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Highlights 

● Implementation of WES in three sub-Saharan African countries revealed key operational 

barriers, including challenges in materials procurement and training needs. 

● Variation in countries’ baseline, including laboratory capacity, different data sources and 

stakeholders, made harmonisation efforts across countries challenging. 

● Limited availability of laboratory-confirmed clinical case data, with enteric fever cases reported 

jointly, can constrain direct comparisons with pathogen-specific environmental surveillance 

findings. 

● Integrating wastewater results into routine public health processes requires improved data 

management and clear pathways for public health action. 

Abstract 

Wastewater and environmental surveillance (WES) provides a complementary approach to 

traditional clinical surveillance, particularly in low- and middle-income countries (LMICs) where 

clinical coverage is variable. WES implementation across these settings can generate comparable, 

reliable data to inform regional and global public-health action. We implemented a WES study in 

Burkina Faso, the Democratic Republic of the Congo (DRC), and Tanzania, across diverse sanitation 

systems. Wastewater and surface water samples were collected and analysed using culture-based 

methods to detect and isolate faecal indicator bacteria (FIBs), toxigenic Vibrio cholerae, and Salmonella 

Typhi, following shared protocols where possible. Contextual information, including available 

clinical surveillance data and site descriptions, was incorporated to support data interpretation. 

Across the three countries, a total of 112 samples of wastewater and surface water were analysed 
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during monthly sampling campaigns from January to September 2025. The presence of faecal 

contamination was confirmed at 12 sampling sites across the three countries, with FIB detected at 

least once at each site. Presumptive S. Typhi was detected at three sites in Burkina Faso and one site 

in Tanzania, while V. cholerae was detected at one site in Tanzania; neither pathogen was detected at 

any sites in the DRC. Clinical data from Burkina Faso indicated typhoid fever cases in all 

corresponding catchment areas, while cholera cases were absent. In the DRC, clinical data indicated 

the presence of both typhoid fever and cholera cases in the vicinity of all sampling locations. 

Implementation challenges included laboratory capacity gaps, supply-chain delays, and incomplete 

adherence to harmonised protocols. Lessons learned on laboratory implementation, sampling 

strategies, and data management were systematically documented, and active stakeholder 

participation facilitated site selection, interpretation, and integration of findings. Coordinated WES 

can complement clinical surveillance, and the study provides a further exploration of its potential 

role in diarrhoeal disease surveillance to support public health action in sub-Saharan Africa. 

Keyword s: wastewater surveillance; environmental surveillance; wastewater-based epidemiology; 

sub-Saharan Africa; One Health; capacity building; Salmonella Typhi; Vibrio cholerae 

 

1. Introduction 

Wastewater and environmental surveillance (WES) has emerged as a powerful tool for 

monitoring population-level pathogen circulation during COVID-19 pandemic (Kilaru et al. 2023; 

Mao et al. 2020). WES is most commonly used in sewered settings; however, its value is also evident 

in low- and middle-income countries (LMICs) with non-sewered systems, where access to health care 

is limited, clinical data are often incomplete or fragmented and the risk of outbreaks is high (Abdul-

Rahman et al. 2023; Asantewaa et al. 2024; Hamilton et al. 2024; Maree et al. 2025). In such contexts, 

WES can provide critical information on pathogen circulation and serve as an early warning system 

to guide targeted public health interventions. WES has been successfully applied to viral pathogens 

in Africa, such as poliovirus and SARS-CoV-2, for which harmonised methodology protocols are 

available (Manyanga et al. 2025; Hamisu et al. 2022; Dzinamarira et al. 2022; Iwu-Jaja et al. 2023; 

Shempela et al. 2024; WHO 2003; WHO 2024a). However, its application to bacterial pathogens 

causing diarrhoeal diseases, such as toxigenic Vibrio cholerae (O1/O139) causing cholera and Salmonella 

Typhi causing typhoid fever, has been limited, despite their considerable burden across sub-Saharan 

Africa (Chigwechokha et al. 2024; Street et al. 2025; Uzzell et al. 2024a; Uzzell et al. 2024b). 

While well-established WES systems operate in several high-resource settings (Bubba et al. 2023; 

Keshaviah et al. 2023), in Africa the development of such systems remains limited, with fragmented 

efforts often preventing comparability across sites or countries. A harmonised approach to WES 

implementation is important to generate comparable data and strengthen surveillance capacity in 

sub-Saharan Africa. Harmonisation of sampling strategies and establishment of quality assurance 

systems for laboratory protocols are essential to ensure that data generated are not only robust within 

countries but also comparable across borders, thereby strengthening regional collaboration and 

supporting timely responses to public health threats (Lundy et al. 2021; Servetas et al. 2022). 

WES can provide insights into pathogen circulation within communities and serve as an early 

warning system for outbreaks (Bibby et al. 2021; Mao et al. 2020). However, in many low resource 

regions, sanitation infrastructure is heterogeneous, encompassing both sewered and non-sewered 

systems, as well as environmental water bodies that receive untreated human waste (Capone et al. 

2025; Delgado Vela et al. 2024). Sampling these different matrices is therefore critical to characterise 

pathogen circulation and trends, which can subsequently inform public health actions aimed at 

reducing exposure and disease risk. While international initiatives, such as those by the World Health 

Organization, have emphasized the need to include non-sewered settings as possible target matrices 

in WES, empirical data from these environments remain scarce (Keshaviah et al. 2023; WHO 2024a).  
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As part of the ODIN consortium project (https://odin-wsp.tghn.org/), this study documents both 

the successes and the challenges encountered when implementing a WES framework in sub-Saharan 

Africa. The study explores the surveillance of two major waterborne pathogens, V. cholerae and S. 

Typhi, across strategically selected urban and rural settings in Burkina Faso, the DRC, and Tanzania, 

using wastewater and surface water sampling data from 2025, alongside corresponding clinical data 

to assess their public health relevance. In addition, it highlights the central role of stakeholder 

engagement in shaping practical implementation and coordination across sectors, by documenting 

how stakeholders influenced site selection, data flow, and the operationalisation of WES activities. 

Finally, the study provides operational lessons and recommendations to guide the expansion of 

effective WES systems throughout Africa. 

2. Materials and Methods 

2.1. Stakeholder Engagement During the WES Design and Implementation  

Stakeholder engagement was a central component throughout both the design and 

implementation of the WES systems in Burkina Faso, the DRC, and Tanzania. From the initial project 

kick-off and stakeholder workshops to the operational phase, diverse stakeholders, including public 

health authorities, local water agencies, laboratory personnel, and environmental health experts, 

were actively involved and had clear roles (Tiwari & Miller et al. 2025) (Table 1). 

Table 1. Stakeholders and their roles included in the design and implementation of WES during the ODIN 

project. 

Topic Country Stakeholder(s) Role 

Administrative 

approval and 

coordination 

Tanzania Prime Minister’s Office – 

Directorate of Disaster 

Management (One Health 

Coordination Section) 

Ensured project alignment with national One Health and 

disaster risk management frameworks; promoted multi-

sectoral coordination and use of WES data. 

