roles in immune function, maintenance of intestinal mucosal integrity, and recovery from diarrhoeal illness (George et al., 2025; Chao, 2023; Ahinkorah et al., 2022).
Recent clinical evidence from paediatric acute gastroenteritis settings indicates that electrolyte abnormalities may accompany diarrhoeal illness, while systematic review evidence supports zinc supplementation as part of childhood diarrhoea management (Kinasha et al., 2025; Ali et al., 2024).
Enteric bacterial pathogens are major contributors to childhood diarrhoeal disease (Sayeed et al., 2025). They cause disease through multiple pathogenic mechanisms, including intestinal colonisation (Rosay et al., 2024), toxin production (Popoff, 2024), mucosal injury (Du et al., 2025), and disruption of normal epithelial function (Awad et al., 2017). Bacterial pathogens such as diarrhoeagenic Escherichia coli, Shigella spp., Salmonella spp., and Vibrio cholerae are frequently implicated in childhood diarrhoeal disease (Ismaila et al., 2026). These organisms are commonly transmitted through contaminated food and water and may produce varying degrees of intestinal damage depending on their virulence characteristics and bacterial load (Hilarion et al., 2024; Okafor, 2024).
Diarrhoeagenic Escherichia coli causes diarrhoea through several pathogenic mechanisms, including the production of enterotoxins that stimulate the secretion of chloride ions and water into the intestinal lumen, leading to excessive fluid accumulation. Some strains also produce characteristic attaching-and-effacing lesions on intestinal epithelial cells, resulting in impaired absorptive capacity and disruption of mucosal integrity (Ahmad et al., 2025; Suleiman et al., 2022; Keely & Barrett, 2022).
A molecular investigation in southern Benin also identified enteropathogenic E. coli among children with diarrhoea, supporting the relevance of virulence-associated E. coli in childhood enteric disease (Dah-Nouvlessounon et al., 2023).
Vibrio cholerae produces cholera toxin, which activates adenylate cyclase and increases intracellular cyclic adenosine monophosphate (cAMP), promoting excessive secretion of chloride and water into the intestinal lumen and resulting in profuse watery diarrhoea with rapid electrolyte loss (Montero et al., 2023; Keely & Barrett, 2022). In addition, Shigella species invade colonic epithelial cells and induce inflammatory destruction of the intestinal mucosa through bacterial invasion and toxin production, particularly Shiga toxin, which contributes to epithelial damage and impaired intestinal absorption (Pakbin et al., 2023; Schnupf & Sansonetti, 2019). Finally, Salmonella species cause diarrhoea through invasion of intestinal epithelial cells, activation of inflammatory pathways, and stimulation of cytokine release, leading to increased intestinal secretion and mucosal injury (Han et al., 2024; Keely & Barrett, 2022; Li, 2022). These pathological processes contribute to fluid loss, electrolyte imbalance, and systemic inflammatory responses commonly observed in affected children.
Assessing enteropathogenic load provides essential insights into microbial exposure, intestinal damage, and disease severity. Higher microbial loads correlate with increased toxin production, stronger inflammatory responses, compromised intestinal barrier integrity, and notable biochemical alterations, such as serum zinc and electrolyte imbalances (Guerrant et al., 2021; Bolick et al., 2018; Vancamelbeke & Vermeire, 2017).
Several studies have investigated childhood diarrhoea in Nigeria, demonstrating the ongoing importance of enteropathogens and public health risk factors in disease occurrence. Moro et al. (2021) reported a 92.1% bacterial isolation rate among diarrhoeic infants in Lagos, dominated by polymicrobial infections and 100% multidrug-resistant isolates, with 79% of cases occurring in infants under 3 months of age. Bacterial, viral, and parasitic agents remain the primary causes of childhood diarrhoea in Lagos, with enteric bacteria, most notably Escherichia coli, Salmonella species, and Shigella species, being the leading identifiable organisms. According to Tariah et al. (2025), most cases of childhood diarrhoea in the Niger Delta region of Nigeria are associated with unsafe water sources, poor sanitation, inadequate hygiene practices, rural residence, and socioeconomic factors.
A hospital-based study in Enugu State likewise detected diarrhoeagenic E. coli among children under five years of age with diarrhoea and identified water- and sanitation-related household factors as relevant epidemiological considerations (Nwobodo & Ugwuoke, 2025).
A molecular characterisation study of diarrhoeic stool samples from children under five years of age in Port Harcourt likewise documented multiple enteric bacterial pathogens, supporting the continued epidemiological relevance of bacterial aetiologies in Rivers State (Agi & Mbata, 2025).
Similarly, a recent Nigerian study identified multiple bacterial pathogens in acute childhood gastroenteritis and emphasised the value of context-specific bacteriological surveillance (David et al., 2025).
Most previous studies in Nigeria have focused on prevalence, risk factors, or the identification of causative organisms, with less emphasis on how enteropathogenic load relates to biochemical changes in childhood diarrhoea. Specifically, data on electrolyte imbalances and zinc levels in children from riverine communities are limited. Given the environmental context of Andoni Local Government Area, a comprehensive evaluation of microbial load and biochemical effects is important.
However, local evidence that integrates quantified enteropathogenic load with concurrent serum electrolyte and zinc measurements remains limited for children under five years of age in a riverine setting such as Andoni.
Therefore, this study assessed the public health burden, enteropathogenic load, and biochemical alterations associated with childhood diarrhoea among children under five years of age in Andoni Local Government Area of Rivers State, Nigeria. Specifically, this study sought to:
1. Determine the prevalence of childhood diarrhoeal disease among under-five-year-old children in Andoni Local Government Area of Rivers State. 
2. Identify and determine the distribution of enteric bacterial pathogens associated with childhood diarrhoeal disease among under-five-year-old children in Andoni Local Government Area. 
3. Determine the enteropathogenic load of bacterial isolates recovered from children with diarrhoeal disease.
4. Compare serum sodium, potassium, chloride, bicarbonate, and zinc concentrations between children with diarrhoeal disease and an apparently healthy control group. 
2. MATERIALS AND METHODS
2.1 Study Area
