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List of Abbreviations
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1.Summary of Deliverable

1.1 The ODIN project and its aims

Wastewater, both sewered and non-sewered, contains human excreta with
pathogenic microorganisms that have caused diseases among the community
members. Contamination of water resources by human excreta, and the lack of safe
water supply and sanitation is a concern particularly relevant in low- and middle-
income countries (LMICs). Wastewater-based epidemiology (WBE) offers a cost-
efficient surveillance approach, acting as an early warning system to detect known
and emerging pathogens, re-emerging diseases and antimicrobial resistance (AMR)
in communities.

The ODIN project aims to strengthen genomics and bioinformatics capacity and
improve database management skills for generating, maintaining, and querying large
data sets in sub-Saharan countries. Additionally, the project seeks to develop an
environmental surveillance system based on monitoring communicable disease
agents in community wastewaters and other environmental samples.
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1.2 Description and goal of deliverable 2.2

Deliverable 2.2

ODIN Work Package 2 (WP 2) - “Setting-up environmental surveillance system for
multiple human pathogens” - was specially designed to provide a comprehensive
overview of existing environmental and clinical surveillance systems and identify
potential gaps in three sub-Saharan countries: Tanzania, Burkina Faso and the
Democratic Republic of Congo (DRC). Following this assessment, the goal is to
develop a harmonized wastewater and environmental surveillance (WES) system to
serve these regions, with the potential for expansion across other countries in sub-
Saharan Africa.

This deliverable 2.2 of the project ODIN summarizes the planning and developing the
environmental surveillance strategy, including the piloting phase of the wastewater
and environmental surveillance for the selected priority pathogens. The deliverable
was produced in the ODIN consortium WP 2 under the task 2.2 “Developing a
proposal for a cost-efficient environmental surveillance strategy” which is done in
close cooperation with the task 2.1 “Gathering information on the existing clinical
and environmental surveillance systems”, task 2.3 “Preparing guidance and a
handbook for microbiological investigations”, and task 2.4 “Collecting the
environmental surveillance data”. This report also provides information on how the
performance of laboratory methods were checked and metagenome sequence
library production tested with environmental samples during the pilot sampling in
Tanzania, Burkina Faso and the DRC (Milestone 2.2 of the project ODIN).
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2.Protocol for developing environmental
pathogen surveillance in sub-Saharan
countries

Deliverable 2.2

The protocol for the environmental surveillance scheme in sub-Saharan Africa was
developed in two phases:

1. Stakeholder Workshops and Questionnaire: In November-December 2023
(Milestone 2.1 of the project ODIN), stakeholder workshops were arranged,
and a questionnaire and a survey were launched across Tanzania, Burkina
Faso and the DRC. The workshop participants included academicians,
researchers, policymakers, healthcare providers, and representatives from
national and international non-governmental organizations (NGOs). As the
outcome of the workshops, priority pathogens, water sampling sites and
frequency of the sampling was determined. More details on these workshops
are available on the ODIN project webpage: ODIN workshops, and the more
specific analysis of the questionnaire and the survey used in the workshop are
presented by Tiwari, Miller et al. (2024, preprint, doi:
10.20944/preprints202401.1928.v3).

2. Planning and Training: The year 2024 was dedicated to preparing for the
initiation of the environmental surveillance schemes. This entailed selection
of the sampling sites, writing the sampling and laboratory protocols, ordering
the reagents, and training of research and laboratory personnel for biosafety
precautions and analytics. Pilot environmental sampling was conducted in
each country during the autumn 2024, before the regular sampling campaign
begins. Training was provided to personnel responsible for wastewater and
water sampling, and laboratory audits were conducted by The Finnish Institute
for Health and Welfare (THL) to ensure readiness of the laboratories for
analytics of the priority pathogens from the environmental samples.

Additionally, there were bi-monthly meetings with ODIN WP 2 and the entire
consortium during the developing phase of the environmental surveillance system.
Moreover, the ODIN partners in Tanzania, Burkina Faso and the DRC held ministry-
level meetings in their respective countries to introduce the project and disseminate
information about the environmental surveillance scheme. The ODIN project
collaborated with national actors of the Global Polio Eradication Initiative (GPEI;


https://odin-wsp.tghn.org/workshops/
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https://polioeradication.org/who-we-are/) who have existing poliovirus
environmental surveillance programs in each country to receive training and
optimize the protocol.