All 

project 

countries 

Ministry of Health (MoH) Provided formal recognition and administrative 

endorsement, facilitated stakeholder engagement. 

Sampling sites 

Selection of 

sampling 

locations 

Burkina 

Faso 

MoH – General Directorate of 

Water Resources and Directorate 

of Prevention through 

Vaccination (poliovirus 

environmental surveillance) 

Advised on sampling site selection using expertise from 

poliovirus surveillance.  

DRC Ministry of Public Health – 

Provincial Health Division; 

Waste collection company 

Contributed to sampling site selection. 

Tanzania Dar es Salaam and Tanga Urban 

Water Supply and Sanitation 

Authority 

Contributed to sampling site selection. 

All 

project 

countries 

Global Poliovirus Eradication 

Initiative (GPEI)  

Supported integration of project sampling into existing 

poliovirus surveillance sites. 
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Access to 

sampling sites and 

formal agreements 

Burkina 

Faso 

Ouagadougou Central Town 

Hall (responsible for sanitation) 

Agreement for sample collection. 

National Water Utility (ONEA)  Granted authorization for wastewater infrastructure 

access and smooth sample collection. 

DRC Health zones, Mayor’s offices in 

municipalities 

Agreement for sample collection. 

Tanzania Ministry of Water Facilitated engagement with urban water utilities and 

access to wastewater systems. 

Tanga and Dar es Salaam Water 

Supply and Sanitation Authority 

Enabled access to sewerage networks and treatment 

facilities in Tanga and wastewater and pumping stations 

in Dar es Salaam. 

Wastewater and 

environmental 

sample collection 

Burkina 

Faso 

National Water Utility (ONEA) Participated to the sample collection on the field. 

DRC Ministry of Public Health – 

Provincial Health Division 

Participates to the sample collection on the field. 

Tanzania Tanga and Dar es Salaam Urban 

Water Supply and Sanitation 

Authority 

Supported coordination of sampling operations in Tanga 

and Dar es Salaam. 

Clinical data Burkina 

Faso 

MoH - Studies and Sectoral 

Statistics Department 

Provided aggregated clinical data of cholera and typhoid 

fever cases. 

DRC MoH - Surveillance System 

Department, Regional 

epidemiology teams 

Provided aggregated clinical data of cholera and typhoid 

fever cases. 

Tanzania President’s Office Regional 

Administration and Local 

Government – Regional 

Epidemiologists 

Provided epidemiological data and local public health 

context to guide WES and public health response actions. 

Population 

coverage data 

Burkina 

Faso 

National Institute of Statistics 

and Demography (INSD) – 

National Population and 

Housing Census 

Provided population coverage estimates for the 

catchment areas corresponding to the wastewater 

sampling locations 

DRC Ministry of Public Health 

Municipalities’ Mayor’s Offices 

Tanzania 2022 The 2022 Population and 

Housing Census 

Laboratory and 

technical 

expertise 

Burkina 

Faso 

Clinical Research Unit of Nanoro Performed laboratory analyses of wastewater and 

environmental samples. 

DRC Center for Research and Studies 

on Emerging and Re-emerging 

Diseases 

Performed laboratory analyses of wastewater and 

environmental samples. 
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Tanzania MoH – National Public Health 

Laboratory in Dar es Salaam; 

National Institute for Medical 

Research – Tanga Centre, in 

Tanga 

Coordinated laboratory procedures, supported method 

validation and training, and advised on microbiology 

analyses. 

Policy guidance Burkina 

Faso 

Ouagadougou Central Town 

Hall (responsible for sanitation) 

Shared information on existing policies on wastewater, 

sanitation and hygiene. 

Ministry of Water and Sanitation 

– General Directorate for 

Wastewater and Excreta 

Sanitation 

Shared information on existing policies on wastewater. 

Ministry of Environment, Green 

Economy and Climate Change 

General – Directorate for 

Environmental Protection 

(Environmental Quality 

Analysis Laboratory) 

Shared information on existing policies on environmental 

quality. 

DRC Ministry of Public health – 

Provincial Health Division  

Shared information on existing policies on wastewater. 

Tanzania Ministry of Water Supported alignment of project’s activities with national 

water and sanitation policies. 

All three countries held meetings with the stakeholders throughout the sampling campaign to 

review and confirm the selection of surveillance sites and target pathogens. Regular internal project 

meetings were held with all participating countries to share and discuss experiences, successes, and 

challenges. 

2.2. Sampling Site Selection and Corresponding Clinical Data 

The study sites for the project, Ouagadougou and Nanoro in Burkina Faso, Kinshasa in the DRC, 

and Dar es Salaam and Tanga in Tanzania, were selected and mapped to capture a comprehensive 

picture of cholera and typhoid fever burden in each location. Local research teams led the design by 

mapping potential sampling locations and engaging with a broad range of stakeholders to ensure 

feasibility and contextual relevance (Tiwari & Miller et al. 2025).  

Sampling was designed to integrate WES of wastewater from both sewered and non-sewered 

systems together with surface waters impacted by human waste discharge (Figure 1 and Table 2). 

Sampling sites were also selected for their proximity to the laboratories responsible for sample 

analysis, ensuring efficient logistics to preserve sample integrity and thus minimise pathogen 

degradation. Local teams collaborated with the national Poliovirus Surveillance Units, operating 

under the Global Polio Eradication Initiative (GPEI), which has long-standing WES experience for 

poliovirus in Africa, and received guidance in selecting sampling locations (WHO 2003; WHO 2022). 

Following GPEI guidance, factors such as site accessibility, stakeholder collaboration and 

coordination (including epidemiologists, laboratory personnel, and local public health authorities), 

and the potential safety hazards at sampling sites were assessed through site inspections (WHO 

2003). 
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Figure 1. Map of sampling locations in Ouagadougou and Nanoro (Burkina Faso), Kinshasa (DRC), and Dar es Salaam and Tanga (Tanzania). Locations marked in red indicate wastewater 

sampling sites, and locations marked in blue indicate surface water sampling sites. In Ouagadougou, wastewater (Ouagadougou 3) and surface water (Ouagadougou 6) sampling locations were 

distinct but spatially overlapping and thus represented by a single pinpoint. 
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In this study, wastewater refers to both sewered and non-sewered systems containing human 

faecal waste. Sewered systems consist of networks of pipes that collect and transport wastewater 

from sources to centralised wastewater treatment plants (WWTP) or designated disposal points, 

whereas non-sewered systems are not connected to a centralised sewer. Examples of non-sewered 

systems include septic tanks, pit latrines, and open channels. Surface waters refer to environmental 

water, such as rivers, ponds, and dams, that are impacted by human faecal waste. 

Table 2. Description and rationalisation of sampling locations in Ouagadougou and Nanoro in Burkina Faso, 

Kinshasa in the DRC, and Dar es Salaam and Tanga in Tanzania. 

Location Sampling 

matrix 

Description and rationalisation of the sampling 

location 

BURKINA FASO 

Ouagadougou 

Ouagadougou 1 

 

Wastewater • Main pipeline in the sewage system receiving 

industrial and hospital wastewater. 