The study was conducted in Andoni Local Government Area of Rivers State, Nigeria, a predominantly riverine community located within the Niger Delta region. The area is characterised by extensive rivers, creeks, mangrove ecosystems, and coastal settlements, with fishing, trading, and subsistence farming as major occupations. Residents obtain drinking water mainly from sources such as hand-dug wells, rivers, and creeks (Tasie & Wilcox, 2018). However, inadequate sanitation infrastructure, flooding, and possible contamination of water sources may increase exposure to enteric pathogens.
The study was carried out over a period of six months (January–June 2025). Participants were recruited from selected community health centres in Andoni Local Government Area, including Ngo Community Health Centre, Unyeada Community Health Centre, and Ebukuma Community Health Centre. These health facilities were selected because they serve as major primary healthcare points for children within their respective communities and provide access to children under five years of age presenting with diarrhoeal symptoms.
2.2 Study Design
A community health centre-based cross-sectional analytical study design was adopted to assess the prevalence of childhood diarrhoeal disease, distribution of enteric bacterial pathogens, bacterial load, and associated biochemical alterations among under-five-year-old children in Andoni Local Government Area of Rivers State.
2.3 Study Population
The study population comprised under-five-year-old children (0–59 months) who presented at selected community health centres in Andoni Local Government Area of Rivers State during the study period. 
2.4 Inclusion and Exclusion Criteria
2.4.1 Inclusion Criteria
Children were included in the study if they met the following criteria:
· Children aged 0–59 months who presented at selected community health centres in Andoni Local Government Area during the study period.
· Children with clinically diagnosed diarrhoeal disease, defined as the passage of three or more loose or watery stools within 24 hours.
· Apparently healthy children aged 0–59 months without current diarrhoeal symptoms were included as the control group for biochemical comparisons.
· Children whose parents or caregivers provided informed consent for participation.
2.4.2 Exclusion Criteria
Children were excluded from the study if they met any of the following criteria:
· Children aged 60 months or older.
· Children receiving antibiotic or zinc therapy before sample collection.
· Children with chronic illnesses or underlying medical conditions that could influence biochemical parameters.
· Children whose parents or caregivers declined consent for participation.
· Samples that were improperly collected, contaminated, or unsuitable for laboratory analysis.
2.5 Sample Size and Sampling Technique
A total of 250 children under five years of age were enrolled in the study using a convenience sampling technique based on predefined eligibility criteria. Among these participants, 29 children with clinically diagnosed diarrhoeal disease were included for microbiological assessment, while 30 apparently healthy children without current diarrhoeal symptoms served as the control group for biochemical comparison. Participants in the control group were selected during the study period based on eligibility criteria, including the absence of diarrhoeal symptoms at recruitment, no history of diarrhoea within the preceding two weeks, no known chronic illness or underlying medical condition, and no prior use of antibiotics or zinc supplementation before sample collection. Information on demographic characteristics, clinical history, environmental conditions, water sources, sanitation practices, hygiene behaviours, and previous use of antibiotics and zinc supplements was obtained from caregivers using a structured questionnaire administered by trained research personnel. The reported treatment history was further verified, where available, using health facility records, prescription information, or medication containers provided by caregivers.
2.6 Sample Collection and Preparation
2.6.1 Stool Sample Collection
Fresh stool samples were collected from children with diarrhoeal disease into sterile, leak-proof, labelled universal containers using standard aseptic procedures. Caregivers were instructed on appropriate sample collection to prevent contamination. Each sample was properly identified with the participant’s code, date, and time of collection.
2.6.2 Blood Sample Collection
Venous blood samples were collected from participating children using standard aseptic techniques. Approximately 3–5 mL of blood was collected in sterile plain sample containers and allowed to clot at room temperature. 
2.7 Microbiological Analyses
2.7.1 Stool Sample Processing
Collected stool samples were transported to the microbiology laboratory under appropriate conditions and processed using standard microbiological procedures. Each sample was examined to isolate and identify enteric bacterial pathogens associated with childhood diarrhoeal disease. All procedures were performed using aseptic techniques to minimise contamination and ensure accurate results.
2.7.2 Isolation and Identification of Enteric Pathogens
Stool samples were inoculated onto selective and differential culture media, including MacConkey agar, Salmonella-Shigella agar, and Thiosulphate Citrate Bile Salt Sucrose (TCBS) agar. The inoculated plates were incubated at 37°C for 18–24 hours under aerobic conditions. TCBS agar plates were examined after incubation for the characteristic growth of Vibrio species, while other media were assessed for typical colony morphology suggestive of enteric bacterial pathogens. Presumptive identification was performed using Gram staining and standard biochemical tests.
2.7.3 Determination of Enteric Pathogenic Load
The bacterial load of isolated enteric pathogens was determined using a standard quantitative culture technique. Briefly, approximately 1 g of homogenised stool sample was aseptically weighed and suspended in 9 mL of sterile normal saline (0.85% NaCl) to obtain the initial 10⁻¹ dilution. Serial tenfold dilutions were subsequently prepared by transferring 1 mL of the previous dilution into 9 mL of sterile diluent to obtain appropriate dilution levels for bacterial enumeration.
Aliquots (0.1 mL) of suitable dilutions were inoculated onto appropriate selective and differential culture media using the spread plate technique. The inoculated plates were incubated at 37°C for 18–24 hours under aerobic conditions. After incubation, colonies with the characteristic morphology of the identified enteric pathogens were counted using a colony counter (Scan® 100 Colony Counter, Interscience, Saint Nom-la-Bretèche, France), and plates containing 30–300 colonies were selected for enumeration.
The bacterial load was calculated using the formula:

