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EXECUTIVE SUMMARY 
 

 
BACKGROUND 

 
Adequate water supply and sanitation are critical for sustainable development in South Africa, yet significant 
challenges persist. Approximately 3 million and 14.1 million people lack access to basic water and sanitation 
services, respectively, hindering progress toward Sustainable Development Goals (SDGs) 6.1 and 6.2. Water 
quality degradation—driven by nutrient enrichment, microbial contamination, and dysfunctional wastewater 
treatment infrastructure—threatens human health, ecosystems, and agricultural productivity. Compounding 
these issues are climate extremes, population growth (31% over 20 years), and a R33 billion water 
infrastructure backlog, with 41% of the population in metropolitan areas nearing water deficits. 

 
Climate change exacerbates water scarcity and disease transmission. Rising temperatures, reduced snow 
cover, and intensified rainfall alter pathogen dynamics, increasing risks of waterborne illnesses. Droughts 
concentrate contaminants, while floods overwhelm sanitation systems. Schistosomiasis, linked to freshwater 
snails (e.g., *Biomphalaria* spp.), resurges due to climate-driven habitat shifts. Nelson Mandela Bay 
exemplifies these challenges: reservoirs at 2.3% capacity (July 2022) led to water rationing, poor-quality water 
linked to child fatalities, and heightened health risks from inadequate hygiene. 

 
Water-related diseases, including diarrhoeal illnesses and schistosomiasis, disproportionately affect low-
income communities. Diarrhoea, a leading cause of under-five mortality (525,000 deaths annually), is tied to 
unsafe water and poor sanitation. Schistosomiasis prevalence in regions like Kwa Nobuhle (26% infection 
rate in 2021) underscores persistent transmission hotspots. Despite 90.5% household access to flush toilets in 
Nelson Mandela Bay, gaps remain: 22% of early childhood centres use unsafe sanitation practices, and 79% 
lack hygienic handwashing. Addressing these challenges requires integrated strategies: upgrading water 
infrastructure, enhancing wastewater treatment, and scaling Water, Sanitation, and Hygiene (WASH) 
initiatives. Community engagement, snail vector monitoring, and climate-resilient policies are critical. 
Multidisciplinary approaches, leveraging existing expertise and infrastructure, offer pathways to mitigate risks 
and achieve water security. Prioritizing WASH standards, predictive water quality assessments, and 
sustainable sanitation investments remains urgent to safeguard public health and environmental sustainability. 

 
AIMS 

 
The following were the aims of the project: 

 
1. Assessment of natural water bodies to determine vegetation type, and water physico-chemical 

properties in each sampling site, and the impact on schistosomiasis intermediate host (snail) 
distribution. (Work Package 1) 

2. Assessment of natural water bodies in the study area to determine the presence of snail intermediate 

host (potential transmission sites) and infected snails (transmission sites). (Work Package 1) 

3. Assessment of knowledge, attitude, and practices (KAPs) and risk factors associated with 

schistosomiasis prevalence and transmission among primary school-going children. (Work Package 2) 

4. Determining the prevalence and intensity of S. haematobium and S. mansoni infection through urine 
and faecal samples, respectively, in school-going children. (Work Package 2) 

5. To assess the bacteriological quality of water sources as well as the retrospective prevalence of 

diarrhoea in the study area. (Work Package 3) 

6. Assessment of an educational intervention on hygiene knowledge and practices among municipal 
waste and sanitation workers pre- and post-intervention in the study area. (Work Package 4) 
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METHODOLOGY 
 

Below is a consolidated summary of the methodologies from Work Packages 1 to 4: 
 

Environmental Water Quality & Ecological Assessment (Work Package 1) 
 

Design: Quantitative cross-sectional study over 9 months, covering wet and dry seasons. 
Sampling: 

• Sites: 8 locations near residential areas. 
• Water Analysis: 

o Physico-chemical properties (pH, conductivity, TDS) measured using a Bante 
900P multiparameter meter, Macherey Nagel PF-12 plus, and hardness meter. 

o Surface water samples collected via the simple dip method. 
• Ecological Sampling: 

o Snails captured using a 300 µm mesh scoop net. 
o Vegetation composition (% cover) visually estimated; dominant plant species identified by 

botanists at Nelson Mandela University. 
Data Analysis: R software (v4.3.1) and Excel 365 for statistical and descriptive analysis. 

 
Schistosomiasis Epidemiology & Biomarker Profiling (Work Package 2) 

 
Design: Three-phase cross-sectional study in school-aged children (5–14 years). 
Phases: 

• Phase 1 (Risk Factors & KAPs): 
o Structured interviews to assess socio-demographics, environmental risks, and 

knowledge/attitudes/practices (KAP). 
o Data analysed for associations between variables. 

• Phase 2 (Prevalence & Diagnostics): 
o Urine: Dipsticks (haematuria screening), filtration (S. haematobium eggs), and cPCR (Dra1 

repeat for cfDNA confirmation). 
o Stool: Kato-Katz and POC-CCA tests for S. mansoni/STHs; cPCR (cox-1 gene) for 

confirmation. 
• Phase 3 (Biomarkers): 

o Urinary biomarkers (proteins, leukocytes, etc.) analysed via Siemens Multistix 10SG 
dipsticks. 

o Correlations between biomarkers and schistosomiasis explored. 
 

Municipal Water Quality & Public Health Linkages (Work Package 3) 
 

Design: Seasonal analysis (June 2023–April 2024) of water sources in Kariega, Eastern Cape. 
Sampling: 

• 52 samples (40 municipal, 12 environmental: Swartkops River, Willow Dam, Strelitzia Dam). 
 

Laboratory Analysis: 
• Microbial: Colilert™-18 MPN for coliforms/E. coli; PCR for Salmonella (invA), Shigella (ipaH), Vibrio 

cholerae (ompW, ctxAB). 
• Physicochemical: pH, conductivity, TDS. 

Data Integration: 
• Correlation of microbial results with municipal records and pending diarrheal prevalence data 

(NICD/DHIS). 
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Statistics: Non-parametric tests (Spearman’s correlation, Welch tests, ANOVA) due to non-normal 
data distribution. 

