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Abstract 
Introduction: This cross-sectional study aimed to investigate the relationship between environmental contamination and stunting among 
children under five years of age in Langkat, North Sumatra, Indonesia.  
Methodology: This cross-sectional study was conducted from February to October 2024, involving 180 households with private drinking water 
sources. Stunting was assessed using height-for-age Z-scores (< -2 SD). Water samples were tested for E. coli and Coliforms using the 
membrane filtration method on Chromocult Coliform Agar, incubated at 37°C for 24 hours. E. coli was confirmed by IMViC biochemical tests, 
and antimicrobial resistance was assessed using the Kirby-Bauer disk diffusion method following CLSI guidelines. 
Results: Water testing showed E. coli and Coliform bacteria in 75.4% and 80.7% of samples, indicating significant contamination. E. coli 
presence was significantly associated with stunting (p = 0.044), turbidity (p = 0.047), and diarrhea history (p = 0.004). Hierarchical regression 
identified E. coli, diarrhea, and turbidity as key stunting predictors, with E. coli showing a beta of -0.287 (p = 0.035). Multidrug resistance was 
high among E. coli isolates (n = 108), with 92.59% resistant to Tetracycline and Sulfamethoxazole, and 70.37% to Amoxicillin and Ampicillin, 
underscoring the need for targeted antimicrobial stewardship. 
Conclusions: These findings highlight that environmental contamination, particularly from Escherichia coli, may represent a critical risk factor 
for stunting, emphasizing the need for improved water quality and hygiene practices in vulnerable communities. 
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Introduction 

Stunting remains a critical public health concern in 
Indonesia. According to the Indonesia Health Survey 
2023, 21.5% of children under five nationwide are 
stunted. In North Sumatra, the prevalence reaches 
18.9% among children under five and 14.8% among 
children under two, indicating a substantial burden even 
in early childhood [1]. These figures persist despite 
extensive national nutrition programs, suggesting that 
dietary interventions alone may be insufficient to 
address growth faltering [2,3]. 

Recent evidence has shifted attention toward 
chronic microbial exposure as a significant yet 
underrecognized pathway leading to impaired growth 
[4,5]. The WHO/UNICEF Joint Monitoring 
Programme estimates that 2.1 billion people globally 
lack access to safe drinking water, and 4.2 billion do not 
have access to basic sanitation [6]. Such deficits are 
disproportionately concentrated in rural settings, where 
only 60% of households have safely managed drinking 
water compared to 86% in urban areas [7]. Under these 
conditions, children are repeatedly exposed to enteric 
pathogens such as Escherichia coli, leading to 

environmental enteric dysfunction (EED), 
malabsorption, and ultimately growth impairment [8-
11]. However, current understanding of the link 
between water microbiology and stunting in Indonesia 
remains fragmented, with limited integration of 
environmental and clinical data. 

Compounding the issue is the emerging threat of 
antimicrobial resistance (AMR) among waterborne 
bacteria. A recent Indonesian report documented 
carbapenem resistance in 21.6% of Klebsiella 
pneumoniae and 18.3% of E. coli isolates in hospital 
settings, with community isolates showing even higher 
resistance rates (28.3% for K. pneumoniae and 15.7% 
for E. coli) [12]. Nationwide, bacterial AMR was 
estimated to contribute to 34,530 - 133,753 deaths in 
2019 [13]. The presence of multidrug-resistant E. coli 
in household water supplies may prolong or exacerbate 
enteric infections, limit treatment efficacy, and sustain 
intestinal inflammation, yet this potential pathway to 
growth failure has rarely been explored in rural 
Indonesian populations. 

Therefore, this observational cross-sectional study 
aimed to investigate the microbiological quality of 
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drinking water sources among stunted and non-stunted 
children in Langkat Regency, North Sumatra. 
Specifically, we isolated and characterized E. coli from 
water samples, assessed their antimicrobial resistance 
profiles, and explored associations between water 
contamination and stunting status. By integrating 
environmental bacterial data, this study provides novel 
insight into the potential contribution of waterborne 
AMR pathogens to the persistence of stunting in rural 
Indonesia. 