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 186 000 

Ouagadougou 2 

 

Wastewater • Main pipeline in the sewage system receiving 

wastewater from community households and the 

local hospital. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 186 000 

Ouagadougou 3 

 

Wastewater • Main pipeline within the wastewater treatment 

plant.  

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 3 030 000 

Ouagadougou 4 

 

Wastewater, 

non-sewered 

system 

• Open municipal channel receiving wastewater 

and used for open defecation. 

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 186 000 

Ouagadougou 5 

 

Surface water • Dam serving as a source of irrigation water for 

gardening and used for fishing, and suspected to 

receive human waste discharge. 

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 60 800 

Ouagadougou 6 

 

Surface water • Open dam receiving wastewater run-off and 

potentially carrying pathogens from the city’s 

stream water. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 291 000 

Nanoro 
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Nanoro 1 

 

Wastewater • Sewage system outlet receiving wastewater from 

multiple care units of the district hospital. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 47 900 

Nanoro 2 

 

Surface water • Midstream site of one of the largest dams in 

Burkina Faso, serving as a source of irrigation 

water for gardening and used for fishing, with 

potential pathogen inputs from town stream 

water and suspected human waste discharge. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 94 600 

DRC 

Kinshasa 

Kinshasa 1 

 

Wastewater • Septic tank waste discharge site receiving 

effluent from unloading trucks collecting 

wastewater across the city. Some septic tanks 

contain disinfection liquid of unknown 

composition. 

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 93 000 

Kinshasa 2 

 

Surface water • Downstream of an open drainage channel 

receiving domestic wastewater and connected to 

the sewer system of the University Clinics of 

Kinshasa. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 120 000 

TANZANIA 

Dar es Salaam 

Dar es Salaam 1 

 

Wastewater • Manhole in a closed sewage system located in a 

densely populated area with national and 

international trading activities, where high 

human mobility supports surveillance for 

pathogens with potential for rapid geographic 

spread. Population fluctuations are expected. 

• GPEI poliovirus environmental surveillance site. 

• Population coverage estimation: 10 200 

Dar es Salaam 2 

 

Surface water • River affected by open defecation, pit latrine 

leakage, greywater discharge, and solid waste 

inputs. 

• Agricultural and industrial contributors located 

upstream. 
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• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 13 800 

Tanga 

Tanga 1 

 

 

Surface water • River site shared by residents and domestic 

animals for drinking, farming, and other 

domestic activities, with a history of regular 

outbreaks and suspected human waste 

discharge. 

• Not included in the GPEI poliovirus 

environmental surveillance programme. 

• Population coverage estimation: 9060 

2.2.1. Clinical Surveillance Data 

To contextualise the WES findings, available clinical data on cholera and typhoid fever were 

obtained from the same regions where environmental samples were collected. In Burkina Faso and 

the DRC, clinical surveillance data were sourced from national surveillance systems coordinated by 

the respective Ministries of Health (MoH). In Tanzania, data were obtained through regional public 

health surveillance structures. For Tanzania, data were not yet available at the time of analysis but 

are currently being collected from relevant stakeholders (Table 1). For this study, only aggregated 

case numbers were acquired, no individual-level data were collected.  

In Burkina Faso, clinical surveillance is coordinated by the MoH’s Department of Disease 

Surveillance, which receives monthly case reports from all health facilities via the standard Rapport 

mensuel d’activités (RMA). Case reporting at peripheral health centres is largely syndromic, as routine 

laboratory confirmation is limited due to diagnostic capacity. Typhoid fever (often combined with 

paratyphoid fever data) and cholera are notifiable diseases. For the ODIN project, aggregated case 

counts for cholera and typhoid fever were obtained from the MoH’s Studies and Sectoral Statistics 

Department for health facilities within the catchment areas corresponding to the sampling sites. 

In the DRC, clinical surveillance for typhoid fever and cholera is conducted through the MoH’s 

decentralized system, with monthly case number reports submitted by public health facilities to their 

respective health zones. Typhoid fever (often combined with paratyphoid fever data) and cholera 

cases are primarily diagnosed based on clinical presentation, without routine laboratory 

confirmation. For the ODIN project, aggregated case counts were obtained from the relevant health 

zones, with authorization from the Provincial Health Division, for areas corresponding to the 

sampling sites. 

In Tanzania, clinical surveillance data is being obtained from a technical department within the 

regional public health authority. Cholera data is sourced from the national Integrated Disease 

Surveillance and Response (IDSR) system, which compiles weekly reports from health facilities 

through district, regional, and national levels, as cholera is a notifiable disease. All reported cholera 

cases are laboratory confirmed. In contrast, typhoid fever data is derived from routine clinical 

reporting and limited surveillance activities, with cases identified based on either laboratory 

confirmation or clinical syndromic diagnosis. 

2.3. Choosing the Target Diarrhoeal Pathogens and Faecal Indicator Bacteria  

The target pathogens for the WES system were selected based on local epidemiological evidence, 

prior knowledge of regional outbreaks, existing surveillance programs, and the results of a priority 

pathogen survey conducted during stakeholder workshops (Tiwari & Miller et al. 2025). In addition, 

a harmonised list of target pathogens was agreed upon across all three countries to enable consistent 

application of the shared ODIN Laboratory Handbook (ODIN 2025). The target pathogens selected 
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for this study were S. Typhi and toxigenic V. cholerae (O1/O139). Additionally, Escherichia coli and 

intestinal enterococci were included as faecal indicator bacteria (FIBs) to assess the level of recent 

faecal contamination in the collected samples.  

2.4. Study Site Operations and Sample Management 

Prior to the initiation of the sampling campaign, laboratory audits were conducted in all three 

participating countries to assess existing capacity, quality standards, and occupational safety 

precautions. The audits, performed by the Finnish Institute for Health and Welfare (THL), were 

conducted in line with the methodologies described in the ODIN Laboratory Handbook (ODIN 2025). 

In addition, the sampling procedures, sample transportation, and laboratory analyses were piloted 

at the end of 2024 before the start of the full sampling campaigns.  

2.4.1. Wastewater and Environmental Sample Collection 

Wastewater and surface water sampling locations of this study were sampled monthly by grab 

sampling according to ISO 19458 (ISO 19458:2006 Water quality – Sampling for microbiological 

analysis) from January to September 2025. A total of 112 environmental samples were collected from 

13 wastewater and surface water sampling locations across Burkina Faso (n=71, including 44 

wastewater and 27 surface water samples, from eight sites), the DRC (n=16, including eight 

wastewater and eight surface water samples, from two sites), and Tanzania (n=25, including seven 

wastewater and 18 surface water samples, from three sites). A maximum of two samples per 

sampling location were missing during the sampling period (Supplemental Table S1). The local 

project teams were responsible for sample collection, and a dedicated sample collection form was 

developed to record sampling metadata (Supplemental Material 1). All sampling was conducted 

following appropriate safety protocols, including adequate personal protective equipment (PPE) 

(ODIN 2025). Team members involved in sampling received specific training for these procedures. 

The recommended sample volume for wastewater was 500 ml and for surface waters 3 litres. 