 
Hygiene Intervention Impact Assessment (Work Package 4) 

 
Design: Quasi-experimental pre-/post-test study (1 group). 
Participants: 201 waste/sanitation workers from NMBM depots and wastewater plants. 
Intervention: 

• Pre-intervention: Structured questionnaire on demographics, hygiene knowledge/practices. 
• Educational intervention based on national guidelines. 
• Post-intervention: Follow-up survey after ≥2 months. 

 
Analysis: 

• Data captured via QuestionPro, analysed in Excel 365 and R (v4.4.1). 
• Reliability assessed via Cronbach’s alpha. 
• Inferential statistics: Pearson’s correlations, t-tests, ANOVA, multivariable regression. 

 
Integration & Synergies 

• Environmental-Health Links: WP1 (water quality/snails) and WP3 (pathogen detection) inform 
schistosomiasis risk factors (WP2) and diarrheal disease trends. 

• Diagnostic Overlap: Molecular methods (cPCR) used in WP2 and WP3 enhance pathogen 
specificity. 

• Intervention Context: WP4’s hygiene training addresses behavioural risks identified in WP2 (KAPs). 
• Statistical Consistency: R and Excel used across WPs for harmonized analysis. 

 
This integrated approach provided a holistic understanding of waterborne disease dynamics, environmental 
drivers, and intervention impacts in the Nelson Mandela Bay region. 

 
RESULTS AND DISCUSSION 

 
This cross-sectional study evaluated the risk factors and employed comprehensive diagnostics, which 
revealed significant discrepancies in disease prevalence rates in the study area: 0.1% (urine filtration) versus 
31.4% (cPCR) for S. haematobium, and 0% (Kato-Katz) versus 32.1% (cPCR) for S. mansoni. These 
findings emphasize the need for more sensitive diagnostic techniques, such as DNA amplification (cPCR) 
and POC- CCA tests, to accurately detect schistosomiasis and STH infections in low-transmission areas. 
Furthermore, the study designed a predictive tool to examine the relationships between water quality, 
hygiene practices, and NTDs, revealing a critical nexus that informs disease prevention and control 
strategies. Water physicochemical properties, vegetation type, and other prevailing factors, such as 
adaptability and competition among the snails, may have contributed to the documented numbers of the snail 
species: Bulinus (0.9%), Biomphalaria (0.6%), and Physa (95.9%). The project also focused on assessing 
bacteriological water quality and retrospective prevalence of diarrhoea; evaluating the impact of an 
educational intervention on hygiene knowledge and practices among municipal waste and sanitation 
workers; investigating the role of water physicochemical properties and vegetation type on the distribution of 
schistosomiasis intermediate host snails and determining the status of schistosomiasis prevalence in the 
study area. Key findings include: The implemented educational intervention improved WASH knowledge 
among municipal waste and sanitation workers, school children and the community at large. Poor 
knowledge, attitudes, and practices (KAP) and significant environmental risk factors for schistosomiasis 
transmission were identified. Environmental water samples contained total coliforms and E. coli. Most water 
bodies in the study area provided an environment conducive to snail survival. 
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GENERAL 

 
The aims of all work packages have been completed and recommendations made to all relevant stakeholders. 

 
CONCLUSIONS 

 
We developed a comprehensive diagnostic framework for the evaluation of schistosomiasis infection: 
Prediction of hidden infections; Evaluation of water quality, environmental factors and hygiene practices: 
Findings inform disease prevention and control strategies, emphasizing the need for improved WASH 
standards and targeted interventions. 

 
A comprehensive diagnostic framework was developed for assessing schistosomiasis prevalence in low- 
transmission settings, highlighting the importance of molecular diagnostics in detecting the disease. The study 
highlights the importance of molecular diagnostics in detecting schistosomiasis and the potential for urinalysis 
to identify biomarkers linked to the disease. 

 
Predictive tool enabled the following: 

• Comprehensive diagnostic framework: We have developed a comprehensive diagnostic framework 
for the evaluation of schistosomiasis infection. 

• Prediction of hidden infections: Identify areas with high likelihood of hidden infections attributed to low 
prevalence. 

• Evaluation of water quality, environmental factors and hygiene practices: Assess the relationship 
between water quality, hygiene practices, environmental factors and schistosomiasis. 

• Our strategy ensured community involvement in decision-making and the design of intervention 
strategies to enhance uptake and, 

• Sustainability. Findings inform disease prevention and control strategies, emphasizing the need for 
improved WASH standards and targeted interventions. 

 
RECOMMENDATIONS 

 
Our recommendations highlight the importance of a multifaceted approach to combat schistosomiasis and 
related communicable diseases. We encourage Environmental Health Practitioners (EHPs) to monitor 
waterbodies and intermediate host snails such as Physa, study their ecological adaptability, and investigate 
their role in biological control. Plant-based prevention strategies should be implemented in conjunction with 
the identification of research voids regarding environmental factors (pH, turbidity, water depth, pollutants) and 
plant types that influence snail abundance. The integration of culturally sensitive, customised schistosomiasis 
and helminth education into schools should be a priority in education initiatives, as it can leverage children as 
community educators. Advanced, sequential and comprehensive diagnostics, expanded mass drug 
administration (MDA) with affordable praziquantel, and enhanced surveillance are all necessary for health 
systems. Installation of sanitation facilities, enhancement of waste management, and monitoring of freshwater 
sources are all examples of environmental measures. Community engagement strategies encourage the use 
of tech-driven, multilingual health literacy tools and hygiene campaigns. The following are the future research 
priorities: adaptive water-sanitation interventions, molecular analysis of Schistosoma strains, and longitudinal 
studies. The integration of education, healthcare, and environmental management is essential to enhance 
hygiene practices and reduce the transmission of disease through collaboration among governments, 
policymakers, EHPs, and researchers. See the conclusions and recommendations chapter from each work 
package for more details. 
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GLOSSARY 
 

 
Cercariae: Larval stage of parasitic worms (schistosomes) released by snails into water; can infect humans 
through skin contact. 

Cercariometry: Measurement or detection of cercariae in water to assess infection risk, often for 
schistosomiasis control. 

Diarrhoeal disease: Illness marked by frequent loose/watery stools, typically caused by infections from 
contaminated food/water. 