 
Methodology 
Study design and population 

A cross-sectional study was conducted between 
February and July 2024 in Langkat Regency, North 
Sumatra Province, Indonesia (3°14’00” - 4°13’00” N; 
97°52’00” - 98°45’00” E), comprising 23 sub-districts 
over 6,263 km2. In 2023, the prevalence of stunting 
among children under five in this region was 18.9%. 
The minimum required sample size was calculated 
using the Lemeshow formula with 95% confidence and 
0.30 relative precision, yielding 183 participants. 
Accounting for < 30% anticipated non-response, 171 
children were randomly selected. 

Ethical approval was granted by the Research 
Ethics Committee of Medan Health Polytechnic, 
Ministry of Health, Indonesia 
(KH.03.01/XI.8/1517/2024). Written informed consent 
was obtained from parents. Households were eligible if 
they used a private drinking water source (well or 
refillable water). 

 
Stunting assessment and covariates 

Stunting was defined as a height-for-age Z-score < 
−2 SD; ≥ −2 SD was classified as normal. 
Anthropometric measurements were conducted by 
trained local health workers. Sociodemographic and 
health-related variables were obtained through parent-
completed questionnaires, maternal and child health 
records, and interviews. Variables included child age, 
gender, maternal education, family income, diarrhea in 
the past seven days, feeding practices, immunization 
status, and primary drinking water source. 

Water quality variables included the presence of 
Escherichia coli, coliforms, pH, and turbidity. pH was 
measured in situ using a handheld pH meter, while 
turbidity was determined using nephelometry [14]. 
Water was deemed acceptable if the pH ranged between 
6.5 and 7.5 according to Minister of Health Regulation 
No. 32/2017. 

 

Water sampling and bacterial isolation 
Water collection adhered to U.S. Environmental 

Protection Agency guidelines for microbiological water 
quality analysis [15]. Approximately 200 mL of water 
was collected from children’s primary drinking sources 
in pre-sterilized 250 mL Erlenmeyer flasks. Samples 
were labelled, stored at 2–8 °C in insulated coolers, and 
transported to the laboratory within six hours. 

For bacterial enumeration, 100 mL of each sample 
was filtered through a 0.45 µm, 47 mm sterile cellulose 
nitrate membrane using a vacuum filtration unit. Filters 
were placed on Chromocult Coliform Agar (CCA) and 
incubated at 36 ± 2 °C for 24 hours. E. coli colonies 
were identified by dark blue/violet pigmentation, while 
other coliforms appeared pink/red. 

Quality assurance included sterile water negative 
controls to monitor for potential contamination during 
sampling or analysis, and duplicate sampling in 10% of 
households. 

 
Verification and biochemical confirmation of E. coli  

To confirm the identification of E. coli colonies, 
dark blue or violet-blue colonies observed on CCA 
media were carefully isolated using a sterile inoculating 
loop. These colonies were streaked onto Eosin 
Methylene Blue Agar (EMBA), which serves as a 
differential medium for E. coli. The plates were 
incubated at 37 °C for 18–24 hours. After incubation, 
colonies on EMBA were visually assessed. 
Characteristic E. coli colonies on EMBA should have a 
metallic green sheen.  