2.4.2. Logistics, Cold Chain Maintenance, and Sample Storage 

Samples were transported to the laboratory either in Crēdo Cube® system (va-Q-tec, Germany) 

or in insulated cool boxes with ice packs in accordance with ISO 19458 (ODIN 2025). Sample 

temperature (°C) was recorded at the time of sampling and upon arrival at the laboratory. 

Additionally, the air temperature at the time of sample collection was recorded. Upon arrival at the 

laboratory, samples were either immediately processed or stored at appropriate temperatures (2-8 

°C) and processed within 24 hours following the sample collection.  

2.5. Laboratory Methodologies and Data Management 

Samples were processed in accordance with the ODIN Laboratory Handbook (ODIN 2025), 

following the agreed protocols across all three countries. However, some deviations from the 

protocols were necessary, as described below, to accommodate differences in available reagents and 

equipment. Analyses were conducted at the Clinical Research Unit of Nanoro in Burkina Faso, at the 

Centre for Research and Studies on Emerging and Re-emerging Diseases (CREMER) in the DRC, and 

in Tanzania at the National Public Health Laboratory (NPHL) in Dar es Salaam and the National 

Institute for Medical Research (NIMR) Laboratory in Tanga.  

2.5.1. Laboratory Analyses for FIB: Escherichia coli and Intestinal Enterococci 

ODIN Laboratory Handbook refers to standard methods ISO/DIS 9308-4 and ISO 7899-2:2000 

for enumeration of E. coli and intestinal enterococci, respectively. E. coli and intestinal enterococci 

were analysed by the membrane filtration technique filtering a known volume of the sample through 

pore a size of 0.45-µm membrane filter or by spread plating tenfold serial dilutions of the sample on 

tryptone bile X-glucuronide agar (TBX) medium and Slanetz & Bartley agar (S&B) medium. Analysed 
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sample volumes depended on the expected faecal contamination level and the filterability of the 

sample. After incubation, green to turquoise colonies on TBX were counted as E. coli and red colonies 

on S&B as presumptive enterococci. Intestinal enterococci colonies were confirmed on Bile esculin 

azide agar (BEA) medium as typical colonies that darkened after incubation. 

In the DRC, FIB analyses for wastewater samples were not conducted according to established 

methods. For surface water, E. coli was measured in 1 ml and 10 ml sample volumes using membrane 

filtration. Intestinal enterococci were not analysed in samples from the DRC.  

FIB results were reported as a colony-forming units CFU/100 ml for surface water and CFU/ml 

for wastewater. 

2.5.2. Laboratory Analyses for Vibrio Cholerae 

Vibrio cholerae was analysed according to the methodology described in the ODIN Laboratory 

Handbook (ODIN 2025). In brief, from 1 ml to 100 ml of the water samples, depending on the sample 

type and filterability, were filtered through pore size of 0.45-µm membrane filter, which was then 

placed either directly on thiosulphate citrate bile and sucrose agar (TCBS) medium in Tanzania, or 

first into alkaline peptone water for enrichment at 35±2°C for 4 hours in Burkina Faso and for 24 hours 

in the DRC. After enrichment, 10 µL of the enriched broth was inoculated onto TCBS agar. 

Furthermore, highly turbid wastewater samples were analysed by spread plating the tenfold serial 

dilution of wastewater sample directly on TCBS medium. After incubation, yellow colonies on TCBS 

were counted as presumptive V. cholerae. The species identification of presumptive V. cholerae colonies 

was performed using MALDI-ToF MS (matrix-assisted laser desorption ionization time of flight mass 

spectrometry), or with API 20E (BioMérieux, Marcy-L’Étoile, France) identification protocols.  

Serotyping with O1 and O139 antisera was used to identify toxigenic V. cholerae O1/O139 isolates 

instead of the methodology recommended in the ODIN Laboratory Handbook (ctxA PCR) to verify 

the presence of the cholera toxin gene. 

2.5.3. Laboratory Analyses for Salmonella Typhi 

Salmonella spp. was analysed according to the ODIN Laboratory Handbook (ODIN 2025), 

following the principles of standard method ISO 19250:2010. The analysed sample volume varied 

between 1 ml and 250 ml depending on the sample type and filterability of the samples. In brief, 

Salmonella spp. was analysed by filtering known volume of the sample on one or more membrane 

filters with pore size of 0.45-µm and placing the filters either on Buffered Peptone Water or Alkaline 

Peptone Water for pre-enrichment, incubated at 36±2 °C for 18±2 hours to promote bacterial growth, 

or on Rappaport-Vassiliadis broth with soya (RVS). Following pre-enrichment, the samples were 

cultured in Modified Semisolid Rappaport Vassiliadis Medium (MSRV) at 41.5±1 °C for 24±3 hours. 

After incubation, typical mobile growth on MSRV was cultivated on selective xylose lysine 

deoxycholate agar (XLD) and incubated at 36±2 °C for another 24±3 hours. Black colonies on XLD 

were counted as presumptive Salmonella spp. In protocol without pre-enrichment, RVS broth was 

inoculated on selective xylose lysine deoxycholate agar (XLD) or on Hecktoen Agar medium and 

typical colonies were counted as presumptive Salmonella spp. Species identification of the 

presumptive Salmonella spp. colonies was performed by using MALDI-ToF MS, or API 20E 

identification protocols.  

For the isolates identified as Salmonella enterica, serotyping with antisera agglutination was 

performed to identify serotype S. Typhi according to the method described in ODIN Laboratory 

Handbook (ODIN 2025). However, in Burkina Faso, only the agglutination to Salmonella Multi 

Group Poly A-I + Vi antisera testing was performed, and isolates that were Vi-positive were 

interpreted as presumptive S. Typhi. 

2.5.4. Wastewater and Environmental Data Management 
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To ensure standardised recording and comparability of results across countries, harmonised 

data recording procedures were implemented across all sites. These procedures captured general 

information for each sampling event, details of the laboratory methodologies applied, and 

confirmation results for the target pathogens. Qualitative outcomes (presence/absence and analysed 

volume) for S. Typhi and V. cholerae and quantitative outcomes (CFUs per volume) for FIBs were 

recorded. 

2.6. Statistical Analysis 

For each sampling location, descriptive statistics were calculated for faecal indicator bacteria (E. 

coli and intestinal enterococci), with counts expressed as log10 CFU/ml for wastewater and log10 

CFU/100 ml for surface water matrices. Positivity rates, median values with interquartile ranges 

(IQR), minimum and maximum values per site were reported, with IQRs calculated only for locations 

with three or more positive samples. All descriptive analyses were performed using Microsoft Excel. 

3. Results  

3.1. Wastewater and Environmental Sampling Results  

Wastewater and environmental surveillance results for target pathogens Salmonella Typhi, Vibrio 

cholerae, along with FIBs, and corresponding clinical data were recorded for wastewater and surface 

water samples from Burkina Faso, the DRC, and Tanzania (Table 3 and Supplemental Table S1). 