Industrialisation: Shift from agrarian to machine-based manufacturing economies, driving technological and 
economic growth. 

Schistosomiasis: Tropical disease caused by parasitic worms (schistosomes) transmitted via freshwater 
contaminated by infected snails. 

Urbanisation: Growth of cities due to population migration from rural areas, often linked to industrialization 
and job opportunities. 

Vector-borne diseases: Infections spread by organisms like mosquitoes or ticks (e.g., malaria, dengue, Lyme 
disease). 

WASH standards: Guidelines for safe Water access, Sanitation infrastructure, and Hygiene practices to 
prevent disease. 

Water quality: Condition of water based on physical, chemical, and biological traits, determining its safety for 
use (e.g., drinking, farming) 
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CHAPTER 1: BACKGROUND 
 

 
 

1.1 INTRODUCTION 
 

Adequate water supply is a cornerstone for South Africa’s sustainable socio-economic development (DWS 
2019). An estimated 3 and 14.1 million people, respectively, do not have access to basic water supply and 
sanitation services in South Africa (DWS 2019), which is indicative of the poor progress made with regard to 
achieving targets related to Sustainable Development Goals 6.1 and 6.2. Water quality is a vital indicator that 
informs and guides fitness-for-use for various uses, including human consumption, recreational use, and 
agricultural use (Machiwal and Jha, 2010). The chemical, biological, microbiological, and aesthetic 
characteristics of water greatly influence aquatic ecosystem health, human welfare and environmental 
sustainability. Raw water quality is a priority challenge in South Africa, primarily due to a high number of 
dysfunctional municipal and industrial wastewater treatment works (DWS 2019). To this end, nutrient and salt 
enrichment, microbial contamination, suspended solids, and toxicants are among the widespread water 
quality issues. 

 
South Africa battles to meet its water security objectives primarily due to the interplay of environmental, built 
environment, socio-economic, and political drivers (Ruiters and Matji, 2015). For instance, the country is 
naturally semi-arid with a low mean annual run-off (465 mm) (DWS, 2019) and the 20-year population growth 
is estimated at 31% (STATSSA 2020), whilst there is an estimated R 33 billion water infrastructure investment 
backlog (DWS 2019). An estimated 41% of the country’s population resides in metropolitan areas, which, by 
2020, were approaching or had reached a water deficit, with an overall 10% water deficit forecast for 2030 
(DWS 2019). Globally, the looming water scarcity was reported before the 21st century and the situation has 
further deteriorated due to escalating climatic changes. South Africa currently faces climate-driven extremes 
as some parts face drought-driven water shortages, whereas elsewhere, flood disasters occur. The number 
of people facing ‘economic water scarcity’ is rising and approximately 2.5 billion people lack adequate 
sanitation, while 884 million people do not have access to safe water (UNICEF and WHO, 2017). Furthermore, 
about half of the population in developing countries is exposed to poor water quality, which could be associated 
with disease incidence and prevalence recorded in such places. The current situation may be similar to 1991– 
2000, when 90% of natural disaster deaths were due to water quality and 97% were from developing countries 
(IFRC, 2001). 

 
On 18 July 2022, it was reported that three of the main reservoirs that supply about a third of Nelson 
Mandela Bay’s 1.3 million people were close to empty. Much of the remaining water is of poor quality and the 
overuse of chemicals to treat the water is suspected to have led to the deaths of at least two children and 
livestock. Hence, there is an urgent call for water users to reduce water consumption by 20 percent. Around the 
same period, a further drop in the capacity was reported, with usable water levels reported to be as low as 
2.3% of the dam capacity. The current shortage will influence the usage of water in the municipality, leading 
to inadequate hygienic practices and associated health challenges. Water quality is largely associated with the 
quality of life and environment, further determining fitness for use. 

 
The increase in urbanisation and industrialisation is synonymous with the growing increase in water pollution, 
hence the need to design an effective strategy that predictively evaluates the quality of water bodies/sources 
and provides informed knowledge on contamination sources and levels, as well as possible control 
measures. 
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1.1.1 Climatic change 
 

Water scarcity has been further compounded by an increase in the average surface temperature that has led 
to a significant increase in accumulated heat, which, in turn, has driven the regional and seasonal 
temperature extremes, reducing snow cover, sea ice and intensifying heavy rainfall. Temperature has been 
reported to affect the various trophic levels (Schael & Gama, 2019) directly or indirectly. These changes 
have, in turn, altered the pathogen’s survival, replication, and virulence. Heavy rainfall can mobilise 
pathogens and compromise water and sanitation infrastructure, while drought can concentrate pathogens in 
limited water supplies (Levy et al., 2016). 

 
In South Africa, the story is no different, as in the last half of the 20th century, the country has experienced 
upward trends in temperature (MacKellar et al., 2014; van Wilgen et al., 2016). Changes in climate have been 
observed in most terrestrial, freshwater, and marine ecosystems (Rius et al., 2014; Peron et al, 2016; Midgley 
& Bond, 2015), and as a result, species are changing genetically, physiologically, and morphologically and 
their distribution is shifting. This affects food webs and causes transmission of infectious diseases (Scheffers 
et al., 2016). In addition, it was noted that after an increase in temperatures, there was an upsurge in vector-
borne diseases and overall, this has impacted breeding and survival of snail species implicated in 
schistosomiasis (Kalinda et al., 2017). Urogenital schistosomiasis was first described in Uitenhage, Eastern 
Cape, in 1863 (Appleton & Naidoo, 2012), followed by a decline in the 1900s. This was led by various 
environmental and biological factors that included a lengthy drought, to which Biomphalaria africanus 
populations in both rivers and disjunct water pools are vulnerable. It was proposed that severe winters 
followed by poor rainy seasons could lead to the local extinction of B. africanus (DeKock, 1973). However, 
adult snails can survive for long periods in sediment with a surface moisture content as low as 1.8%-1.9% 
and temperatures of 45°C (Brown, 1994). There is a need to identify the transmission sites and the relative 
abundance of cercariae-infected snails. A survey of the species of snails present in the selected water body 
in the study area will be carried out to determine the presence, absence, or abundance of the snail 
intermediate hosts of Schistosoma species. Furthermore, collected snails will be screened for the presence 
of cercaria qualitatively and semi-quantitatively. 