Deliverable 2.2

3.Selection of the target pathogens, sampling
sites, and sampling frequency for the ODIN
project

3.1 Selection of the target pathogens

The ODIN project used The Mentimeter.com platform for creating a survey to
prioritize the pathogens and antimicrobial resistance (AMR) targets for the
environmental surveillance system. The predetermined long list of pathogens was
prepared for the survey based on local epidemiological data, regional outbreaks, and
a literature review. The survey was structured into three categories:

a) waterborne pathogens requiring enhanced public health surveillance

b) other than waterborne pathogens suitable for monitoring through WES,

c) AMR targets requiring increased surveillance and response for public health
significance.

For each question, there was also a free-text field, allowing respondents to prioritize
other pathogens not covered by the survey organizers. The full analysis of the survey
is available currently as a preprint by Tiwari, Miller et al. (2024, preprint, doi:
10.20944/preprints202401.1928.v3).

Based on the survey results and the local epidemiological evidence, the target
pathogens for the ODIN project were chosen during the WP 2 workshop in Dar es
Salaam, Tanzania, in February 2024. The pathogens were selected as a proof of
concept for the environmental surveillance system during its development phase.

The chosen pathogens and AMR targets for the proof of concept for the ODIN
project are:

e Toxigenic Vibrio cholerae 01/0139
Salmonella Typhi
Extended Spectrum Beta-Lactamase (ESBL) Escherichia coli
Carbapenemase-producing Enterobacteriaceae (CPE) Escherichia coli
Extended Spectrum Beta-Lactamase (ESBL) Klebsiella pneumoniae
Carbapenemase-producing Enterobacteriaceae (CPE) Klebsiella pneumoniae


https://polioeradication.org/who-we-are/
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Additionally, the numbers of fecal indicator bacteria (FIB) are measured from the
water samples to evaluate the amount of the fecal contamination.

Deliverable 2.2

Although viral targets were considered important, it was decided that the project
ODIN WP 2 will focus its available resources on strengthening wastewater and
environmental surveillance systems for bacterial pathogens and clinically relevant
AMR pathogens. Later on, an expansion to include viral pathogens to the
surveillance system will be re-evaluated. Once the WES system is fully functional,
adding more target pathogens is possible.

3.2 Selection of the sampling sites

The sampling sites for project ODIN include sampling locations for community
wastewater, surface water, drinking water sources and well water across five cities
in sub-Saharan Africa. In some cities, wastewater from the food industry is also
sampled. Due to the limited wastewater treatment processes and the overall low
coverage of centralized water-based sanitation systems in Tanzania, Burkina Faso,
and the DRC, surface waters may act as recipients of direct discharges of human
excreta. As a result, these surface waters are included as sampling locations to map
anthropogenic impacts and assess the presence of human pathogens in the area.
Furthermore, the coverage of drinking water distribution networks is often scarce,
and many communities rely on groundwater wells as a source of drinking water
instead of tap water. Consequently, the ODIN project included multiple sample
matrices into its priority pathogen surveillance scheme (Table 1).

Each sampling site was described and their inclusion to the project was rationalized.
Additionally, the sampling sites were chosen based on proximity to analyzing
laboratories, to ensure feasible sample logistics (Table 2). The national wastewater-
based poliovirus surveillance program supported the sampling site selection for the
ODIN project, and part of the ODIN wastewater sampling locations are shared with
the polio program.
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Table 1. The ODIN project’s sampling sites are presented at country and city level, including

the number of different sampling matrices.