Presumptive E. coli colonies exhibiting dark blue to 
violet pigmentation on CCA were further verified by 
streaking onto Eosin Methylene Blue Agar (EMBA) 
and incubating at 37 °C for 18–24 hours. Colonies 
displaying the characteristic metallic green sheen on 
EMBA were subjected to a series of confirmatory 
biochemical assays following standard microbiological 
procedures. Each isolate was inoculated onto Triple 
Sugar Iron Agar (TSIA) to assess glucose, lactose, and 
sucrose fermentation, as well as gas and hydrogen 
sulphide production; typical E. coli isolates produced an 
acid/acid (A/A) reaction, indicated by yellow coloration 
in both the slant and butt, often accompanied by gas 
formation without black precipitate. Indole production 
and motility were evaluated using Sulphur Indole 
Motility (SIM) medium, where a cherry-red surface 
layer after the addition of Kovac’s reagent confirmed 
indole positivity, and diffuse growth away from the stab 
line indicated motility, with the absence of blackening 
signifying no H₂S production. Finally, citrate utilization 
was examined on Simmons Citrate Agar (SC), and 
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isolates retaining the original green colour were 
interpreted as citrate-negative, consistent with the 
metabolic profile of E. coli. 

 
Antibiotic susceptibility testing 

A total of 513 E. coli isolates (three per household) 
were tested using the Kirby–Bauer disk diffusion 
method on Mueller-Hinton Agar (MHA), following 
Clinical and Laboratory Standards Institute (CLSI) 
protocols [16]. Inocula were standardized to 0.5 
McFarland (approximately 1.5 × 10⁸ CFU/mL) using a 
DensiCHEK [17]. Antibiotic disks included Ampicillin 
(10 µg), Amoxicillin (10 µg), Ciprofloxacin (5 µg), 
Nalidixic Acid (30 µg), Cefotaxime (30 µg), 
Sulfamethoxazole (25 µg), and Tetracycline (30 µg). 
Plates were incubated at 37 °C for 16–18 hour, and 
inhibition zones were measured at five angles using a 
calliper [18]. Interpretation followed CLSI criteria 

[16,19]. 
 

Data analysis 
A descriptive statistical analysis was conducted to 

examine the sociodemographic characteristics of the 
target families. Associations between water quality 
predictors and stunting were analyzed using Pearson’s 
chi-square test (p < 0.05). Linear regression was 
performed with Z-scores as continuous outcomes to 
estimate effect magnitude (R²). Hierarchical regression 
models incorporated water quality, medical history, and 
water source variables, adjusting for age and gender as 
confounders. 
  

Figure 1. Map of the sampling area of Langkat Regency, North 
Sumatra, Indonesia. 

Geographical map of the sampling area in Langkat Regency, North 
Sumatra, Indonesia, highlighting the locations of 180 surveyed households 
(red dots) involved in a cross-sectional study on Escherichia coli 
contamination and stunting among children under five years of age. The 
map highlights sub-district boundaries, oil palm plantations, and 
geographical context relative to North Sumatra Province. 

Table 1. Social, demographic, and environmental profiles of child 
participants. 
Characteristic n (%) 
Gender  
Female 87 (50.9) 
Male 84 (49.1) 
Age  
≤12 months 45 (26.3) 
13-24 months 48 (28.1) 
25-36 months 30 (17.5) 
37-48 months 39 (22.8) 
49-60 months 9 (5.3) 
Mother’s education  
Primary school – Junior high school 60 (35.1) 
Senior high school- Bachelor degree 111 (64.9) 
Family income  
≤ Rp. 1,500,000 27 (15.8) 
Rp. 1,500,000 – 3,000,000 108 (63.2) 
> 3,000,000 36 (21.1) 
Weight  
6.0-9.9 kg 75 (43.9) 
10.0–14.9 kg 75 (43.9) 
15.0-19.9 kg 21 (12.3) 
Height  
61-80 cm 75 (43.9) 
81-100 cm 81 (47.4) 
101-120 cm 15 (8.8) 
E. coli presence  
Present 129 (75.4) 
Absent 42 (24.6) 
Coliform presence  
Present 138 (80.7) 
Absent 33 (19.3) 
Turbidity  
< 5 NTU 138 (80.7) 
> 5 NTU 33 (19.3) 
pH  
Neutral pH 84 (49.1) 
Non-neutral pH 87 (50.9) 
Repeated episodes of diarrhea within 3 months 
Yes 48 (28.1) 
No 123 (71.9) 
Drinking water source  
Well water 129 (75.4) 
Refill water 42 (24.6) 
The way a child is fed  
Hand 51 (29.8) 
Utensils 72 (42.1) 
Both 48 (28.1) 
Immunization  
Complete 165 (96.5) 
Incomplete 6 (3.5) 
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Results 
Sociodemographic and environmental characteristics 
of the participants 