 
The presence of cercariae-infected snails is confirmation that the water body is a transmission site, while the 
presence of an uninfected snail intermediate host indicates that the water body is a potential transmission 
site. Although cercariometry could provide vital information on active transmission sites, diurnal and seasonal 
fluctuations, as well as the spatial distribution of cercariae in infested natural water bodies, its limitations on 
practical application have been emphasized. Simple snail sampling to identify the suitable intermediate hosts 
and infested water bodies has the advantage of a quick, cheap, wider-angle data collection coverage (Ouma 
et al., 1989) and cost-effective data collection relative to other methods, such as cercariometry, microscopic 
examination of collected snails, as well as the use of sentinel rodents and sentinel snails. Unfortunately, snail 
collection and examination are carried out by very few laboratories and the dearth of skills to identify snails 
and cercaria (Appleton & Miranda, 2015) has been noted not only in the study area but in most areas where 
the disease is endemic. 

 
A previous study in Morocco recorded active participation of the community members in identifying several 
intervention strategies for schistosomiasis control targeted against the snail intermediate host as well as health 
education of community members to enhance understanding of the transmission pattern and measures to 
reduce water contact (Barkia et al., 2015). Similarly, efforts to reduce the burden of schistosomiasis have 
centred on improving access to water and sanitation. Despite the advancement made concerning water and 
sanitation, a vast number of areas in South Africa still lack adequate sanitation facilities and safe hygienic 
practices. 

 
South Africa has explored several strategies to improve the sanitation situation; however, the challenges 
remain in the area of sustainability of improved sanitation. Nelson Mandela Bay (NMB) reportedly had about 
1.26 million residents in 2016, with 92.5% having access to formal dwellings and 77.3% having access to 
piped water in their dwellings. Flush toilets connected to sewage were available in 90.5% of households. 
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Similarly, in 2016, a total of 26 500 households in NMB had no formal refuse removal, while in 28 600 
households, refuse removal exceeded one week (ECSECC, 2017). A cross-sectional survey carried out in 
2017 elicited responses from 46 early childhood development (ECD) centres, which had a total of 3,254 
children and 172 caregivers (Melariri et al., 2019). The aforementioned study evaluated the WASH in 
schools’ indicators (WinS) and findings showed that despite improved water sources being available in 91% of 
the facilities, WinS for hygiene was poor. The use of the bucket system was noted in 22% of the ECD 
centres. In 79% of the ECD centres, children washed their hands in a communal plastic bowl. Only 11% of 
the study population washed hands hygienically under a running tap or tippy tap. Adequate WASH reduces 
the vulnerability of the populace to infectious and contagious diseases. 

 
 

1.1.2 Wash and waterborne diseases 
 

Poor water supply, sanitation and hygiene have been associated with a wide variety of childhood diseases, 
including gastroenteritis, stunted growth, schistosomiasis infections and other neglected tropical diseases. The 
World Health Organization estimates that South Africa has a 12.1 (per 100 000 population) mortality rate 
attributable to exposure to unsafe water, sanitation and hygiene conditions. Water, sanitation and hygiene 
(WASH) emphasizes the provision of safe water for basic human needs such as drinking, washing and 
domestic activities. Interestingly, implementation of WASH standards is closely associated with water quality, 
which are vital elements in human development, growth and well-being (Shrestha et al., 2017). 

 
In low socio-economic areas, increased morbidity and mortality have been attributed to unsafe water supply, 
poor hygiene practices and inadequate WASH standards (Reddy et al., 2017). Contaminated water and poor 
sanitation are linked to transmission of diseases such as diarrhoea, cholera, dysentery, typhoid, polio, 
giardiasis, helminth infections, among others (Herrador et al., 2019). These diseases can cause a wide array 
of symptoms, including diarrhoea, fever, flu-like symptoms, neurological disorders, liver damage and others. 
Diarrhoea is transmitted by waterborne diseases and comprises a substantial proportion of the global burden 
of diseases (GBD, 2017; Troeger et al., 2018). Globally, diarrhoea, which is associated with poor water 
quality, remains one of the leading causes of death in children below five years old (Fischer Walker et al., 
2012). Annually, it is responsible for 525 000 deaths of children under the age of five years (World Health 
Organization, 2018). Diarrhoeal disease is also the leading cause of severe dehydration and malnutrition in 
children under the age of five and can lead to impaired growth and cognitive development (Bartram et al., 
2010, Schaible & Kaufmann, 2007). On average, 1.7 million diarrhoeal cases are reported globally every year. 

 
Previous reports were associated with unsafe drinking water, inadequate sanitation, and hygiene (Karon et al., 
2017; World Health Organization, 2018). Diarrhoeal disease outbreaks are associated with both heavy and 
dry periods, where dry periods can concentrate on enteric pathogens and precipitation can mobilise enteric 
pathogens and this in turn contaminates drinking water sources and increases chances of human-pathogen 
contact (Curriero et al., 2001; Effler et al., 2001). Diarrhoeal diseases constitute enteric pathogens that cause 
the most severe acute diarrhoea and include rotavirus, Vibrio cholera, Shigella spp, Salmonella spp, 
enteropathogenic E. coli (EPEC) and Enteroaggregative E coli (EAEC), Enterotoxigenic E coli (ETEC), Ascaris 
lumbricoides, Cryptosporidium spp, Entamoeba histolytica, Giardia lamblia and Trichuris trichiura. However, 
other waterborne diseases like schistosomiasis, caused by trematodes shed by freshwater snails 
(Biomphalaria spp.) penetrate human skin and, once established in humans, can result in both acute and 
chronic disease. In the acute phase, it results in abdominal pain, gastrointestinal disturbance that leads to 
diarrhoea, nausea and fever. While in chronic diseases, severe intestinal manifestations lead to bloody 
diarrhoea (Bizimana et al, 2018; Chatterjee et al, 2001). A recent study on retrospective prevalence of the 
disease from 2014 to 2018 in the study area observed that out of 405 samples from Kwa Nobuhle (a township 
on the outskirts of Kariega) 107 (26%) individuals tested positive for S. haematobium (Hambury et al., 2021). 
The technological risk associated with this project is to a large extent mitigated by the multidisciplinary nature 
of the project, access to equipment and infrastructure, as well as the track record, expertise and proven 
ability of the team members to handle projects of this size. 
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1.2 PROJECT AIMS 
 