2.7.4 Quality Control Measures
Quality assurance procedures were maintained throughout the microbiological analyses. Sterility checks, proper sample handling, and standard laboratory protocols were employed to ensure the accuracy and reproducibility of the results.
2.8 Biochemical Analyses
2.8.1 Assessment of Serum Electrolyte Levels
Serum electrolyte concentrations were determined to assess biochemical alterations associated with diarrhoeal disease among the study participants. Serum sodium (Na⁺), potassium (K⁺), chloride (Cl⁻), and bicarbonate (HCO₃⁻) levels were analysed. Blood samples collected in sterile plain tubes were allowed to clot and centrifuged at 3000 rpm for 10 minutes to obtain serum. The separated serum samples were stored appropriately until analysis.
Serum sodium, potassium, chloride, and bicarbonate concentrations were measured using a Mindray BS-200E automated clinical chemistry analyser (Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China) in accordance with the manufacturer's instructions. The analyser applies standard photometric and biochemical principles for the quantitative determination of serum parameters. Electrolyte concentrations were expressed in mmol/L.
2.8.2 Assessment of Serum Zinc
Serum zinc concentration was determined to assess zinc status among children with diarrhoeal disease and apparently healthy controls. Serum samples were analysed using a commercial zinc assay kit (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) based on a colorimetric method. Briefly, zinc ions in the serum react with the chromogenic reagent to form a purple–violet-coloured complex, and the intensity of the colour produced is directly proportional to the zinc concentration in the sample. Absorbance was measured at 560 nm using a Bio-Rad iMark™ Microplate Reader (Bio-Rad Laboratories Inc., Hercules, California, USA). Zinc concentrations were calculated from the standard calibration curve and expressed in µg/dL.
2.9 Statistical Analysis
Data from the questionnaires, microbiological investigations, and biochemical analyses were entered and analysed using the Statistical Package for the Social Sciences (SPSS), version 25.0. Descriptive statistics summarised the prevalence of childhood diarrhoeal disease, the distribution of enteric pathogens, the pathogenic load, and biochemical parameters. Results were presented as frequencies, percentages, means, and standard deviations. Differences in serum biochemical parameters, including sodium, potassium, chloride, bicarbonate, and zinc concentrations, between children with diarrhoeal disease and the apparently healthy control group were analysed using the independent-samples t-test. All statistical analyses were conducted using a 95% confidence level, and values were considered statistically significant at p < 0.05.
3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 Prevalence of Childhood Diarrhoeal Disease among Studied Children
Table 1 shows the prevalence of diarrhoeal disease among children under five years of age in Andoni Local Government Area, Rivers State, Nigeria. A total of 250 children under five years of age were enrolled in the study. Of these, 29 (11.6%) presented with diarrhoeal disease, while 221 (88.4%) did not present with diarrhoeal symptoms at the time of the study.
[bookmark: _Hlk235515957]Table 1: Prevalence of diarrhoeal disease among under-five-year-old  children in Andoni Local Government Area
	Diarrhoeal status
	Number of children
	Percentage (%)