Table 3. Detection of Salmonella enterica and Vibrio cholerae in wastewater and surface water sampling sites in 

Burkina Faso and the DRC in relation to nearby clinical typhoid fever (A) and cholera (B) cases. Columns show 

the total number of sampling sites (N), number of sampling sites where Salmonella enterica or Vibrio cholerae was 

detected, and range of Escherichia coli and intestinal enterococci (log₁₀ CFU/ml for wastewater and log₁₀ CFU/100 

ml for surface water). 

A) Wastewater and 

environmental 

monitoring for typhoid 

fever 

Number of 

sampling 

sites (N) 

Number of 

sampling sites with 

detection of 

Salmonella enterica 

Range of 

Escherichia coli  

Range of 

intestinal 

enterococci  

Wastewater sites with clinical 

cases nearby 

6 3 0.7-5.8 0.0-6.1 

Wastewater sites without 

clinical cases nearby 

0 0 - - 

Surface water sites with 

clinical cases nearby 

4 0 0.9-6.7 0.0-7.1 

Surface water sites without 

clinical cases nearby 

0 0 - - 

B) Wastewater and 

environmental 

monitoring for cholera 

Number of 

sampling 

sites (N) 

Number of 

sampling sites with 

detection of Vibrio 

cholerae 

Range of 

Escherichia coli  

Range of 

intestinal 

enterococci  

Wastewater sites with clinical 

cases nearby 

1 0 NA NA 

Wastewater sites without 

clinical cases nearby 

5 0 0.7-5.8 0.0-6.1 
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Surface water sites with 

clinical cases nearby 

1 0 0.9-5.0 - 

Surface water sites without 

clinical cases nearby 

3 0 1.0-6.7 0.0-7.1 

NA = Analysis not performed according to established methods for wastewater samples; results are therefore 

not included. 

In Burkina Faso, presumptive S. Typhi was detected by antisera agglutination-based techniques 

at three wastewater sampling locations (Ouagadougou 2 and 3, and Nanoro 1), with all detections 

occurring in June 2025; these isolates will be further confirmed whole-genome sequencing (Table 3 

and Supplemental Table S1). No V. cholerae was detected in Burkina Faso during the study period. In 

the DRC, neither V. cholerae nor S. Typhi was detected at any sampling locations. In Tanzania, 

presumptive S. Typhi, i.e. S. enterica spp. enterica that requires further confirmation by serotyping or 

whole-genome sequencing, was detected at the surface water site Tanga 1 from May to August 2025. 

V. cholerae was detected at one wastewater sampling location (Dar es Salaam 1) in June 2025; the 

isolate was a non-O1/non-O139 serotype. 

FIBs levels were assessed across wastewater and surface water samples collected at all study 

sites in Burkina Faso, the DRC, and Tanzania. Counts, positivity rates, and distributions of E. coli and 

intestinal enterococci counts are summarised in Table 4. 

Table 4. Counts of faecal indicator bacteria in Ouagadougou and Nanoro (Burkina Faso), Kinshasa (DRC), and 

Dar es Salaam and Tanga (Tanzania) in A) collected wastewater and B) collected surface water samples. Columns 

show sampling location, number of taken samples (N), and, for E. coli and intestinal enterococci (log₁₀ CFU), the 

number of positive samples (N), positivity rate (%), and minimum, median (interquartile range, IQR), and 

maximum values calculated from positive results. 

Sampling 

location 

Number 

of 

samples 

(N) 

Escherichia coli (log₁₀) Intestinal enterococci (log₁₀) 

Number 

of 

positive 

samples 

(N) 

Positivity 

rate (%) 

Min.  Median 

(IQR) 

Max. Number 

of 

positive 

samples 

(N) 

Positivity 

rate (%) 

Min.  Median 

(IQR) 

Max. 

A. Wastewater sampling locations (values expressed as log₁₀ CFU/ml) 

Ouagadougou 

1 

9 5 56 3.5 4.3 (4.0-

4.4) 

5.4 2 22 2.5 4.2 (-)* 5.8 

Ouagadougou 

2 

9 4 44 3.5 4.2 (4.0-

4.4) 

5.0 3 33 0.9 2.4 (1.7-

3.8) 

5.0 

Ouagadougou 

3 

9 6 67 2.8 4.4 (4.3-

4.7) 

5.8 3 33 2.8 3.4 (3.1-

4.8) 

6.1 

Ouagadougou 

4 

8 8 100 1.4 2.6 (2.1-

3.3) 

3.9 2 25 0.3 0.8 (-)* 1.3 

Nanoro 1 9 8 89 0.7 3.9 (3.5-

4.1) 

4.5 3 33 0.0 0.3 (0.2-

0.7) 

1.0 

Kinshasa 1 8 NA NA NA NA NA - - - - - 

Dar es Salaam 

1 

7 6 86 1.8 2.4 (2.4-

2.2) 

2.7 2 29 2.3 2.7 (-)* 3.0 
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B. Surface water sampling locations (values expressed as log₁₀ CFU/100 ml) 

Ouagadougou 

5 

9 9 100 1.0 3.0 (2.7-

4.1) 

4.9 7 78 0.3 2.1 (1.6-

2.7) 

4.6 

Ouagadougou 

6 

9 8 89 2.0 3.3 (2.7-

4.3) 

6.7 7 78 1.3 2.6 (1.8-

2.9) 

7.1 

Nanoro 2 9 4 44 1.3 1.7 (1.5-

1.9) 

2.1 6 67 0.0 1.0 (0.4-

1.2) 

3.3 

Kinshasa 2 8 2 25 0.9 3.0 (-)* 5.0 - - - - - 

Dar es Salaam 

2 

9 3 33 1.3 1.6 (1.5-

1.9) 

2.1 0 0 - - - 

Tanga 1 9 9 100 0.6 2.5 (2.3-

2.7) 

2.9 9 100 1.0 2.1 (1.8-

2.5) 

2.7 

* Interquartile ranges were calculated only for locations with three or more positive samples. NA = Analysis not 

performed according to established methods for wastewater samples; results are therefore not included. 

Across all study sites, FIBs were frequently detected (Table 4). In Burkina Faso, all sampling 

locations in Ouagadougou and Nanoro were positive at least once for both E. coli and intestinal 

enterococci. In the DRC, Kinshasa 2 was positive for E. coli. All sampling locations in Dar es Salaam 

and Tanga were positive for E. coli at least once during the sampling period, while intestinal 

enterococci were detected at all locations except Dar es Salaam 2. Overall, positivity rates were 

consistently higher for E. coli than for intestinal enterococci, with the highest E. coli positivity rates 

(100%) observed at Ouagadougou 4, Ouagadougou 5, and Tanga 1. The highest intestinal enterococci 

positivity rates were observed at surface water sites (78% at Ouagadougou 5 and Ouagadougou 6, 

and 100% at Tanga 1). Maximum concentrations for both E. coli and intestinal enterococci were 

recorded in Ouagadougou, with the highest wastewater counts at Ouagadougou 3 and the highest 

surface water counts at Ouagadougou 6. 