The following were the aims of the project: 
 

7. Assessment of natural water bodies to determine vegetation type, and water physico-chemical 
properties in each sampling site, and the impact on schistosomiasis intermediate host (snail) 
distribution. (Work package 1) 

8. Assessment of natural water bodies in the study area to determine the presence of snail intermediate 

host (potential transmission sites) and infected snails (transmission sites). (Work package 1) 
9. Assessment of knowledge, attitude, and practices (KAPs) and risk factors associated with 

schistosomiasis prevalence and transmission among primary school-going children. (Work package 
2) 

10. Determining the prevalence and intensity of S. haematobium and S. mansoni infection through urine 
and fecal samples, respectively, in school-going children. (Work package 2) 

11. To assess the bacteriological quality of water sources as well as the retrospective prevalence of 

diarrhoea in the study area. (Work package 3) 
12. Assessment of an educational intervention on hygiene knowledge and practices among municipal 

waste and sanitation workers pre- and post-intervention in the study area. (Work package 4) 
 

Aims 1 and 2 as well as 3 and 6 were carried out on site or via field data collection from the community, while 
aims 4 and 5 were completed in the laboratory. The overall approach was designed to cover the wet and dry 
seasons in order to establish baselines that can be applied for disaster prediction and management for 
drought and flood events. 

 

 
1.3 SCOPE AND LIMITATIONS 

 
This was a comparative cross-sectional study that used quantitative methods to determine the prevalence 
and intensity of S. haematobium among school-aged children in the study areas within the Nelson Mandela 
Bay Municipality (NMBM). Data was collected using various means: water sampling; intermediate host 
distribution; laboratory investigation (urinalysis and bacteriological evaluation) as well as structured 
questionnaires from the participants. Furthermore, the relationship between water quality (ecological, 
bacteriological and physico-chemical parameters) and the transmission of disease pathogens in the study 
area was determined. 

 
The proposed study identified six aims. To achieve the identified aims, we used a combination of desktop and 
laboratory methods as well as on-site and data field assessment. 
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CHAPTER 2: GENERAL METHODOLOGY 
 

 
 

2.1 INTRODUCTION 
 

This section outlines the overarching methodological framework for the project. The implementation of specific 
objectives is organised across four distinct work packages. Work Package 1 (WP1) details the methodologies 
for Aim 1 and Aim 2. Work Package 2 (WP2) addresses Aim 3 and Aim 4. Work Package 3 (WP3) elaborates 
on Aim 5. Finally, Work Package 4 (WP4) encompasses Aim 6. Each work package is described in subsequent 
sections, with technical specifications, workflows, and analytical pipelines provided to ensure reproducibility. 

 

 
2.2 WORK PACKAGE 1 (WP1) 

 
 

2.2.1 Study design 
 

A quantitative cross-sectional research design approach was used in the current study. Data was collected 
over a nine-month period, with water sampling taking place once a month from March to November 2023. The 
study was investigated in two phases: Phase one: physicochemical properties of the water bodies were 
measured, and environmental conditions of the surrounding water bodies were noted; Phase two: determined 
the type of vegetation preferred by schistosomiasis intermediate host snails, as well as their distribution and 
habitat preferences. 

 
 

2.2.2 Study area 
 

The study was conducted in NMB in two towns, namely, Kariega and Kwa Nobuhle, which both have several 
water bodies in proximity to communities. Kariega, formally known as Uitenhage, is a town situated in the 
Eastern Cape Province of South Africa, located at (33.7479 S, 25.4124 E). On the other hand, Kwa Nobuhle, 
which means ‘a place of beauty’ in Xhosa, is a township located on the outskirts of Kariega at (33.8153 S, 
25.3817 E). For the Kariega area, the population was projected to be 103 639 with a density of 1376 
persons/km2 according to the 2011 census (StatsSA, 2023a). Whereas the population of the Kwa Nobuhle 
area was projected to be 107 474, with a density of 4577 persons/km2 (StatsSA, 2023b). The following water 
bodies were selected both in Kariega and Kwa Nobuhle; dam at Willow Park (33°45'01.8"S 25°24'47.7"E), 
river at Mel Brooks (33°47'31.1"S 25°24'57.9"E), watershed at Doornhoek (33°45'27.9"S 25°22'02.0"E), pond 
at Winterhoek (33°44'54.0"S 25°25'50.3"E), river at Cuyler (33°46'18.5"S 25°23'09.8"E), dam at Godolozi 
(33°48'50.6"S 25°24'09.1"E), wetland at Matanzima (33°47'38.9"S 25°23'07.5"E) and river at Sangcaphe 
(33°49'06.9"S 25°22'20.4"E). 

 
 

2.2.3 Study population 
 

Phase one of the study focused on physico-chemical properties and the environmental conditions of water 
bodies, while phase two focused on snail abundance and vegetation type. Since both of these phases focused 
on other elements rather than the members living in the area, there was no study population. Phase three of 
the study was carried out at the Kariega and Kwa Nobuhle and they were both the primary study areas. 
Community members between the ages of 18-65 living in close proximity to water bodies that were sampled 
were selected for the pretest-post-test survey in the form of interviews. In between the pre- and post-
interviews, an educational intervention was implemented to enhance the participants’ KAPs on 
schistosomiasis. 
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2.2.4 Sampling techniques Data collection, and instruments 

 
2.2.4.1 Phase one: Water physicochemical properties and environmental conditions 

 
Plastic containers (1 L) were used to collect water samples via a simple dip method (Marie et al., 2015). 
Physicochemical characteristics were measured using a handheld Bante 900P multiparameter meter, a 
Macherey Nagel PF-12 Plus and a hardness meter. Field observations were carried out to determine 
environmental conditions. 