	Children with diarrhoea
	29
	11.6

	Children without diarrhoea
	221
	88.4

	Total
	250
	100


3.1.2 Distribution of Enteropathogens among Children with Diarrhoeal Disease
Table 2 presents the distribution of enteropathogens isolated from diarrhoeal stool samples. Microbiological examination of stool samples from the 29 children with diarrhoeal disease identified four major enteric bacterial pathogens: Escherichia coli, Shigella spp., Salmonella spp., and Vibrio cholerae. E. coli was the predominant isolate, followed by Shigella spp., Salmonella spp., and V. cholerae.
[bookmark: _Hlk235516019][bookmark: _Hlk235602093]Table 2: Distribution of enteropathogens isolated from diarrhoeal stool samples
	Enteric pathogen
	Number isolated
	Percentage (%)

	E. coli
	13
	44.8

	Shigella spp.
	7
	23.1

	Salmonella spp.
	6
	20.7

	V. cholerae
	3
	10.4

	Total
	29
	100


3.1.3 Enteropathogenic Load among the Isolated Organisms in Children with Diarrhoeal Disease
Table 3 presents the mean enteropathogenic load among the isolated organisms in children with diarrhoeal disease. The microbial load of the identified enteric pathogens varied among the isolates. E. coli had the highest mean bacterial load, followed by Salmonella spp., V. cholerae, and Shigella spp., which had the lowest mean bacterial load.
Table 3: Mean and Standard Deviation of Enteropathogenic load among isolated organisms
	Enteric pathogen
	Mean enteropathogenic load (CFU/g)

	E. coli
	4.9 × 10⁶ ± 0.6 × 10⁶

	Shigella spp.
	3.1 × 10⁶ ± 0.5 × 10⁶

	Salmonella spp.
	3.9 × 10⁶ ± 0.4 × 10⁶

	V. cholerae
	3.4 × 10⁶ ± 0.3 × 10⁶


3.1.4 Serum Electrolyte and Zinc Concentrations among Study Participants
Table 4 presents the serum biochemical parameters among children with and without diarrhoeal disease. The biochemical assessment revealed significant differences in serum electrolyte and zinc concentrations between children with diarrhoeal disease and the apparently healthy control group. Children with diarrhoeal disease had significantly lower serum sodium, potassium, chloride, bicarbonate, and zinc concentrations than the control group (p < 0.05).
Table 4: Mean and Standard Deviation of  Serum biochemical parameters among children with and without diarrhoeal disease
	Biochemical parameter
	Diarrhoeal children (n=29)
	Control group (n=30)
	p-value