3.2. Clinical Data Corresponding to Sampling Locations 

In Burkina Faso and the DRC, clinical data corresponding to the sampling locations are 

presented in Supplemental Table S1, while Table 3 summarises the number of sampling sites with 

and without nearby reported clinical cases and the corresponding environmental detections of target 

pathogens and FIBs. Typhoid fever cases were combined with paratyphoid fever cases (Table 3 and 

Supplemental Table S1). In Ouagadougou, the sampling locations Ouagadougou 1 and 2, and then 

again 3 and 6, were located within the same health facility area. Typhoid fever cases were reported 

around all sampling locations in both countries, with case numbers varying between 0-401 cases in 

Ouagadougou, and 8-25 cases in Nanoro, and 1606-4834 in Kinshasa. Cholera cases were not reported 

in Burkina Faso during the sampling period. In the DRC, cholera cases were reported in six out of 

eight sampled months from the nearby catchment area of Kinshasa 1 location (case numbers ranging 

from 2 to 194). At Kinshasa 2, cholera cases were reported during June–August 2025 (42, 8, and 2 

cases, respectively).  

Clinical data from Tanzania is currently being collected from relevant stakeholders. 

3.3. Lessons Learned from the Implementation of WES in Sub-Saharan Africa 

Key lessons were identified across multiple aspects of the project, from capacity building to 

laboratory analyses, regarding the design and implementation of WES in sub-Saharan Africa (Table 

5). The lessons learned were documented throughout the sampling period and discussed in various 

meetings. 
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Table 5. Lessons learned from implementing a harmonised wastewater and environmental surveillance 

framework in sub-Saharan Africa during the ODIN project. 

Category Lessons learned 

Existing capacity • High staff turnover within local teams highlighted the need for 

formal collaboration agreements with stakeholders to maintain 

continuity and institutional memory. 

• The level of prior laboratory experience with environmental 

samples varied between teams, requiring additional refresher 

training and ongoing technical support. 

Sampling site selection 

and background 

information 

• Clearly defining the objectives and scope of the intended WES 

system is essential before selecting sampling locations, so that 

the sites best reflect the desired outcomes. For example, if the 

aim is to generate data relevant for public health, sampling 

locations should receive human excreta. 

• Stakeholder consultations (e.g., utilities, environmental 

agencies) were essential for identifying feasible and 

representative sampling points. 

• Population coverage estimation proved very challenging, 

especially for non-sewered systems and environmental water 

bodies, due to the lack of reliable data sources. Data sources 

also varied between countries and were often outdated. 

• Although population data were available for administrative 

areas, some sampling sites spanned multiple areas, making 

estimates difficult.  

• Clinical data was often scattered or incomplete, making it 

difficult to validate environmental surveillance results.  

• In many instances, clinical information was based on 

syndromic surveillance rather than microbiological 

confirmation.  

• Typhoid and paratyphoid fever cases were aggregated, which 

complicates the typhoid fever case estimations.  

Sampling timetable, 

frequency, and 

logistics 

• Coordinating same-day sampling across multiple sites proved 

challenging, particularly in large urban settings with heavy 

traffic, highlighting the need for flexible sampling schedules 

and sufficient laboratory capacity to ensure sample processing 

within 24 hours of collection. 

• Sample transport routes and travel times fluctuated due to 

weather, road conditions, or security considerations, requiring 

flexible scheduling. 

Access to sampling 

sites 

• Accessing certain sampling locations, especially those within 

sewage systems, posed logistical challenges and required 

advance planning or alternative approaches. Collaboration 

with access-granting entities was essential, for example, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2026 doi:10.20944/preprints202602.1105.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1105.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 26 

 

identifying a focal person with authorised access and obtaining 

formal authorisation letters. 

• In rural settings, some sites became inaccessible during the 

rainy season or were located far from laboratories (e.g., rivers 

and streams). 

Sampling method • Grab sampling was easy to implement, and it is also the 

method recommended by the GPEI for poliovirus 

environmental surveillance. Passive sampling overnight or 

longer could have improved representativeness, but it posed 

challenges related to site suitability and the risk of theft of the 

samplers. Composite sampling was also considered, but 

composite samplers might not be available and were prone to 

being stolen or damaged when not installed in secure locations. 

Cold chain 

maintenance 

• Unreliable electricity supply in some laboratories or field 

stations complicated cold chain maintenance for both sample 

storage and reagent stability. 

Bacterial culture 

methods 

• Delays in reagent deliveries caused difficulties in following 

harmonised SOPs. Proper planning and timely procurement 

are needed to ensure readiness before field activities begin. 

Culture media availability was limited locally, and costs were 

high due to few suppliers.  

• Culturing methods proved more technically demanding than 

molecular assays, requiring greater operator expertise and 

strict procedural consistency. This made it challenging to fully 

implement the harmonised SOPs, particularly in laboratories 

with limited prior experience in conducting quantitative water 

microbiology investigations. 

Data for action • Environmental sampling results were received too slowly to 

support timely outbreak detection. Faster data flow is needed, 

along with a clear structure for how results should trigger 

public health action. 

• Difficulties were encountered in completing the results-

recording tables, with frequent typographical errors and 

inconsistent data entry. 

Stakeholder 

engagement 

• The roles and responsibilities of stakeholders included in WES 

system should be clearly defined. 

• It is important to build on existing systems and initiatives (e.g., 

GPEI, and other WES activities). 

Existing laboratory and field capacities varied between sites, highlighting the need for refresher 

training, ongoing technical support, and formal collaboration agreements to mitigate high staff 

turnover. A clear definition of stakeholder roles and building on existing systems (e.g., GPEI) was 

also essential for sustaining WES implementation. Site selection required early definition of WES 

objectives, stakeholder consultation, and careful consideration of population coverage, particularly 

in non-sewered or rural settings where data were scarce or fragmented. Country-specific experiences 
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highlighted the importance of flexible site selection and contingency planning: in the DRC, planned 

sampling in Goma was relocated to Kinshasa due to security concerns. Clinical data limitations, such 

as combined (typhoid and paratyphoid fever clinical data) or syndromic case reporting, also 

complicated comparisons with environmental results. 

Coordinating sampling timetables and ensuring timely sample transport proved challenging, 

particularly in large urban areas or during seasonal disruptions, and accessing certain sites required 

advance planning and collaboration with local authorities. Laboratory capacity was a critical 

challenge, as culture-based methods were technically demanding, and local reagent supply was 

limited. Data processing and flow were often slow, limiting the potential for timely public health 

action. 

4. Discussion  

The greatest opportunities, and perhaps the most significant challenges, for wastewater and 

environmental surveillance (WES) currently lie in Africa, as it is particularly valuable when it fills 

critical information gaps, especially in settings where clinical surveillance data are limited and 

delayed. These limitations in clinical surveillance are further amplified in many African contexts by 

recurrent disease outbreaks, rapid urbanization, and environmental degradation, which together 

hinder reliable and timely public health surveillance and actions (Manirambona et al. 2024). 

