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Abstract 
Background: The prevalence of waterborne illnesses among students in rural and urban schools is a significant 

public health issue, especially in developing regions with limited access to clean water and sanitation. In Tanzania, 
research shows that rural populations still face significant challenges despite improved water access, impacting efforts 

to control waterborne diseases.  

Objectives: This study assessed the prevalence of reported waterborne illnesses and their effects on students in rural 

and urban primary and secondary schools in Iringa, Tanzania.  

Patients and Methods: This study, conducted from July 4 to July 25, 2024, used a quantitative cross-sectional 

analytical approach involving 1,536 students. Data was collected through structured questionnaires, and descriptive 

and comparative results were analyzed using the Statistical Package for the Social Sciences (SPSS) version 26. 

Significant associations were evaluated using P-values from cross-tabulation and further by examined binary logistic 

regression. 

Results: The study found that 17.2% of rural school students suffer from waterborne illnesses, which is higher than 

the 10.9% prevalence seen in urban school students, both being a moderate prevalence. This study established a 

significant correlation in rural and urban schools through bivariate analysis (P < 0.05); however, binary logistic 
regression did not support this relationship. 

Conclusion: Waterborne illness was more prevalent in rural than urban school students, although both face moderate 

reported prevalence. This necessitates attention to potential interventions, including equitable resource allocation, to 

close the rural-urban gap.  

 

https://portal.issn.org/resource/ISSN/1687-8353
https://portal.issn.org/resource/ISSN/2682-4159
mailto:edwardam87@gmail.com
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Introduction 
The prevalence of waterborne illnesses among stud-

ents in rural and urban schools is a significant 

public health concern, particularly in developing 

regions where access to clean drinking water and 

proper sanitation facilities is often inadequate.(1) 

Studies have consistently shown that contaminated 

water sources are a primary contributor to various 

waterborne diseases, including cholera, typhoid 

fever, and gastrointestinal infections, which dispro-

portionately affect children and adolescents.(2,3) 

The study conducted in Peshawar, Pakistan, revea-

led that 52% of participants identified waterborne 

illnesses as a significant health issue in their comm-

unity, highlighting dissatisfaction with drinking 

water quality.(1) Similarly, another study emphasi-

zed that waterborne diseases are transmitted prim-

arily through the fecal-oral route, often exacerbated 

by inadequate water treatment practices.(4) This is 

particularly concerning in rural schools where infr-

astructure may be lacking, leading to higher rates of 

illness among students. 

The impact of waterborne diseases on school-aged 

children is further illustrated by findings that 

indicate schools utilizing surface water sources face 

a higher risk of infection.(5) This is compounded by 

the fact that children are more susceptible to the 

effects of contaminated water, which can lead to 

severe health outcomes, including dehydration and 

malnutrition from diarrheal diseases.(6) In regions 

where water insecurity is prevalent, the threat of 

waterborne illnesses is expected to escalate due to 

climate change and its effects on water quality and 

availability.(7) 

Knowledge and personal hygiene practices among 

students are vital for reducing the risk of waterborne 

diseases.(8) However, studies in India and Sierra 

Leone found that although many recognized that 

clean drinking water could prevent these diseases, a 

lack of actual hygiene practices highlighted a gap 

between awareness and behavior.(8,9) This disco-

nnect suggests that educational interventions are ne-

cessary to improve hygiene practices among stud-

ents, thereby reducing the incidence of waterborne 

illnesses. 

In Tanzania, the research found that inadequate 

storage solutions can lead to the re-contamination of 

treated drinking water, which poses a significant 

risk for waterborne diseases. It further emphasized 

the importance of proper water treatment and sto-

rage practices among students in Tanzania, highlig-

hting a crucial aspect of school water manag-

ement.(2) A cross-sectional study among the Maasai 

community reported significant WASH challenges 

in rural than urban areas, affecting efforts to control 

waterborne diseases like cholera. Also, inadequate 

sanitation facilities worsen this disparity, increasing 

disease transmission risks among schoolchildren.(3) 

Moreover, another study found that fluctuations in 

climate conditions can lead to increased contam-

ination risks, which is particularly relevant for rural 

schools, where reliance on unimproved water 

sources is common.(10) Another Tanzanian research 

underscores the effectiveness of ordinary water 

filters used in Tanzania, noting that their ineffe-

ctiveness can lead to persistent waterborne dis-

eases.(11)  

This study aimed to assess the prevalence of 

reported waterborne illnesses and their effects on 

students in rural and urban schools in Iringa, Tanz-

ania. The results are intended to enhance sanitation 

facilities and foster greater awareness of hygiene 

practices among students. 