	Sodium (mmol/L)
	132.6 ± 4.8
	138.9 ± 3.6
	<0.001

	Potassium (mmol/L)
	2.4 ± 0.5
	3.1 ± 0.4
	0.002

	Chloride (mmol/L)
	96.8 ± 5.2
	103.7 ± 3.1
	<0.001

	Bicarbonate (mmol/L)
	18.7 ± 3.6
	24.5 ± 2.8
	<0.001

	Zinc (µg/dL)
	48.5 ± 9.4
	72.6 ± 11.2
	<0.001


3.2. Discussion
3.2.1 Prevalence of Childhood Diarrhoeal Disease in Andoni Local Government Area
Childhood diarrhoeal disease remains a major public health concern, particularly because children under five years of age are highly susceptible to infection-related complications owing to their developing immune systems and increased risk of dehydration (Hayamo et al., 2020). In the present study, a diarrhoeal prevalence of 11.6% was recorded among the 250 children under five years of age assessed in Andoni Local Government Area of Rivers State. This finding indicates a considerable burden of diarrhoeal illness within the study population and highlights the continued vulnerability of children living in riverine communities.
The prevalence observed in this study is comparable with reports from previous studies conducted in Nigeria, where diarrhoeal disease remains among the leading causes of childhood morbidity (Amuche et al., 2022; Moro et al., 2021; Ugboko et al., 2020). Variations in environmental conditions, seasonal patterns, water quality, sanitation facilities, hygiene practices, and access to healthcare services may influence the prevalence of childhood diarrhoeal disease across geographical locations. The riverine setting of the area may increase the likelihood of exposure to faecally contaminated water and enteropathogens (Nwokoro et al., 2020; Kanu et al., 2018; Ayuk et al., 2018).
The public health implications of childhood diarrhoea extend beyond acute gastrointestinal symptoms (Demissie et al., 2014). Persistent or recurrent diarrhoeal episodes may result in dehydration, electrolyte imbalance, nutritional deficiencies, impaired growth, and increased risk of childhood morbidity. Therefore, the observed prevalence emphasises the need for strengthened water, sanitation, and hygiene (WASH) interventions and improved disease prevention strategies in riverine communities (George et al., 2025; Namusisi, 2025; Nwokoro et al., 2020).
3.2.2 Enteropathogens Associated with Childhood Diarrhoea 
Four enteric bacterial pathogens were isolated from the diarrhoeal stool samples: Escherichia coli, Shigella spp., Salmonella spp., and Vibrio cholerae. Among these organisms, E. coli was the predominant isolate, accounting for 44.8% of all bacterial isolates. This finding is consistent with previous studies that have identified diarrhoeagenic E. coli as a leading bacterial cause of childhood diarrhoea in developing countries.
The predominance of E. coli may be attributed to its ability to survive in contaminated environments and its efficient transmission through the faecal–oral route. Diarrhoeagenic E. coli strains cause disease through several pathogenic mechanisms, including adherence to the intestinal epithelium, production of enterotoxins, and disruption of epithelial barrier integrity. Enterotoxin production stimulates the secretion of electrolytes and water into the intestinal lumen, resulting in increased fluid accumulation and the development of diarrhoea (Du et al., 2025; Suleiman et al., 2022; Keely & Barrett, 2022).
The isolation of Shigella spp. and Salmonella spp. also has important public health implications because these organisms possess invasive properties that promote intestinal inflammation and tissue injury (Omololu-Aso et al., 2023; Pakbin et al., 2023). Shigella spp. invade colonic epithelial cells and may produce Shiga toxin, leading to mucosal damage and impaired intestinal absorption (Rogers et al., 2023). Similarly, Salmonella spp. invade the intestinal mucosa, triggering inflammatory responses that increase intestinal secretion and disrupt normal gastrointestinal function (Ismaila et al., 2026; Han et al., 2024).
The detection of Vibrio cholerae among the study participants is particularly significant because of its association with waterborne disease outbreaks. Cholera toxin produced by V. cholerae activates intracellular signalling pathways that stimulate chloride and water secretion into the intestinal lumen, resulting in profuse watery diarrhoea and rapid fluid loss (Montero et al., 2023; Keely & Barrett, 2022; Manetu et al., 2021; Moro et al., 2021). The presence of these bacterial pathogens in Andoni Local Government Area underscores the need to improve access to safe drinking water, strengthen sanitation and hygiene practices, and enhance surveillance of enteric bacterial infections to reduce the burden of childhood diarrhoeal disease.
3.2.3 Enteropathogenic Load among the Isolated Organisms in Children with Diarrhoeal Disease
The findings of the present study demonstrated variations in bacterial load among the isolated enteric bacterial pathogens, with Escherichia coli exhibiting the highest mean bacterial load, followed by Salmonella spp., Vibrio cholerae, and Shigella spp. Bacterial load reflects the magnitude of bacterial colonisation during infection and may provide valuable insights into disease severity, host response, and the clinical impact of enteric bacterial infections (Liu et al., 2016).
An increased bacterial burden may promote enhanced production of bacterial toxins (Popoff, 2024), disruption of intestinal epithelial integrity (Awad et al., 2017), activation of inflammatory pathways (Han et al., 2024), and reduced intestinal absorptive capacity (Pakbin et al., 2023; Schnupf & Sansonetti, 2019). These processes contribute to increased intestinal fluid loss and disturbances in electrolyte and nutrient balance, which are common complications of diarrhoeal disease (Montero et al., 2023; Keely & Barrett, 2022).