This study explored and evaluated the implementation of WES for diarrhoeal waterborne 

pathogens across three sub-Saharan African countries: Burkina Faso, the DRC, and Tanzania. By 

targeting V. cholerae and S. Typhi, and incorporating sewered, non-sewered, and surface water 

sampling matrices, the study assessed the feasibility of WES in diverse sanitation contexts. The 

findings highlight both the practical challenges and the successes of designing, implementing, and 

harmonising WES systems, offering insights for future surveillance initiatives in LMIC settings. 

4.1. WES Implementation and Laboratory Findings 

To reflect the diversity of sanitation infrastructures across the study countries, the ODIN project 

incorporated sewered and non-sewered systems, and surface water bodies as sampling matrices. In 

settings with minimal or poorly structured sewer coverage, non-sewered systems and environmental 

water bodies, such as rivers and dams, can capture pathogens shed by local populations (Acharya et 

al. 2024; Saleem et al. 2019; WHO 2019). In this study, wastewater sites included closed sewage 

systems, such as a manhole and wastewater pipelines, WWTPs, and an open channel serving as non-

sewered system. Surface water sampling targeted rivers and dams receiving untreated sewage 

outflows, including human waste and greywater discharges, serving as a critical proxy for 

community-level pathogen circulation, particularly in informal urban and peri-urban settlements 

where sewer networks are scarce. Several sites were affected by open defecation or solid waste inputs, 

conditions that increase the likelihood of detecting human-derived pathogens. Others were impacted 

by upstream agricultural, industrial, or hospital discharges, introducing complex mixtures of 

contaminants that can affect pathogen persistence and detection (Borreca et al. 2024; Emmanuel et al. 

2009; Sasakova et al. 2018). High-mobility areas, including densely populated trading zones, allowed 

monitoring of transient populations. Together, these complementary sampling strategies supported 

more equitable geographic and demographic surveillance coverage and could help capture 

populations that may be frequently overlooked in conventional WES programs. 

In addition to site characteristics, population coverage—the size and composition of the 

contributing population—is important consideration for WES. Guidance from the GPEI indicates that 

poliovirus detection sensitivity is strongly influenced by the size of the catchment population, with 

optimal sampling recommended for sites serving 100,000–300,000 individuals (WHO 2023). High-

density areas are prioritised due to their greater likelihood of revealing pathogen circulation. 

Although similar recommendations do not exist for bacterial pathogens, applying population-based 

considerations to diarrhoeal disease WES could improve data reliability. In sub-Saharan Africa, 

however, accurate population estimates are often unavailable, and data sources vary substantially 
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between countries (Seidler et al. 2025). In this study, only 5 out of 13 sampling locations met GPEI’s 

recommended catchment size for poliovirus. In high-resource settings, wastewater-based 

surveillance often uses population coverage estimates and wastewater treatment plant influent flow 

data to normalise WES results (Boogaerts et al. 2024; Kankaanpää et al. 2016; Tiwari et al. 2022). 

However, this approach is not feasible in most LMIC locations, particularly for non-sewered systems 

and surface waters, where waste originates from dispersed households, mobile populations, 

upstream communities, and unaccounted populations. Despite these limitations, population 

coverage estimates remain essential for linking environmental surveillance signals to the associated 

communities, thereby helping to ensure accurate reflection of community-level pathogen circulation 

and supporting public health decision-making. 

E. coli and intestinal enterococci are the faecal indicator bacteria to assess faecal contamination 

in sampled water. Both organisms are widely used in environmental microbiology because they 

reliably reflect recent faecal inputs and are strongly associated with human and animal waste 

(Devane et al. 2020; Murei et al. 2024). S. Typhi and toxigenic V. cholerae (O1/O139) were selected as 

target pathogens due to their continued public health relevance in sub-Saharan Africa, where typhoid 

fever and cholera continue to cause significant morbidity and mortality (GTFCC 2025; Koua et al. 

2025; Liu et al. 2025). In Burkina Faso, typhoid fever remains a significant concern, with recent 

estimates reporting an incidence of 133 cases per 100,000 person-years (Marks et al. 2024). In the DRC, 

both diseases are endemic, with recurrent cholera outbreaks reported particularly in eastern 

provinces and urban informal settlements, alongside a substantial but under-documented burden of 

typhoid fever due to limited laboratory confirmation (Théophile et al. 2018; WHO 2025b). In 

Tanzania, cholera outbreaks also recur; the 2024 wave affected multiple regions with thousands of 

reported cases and deaths (WHO 2024b). Typhoid fever is also endemic in Tanzania, and studies 

indicate a substantial national burden, with isolates presenting resistance genes (Cutting et al. 2022; 

Thriemer et al. 2012). WES has been previously applied for both V. cholerae (Bwire et al. 2018; Kahler 

et al. 2015; Zohra et al. 2021), and S. Typhi (Matrajt et al. 2020; Liu et al. 2021; Uzzell et al. 2024a; 

Uzzell et al. 2024b) surveillance. Moreover, the inclusion of both pathogens to WHO’s guidance on 

“Wastewater and environmental surveillance for one or more pathogens: guidance on prioritization, 

implementation and integration” further supported the decision to include them to this study (WHO 

2024a). However, their environmental epidemiology differs substantially. Detection of toxigenic V. 

cholerae in environmental samples must be interpreted cautiously due to the organism’s ability to 

persist independently of human infections (GTFCC 2022), whereas S. Typhi is human-specific and 

therefore more directly indicative of human shedding.  

In this study, FIB analysis confirmed widespread faecal contamination at most sampling 

locations, demonstrating that selected sites were indeed impacted by human or animal waste and 

suitable for environmental surveillance. Across all sites and nine months of sampling, culture-based 

methods detected presumptive S. Typhi at seven time points (three in Burkina Faso, four in Tanzania) 

and V. cholerae once (in Tanzania). These relatively low detection rates are consistent with previous 

culture-based WES studies. For example, Shackelford et al. (2025) did not detect V. cholerae from pit 

latrines and faecal sludge by culture during an outbreak in a Malawian refugee camp, and 

Chigwechokha et al. (2024) reported reduced sensitivity for S. Typhi using culture methods. Despite 

the low number of positive detections in this study, all three countries continued to prioritise V. 

cholerae and S. Typhi for WES. This prioritisation was reaffirmed during project meetings, where 

country teams consistently identified these pathogens as high public health priorities, highlighting 

the need to further develop environmental surveillance systems for their detection. 

Although many previous WES studies rely on PCR-based detection due to its higher sensitivity 

(Capone et al. 2021; Johnson et al. 2022; Saha et al. 2019; Servetas et al. 2022; Uzzell et al. 2024a; Uzzell 

et al. 2024b; Zohra et al. 2021), the ODIN project intentionally employed culture-based methods to 

enable quantification of viable bacteria and subsequent genomic epidemiology in comparison to the 

clinical strains. Implementing harmonised culture-based protocols from the ODIN Laboratory 

Handbook revealed substantial variation in baseline capacity for microbiological water analyses 
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across the countries and partner laboratories. Key gaps related to the availability of the standardized 

laboratory protocols, negative and positive controls, membrane filtration techniques, selective culture 

media suitable for environmental samples with variable background flora, and capacity to perform 

bacteriological confirmatory tests. Implementation in the DRC was further complicated by a 

concurrent mpox outbreak, leading the team to incorporate mpox into their sampling and analysis 

(Beiras et al. 2025; WHO 2025a). These operational challenges underscore the need for flexibility and 

contingency planning when conducting WES in dynamic epidemiological contexts. 