 

Patients and Methods 

Area of study 
This research was conducted in the Iringa, Kilolo, 

and Mufindi districts, which are situated within the 

Iringa region. The Iringa Region, found in the 

Southern Highlands zone of Tanzania Mainland, is 

located south of the Equator between the latitudes 

of 6°-55’ and 9° 00’ south, and the longitudes of 

33° 45’ and 36° 55’ East of Greenwich. It shares its 

northern borders with the Singida and Dodoma 

regions, while the Morogoro region lies to the east 

and the Mbeya region to the west; the Njombe 

region is located to the south.(12) Three districts 

were chosen for this study because of their varying 

economic conditions, geographical features, and 

population sizes. Iringa municipality, located in the 

Iringa district, was selected to represent urban 

schools, given its predominantly urban character. 

Kilolo and Mufindi districts were selected to 

represent rural schools due to their predominantly 
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rural characteristics. Iringa district comprises 151 

primary schools and 42 secondary schools, with 50 

primary and 30 secondary schools located in Iringa 

municipality; Kilolo district has 133 primary scho-

ols and 44 secondary schools, while Mufindi district 

contains 162 primary schools and 48 secondary 

schools.(13-16) 

Study design 

This research, conducted from July 4 to July 25, 

2024, employed a quantitative cross-sectional ana-

lytical approach to evaluate the reported prevalence 

and effects of waterborne diseases among students 

in rural and urban schools within the Iringa region 

of Tanzania. 

Study population 

This research involved students from rural and 

urban schools in the Iringa region, incorporating 

public and private schools, day, boarding, mixed 

schools, and primary and secondary levels. Primary 

school students from standard 5 to 7 were included, 

while those from lower grades (standard 1-4) were 

not part of the study. In secondary education, both 

O-level students (form 1-4) and high-level students 

(form 5-6) were included in the research. 

 

Sampling and sample size 

An equal number of rural and urban schools were 

purposefully selected, ensuring a proportionate dist-

ribution of private and public institutions, primary 

and secondary schools, and boarding and day sch-

ools. The stratification of rural and urban schools 

was established to facilitate a structured analysis. 

Specifically, 32 schools were chosen from rural 

districts with equal distribution from Kilolo and 

Mufindi, and 32 schools were selected from Iringa 

Municipality, representing the urban areas. This 

resulted in a total of 64 schools in the study. A 

simple random selection technique was applied to 

select schools from each stratum, and selecting 

students from assessed schools. 

Subsequently, the Cochran formula was utilized to 

determine the sample size of students for the rural 

district of Kilolo, and this calculated size was 

applied to the second rural district, Mufindi. The 

total sample size for the rural segment was also 

replicated for the urban segment. 

 

 

 
Where; 

N = Minimum sample size 

Z = Constant, standard normal deviation (1.96 for 95% Confidence level) 

P = Estimated proportion of the population (50% or 0.5) to maximize sample size in the 

absence of precise prevalence data 

d = Acceptable margin of error (5% or 0.05) 

 
 

Thus, the total number of rural schools amounted to 768 students, with a corresponding urban sample size of 

768, culminating in an overall total of 1,536 students. 

Cochran formula: N = Z2P(1-P) 

                                         d2 

For Kilolo district: N = 1.962 x 0.5 x (1 – 0.5)  =  384 students 

       0.052 
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Data collection  
Data were collected utilizing structured questionn-

aires designed to evaluate the prevalence and effects 

of waterborne illnesses among students in rural and 

urban schools in Iringa, Tanzania. 
 

Data analysis 

Data analysis was conducted using Statistical 

Package for the Social Sciences (SPSS) version 26, 

which employed descriptive and comparative 

methods to summarize findings on waterborne illn-

esses and assessed effects. Frequencies and percent-

ages were calculated, with students reporting illness 

from water use in the past six months affirming 

prevalence. Associations between variables were 

examined using P-values from cross-tabulation, and 

binary logistic regression analyzed the causes of 

these associations. 
 