The differences observed in bacterial load among the identified organisms may be attributed to variations in virulence characteristics, colonisation potential, environmental persistence, and host–pathogen interactions. Therefore, quantifying the bacterial load provides additional epidemiological and clinical information beyond pathogen identification alone, as it helps to estimate the intensity of infection and its potential contribution to intestinal dysfunction and the biochemical alterations observed among affected children (Ahmad et al., 2025; Hilarion et al., 2024; Okafor, 2024).
3.2.4 Electrolyte Imbalance and Zinc Depletion Associated with Childhood Diarrhoea
Children with acute diarrhoea exhibited marked metabolic disturbances, characterised by significant reductions in serum sodium, potassium, chloride, bicarbonate, and zinc concentrations compared with the healthy control group (p < 0.05). This systemic depletion primarily results from excessive intestinal fluid loss, which is further exacerbated by pathogen-induced mucosal inflammation that impairs active transport mechanisms and compromises intestinal barrier integrity (Florez et al., 2020; Joseph & Keithellakpam, 2023).
The loss of sodium and chloride through frequent watery stools contributes to extracellular fluid depletion and dehydration (Joseph & Keithellakpam, 2023; Do et al., 2022). Potassium depletion occurs as a result of increased intestinal secretion and inadequate replacement during illness, potentially leading to muscle weakness and impaired physiological function (Joseph & Keithellakpam, 2023; Piner & Spangler, 2023). The reduced serum bicarbonate concentration observed among affected children is indicative of metabolic acidosis, which commonly develops because of bicarbonate loss through the gastrointestinal tract and diminished renal compensatory mechanisms during dehydration (Florez et al., 2020; Shah et al., 2022).
The significant reduction in serum zinc concentration among children with diarrhoea is also clinically important. Zinc is an essential micronutrient involved in immune regulation, antioxidant defence, and the maintenance of intestinal epithelial integrity (Wan & Zhang, 2022). Diarrhoeal episodes increase zinc losses and may impair intestinal absorption, creating a cycle of zinc deficiency, delayed mucosal recovery, and prolonged illness. These findings further support the inclusion of zinc supplementation as an integral component of comprehensive diarrhoeal disease management (Iqbal et al., 2025; Alam et al., 2023).
3.3 Public Health Implications 
Diarrhoeal disease remains a major public health challenge, particularly among children under five years of age, because of its substantial contribution to morbidity, mortality, and nutritional deficiencies (World Health Organization, 2024; Kundu et al., 2022). Effective control of diarrhoeal disease requires an integrated public health approach that includes prevention, early detection, pathogen surveillance, and timely clinical management (Mohamed et al., 2025).
This study highlights the public health significance of childhood diarrhoeal disease in Andoni Local Government Area by demonstrating the association between enteric bacterial infections and biochemical alterations among children under five years of age. The findings indicate that diarrhoeal disease is an infectious condition that may also result in significant physiological disturbances that adversely affect child health.
The identification of enteric bacterial pathogens and variations in their bacterial loads underscore the need for improved preventive measures, hygiene promotion, access to safe water, and strengthened surveillance of diarrhoeal infections. Furthermore, the observed biochemical disturbances highlight the importance of early diagnosis, prompt correction of electrolyte imbalances, zinc supplementation, and appropriate clinical management of affected children, particularly in vulnerable riverine communities such as Andoni Local Government Area, Rivers State.
Overall, these findings provide evidence to inform public health policies and interventions aimed at reducing the burden of childhood diarrhoeal disease and improving the health and survival of children under five years of age in resource-limited settings.
3.4 Limitations of the Study
This study has limitations that should be considered when interpreting the findings. First, the cross-sectional design limits the ability to establish causal relationships between enteric bacterial infections and biochemical alterations among children with diarrhoeal disease. Second, convenience sampling from selected health centres may limit the generalisability of the findings to all children under five years of age in Andoni Local Government Area and other riverine communities. Third, bacterial identification was based on conventional culture and biochemical methods; molecular techniques were not employed to confirm specific pathogenic strains or virulence factors. Additionally, information on prior antibiotic and zinc exposure was partly based on caregiver reports and may be subject to recall bias. Despite these limitations, the study provides baseline information on the relationship between enteric bacterial infections and biochemical disturbances among children under five years of age in a resource-limited riverine setting.