Country (N, total
number of sites)

City

Sampling matrix

Number of sites (n)

Tanzania (20) Dar es Salaam Wastewater 8
Dar es Salaam Surface water 1
Dar es Salaam Drinking water 6
Dar es Salaam Well water 1
Tanga Wastewater 1
Tanga Surface water 1
Tanga Drinking water 2

Burkina Faso (13) Ouagadougou Wastewater 3
Ouagadougou Surface water 3
Ouagadougou Drinking water 2
Ouagadougou Well water 1
Nanoro Wastewater 1
Nanoro Surface water 1
Nanoro Drinking water 1
Nanoro Well water 1

The Democratic Goma Wastewater 5

Republic of the

Congo (10) Goma Surface water 3
Goma Drinking water 1

Goma

Well water
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3.3 Sampling frequency

Deliverable 2.2

The ODIN project’'s sampling campaign is designed to cover both dry and rainy
seasons. Following discussions at the February 2024 workshop in Dar es Salaam,
Tanzania, it was agreed that sampling would occur monthly starting as soon as
possible, tentatively from October 2024, and last over a year.

4. Methodology used in environmental
surveillance system

4.1 Environmental sampling and logistics

The detailed sampling procedures and forms in use during the ODIN project are
available in the ODIN Handbook (Deliverable 2.3, available at: https://odin-
wsp.tghn.org/). Personnel responsible for sampling received training, emphasizing
the biosafety precautions while handling the environmental samples. Each sampling
event will be documented on a standardized data sheet.

Before the regular monthly sampling, each country conducted a pilot sampling for
the chosen sampling locations to ensure the effectiveness of the sampling protocols
and laboratory methods. Pilot sampling was conducted in each country during
autumn 2024, focusing primarily on the wastewater and surface water matrices. The
sampling protocols were reviewed in the audit conducted by THL.

4.2 Laboratory methodology for analysing the environmental
samples and whole genome sequencing of bacterial isolates

Laboratory analyses were conducted by the microbiological methods outlined in the
ODIN Handbook (Deliverable 2.3, available at: https://odin-wsp.tghn.org/).
Microbiological methods of the chosen target pathogens were tested with the
samples collected during the pilot sampling before the start of the regular monthly
sampling. Some microbiological methods could not be tested with pilot samples due
to a lack of suitable equipment and/or reagents. THL reviewed the methods for the
microbiological analyses, whole genome sequencing (WGS), and laboratory
procedures in laboratory audits. The laboratories involved in the ODIN project are
listed in Table 2.
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Table 2. Laboratories that are analysing the environmental samples in the ODIN project.

Country City Laboratory

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

Tanga National Institute for
Medical Research (NIMR)
in Tanga

Burkina Faso Nanoro Clinical Research Unit of
Nanoro

The Democratic Republic | Goma Institut National de
of Congo (DRC) Recherche Biomédicale
(INRB) - Goma

In addition to the auditing of the static laboratories, the protocols that will be used
during operationalization of mobile surveillance laboratory were tested on
environmental samples such as drinking water, surface water, wastewater, food, and
soil collected from Dar es Salaam, Tanzania, and Ouagadougou, Burkina Faso. These
protocols describe three high-throughput sequencing approaches to be used on the
Nanopore MinlON device i.e., metagenomics, metatranscriptomics and amplicon
sequencing.

4.3 Laboratory auditing for environmental sample analysis and
whole genome sequencing

THL audited laboratories in each country in October and November 2024, prior to the
start of monthly sampling. The auditing for NPHL in Dar es Salaam, Tanzania was
conducted onsite, while laboratories at NIMR in Tanga, Tanzania, Nanoro in Burkina
Faso, and Goma in the DRC were audited online. The laboratory audit included three
distinct modules: Module 1 focused on sampling processes, Module 2 addressed
laboratory processes for environmental microbiology, and Module 3 covered
preparations for performing a whole genome sequencing run using MiSeq.
Additionally, a Module 4 was included in the program to cover the Mpox qPCR audit
in both mobile and static laboratories as part of the ODIN-Mpox project (https://odin-
wsp.tghn.org/odin-mpox/). During the pilot sampling, each country collected pre-
audit material (e.g. photos and written description of the laboratory work) as
requested for each step of the methodology outlined for the audit. Following the
audits, THL prepared reports for each country, detailing the topics discussed and
providing lists of requested and recommended improvements.
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