Scoring and definitions of reported prevalence 

Prevalence was categorized into three levels. Low 

prevalence (<10%), indicates minimal concern. 

Moderate prevalence (10% to <30%), indicates a 

moderate public health concern, but not extensive. 

High prevalence (≥30%), indicates a substantial 

disease burden, necessitating attention to potential 

interventions.(17) 
 

Ethical considerations 
Ruaha Catholic University (RUCU) provided 

ethical clearance for this research, identified by 

reference number RU/RPC/RP/2024/14. Authoriz-

ation to carry out the study was acquired from the 

regional education officer's office, the respective 

district education officer, and the school heads and 

administrators. All data gathered was managed with 

utmost confidentiality, guaranteeing no details were 

disclosed. 
 

Results 
Socio-demographic characteristics of rural-

urban students in schools  

In the demographic analysis of students, it was 

observed that the age group of 13-15 years compri-

sed a significant portion of the enrollment in rural 

schools, totaling 290 (18.9%) students. Conversely, 

urban schools exhibited more students aged 10-12 

years, with 294 (19.1%) students. The least 

represented age group in rural schools was those 

over 18 years, with 21 (1.4%) students, whereas 

urban schools had fewer students under 10 years, 

amounting to 28 (1.8%) students. 

Female students were substantially represented in 

rural and urban educational settings, accounting for 

399 (26.0%) and 448 (29.2%) students, respectively. 

Students enrolled in Primary School (Standard 5-7) 

were predominant in both rural and urban schools, 

with 385 (25.1%) students in rural areas and 387 

(25.2%) students in urban areas, surpassing other 

educational categories. 

Public schools were the primary contributors to 

student enrollment in both contexts, with 502 

(32.7%) students in rural schools and 515 (33.5%) 

students in urban schools. Additionally, day stude-

nts represented a significant demographic, with 485 

(31.6%) students in rural schools and 589 (38.3%) 

students in urban schools. A significant association 

was revealed in age, gender, type of school, and 

living situation factors, as described in Table 1. 
 

Rural-urban comparison of waterborne disease 

prevalence among students in schools  

The study revealed that the prevalence of 

waterborne illnesses among rural school students is 

17.2%, which is higher than the prevalence of 

10.9% observed among urban school students. Both 

groups exhibit a moderate prevalence, as illustrated 

in the accompanying figure. Among those who 

enco-untered illness, a considerable percentage of 

stu-dents reported experiencing symptoms of 

waterb-orne illnesses one to two times in the past 

six months, with 201 (46.5%) in rural schools and 

107 (24.8%) in urban schools. In comparison, fewer 

students reported experiencing symptoms five or 

more times, with 8 (1.9%) in rural schools and 25 

(5.8%) in urban schools. The symptom of stomach 

cramps was prevalent among students, with 104 

(24.1%) in rural schools and 98 (22.7%) in urban 

schools reporting this particular issue more 

frequently than other symptoms.  

Furthermore, a notable number of students from 

both rural 114 (26.6%) and urban 73 (17.0%) schools 

experienced symptoms in less than one hour after 

consuming water at school. This was followed by a 

timeframe of one to six hours, where 99 (23.1) of 

rural students and 52 (12.1%) of urban students 
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reported similar experiences. The majority of 

students in both rural 149 (34.7%) and urban 97 

(22.6%) schools predominantly utilized tap water as 

their primary source of drinking water, rather than 

other available sources. Among those who exper-

ienced symptoms, 141 (33.2%) sought medical atten-

tion in rural settings compared to 111 (26.1%) in 

urban locations. A significant relationship was 

found between location and experiences of wate-

rborne illness, symptoms related to drinking water 

at school, frequency of symptoms in the past six 

months, seeking medical attention, satisfaction with 

hygiene practices, and reporting illness to the school 

health services unit, as detailed in Table 2.  