A total of 171 children from ten locations in 
Langkat Regency were included in the analysis (Figure 
1). Slightly more than half were female (50.9%), while 
49.1% were male. Most participants were aged 13–24 
months (28.1%), weighed 6.0–14.9 kg (87.8%), and had 
a height of 61–100 cm (91.3%). Maternal education was 
predominantly at senior high school or bachelor’s level 
(64.9%), and 63.2% of households reported a monthly 
income between IDR 1,500,000 and IDR 3,000,000. 

Environmental assessment revealed substantial 
water quality concerns. Escherichia coli contamination 
was detected in 75.4% of household water samples, 
while total Coliforms were present in 80.7%. 
Furthermore, 19.3% of samples exhibited turbidity 
levels > 6 NTU, and 50.9% failed to meet the 
recommended drinking water pH range. Despite this, 
only 28.1% of children experienced frequent diarrhea 
within the preceding seven days. Most households 
relied on well water (75.4%) as the primary source for 
child consumption. Feeding practices varied, with 42. 
1% of caregivers using utensils and 29.8% using hands. 
Immunization coverage was notably high at 96.5%. 
These integrated findings (Table 1) highlight a 
paradoxical coexistence of high environmental 
contamination with relatively low reported morbidity. 

 

Bacterial isolation and confirmation 
Selective and differential culture methods enabled 

clear differentiation between Escherichia coli and other 
coliforms. On Chromocult Coliform Agar (CCA), 
colonies displaying a dark blue to violet colour were 
classified as E. coli, whereas pink to red colonies 
represented non-E. coli coliforms (the left panel of 
Figure 2). Subsequent streaking on Eosin Methylene 
Blue Agar (EMBA) confirmed E. coli identity through 
characteristic metallic green sheen resulting from 
vigorous lactose fermentation. Biochemical verification 
further substantiated the identification (the right panel 
of Figure 2). On SIM medium, confirmed E. coli 
isolates exhibited diffuse motility and produced a red 
indole layer upon Kovac’s reagent addition, with no 
blackening indicative of absent H₂S production. Lack of 
citrate utilization was confirmed by retention of green 
coloration on Simmons Citrate Agar. Triple Sugar Iron 
Agar reactions were consistently acid/acid (yellow slant 
and butt) with gas formation and no H₂S precipitate, 
reflecting fermentation of glucose and lactose/sucrose. 
Collectively, the congruence of chromogenic, selective, 
and biochemical profiles provided robust confirmation 
of E. coli presence in household water samples. 

 
Multidrug resistance test of isolates 

Figure 3 illustrates the antibiotic resistance profiles 
of Escherichia coli pathotypes (n = 513). The findings 
reveal significant resistance to commonly used 

Figure 2. Isolation and verification of E. coli from a water sample by in vitro testing. 