 
2.2.4.2 Phase two: Vegetation types and Snail abundance 

 
Dominant species of vegetation at each sampling site were collected and taken to experts in the Botany 
Department at Nelson Mandela University for the identification process. Vegetation composition and 
percentage cover were visually estimated and recorded at each sampling point. 

 
The researcher employed previously used sampling methods to collect snails. Snails were caught with a 
standard 300 µm mesh scoop net on a metal frame (Opisa et al., 2011; Olkeba et al., 2020). Snails collected 
from each waterbody were stored in bottles containing water from that specific waterbody and were later 
identified to species level according to shell morphology using the Danish Bilharziasis Laboratories manual 
and 

 

 
2.3 WORK PACKAGE 2 (WP2) 

 
 

2.3.1 Study area 
 

The study was conducted in five towns within NMB: Motherwell, Despatch, KwaNobuhle, Kariega, and Ibhayi. 
Located on the shores of Algoa Bay in the Eastern Cape, NMB is one of South Africa’s eight metropolitan 
municipalities, established on December 5, 2000. Covering an area of 1,959 km², it has geographical 
coordinates of 33.57°S, 25°36’E. According to the 2022 census, NMB’s population is 1.2 million, with the 
majority being Black (60%), followed by Coloured (23.6%) and White (14.4%) (Stats, 2022). The predominant 
languages spoken are isiXhosa, Afrikaans, and English. NMB experiences long, cool winters and short, warm 
summers, with a dry, clear, and windy climate year-round. In 2023, the average temperature was 22.7°C, with 
a high of 35.5°C in April and a low of 12°C in July. NMB is a major seaport with a large automotive 
manufacturing industry, contributing significantly to the local economy, along with community services. Fishing, 
agriculture, and recreational activities are key human activities in the area. 

 
 

2.3.2 Study design 
 

An observational cross-sectional study design using quantitative methods was utilised in this study. Sample 
and data collection were done from September 2023 to February 2024. The study was divided into three 
phases. Phase 1 was to determine the risk factors and KAP associated with schistosomiasis transmission in 
the study area. A semi-structured questionnaire survey was used in an interview-based method. Phase 2 was 
to determine the prevalence of schistosomiasis (S. haematobium and S. mansoni) and STHs among school-
going children in Motherwell, Despatch, Kariega, KwaNobuhle and Ibhayi towns of NMB. Phase 3: urinalysis 
to profile parameters was performed in all the participants in the study and the association between the 
detected biomarkers and schistosomiasis infections was determined. 
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2.3.3 Study population 
 

The study population comprised school-going children aged 5-14 years from the towns of Motherwell, 
Despatch, KwaNobuhle, Kariega, and Ibhayi in NMB. Participants who met the inclusion criteria were randomly 
selected from 15 public primary schools within these towns. 

 
 

2.3.4 Research methods: Sampling techniques, data collection, and instruments 
 

In order to achieve the research objectives and provide comprehensive insights into the transmission, 
prevalence, and diagnosis of schistosomiasis among school-going children in NMB, a detailed and structured 
study approach was designed. This section outlines the general methodologies and strategies employed in 
each phase of the study, highlighting the data collection processes, diagnostic tools, and statistical techniques 
utilised to ensure robust and reliable findings. 

 
2.3.4.1 Phase 1: Risk Factors Associated with Schistosomiasis Transmission 

 
In Phase 1 of the study, which is provided in detail in Chapter 3, the risk factors associated with the risk of 
schistosomiasis infection among school-going children in NMB are identified, as well as examining how the 
KAP of school-going children contributes to the risk of schistosomiasis infection in this population. This was a 
cross-sectional study design, with data collected through an interview-based questionnaire administered to 
school-going children aged 5-14 years. The responses were uploaded to QuestionPro for analysis. The 
questionnaire gathered demographic, clinical and environmental information, including details on water 
sources, sanitation, and hygiene practices. The KAP assessment aimed to understand the children’s 
knowledge about schistosomiasis, their attitudes towards prevention, and their practices regarding water 
contact and hygiene. To analyse the data, multivariate logistic regression was used to identify relationships 
between the identified risk factors, including KAP and environmental factors, with the risk of schistosomiasis 
infection. The expected outcomes from this phase included the identification of behavioural, environmental, 
and demographic factors that influence schistosomiasis risk and insights into how children’s knowledge, 
attitudes and practices affect their exposure to schistosomiasis. 

 
2.3.4.2 Phase 2: Schistosomiasis Prevalence and Epidemiology 

 
In Phase 2, the study concentrated on determining the prevalence of S. haematobium infections among school- 
going children aged 5-14 years in NMB through a comprehensive diagnostic approach. This objective is 
detailed in Chapter 4. A cross-sectional study design was employed, involving the collection of biological 
samples (urine) from the children. The diagnostic methods for S. haematobium included urine filtration for 
detecting S. haematobium eggs, haematuria assessment as an indirect indicator, and cPCR (conventional 
PCR) for molecular confirmation of infection. The data obtained allowed for the calculation of prevalence 
rates, which were then stratified to compare differences in prevalence based on age, gender, and school 
grade. This phase aimed to produce detailed prevalence data and evaluate the effectiveness of diagnostic 
tools for detecting S. haematobium in a low-endemic region like NMB. 

 
Phase 2 also focused on assessing the prevalence of S. mansoni and STHs infections among the same group 
of school-going children aged 5-14 years in NMB. Stool samples were collected and analysed using multiple 
diagnostic techniques, which are given in full in Chapter 5. These included the Kato-Katz method for 
quantifying S. mansoni and STHs eggs, the POC-CCA test for detecting S. mansoni antigens, and cPCR for 
molecular confirmation. Prevalence rates were calculated for S. mansoni and STHs, with stratified analysis 
conducted to examine variations in prevalence across different ages, genders, and school grades. The 
expected outcomes of this phase included comprehensive data on the prevalence of S. mansoni and STHs 
among school children and an evaluation of diagnostic approaches to identify the most reliable tools for 
detecting these infections in low-endemic settings. 