Predictors associated with the prevalence of 

waterborne illnesses among students in school 

This study identified a significant correlation among 

three predictor variables: school location (rural and 

urban), school district (Iringa, Kilolo, and Mufindi), 

and living situation (boarding and day students), all 

of which exhibited a P-value <0.05 as detailed in 

Table 3. A binary logistic regression analysis revea-

led that living in the Kilolo district reduced the 

likelihood of not being affected by waterborne 

illnesses by 41.4% (Odds Ratio = 0.586, 95% CI: 

0.429-0.801), while being a boarding student 

decreased the likelihood of not being affected by 

33.8% (Odds Ratio = 0.662, 95% CI: 0.468-0.936), 

as shown in Table 4. 

 

Table 1: Socio-demographic characteristics of rural-urban students in schools (N = 1536) 

Socio-demographic characteristics  School location Chi-square P-value 

 Rural Urban   

Age     

Under 10 years 42 (2.7) 28 (1.8)   

10-12 years 249 (16.2) 294 (19.1)   

13-15 years 290 (18.9) 243 (15.8) 12.703 0.013*  

16-18 years 166 (10.8) 172 (11.2)   

Over 18 years 21 (1.4) 31 (2.0)   

Gender     

Male 369 (24.0) 320 (20.8) 6.319 0.012*  

Female 399 (26.0) 448 (29.2)   

Level of study     

Primary school (Standard 5-7) 385 (25.1) 387 (25.2)   

Secondary school (Form 1-4) 353 (23.0) 337 (21.9) 3.025 0.22 

High school (Form 5-6) 30 (2.0) 44 (2.9)   

Type of school     

Public 502 (32.7) 515 (33.5) 0.492 0.483 

Private 266 (17.3) 253 (16.5)   

Living situation     

Boarding student 283 (18.4) 179 (11.7) 33.482 < 0.001*  

Day student 485 (31.6) 589 (38.3)   

                     * P<0.05 is statistically significant 
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Table 2: Rural-urban comparison of waterborne illness prevalence and effects among students in schools 

Questions related to waterborne illness Responses School location Chi- P- 

  Rural Urban square value 

Have you experienced waterborne illness 

symptoms after drinking water at school? 

Yes 264 (17.2) 168 (10.9) 29.681 < 0.001*  

No 504 (32.8) 600 (39.1)   

If yes, how many times have you 

experienced waterborne illness symptoms 
in the past six months? 

1-2 times 201 (46.5) 107 (24.8)   

3-4 times 55 (12.7) 36 (8.3) 21.123 < 0.001*  

≥ 5 times 8 (1.9) 25 (5.8)   

Which of the following symptoms have 
you experienced after drinking water 

around the school community?  

Nausea 31 (7.2) 16 (3.7)   

Vomiting 10 (2.3) 11 (2.5)   

Diarrhea 34 (7.9) 13 (3.0)   

Stomach cramps 104 (24.1) 98 (22.7) 22.947 0.001* 

Fever 16 (3.7) 9 (2.1)   

Other 2 (0.5) 2 (0.5)   

Multiple symptoms 67 (15.5) 19 (4.4)   

How long after drinking water did the 

symptoms appear? 

< 1 hour 114 (26.6) 73 (17.0)   

1-6 hours 99 (23.1) 52 (12.1) 3.351 0.341 

7-24 hours 22 (5.1) 20 (4.7)   

> 24 hours 27 (6.3) 22 (5.1)   

Which source of drinking water caused 

illness? 

Well 66 (15.4) 51 (11.9)   

Tape water 149 (34.7) 97 (22.6) 6.004 0.111 

River water 40 (9.3) 13 (3.0)   

Other 7 (1.6) 6 (1.4)   

Did you seek medical attention for your 

symptoms? 

Yes 141 (33.2) 111 (26.1) 7.786 0.005* 

No 120 (28.2) 53 (12.5)   

How did the waterborne illness impact 

your daily activities? 

Missed classes 64 (15.0) 42 (9.9)   

Bed rest 47 (11.0) 25 (5.9) 1.887 0.596 

Hospitalization 25 (5.9) 22 (5.2)   

No impact 125 (29.3) 76 (17.8)   

How satisfied are you with the hygiene 

and sanitation practices of water around 
the school community? 

