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Summary

This ECDC framework serves to guide the integration of wastewater-based surveillance (WBS) into
infectious disease surveillance and public health decision-making at the EU/EEA level. It outlines how
ECDC will strategically and scientifically lead this integration and provides contextual information for
policymakers at the national level and in EU institutions, public health stakeholders at the national level,
and country actors in the relevant sectors. Key European initiatives promoting WBS and the role of WBS in
infectious disease surveillance are also described, including important considerations and challenges.

WBS can provide useful data for monitoring polioviruses, SARS-CoV-2, influenza viruses and other pathogens.
It can also offer informative infectious disease surveillance data for risk assessments and public health
decision-making, and can complement data from other established indicator- and event-based surveillance.
WBS data should be interpreted and communicated in relation to data collected by these other surveillance
systems. WBS systems for public health need careful planning and should address public health needs.

Changes in EU legislation in early 2025 have made wastewater sampling for multiple purposes mandatory
in EU Member States. The recast Urban Wastewater Treatment Directive requires Member States to
establish enhanced stakeholder collaboration, identify pathogens for WBS, perform WBS routinely and in
public health emergencies, and report WBS data to the European Commission. The Directive also
introduces a requirement to conduct monitoring of antimicrobial resistance in wastewater.

Effective integration of WBS into infectious disease surveillance requires automated real-time access to
electronic WBS data. At present, WBS data collection and integration at the EU/EEA level is insufficient; as
the new Directive includes data reporting obligations, this will require continued investments at national
and EU/EEA levels. Ensuring the sustainability of human resource and operational investments done thus
far — at both EU and national levels — is paramount to build solid structures now and in the years to come.

To coordinate the consolidation and further integration of WBS as a complementary surveillance system
for infectious disease at the EU/EEA level, ECDC will:

. Action 1 — Form a WBS network within ECDC’s Coordinating Competent Bodies structure to support
the development of a sustainable and flexible EU/EEA-level WBS system.
Action 2 — Offer laboratory support activities for the WBS network.
Action 3 - Identify candidate pathogens and related health issues for routine WBS for infectious
disease through a combination of stakeholder consultation and ECDC expert assessment.

. Action 4 - Coordinate and support the integration of WBS data into infectious disease surveillance,
considering key challenges (see Annex) and potential needs for new surveillance standards.

o Action 5 — Identify the most suitable database and reporting options for EU/EEA-level WBS data; in
particular, EpiPulse will be explored for WBS data collection and integration.

Suggested citation: European Centre for Disease Prevention and Control. ECDC framework to guide the integration of
wastewater-based surveillance into infectious disease surveillance at the EU/EEA level. Stockholm: ECDC; 2025.
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1. Introduction

Background

Wastewater-based surveillance (WBS) refers to the use of data originating from wastewater testing for
surveillance activities. It is a subset of the broader term ‘wastewater and environmental surveillance’ (WES) — or
simply ‘environmental surveillance’ — which may include samples from air, soil, the sea, rivers or lakes in
addition to wastewater.

For the purposes of this document, ‘wastewater’ refers to sewered urban (municipal) wastewater (sewage and
greywater), which comprises liquid waste discharged from domestic (e.g. housing, offices, schools, nursery homes)
and non-domestic (e.g. hospitals, other medical facilities, industries, commercial establishments) sources. Influent
wastewater — the dirty water entering a treatment plant — is where samples are most commonly taken to support
infectious disease surveillance; however, sampling could occur at any point of the system.

WBS is not a new technology; it has been used for decades to monitor various surveillance objectives, including
environmental surveillance of polioviruses [1]. Municipal wastewater samples are collected, processed and
analysed using a range of laboratory methods. These include culture-based techniques for isolating bacterial or
viral strains, and PCR methods for detecting specific DNA or RNA sequences. Additionally, tailored metagenomic
approaches are gaining popularity for their broader detection capabilities.

Unlike clinical testing that tracks individual cases, WBS provides aggregate data from an entire community or at a
more granular local level within a community, detecting the presence and concentration of a pathogen. To enhance
the comparability of quantitative data across sampling sites, a thorough understanding of the methodologies used
and the data normalisation techniques applied is essential.

In recent years, interest in WBS has increased in the European Union (EU) and the European Commission has
launched several initiatives to explore and strengthen this approach (see Section 3). The recast Urban Wastewater
Treatment Directive that entered into force on 1 January 2025 also sets new requirements for EU Member States
to implement systems for routine WBS data collection that can also be used during health emergencies [2].