Isolation and identification of Escherichia coli from water samples using selective and differential culture media. (Left) Chromogenic Coliform Agar (CCA) 
showing E. coli as dark blue to violet colonies and other coliforms as pink to red colonies. (Center) Eosin Methylene Blue Agar (EMBA) displays a 
characteristic metallic green sheen, confirming E. coli presence. (Right) Biochemical verification using Sulphide-Indole-Motility (SIM), Simmons Citrate 
(SC), and Triple Sugar Iron (TSI) tests, indicating positive indole production, negative citrate utilization, and acid-gas fermentation, respectively. This in vitro 
analysis confirms the prevalence of E. coli contamination in drinking water, which is significantly associated with stunting in children under five years of age. 
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antibiotics, highlighting alarming trends. The highest 
resistance was observed against amoxicillin (56.14%) 
and ampicillin (50.68%), suggesting widespread 
inefficacy of these β-lactam antibiotics. In contrast, the 
lowest resistance was noted for ciprofloxacin (12.87%) 
and cefotaxime (14.42%), indicating their relative 
effectiveness against E. coli. 

Moderate resistance rates were recorded for 
tetracycline (37.04%), nalidixic acid (28.27%), and 
sulfamethoxazole (21.25%), reflecting a concerning 
reduction in their therapeutic potential. These findings 
indicate the circulation of multidrug-resistant E. coli 
strains in domestic water supplies, posing a significant 
public health challenge. The data support the urgent 
need for targeted antibiotic stewardship programs to 
curb the development and spread of resistant strains.  

 

Association between height-for-age index and risk 
factors 

The distribution of height-for-age index (HAZ) 
across socio-demographic and environmental variables 
is presented in Table 2. The data indicate that the HAZ 
varies across different demographic and environmental 
factors. Chi-square analysis indicated no significant 
associations with gender (p = 0.923), age group (p = 
0.390), maternal education, family income, water 
source, feeding practices, or immunization status. In 
contrast, E. coli contamination (p = 0.044), diarrhea 
incidence (p = 0.004), and turbidity levels (p = 0.047) 
were significantly associated with lower HAZ 
categories, suggesting a strong environmental 
component in the growth impairment.  

Table 3 shows the results of a hierarchical 
regression analysis that looks at how different factors 
affect a specific health outcome in children. The 

Table 2. Distribution of height-for-age index (HAZ) and associated factors. 

 HAZ Total Person's Chi-
Square (p) 

Z-score < -3.0 -3.0 ≥ Z-score < -2.0 Z-score ≥ -2.0   
Gender      
Female 39 15 33 87 0.923 Male 36 18 30 84 
Age      
≤12 months 18 6 21 45 

0.390 
13-24 months 18 12 18 48 
25-36 months 12 3 15 30 
37-48 months 24 6 9 39 
49-60 months 3 6 0 9 
Mother’s education      
Primary school – Junior high school 27 9 24 60 0.824 Senior high school- Bachelor degree 48 24 39 111 
Family income      
≤ Rp. 1,500,000 9 0 18 27 

0.086 Rp. 1,500,000 – 3,000,000 48 30 30 108 
> 3,000,000 18 3 15 36 
E. coli      
Present 45 27 57 129 0.044* Absent 30 6 6 42 
Coliform      
Present 57 30 51 138 0.579 Absent 18 3 12 33 
Turbidity      
Clear 51 27 60 138 0.047* Turbid 24 6 3 33 
pH      
Neutral pH 42 18 24 84 0.444 Non-neutral pH 33 15 39 87 
Diarrhea      
Present 15 0 33 48 0.004* Absent 60 33 30 123 
Drinking water source      
Well water 57 30 42 129 0.760 Refill water 18 3 21 42 
The way a child is fed      
Hand 18 12 21 51 

0.237 Utensils 30 9 33 72 
Both 27 12 9 48 
Immunization      
Complete 72 33 60 165 0.408 Incomplete 6 0 0 6 
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analysis is divided into two models. Model 1 of the 
hierarchical regression included only gender and age, 
explaining 3.1% of the variance in the health outcome. 
Neither variable demonstrated a significant effect, with 
gender showing a beta coefficient of −0.041 (p = 0.768) 
and age a beta of 0.181 (p = 0.194), indicating that basic 
demographic characteristics alone do not substantially 
contribute to outcome variation. 