Very satisfied 191 (12.4) 235 (15.3)   

Satisfied 260 (16.9) 277 (18.0)   

Neutral 71 (4.6) 64 (4.2) 12.123 0.016* 

Dissatisfied 165 (10.7) 130 (8.5)   

Very dissatisfied 81 (5.3) 62 (4.0)   

Have you reported your illness to the 
school health services unit? 

Yes 165 (38.5) 86 (20.0) 7.906 0.005* 

No 93 (21.7) 85 (19.8)   

If you reported your illness, how satisfied 
were you with the response? 

Very satisfied 63 (22.0) 25 (8.7)   

Satisfied 68 (23.7) 27 (9.4)   

Neutral 28 (9.8) 8 (2.8) 3.662 0.454 

Dissatisfied 28 (9.8) 16 (5.6)   

Very dissatisfied 14 (4.9) 10 (3.5)   

            * P<0.05 is statistically significant 
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Figure: Rural-urban comparison of waterborne illness prevalence among students in schools 
 

 

Table 3: Bivariate analysis of predictor factors associated with the prevalence of waterborne illness among 
students in schools (N = 1536) 

Experienced symptoms of waterborne illness after drinking water in school  

Predictor variables Yes  

n (%) 

No  

n (%) 

Chi-square P-value 

Age     

Under 10 years 18 (1.2) 52 (3.4)   

10-12 years 142 (9.2) 401 (26.1)   

13-15 years 167 (10.9) 366 (23.8) 4.678 0.322 

16-18 years 93 (6.1) 245 (16.0)   

Over 18 years 12 (0.8) 40 (2.6)   

Gender     

Male 195 (12.7) 494 (32.2) 0.019 0.889 

Female 237 (15.4) 610 (39.7)   

Level of study     

Primary school (Standard 5-7) 211 (13.7) 561 (36.5)   

Secondary school (Form 1-4) 204 (13.3) 486 (31.6) 1.920 0.383 

High school (Form 5-6) 17 (1.1) 57 (3.7)   

School location     

Urban 168 (10.9) 600 (39.1) 29.681 < 0.001*  

Rural 264 (17.2) 504 (32.8)   

Type of school     

Public 270 (17.6) 747 (48.6) 3.700 0.054 

Private 162 (10.5) 357 (23.2)   

School district     

Iringa 168 (10.9) 600 (39.1)   

Kilolo 151 (9.8) 233 (15.2) 38.982 < 0.001*  

Mufindi 113 (7.4) 271 (17.6)   

Living situation     

Boarding student 156 (10.2) 306 (19.9) 10.402 0.001* 

Day student 276 (18.0) 798 (52.0)   

          * P<0.05 is statistically significant 
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Table 4: Binary logistic regression of predictor factors associated with the prevalence of waterborne illness  

among students in schools (N = 1536) 

 YES response (Reference) vs. NO response  

Predictor variables B P-value AOR 95% CI for AOR 

    Lower Upper 

Age      

Under 10 years -0.063 0.910 0.939 0.312 2.82 

10-12 years -0.111 0.823 0.895 0.339 2.364 

13-15 years -0.289 0.536 0.749 0.3 1.868 

16-18 years -0.136 0.761 0.873 0.363 2.098 

Over 18 years Reference 

Gender      

Male 0.005 0.969 1.005 0.795 1.27 

Female Reference 

Level of study      

Primary school (Standard 5-7) -0.323 0.465 0.724 0.305 1.72 

Secondary school (Form 1-4) -0.224 0.571 0.799 0.368 1.737 

High school (Form 5-6) Reference 

School location      

Urban 0.283 0.056 1.327 0.993 1.773 

Rural Reference 

Type of school      

Public 0.06 0.710 1.061 0.775 1.454 

Private Reference 

School district      

Iringa - - - - - 

Kilolo -0.534 0.001 0.586 0.429 0.801 

Mufindi Reference 

Living situation      

Boarding student -0.413 0.020 0.662 0.468 0.936 

Day student Reference 

             * P<0.05 is statistically significant, B = Coefficient, degree of freedom (df) = 1, CI=Confidence Interval, 

AOR=Adjusted Odds Ratio. 
 