4. CONCLUSION
This study demonstrated that childhood diarrhoeal disease remains an important public health concern among under-five-year-old children in Andoni Local Government Area of Rivers State. A prevalence of 11.6% was recorded among the 250 children assessed, indicating a considerable burden of diarrhoeal illness within the study area.
Microbiological evaluation revealed the presence of important enteric bacterial pathogens, including Escherichia coli, Shigella species, Salmonella species, and Vibrio cholerae, with Escherichia coli being the predominant isolate. The study also demonstrated significant biochemical alterations among children with diarrhoea, characterised by reduced serum sodium, potassium, chloride, bicarbonate, and zinc concentrations compared with apparently healthy children.
These findings indicate that diarrhoeal disease is associated with important metabolic and nutritional disturbances that may influence disease severity and recovery. The predominance of enteric bacterial pathogens, together with the observed electrolyte and zinc disturbances among affected children, underscores the relationship between enteric infections and biochemical imbalances in childhood diarrhoea. The findings provide evidence of the public health burden of childhood diarrhoeal disease in the study area and contribute to the understanding of its microbiological and biochemical characteristics.
Finally, the findings emphasise the need for strengthened public health interventions in Andoni Local Government Area, including improved access to safe water, enhanced sanitation facilities, hygiene education, routine surveillance of enteric pathogens, and timely nutritional and electrolyte management of children with diarrhoeal disease. 
5. RECOMMENDATIONS
Based on the findings of this study, the following recommendations are made:
1. Public health authorities should enhance efforts to ensure access to safe, affordable drinking water in Andoni Local Government Area. Regular testing and treatment of community water sources are vital to minimise exposure to enteric pathogens.
2. Community programmes should be intensified to promote proper waste disposal, hand hygiene, food safety, and improved sanitation facilities to reduce faecal contamination and break the transmission cycle of diarrhoeal pathogens.
3. Healthcare facilities in the area should establish routine microbiological surveillance of diarrhoeal cases to identify common pathogens, track disease patterns, and enable prompt detection and response to outbreaks.
4. Ongoing zinc supplementation programmes for children with diarrhoea should be supported and complemented by nutritional counselling for caregivers to enhance recovery and reduce the likelihood of recurrent episodes.
5. Future research should use larger sample sizes, molecular techniques to identify enteric pathogens, antimicrobial resistance testing, and long-term studies of diarrhoeal episodes to better understand disease transmission and outcomes in riverine communities.
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