Model 2 added environmental and behavioural 
variables, including E. coli and Coliform 
contamination, diarrhea history, turbidity, pH, feeding 
practices, and source of drinking water. In this extended 
model, E. coli contamination demonstrated a significant 
negative association (β = −0.287, p = 0.035), 
confirming its detrimental influence on child health. 
Coliform contamination did not show a meaningful 
effect (β = −0.040, p = 0.785). Diarrhea (β = 0.310, p = 
0.025) and turbidity (β = −0.286, p = 0.036) emerged as 
statistically significant predictors; however, the 
direction of association for diarrhea and turbidity 
should be interpreted cautiously due to the potential for 
confounding or reverse causality. Overall, Model 2 
explained 30.0% of the variance, indicating that 
environmental exposures, particularly E. coli 
contamination, played a substantially larger role than 
individual demographics in determining children’s 
nutritional status (as reflected by height-for-age Z-
scores). 

 
Discussion 

The findings of this study emphasize the critical 
relationship between environmental factors, 
particularly water contamination, and children’s 
nutritional status. By focusing on microbial 
contamination, particularly Escherichia coli and 
coliform bacteria, this study provides further insight 
into their potential role in childhood stunting. The 
detection of E. coli in 75.4% and coliforms in 80.7% of 
household water samples underscores the significant 
impact of inadequate WASH (Water, Sanitation, and 

Hygiene) conditions on child growth. This aligns with 
previous studies in low- and middle-income countries, 
where E. coli was found in 70% of rural drinking water 
in northwestern Ethiopia and 56.2% in rural 
southwestern Uganda [20,21]. 

The presence of E. coli in drinking water serves not 
only as a microbiological indicator of fecal 
contamination but also as a plausible environmental 
risk factor for stunting, given its established role in 
promoting environmental enteric dysfunction (EED), 
recurrent diarrhea, and impaired nutrient absorption 
[22-25]. In this study, E. coli contamination in 

Table 3. Hierarchical regression analysis of sociodemographic and water contamination variables affecting stunting in children. 
Model Variable Beta Coefficients Sig. Value 95% Confidence interval for B R2 for model p Lower bound Upper bound 

Model 1 Gender -0.041 0.768 -0.568 0.422 0.031 0.427 Age 0.181 0.194 -0.068 0.329 

Model 2 

Gender -0.010 0.938 -0.486 0.450 

0.300 0.036* 

Age -0.048 0.738 -0.240 0.171 
E. coli contamination -0.287 0.035* -0.758 0.576 
Coliform contamination -0.040 0.785 -1.152 -0.043 
Diarrhea 0.310 0.025* 0.080 1.157 
Turbidity -0.286 0.036* -0.045 1.252 
pH -0.125 0.340 -0.689 0.243 
The way a child is feed 0.096 0.479 -0.317 0.666 
Water drinking source 0.047 0.715 -0.435 0.629 

 

Figure 3. Antibiotic resistance profiles of E. coli pathotypes (n = 
513). 