A drought-related waterborne infection prediction tool based on water quality. 
¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯ 

8 

 

 

2.3.4.3 Phase 3: Schistosomiasis Diagnostic Biomarkers 
 

Phase 3 of the study focused on profiling key urinary parameters measured by dipsticks urinalysis in school- 
going children aged 5-14 years in NMB and identifying detectable urinary biomarkers associated 
with Schistosoma infections in this population. A cross-sectional study design was used, where urine samples 
were collected and analysed for urinary biomarkers. The samples were subjected to urinalysis using Siemens 
Multistix 10SG dipsticks to profile parameters such as haematuria and proteinuria. Statistical analysis involved 
descriptive statistics to summarize the distribution of urinary biomarkers. Correlation analysis was conducted 
to examine the relationship between specific urinary biomarkers and schistosomiasis infection. The expected 
outcomes included the identification of reliable urinary biomarkers associated with schistosomiasis infection in 
school-going children, with recommendations on the use of dipstick urinalysis as a cost-effective tool for 
screening schistosomiasis in resource-limited settings. 

 
 

2.3.5 1.9.5 Recruitment 
 

The Department of Basic Education was contacted to request access to the schools, and written approval was 
obtained before sample collection began. The researcher met with school authorities to explain the study’s 
procedures and benefits. Written consent was then obtained from the headmasters or principals before 
contacting parents/guardians for consent to access participants and share study details. Children who met the 
inclusion and exclusion criteria were recruited into the study and assigned unique identifier numbers, ranging 
from 1 to 759, which were labelled on questionnaires and urine and stool samples to ensure anonymity. The 
numbering system ensured that neither the researcher nor anyone else could link the participant’s identity to 
their samples or questionnaires, except in the case of a positive schistosomiasis result, when the number 
would be traced to provide medical assistance. Each school was assigned a letter (A, B, C, etc.) to maintain 
anonymity. 

 

 
2.4 WORK PACKAGE 3 (WP3) 

 
 

2.4.1 Study Area 
 

Kariega (formerly Uitenhage) is situated in the Eastern Cape Province of South Africa, centred at coordinates 
33.7479°S, 25.4124°E, approximately 30 km northwest of Gqeberha. The town falls within the Nelson Mandela 
Bay Municipality, which also encompasses Despatch, KwaNobuhle, Gqeberha, and adjacent regions. Three 
environmental water bodies within the Kariega study area were selected for analysis. 

 
 

2.4.2 Sampling Protocol 
 

Water samples were collected seasonally (summer, autumn, winter, spring) between June 2023 and April 2024 
to capture both dry and wet season conditions. A total of 52 samples were analysed: 40 from municipal water 
supply points and 12 from environmental sources (13 samples per season). Samples were aseptically 
collected, stored on ice, and couriered (DHL) to the CSIR laboratory for analysis. Target analytes included 
total coliform bacteria, Escherichia coli, Salmonella spp., Shigella spp., and Vibrio cholerae. 

 
 

2.4.3 Sample Size 
 

The study comprised 52 water samples: 40 from treated municipal outlets and 12 from environmental raw 
water sources. 
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2.4.4 Analytical Methods 

 
2.4.4.1 Total Coliform Bacteria and E. coli 

 
Total coliforms and E. coli were quantified using the Colilert™-18 Most Probable Number (MPN) method 
(IDEXX, USA). Samples were incubated at 35°C for 18–24 hours. Coliforms were identified by yellow 
fluorescence under visible light, while E. coli was detected via blue fluorescence under UV light. MPN values 
were calculated using the IDEXX MPN Generator. 

 
2.4.4.2 Salmonella spp. and Shigella spp. Detection 

 
A 100 mL aliquot was filtered through 0.22 μm polycarbonate membranes. Filters were incubated overnight in 
buffered peptone water at 35°C. DNA extracted from pelleted cells (13,000 rpm, 2 min) using InstaGene™ 
Matrix (Bio-Rad) was analyzed via real-time PCR. Salmonella spp. was identified using the invA gene (Malorny 
et al., 2003), while Shigella spp./enteroinvasive E. coli (EIEC) were detected via the ipaH gene (Theron et al., 
2001). 

 
2.4.4.3 Vibrio cholerae Detection 

 
Following filtration (100 mL through 0.22 μm membranes), filters were incubated in alkaline peptone water (pH 
8.4) at 35°C. DNA extraction (InstaGene™ Matrix) preceded real-time PCR targeting the ompW gene for V. 
cholerae identification (le Roux & van Blerk, 2011; Nandi et al., 2000) and the ctxAB operon for toxigenic 
strains (Goel et al., 2005). 

 
2.4.4.4 Physicochemical Parameters 

 
Electrical conductivity, total dissolved solids (TDS), and pH were measured in situ using calibrated portable 
probes. Analyses were conducted within 24 hours of collection. 

 
 

2.4.5 Data Acquisition and Statistical Analysis 
 

Diarrhoeal disease prevalence data (June 2023–April 2024) will be sourced from the National Institute for 
Communicable Diseases (NICD) and District Health Information System (DHIS), restricted to the Kariega 
region. Municipal water quality records will also be reviewed for correlative analysis. Non-parametric statistical 
methods were applied due to non-normal data distribution. Analyses included Spearman’s rank correlation, 
Welch’s t-test, and one-way ANOVA. 

 

 
2.5 WORK PACKAGE 4 (WP4) 

 
 

2.5.1 Study Area 
 

The study was conducted across all five municipal waste depots and six wastewater treatment plants (WTPs) 
in the Nelson Mandela Bay Metropolitan Municipality (NMBM), South Africa. NMBM spans 1,959 km², with a 
population of 1.26 million (2018 census), and is characterized by high organic (39%) and recyclable (37%) 
waste generation. 
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2.5.2 Study Design 
 

A quasi-experimental design with pre- and post-intervention assessments was employed to evaluate the 
impact of an educational program on hygiene knowledge and practices among municipal waste and sanitation 
workers (MWSW). 

 
 

2.5.3 Population and Sampling 

 
2.5.3.1 Target Population 

 
618 MWSW (street sweepers, latrine cleaners, waste transporters). 

 
2.5.3.2 Sampling 

 
Convenience sampling was used due to limited worker availability. Slovin’s formula determined a minimum 
sample size of 243 (5% margin of error). Initially, 244 participants were enrolled, but 43 were lost to follow-up, 
resulting in 201 participants analysed per-protocol. 