The level of implementation of WBS systems and the capacity of these systems to inform public health action has
been heterogenous across EU/EEA countries since 2023 [3]. Likely due to a lack of EU/EEA-level coordination and
guidance, WBS systems have included varying population coverages, sampling frequencies, pathogens and levels
of sustainability, and have often been time-limited projects and initiatives. Since 2023, progress towards
harmonisation has been made within the Health Emergency Preparedness and Response (HERA)-funded Joint
Action EU-Wastewater Integrated Surveillance for Public Health (EU-WISH). Now is the time to take stock of the
experience and learnings gathered thus far and build sustainable systems that can effectively inform public health
decision-making. ECDC intends to pave the way in leading such efforts.

Purpose and audience

This ECDC framework serves to guide the integration of WBS into infectious disease surveillance and public health
decision-making at the EU/EEA level. It outlines how ECDC will lead this integration and provides contextual
information for policymakers at the national level and in EU institutions, public health stakeholders at the national
level and country actors in the relevant sectors engaged in wastewater surveillance. It is structured as follows:

. Section 2 — ECDC framework to guide the integration of WBS into infectious disease surveillance at the
EU/EEA level;

. Section 3 — Key European initiatives promoting WBS;

. Section 4 — The role of WBS in infectious disease surveillance, including key considerations and challenges

(summary table available in the Annex).

ECDC'’s role in infectious disease surveillance

ECDC is mandated to identify, assess and communicate current and emerging threats to human health from
infectious disease in the EU/EEA. Within this scope, ECDC collects, validates, analyses and disseminates routine
surveillance data on notifiable infectious disease from 30 EU/EEA countries [4,5]. EU/EEA-level surveillance is
based on reporting from national systems and aims to promptly and effectively fight cross-border threats to public
health from infectious disease.
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Routine EU/EEA integrated surveillance outputs include the Surveillance Atlas of Infectious Diseases [6], the Annual
Epidemiological Reports [7], daily and weekly communicable disease threat reports [8], a number of enhanced
surveillance reports produced jointly with other EU agencies or the World Health Organization (WHO), weekly bulletins,
online maps and peer-reviewed scientific journal articles.

ECDC works closely with EU/EEA countries and coordinates disease- or related health issue-specific networks for
infectious disease surveillance in the region. The networks include nominated national disease experts and public
health function experts with cross-cutting roles in areas such as surveillance, threat detection and microbiology.

Specifically for laboratory aspects, Regulation (EU) 2022/2370 mandates ECDC to ‘foster the development of
sufficient capacity within the Community for the diagnosis, detection, identification and characterisation of
infectious agents which may threaten public health’ [5]. Under this mandate, ECDC coordinates EU/EEA-wide
networks of microbiology laboratories embedded in disease-specific networks. They primarily contribute to
integrated epidemiological and microbiological surveillance of EU-notifiable infectious diseases, as well as to the
detection of emerging diseases. To strengthen capacity within these networks, ECDC has offered such support
activities as EU/EEA-wide laboratory network coordination, external quality assessments (EQA), laboratory staff
training, establishment of reference microbial strain collections, supranational reference services, method
harmonisation and development of standard procedures. These activities are currently being transferred to an EU
reference laboratory (EURL) model, following updated legislation for infectious disease surveillance and control [4].

2. ECDC framework to guide the integration of
wastewater-based surveillance into infectious
disease surveillance at the EU/EEA level

As the EU agency responsible for infectious disease surveillance, threat detection, assessment and communication at the
EU/EEA level, ECDC is well positioned to lead the consolidation, further development and coordination of national WBS
systems for EU/EEA-wide use, with the aim of addressing data gaps and limitations in current surveillance systems.

Over the years, ECDC has evaluated and integrated various surveillance systems and data sources into EU/EEA-
level surveillance. For example, consolidating individual disease surveillance networks into The European
Surveillance System (TESSy) from 2007 to 2011, integrating genomic typing into TESSy since 2012, and merging
TESSy and additional surveillance systems into the European surveillance portal for infectious diseases (EpiPulse) in
2023. Integration of WBS into infectious disease surveillance at ECDC should follow the standard procedures ECDC
has applied previously to integrate surveillance systems.

Public health needs and specific objectives should be the main drivers for integrating WBS for EU/EEA-level
surveillance, and significant coordination and support will be needed to ensure sufficient data quality and public health
impact. To this end, ECDC will coordinate and collaborate with relevant actors, including EU/EEA countries, WHO and
European Commission services and agencies, including the Directorate-General for Health and Food Safety, HERA, the
Joint Research Centre (JRC) and the Directorate-General for Environment, as well as the Joint Action EU-WISH.