Antibiotic resistance profiles of Escherichia coli isolates (n = 513) from 
drinking water samples in Langkat Regency, North Sumatra, Indonesia. The 
highest resistance rates were observed for amoxicillin (56.14%) and 
ampicillin (50.68%), followed by tetracycline (37.04%) and nalidixic acid 
(28.27%), indicating widespread β-lactam and tetracycline resistance. 
Lower resistance was detected against sulfamethoxazole (21.25%), 
cefotaxime (14.42%), and ciprofloxacin (12.87%), suggesting partial 
efficacy of third-generation cephalosporins and fluoroquinolones. These 
findings emphasize the urgent need for antimicrobial stewardship to 
mitigate the public health risk posed by multidrug-resistant E. coli in 
vulnerable communities. 
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household water sources showed a statistically 
significant association with stunting incidence (p = 
0.044), reinforcing previous findings from similar 
settings. Several lines of evidence from previous 
literature strengthen the plausibility of E. coli 
contamination as a causal pathway linking poor water 
quality to impaired child growth. A large-scale analysis 
in Bangladesh demonstrated that exposure to highly 
contaminated drinking water was associated with up to 
a 9 percentage points increase in stunting risk, even 
after adjusting for socioeconomic confounders, 
indicating that E. coli exposure at the household level is 
an independent predictor of linear growth failure [24]. 
This epidemiological finding is biologically coherent 
with experimental and clinical data showing that 
chronic ingestion of enteric pathogens, particularly 
pathogenic E. coli strains, induces EED, a subclinical 
inflammatory condition characterized by villous 
atrophy, increased intestinal permeability, and reduced 
absorptive surface area [26-28]. At the level of specific 
pathogens, several in vitro studies on Enteroaggregative 
Escherichia coli (EAEC) strains have demonstrated that 
bacterial–epithelial interactions, including adhesion, 
EGFR signalling activation, and IL-8 secretion, trigger 
sustained intestinal inflammatory responses. Such 
mechanisms are biologically consistent with the 
pathway of EED and provide a plausible explanation for 
how exposure to pathogenic E. coli contributes to 
impaired nutrient absorption and growth faltering [29]. 
These mechanistic insights, taken together with 
epidemiological associations observed in multiple 
settings, provide a coherent biological rationale for 
linking E. coli exposure to impaired growth. 
Nevertheless, it is important to distinguish biological 
plausibility from confirmed causality. Although 
causality cannot be fully inferred due to the cross-
sectional design, the consistent epidemiological 
evidence and strong biological plausibility underscore 
E. coli exposure as an environmental exposure 
biomarker and a credible pathway linking poor WASH 
conditions to linear growth faltering.  

In terms of water quality, 19.3% of clean water 
samples exceeded turbidity thresholds, and 50.9% 
failed to meet pH standards. Importantly, turbidity 
showed an inverse association with child growth (p = 
0.047), underscoring its utility as a physical indicator of 
water hygiene. Turbidity reflects the presence of 
particulate matter and microbial contaminants, making 
it a critical parameter for WASH interventions [28-30]. 
These findings highlight the urgent need for targeted 
measures to improve water safety and reduce stunting 
in the study region. Although we identified significant 

associations, particularly between Escherichia coli 
presence, water turbidity, and stunting, the cross-
sectional design precludes establishing causality, as 
temporality remains unconfirmed and potential 
confounders cannot be fully ruled out. 

A key strength of this research lies in its focus on 
environmental drivers of stunting, shifting attention 
from traditional sociodemographic factors. Unlike 
maternal education or family income, which showed no 
significant association with height-for-age indexin this 
study, environmental exposures, particularly bacterial 
contamination and poor water quality, emerged as 
dominant determinants. This finding is particularly 
relevant for rural areas where waterborne diseases are 
prevalent and access to clean water remains a challenge 
[31]. 

One notable observation from the analysis was the 
observed positive correlation between diarrhea 
incidence and HAZ (p = 0.025). While diarrhea is 
typically considered a detrimental health outcome, this 
result may reflect compensatory mechanisms in 
children with recurrent episodes or improved access to 
medical care in response to diarrheal illnesses. This 
aligns with hypotheses proposed by Goldberg et al. [32] 
but warrants further investigation to clarify the long-
term developmental impacts of recurrent diarrhea. 

A comparison of antimicrobial resistance (AMR) 
patterns between our findings and the meta-analysis by 
[33] provides valuable insights into regional variations 
in resistance trends and antibiotic stewardship. Our 
study demonstrates comparatively lower resistance 
rates for key antibiotics, including amoxicillin (56.14% 
vs. 80.9%) and ampicillin (50.68% vs. 73.5%), 
suggesting more effective stewardship or reduced 
selective pressure in our study region. Ciprofloxacin 
and cefotaxime remain particularly effective in our data 
(resistance rates of 12.87% and 14.42%, respectively), 
contrasting with the higher resistance rates reported by 
Salleh et al. (25.7% and 36.6%). Notably, lower 
resistance levels for tetracycline (37.04% vs. 54.7%) 
and nalidixic acid (28.27% vs. 58.2%) further highlight 
regional nuances in resistance development. These 
findings underscore the dynamic nature of AMR 
evolution and emphasize the critical need for region-
specific antimicrobial stewardship strategies to address 
local resistance patterns and mitigate the global AMR 
crisis. 