 
 

2.5.4 Intervention 
 

A 30-minute educational program (Microsoft PowerPoint presentation in English/isiXhosa, supplemented with 
flyers and posters) was delivered to enhance hygiene practices. Key topics included disease prevention and 
hygiene protocols. 

 
 

2.5.5 Data Collection 
 

A structured, self-administered questionnaire (three sections: demographics, knowledge, practices) with 
closed-ended questions. Pre- and post-tests were conducted two months apart. Questionnaires were 
distributed during work hours, with pre- and post-intervention data collected in secure, anonymized formats. 

 
 

2.5.6 Data Analysis: 
 

Cronbach’s alpha scores of 0.81 (knowledge) and 0.75 (practices) confirmed internal consistency. Descriptive 
statistics, Pearson’s correlation, paired t-tests (pre/post comparison), ANOVA (demographic differences), and 
linear regression. Scores were categorized as poor/fair/good for interpretation. 

 

 
2.6 RESULTS, DISCUSSION, CONCLUSION & RECOMMENDATIONS 

 
These sections are addressed in four separate work packages (WP1–WP4) to guarantee methodological 
rigour, facilitate the coherent dissemination of findings, and comprehensively address the research aims. The 
individual phases of each work bundle are intended to sequentially unpack critical components of the research 
lifecycle, including methodology development, results synthesis, contextualised discussions, and actionable 
conclusions/recommendations. See the packages for more information. 
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Presentation at Scientific Seminar “Our Health – Our Future”: Enhancing Public Health in the Eastern 
Cape (EC) hosted by the EC Department of Health. 
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Presentation to the Nelson Mandela Bay Public Health Standing Committee 
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Community engagement 
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Interviews to Nelson Mandela University news outlet 
 

https://news.mandela.ac.za/News/Curbing-the-spread-of-water-borne-diseases 

https://news.mandela.ac.za/News/Curbing-the-spread-of-water-borne-diseases
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APPENDIX B: DECISION SUPPORT TOOL 
 

 
 
 
 
 
 
 

 
Decision Support Tool for Schistosomiasis and STH 
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WHAT LEVEL OF DECISION DOES THE PROJECT SEEK TO CONTRIBUTE INFORMATION TO? 
 

Local Level 
 

• Municipality- Environmental Health 
• Schools- Governing Body 
• Early Development Centres 
• Non-Government Organisations 

 
Provincial Level 

 
• Provincial Disaster Authorities, District Authorities 
• Dept of Health, Basic Education, Environmental Affairs, Public Works 

 
 

 
SECTION 1: DISEASE INFORMATION 

1.1. Prevalence of Schistosomiasis in the study area 
 

S. haematobium prevalence 
 

• Low Prevalence with Traditional Diagnostics: 
• Urine filtration detected 0.1% prevalence, and only one sample was egg-positive via 

microscopy. 
• Haematuria had a 33.6% prevalence. 
• High Detection with cPCR: 
• Molecular analysis revealed 31.4% cPCR-positive samples, highlighting the prevalence of 

undetected low-intensity infections. 
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S. mansoni prevalence 
 

• Kato-Katz: Detected 0% prevalence for S. mansoni. 
• POC-CCA: Identified 3.2% prevalence. 
• cPCR: Revealed a significantly higher 32.1% prevalence, indicating the sensitivity of molecular 

diagnostics. 

 
 
 

1.2. Number of cases reported from previous retrospective data (Hambury et al., 2021 and the NDOH study: 
20% and 0.2% respectively. 

 
1.3. Prevalence of soil transmitted helminths in the study area. 

 
• Kato-Katz: A. lumbricoides was found in 2 cases, yielding a 0.3% prevalence 

 

 
1.4. Species of Schistosoma present: 

 
• Schistosoma mansoni 
• Schistosoma haematobium 

 
1.5. Soil Transmitted Helminths (STH) present: 

 
• A. lumbricoides 

 
1.6. Primary transmission route: 

 
• Water infested with Schistosoma parasites 
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Soil contaminated with STH parasites 
 

SECTION 2: SNAIL INTERMEDIATE HOST 

2.1. Presence of intermediate host snails: 
 

• Yes 
 

2.2. Species of Intermediate host snails present: 
 

• Bulinus 
 

• Biomphalaria 
 
 

 
SECTION 3: BACTERIOLOGICAL ASSESSMENT OF WATER SOURCES 

3.1. Water sources tainted with pathogens such as Shigella and V. cholerae 
 

• Yes 
 

3.2. Tap water and environmental samples above Total Coliform standards 
 

• Yes 
 

3.3. Tap water and all environmental samples surpassed E. coli thresholds, signifying faecal contamination 
 

• Yes 
 
 

 
SECTION 4: INTERVENTION OPTIONS 

• Health education and awareness campaigns 
 

• Water, Sanitation, and Hygiene (WASH) improvements 
 

• Snail control measures 
 

• Physico-chemical properties of environmental water bodies 
 

• Early diagnosis 
 

• Improve Surveillance Systems: 
 

• Encourage the implementation of health reporting at the district or municipal level to facilitate the 
development of localised analyses. 

 
• Provide diagnostic instruments (e.g., cholera rapid-test kits) and educate clinicians on NMC reporting 

protocols. 
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• In an effort to mitigate pathogen exposure, prioritise remediation of high-risk sites (e.g., the Swartkops 
River downstream). 

 
• Install water treatment infrastructure at communal faucets and recreational sites. 

 
• Advocate for the allocation of funding to enhance the laboratory's capacity for pathogen detection. 

 
 
 

SECTION 5: HUMAN CAPACITY DEVELOPMENT 

• Postgraduate training 
 

• Community members participating as field workers 
 

• Health Education in schools and communities 
 
 
 

SECTION 6: IMPLEMENTATION AND CONTINUOUS MONITORING 

Develop an implementation plan, including: 
 

• Timeline 
 

• Budget allocation 
 

• Human resource allocation 
 

• Monitoring and evaluation plan 

Additional Considerations 

• Presence of co-infections (e.g., malaria and other NTDs) 
 

• Availability of diagnostic tools and laboratory capacity 
 

• Community engagement and participation 
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