Importantly, the pioneering work of the JRC and HERA in EU wastewater and environmental surveillance — as well
as the work of EU-WISH — will be fundamental and form the basis of the next steps ECDC will take to strategically
integrate WBS into EU/EEA-level surveillance of infectious disease. At the same time, to ensure that this vision
translates into effective systems leveraging WBS, continued funding at both the EU and national levels — now and
in the years to come — is critical to ensuring solid and sustainable action.

Action 1. Form an EU/EEA wastewater-based surveillance
network

ECDC will form an EU/EEA WBS network of officially nominated national experts for WBS following the ECDC
Coordinating Competent Bodies (CCB) structure [9]. National WBS representatives, including National Focal Points
and/or laboratory operational contact points, should represent the national public health sector and preferably include
or be connected to the environmental national competent body, as outlined in the recast of the Urban Wastewater
Treatment Directive [2]. Coordination with other European Commission services will be required to ensure such a
network is well-embedded into the European context of similar networks for other WBS sectors.
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The role of the network will be the overall coordination of wastewater activities for public health at the EU/EEA-
level, including:

Data reporting;

Sharing experiences and best practice;

Agreeing on interpretation criteria and the best public health use of WBS data;

Identifying methodological or scientific gaps (including needs for ongoing applied research);

Building flexibility into the WBS system in case new pathogens or related health issues need to be included
in outbreak or pandemic situations to stimulate timely and complete data reporting;

. Highlighting needs for legal and ethical considerations.

Action 2. Offer laboratory support activities

ECDC will offer laboratory support activities for the WBS network following standard ECDC procedures. This
support will be needs-based but could include, for example:

External quality assessments;

Trainings;

Reference material distribution;

Reference services;

Method harmonisation;

Development of standard procedures;

. Support for continuous applied research to further methodology and applications.

ECDC may draw on existing initiatives for this laboratory support, including the super-site sentinel network
procured by HERA and the JRC [14].

Action 3. Identify priority pathogens and related health
issues suitable for routine wastewater-based surveillance
for infectious disease at the EU/EEA level

To develop a list of candidate pathogens and related health issues (e.g. diseases or antimicrobial resistance (AMR))
suitable for routine EU/EEA-level WBS, ECDC will organise stakeholder consultations to critically review relevant
considerations, including:

. Technical and operational feasibility;

. The current situation or condition of knowledge, research or understandings in relation to proposed
surveillance objectives (i.e. ‘state of play’);

. Possible public health actions that could be taken in response to signals (to support evidence-based
decision-making at the EU/EEA level);

. Interpretation criteria and integration into standard surveillance outputs.

The consulted stakeholders will include country representatives with strong backgrounds in WBS and/or epidemiology
who are using this type of data for surveillance and public health decision-making at the national level.

ECDC will employ a two-step approach to conduct this review so that priority pathogens and related health issues can
be selected. First, the scientific and operational validity of including the candidate pathogens and related health issues
in WBS will be appraised. Then, consultation with ECDC disease experts and relevant disease networks to assess
which specific public health needs can be addressed by including these in WBS and how. Consultations with the
disease networks will follow the formats laid out by the Coordinating Competent Bodies and can include ad hoc or
permanent working groups, task forces or subnetworks [9].

Economies of scale may be an important factor in EU/EEA-level WBS, if multiple tests can provide more informative
data from the same wastewater samples; however, country-specific surveillance needs may differ across the
region, leading to varying priorities. Therefore, the formulation of EU/EEA level implementation requirements needs
to consider these national differences. A structured yet adaptable approach to WBS implementation will support an
evidence-based approach that is aligned with public health needs.

Selection criteria for candidate pathogens and related health issues

ECDC will considers two main criteria to determine whether candidate pathogens and related health issues are
suitable for routine WBS and integration into EU/EEA-level infectious disease surveillance [10-12]:

. Analytical and operational feasibility for WBS;
. Public health usefulness at the EU/EEA level (i.e. the ‘information for action’ principle).
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Analytical and operational feasibility
Analytical and operational feasibility for WBS includes aspects such as:

. Evidence that biomarkers are sufficiently stable and unambiguously detectable in wastewater;

. Agreed methods for sampling, concentration and detection of the candidate pathogen;

. Confirmed correlation between WBS data and clinical or epidemiological observations indicating the WBS
data reflects human health data in the catchment area;

. Possibility for data standardisation and comparability between sampling sites;

. Identification of any knowledge gaps and/or research needs related to relevant methodologies or

approaches that need to be addressed before a target can be considered.

Public health usefulness
Public health usefulness can be assessed based on whether an activity fills gaps in or improves existing surveillance
for a given pathogen or related health issue, for example by:

Increasing the sensitivity of the surveillance system for a specific pathogen or disease;
Improving epidemiological trend monitoring and the ability to detect rare or emerging diseases;
Facilitating early outbreak detection;

Tracking the emergence and spread of pathogen variants or genetic determinants.