Timely and accurate data recording emerged as a cross-cutting challenge. Environmental 

surveillance generates complex datasets requiring detailed metadata, site-specific contextualisation, 

and clear documentation of detection limits. Well-functioning systems that incorporate standardised 

electronic data collection tools, harmonised reporting structures, and targeted training in 

environmental data management can reduce errors and maintain timely data flow, thereby 

strengthening the role of WES as an epidemiological tool. Notably, in most countries, WES is not 

integrated into national health systems, so even when findings are communicated, timely public 

health responses may not follow. Ensuring comparable data structures across countries is essential 

for harmonisation and facilitates future integration into regional dashboards accessible to health 

professionals, supporting coordinated public health decision-making.  

4.2. Contextualising WES Data with Clinical Surveillance Data 

Interpreting wastewater and environmental detections in the context of clinical surveillance data 

proved challenging. In this study, due to the low number of pathogen detections in WES samples, no 

statistical analyses between WES and clinical data could be conducted. Visual inspection of the data 

also did not reveal a consistent lead–lag pattern, including WES detections preceding reported 

clinical cases of typhoid fever and cholera, consistent with findings from a previous study (Uzzell et 

al. 2024b). 

Interpretation is complicated by clinical surveillance practices in many African countries, where 

reporting is largely syndromic and enteric fever cases are frequently combined. These challenges can 

obscure early warning and local transmission dynamics at specific sampling locations. Cholera 

surveillance faces similar limitations, as microbiological laboratory confirmation of the cases can be 

limited. Syndromic reporting, combined with limited access to healthcare, may delay detection of 

pathogens and result in underreporting of certain diseases, particularly where healthcare facilities 

and diagnostic services are scarce. Consequently, many outbreak- and pandemic-prone diseases go 

unreported (Mremi et al. 2021). These structural limitations of clinical surveillance underscore the 

value of WES as a complementary surveillance tool.  

Linking WES findings to clinical data is critical, particularly when evaluating the suitability of 

WES for specific pathogens. However, variations in data quality across countries make cross-country 

comparisons, and consequently the generation of harmonised results, particularly challenging. 

Strengthening linkages between environmental and clinical surveillance through collaboration with 

national and regional epidemiological teams is therefore essential to clearly defining the type and 

quality of clinical data required for WES. Within the ODIN project, such collaboration has already 

been initiated to raise awareness about WES, clarify clinical data requirements, and establish systems 

for collecting the clinical case data needed to support WES activities. 

4.3. WES as a Multidisciplinary Tool 

WES is inherently a multidisciplinary approach, bridging public health, environmental science, 

microbiology, epidemiology, water sector and engineering, aligning with the One Health framework. 

Its successful implementation depends on early and sustained stakeholder engagement, clear 

allocation of responsibilities, and well-defined data flow pathways between field workers, 

laboratories, epidemiological teams, and decision-makers. As WES ultimately aims to generate 

actionable data for public health decision-making, establishing clear and proactive operational and 

communication frameworks are essential (Van Der Drift et al. 2025). Experience from implementing 
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WES highlighted differences in institutional structures and stakeholder roles across sub-Saharan 

African countries, underscoring the need for flexible, context-specific workflows adapted to local 

systems rather than uniform implementation models.  

Leveraging existing initiatives, such as GPEI and established programs for SARS-CoV-2 

environmental surveillance provide a practical foundation for scaling WES. In this study, shared 

sampling locations and infrastructure with GPEI facilitated implementation and underscored the 

efficiency advantages of integrating WES into existing surveillance systems. Regional initiatives led 

by organisations such as Africa Centre for Disease Control (Africa CDC), United Nations 

Environment Programme (UNEP), and Global Consortium for Wastewater and Environmental 

Surveillance for Public Health (GLOWACON) further offer opportunities to promote harmonisation, 

capacity building, and sustainability, complementing clinical surveillance systems for local public 

health decision-making and improved health strategies (Africa CDC 2026; GLOWACON 2026; UNEP 

2026).  

To promote effective and enduring stakeholder engagement in WES, several best practices 

emerging from the ODIN project should be adopted, such as the importance of early planning, 

transparent communication, continuous feedback mechanisms, and shared ownership among 

stakeholders. Maintaining transparency and accountability throughout implementation is essential 

to ensure that surveillance data and needed public health decisions are communicated clearly.  

4.4. Limitations of the Study 

Several limitations of this study should be acknowledged. First, laboratory audits and training 

assessments were conducted mostly online rather than in person, limiting the ability to fully evaluate 

hands-on laboratory capacity and procedural adherence. In the DRC, the relocation of project 

activities from Goma to Kinshasa after the laboratory audits had been completed posed additional 

challenges, as the Kinshasa laboratory was only assessed via document-based audit after project 

activities had already been initiated. Second, these activities were conducted only in English, not by 

using the local languages, and the participation of the technical personnel directly responsible for 

performing the analyses was limited. Third, methodological differences between countries, including 

deviations in the FIB analyses in the DRC, as well as delays and difficulties in obtaining essential 

laboratory materials, hindered adherence to harmonised SOPs and highlight the practical challenges 

of implementing harmonised WES efforts. Fourth, the overall number of positive detections for 

presumptive S. Typhi and V. cholerae was low, limiting the ability to conduct statistical analyses or 

draw definitive conclusions regarding associations between WES and clinical data. Finally, clinical 

surveillance data were often aggregated at the district level and syndromic in nature, complicating 

the validation and interpretation of environmental findings. Collectively, these limitations 

underscore the challenges of implementing WES in resource-limited settings and the need for 

strategic planning, standardisation, and continued capacity building. 

5. Conclusions  

This study demonstrated that implementing WES for waterborne diarrhoeal pathogens across 

diverse sub-Saharan African settings is feasible, but requires careful consideration of local 

epidemiology, sanitation infrastructure, sustainability, and population dynamics. Despite low target 

pathogen detection during the sampling campaign, the study highlights the value of combining 

multiple sampling matrices, including wastewater and surface waters, and integrating faecal 

indicator bacteria to confirm the representativeness of the samples and to validate the site selection. 

The use of culture-based methods underscored the need for targeted training and commitment of the 

laboratory teams to follow the standardised procedures to maintain data quality, reliability, and 

comparability. Linking and analysing WES findings with clinical data remains challenging due to 

syndromic surveillance, combined data, and population estimation uncertainties, yet such 

integration is critical for meaningful interpretation. The study underscores that successful WES 

requires multidisciplinary collaboration and early, structured stakeholder engagement, leveraging 
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existing programs and One Health frameworks to enhance operational efficiency, harmonisation, and 

sustainability. Overall, these findings provide practical guidance for scaling WES in LMICs and 

reinforce its potential as a complementary tool for community-level pathogen monitoring and 

evidence-informed public health decision-making. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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