This study suggests that water contamination, 
particularly with Escherichia coli and coliform bacteria, 
may represent a critical risk factor for adverse child 
health outcomes, including stunting. The high 
prevalence of E. coli in household water samples 
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(75.4%) aligns with findings from prior studies, such as 
[34] and [35], which highlighted untreated well water 
as a common source of pathogenic microorganisms in 
rural areas. Notably, while we identified a novel 
correlation between water turbidity and children's 
height-for-age index, despite previous reports 
indicating no direct link between turbidity and growth 
metrics [36], we acknowledge that this finding may be 
limited by measurement or sampling constraints, such 
as turbidity coinciding with mineral-rich or treated 
water sources, seasonal variability, or unmeasured 
household water-use and handling behaviors, 
underscoring the need for longitudinal studies with 
detailed data on water treatment, healthcare access, and 
dietary intake to better clarify these relationships. 

The identification of E. coli in this study utilized a 
combination of selective and differential 
microbiological techniques to ensure accuracy and 
reliability. Chromogenic Coliform Agar (CCA) 
effectively differentiated E. coli from other coliforms 
by producing distinct blue to purple colonies, while 
Eosin Methylene Blue Agar (EMBA) confirmed the 
species with its characteristic metallic green sheen. 
These widely recognized methods provide robust 
evidence for E. coli identification. Biochemical assays 
further validated the findings, with the Sulphur-Indole-
Motility (SIM) test confirming motility and indole 
production, Simmons Citrate Agar (SC) demonstrating 
the inability to utilize citrate, and Triple Sugar Iron 
Agar (TSIA) revealing acid fermentation of glucose, 
lactose, and sucrose without hydrogen sulphide 
production. These results, consistent with the 
established characteristics of E. coli [37], provide 
strong microbiological confirmation and enhance the 
credibility of the study's conclusions. 

By integrating microbial and physicochemical 
water quality assessments, this research underscores the 
multifaceted impact of water contamination on child 
health. The findings not only reaffirm the significance 
of E. coli as a key biomarker for waterborne disease risk 
but also highlight the potential of turbidity as an 
additional indicator of water quality’s influence on 
growth outcomes. This study contributes valuable 
evidence to the ongoing effort to address stunting 
through targeted interventions in water safety and 
sanitation practices.  

 
Conclusions 

This study contributes to the existing literature by 
providing a comprehensive analysis of how 
environmental contamination, particularly waterborne 
pathogens, directly impacts child health outcomes in 

rural settings. The findings suggest that improving 
water quality and sanitation should be prioritized in 
public health interventions to mitigate the risks of 
stunting and other growth-related issues. This research 
also calls attention to the emerging challenge of 
antibiotic resistance in low-resource areas, 
underscoring the need for integrated approaches to 
address both environmental and microbial threats to 
child health. Future research could expand on these 
results by exploring interventions aimed at improving 
water quality in affected communities. Specifically, 
studies could investigate the impact of different water 
treatment methods in reducing E. coli contamination 
and their subsequent effects on child health and growth. 
Additionally, further genetic characterization of E. coli 
isolates would provide valuable insights into the 
prevalence of multidrug resistant (MDR) strains. 
Understanding resistance patterns, particularly in rural 
areas, could inform public health policies and antibiotic 
stewardship programs, contributing to the prevention of 
future health risks associated with E. coli infections.  
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