Discussion 

This comparative study has elucidated significant 

findings concerning the prevalence of waterborne 

illnesses among students in rural and urban schools 

in Iringa, Tanzania. The observed disparities in pre-

valence rates, symptomatology, healthcare-seeking 

behaviors, and the impact of socio-demographic 

factors emphasize how environmental and social 

contexts influence health outcomes among students. 

The research found that 17.2% of rural school stud-

ents reported suffering from waterborne illnesses, 

higher than the 10.9% prevalence in urban school 

students; however, both groups displayed a mode-

rate level of illness. These results align with other 

studies, which revealed that rural schools had 

inadequate WASH facilities, which increased the 

risk of disease transmission.(18-20) Conversely, desp-

ite having better access to piped water, urban 

populations may still face significant risks due to 

the contamination of water supplies and inadequate 

waste management systems.(21,22) 

Stomach cramps emerged as the most frequently 

reported symptom among students, slightly higher 
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in rural schools than urban ones. This aligns with 

findings in other Tanzanian studies, which reported 

that rural populations, including schoolchildren, 

were more vulnerable to waterborne diseases due to 

inadequate sanitation and hygiene facilities, leading 

to higher incidences of illnesses such as diarrhea 

with stomach cramps complaints.(3,23) These studies 

are consistent with findings from other regions 

outside of Tanzania, which indicate that urban 

students have a better understanding of waterborne 

diseases. However, the actual prevalence of these 

illnesses is higher in rural areas, where inadequate 

sanitation and hygiene practices lead to more 

complaints of stomach cramps. (18, 24) 

However, the higher prevalence of stomach cramps 

in rural students contrasts with findings from a 

similar study conducted in Bangladesh, wh-

ich found that abdominal pain and cramps were fre-

quently reported symptoms among urban students 

affected by waterborne diseases.(25) Such symptoms 

are typically associated with bacterial or viral 

infections, which thrive in environments with 

compromised water sanitation.(25) Another study 

from Brazil revealed that contamination of urban 

groundwater had significant health consequences, 

including dysentery and other diarrheal diseases, 

which were linked to the consumption of unsafe 

water.(26)  

Ongoing oversight and regular maintenance of 

urban water infrastructure could help reduce this 

inequality. 

The study found that more students did not seek 

medical attention for waterborne illness symptoms 

in rural schools than in urban schools. This aligns 

with similar studies from Tanzania and Nigeria, 

which found that urban schoolchildren were more 

likely to seek medical attention for gastrointestinal 

symptoms than their rural counterparts because of 

better access to healthcare facilities, influencing 

their health-seeking behavior.(27,28)  

Additionally, boarding students decreased the odds 

of not being affected by waterborne illness against 

the day students. The findings contrast with other 

studies that revealed that boarding schools typically 

implement rigorous hygiene practices and provide 

access to clean drinking water, which significantly 

reduces the likelihood of waterborne diseases. (5,29) 

However, the study of Peguero et al. found that 

students living in boarding schools often face 

unique health challenges due to the communal 

living environment, which can facilitate the spread 

of infections, similar to this current study.(30)  

Furthermore, day students may have more access to 

home resources, including clean water and 

sanitation facilities, which can mitigate their risk of 

contracting waterborne illnesses. 
 

Conclusion 
Waterborne illnesses are observed to be more 

prevalent in rural schools compared to urban 

settings, although students from both locations 

reported moderate prevalence. This situation 

underscores the need for targeted interventions in 

both settings. Among the symptoms reported by 

students in both contexts, stomach cramps are the 

most frequently mentioned. Additionally, rural 

students demonstrate a higher propensity of not 

seeking medical assistance for these symptoms than 

their urban peers. There are significant disparities in 

the impact of such illnesses when comparing school 

districts and differences between boarding and day 

students. This study also found a significant 

correlation between rural and urban schools through 

bivariate analysis (P < 0.05); however, binary 

logistic regression did not support this relationship. 
 

Recommendations 
Policies must emphasize the equitable allocation of 

resources to bridge the rural-urban divide. This 

approach should ensure that rural schools receive 

sufficient funding to improve water and sanitation 

facilities. Furthermore, establishing partnerships 

with health organizations to conduct regular health 

education sessions in schools could significantly 

enhance students' comprehension of waterborne 

diseases and their prevention. 
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