ECDC will assess how and to what level WBS data can complement other surveillance data collected by, for example:

. Expanding the population under surveillance;
. Improving timeliness or provide early warning signals;
. Enhancing interpretations of other data streams;

. Helping to determine relevant public health actions.

While these selection criteria are important to ensure a sustainable and impactful WBS system, it is also critical that
systems are flexible and can be rapidly adapted during emergencies or pandemic situations. Therefore, less rigid
criteria may be applied when novel priority pathogens or related health issues need to be addressed due to a
significant emerging threat.

ECDC will also take stock of efforts made to review WBS approaches for public health use, including outcomes from
specific work packages in the Joint Action EU-WISH.

Action 4. Coordinate and support the integration of WBS
data into infectious disease surveillance

ECDC will integrate WBS as a complementary surveillance tool at the EU/EEA level and will define relevant
surveillance objectives and standards deemed technically and operationally feasible and relevant to fulfil public
health needs. The Regulation (EU) 2022/2371 [4] on serious cross-border threats to health mandates ECDC to
develop surveillance standards that encompass the full range of EU/EEA-level surveillance activities.

Therefore, ECDC may include WBS in surveillance standards when required to support integration of WBS data into
infectious disease surveillance. Surveillance standards could include:

Specific surveillance objectives;

Surveillance methods;

Basic surveillance system descriptors;

Indicators to be monitored;

Mandatory key variables;

Minimum national reporting completeness required for each key variable to enable meaningful data analysis
at the EU/EEA level.

Whenever relevant, ECDC will propose WBS as a surveillance data source and engage the relevant disease
networks accordingly. In such cases, WBS will be an integral part of surveillance standards for achieving the
various surveillance objectives of a given pathogen. Furthermore, Member State compliance to such standards will
be monitored and reported to the Commission and Member States on an annual basis.
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Action 5. Identify the most suitable database and reporting
options for EU/EEA-level wastewater-based surveillance data

To effectively integrate WBS into infectious disease surveillance, ECDC requires automated real-time access to
electronic WBS data. At present, WBS data collection and integration at the EU/EEA level is insufficient; as the
recast Urban Wastewater Treatment Directive includes data reporting obligations, this will require continued
investments at national and EU/EEA levels. Moving forward, ECDC will identify the most suitable option for data
sharing and analysis at the EU/EEA level, and will consider previously developed tools such as the European
Dashboard operated by the JRC [13].

For country-level data submission, the Urban Wastewater Treatment Directive [2] requires EU Member States to
establish national systems that facilitate timely communication of WBS data to the European Commission.

For EU/EEA-level data submission, a platform needs to be available and accompanied by reporting protocols and
guidance for participating countries. Centralised EU/EEA-level WBS data collection can be performed using existing
ECDC reporting tools. ECDC plans to explore using the EpiPulse platform for this purpose, as it allows reporting of
structured indicator based-data, as well as ad hoc event-based data.

Wherever possible, data collection should be done through automated procedures to maximise efficiency and
timeliness. Double-reporting should be avoided (referred to as the ‘*Once Only Principle”).

Data analysis, assessment and regular scientific outputs

ECDC will set up pipelines for the management, analysis, integration and visualisation of WBS data. Data
standardisation and analysis should be clearly described to facilitate data interpretation. Relevant statistical
algorithms for trend analysis and alert will be used. The key principle for analysis is that the WBS data should be
presented for interpretation in the context of other relevant available clinical and epidemiological information.
Results from integrated analyses will be included and communicated in the standard ECDC outputs, dashboards
and assessments.

3. Key European Union initiatives promoting
wastewater-based surveillance

A series of EU initiatives have been launched by the European Commission — in particular by HERA and the
Directorate-General for Environment in collaboration with the JRC — to facilitate and evaluate the use of WBS for
infectious disease surveillance in the EU and beyond, and ultimately institutionalise WBS for public health. These
initiatives have played a fundamental role in setting the groundwork for the activities described in this framework.
ECDC intends to significantly build on the investments made thus far, with a view to establishing a public health-
driven agenda in the field and adequate integration into EU/EEA surveillance systems.

Key EU projects and networks promoting WBS are described below. Additional initiatives include:

. Recommendations from the European Commission for a common approach to WBS for SARS-CoV-2 during the
COVID-19 pandemic and tasking HERA to strengthen genome sequencing and environmental monitoring,
including WBS [14,15], which were bolstered by WHO guidance [16,17];

. The 2020 grants that the Directorate-General for Environment provided to 25 Member States to establish
national systems and physical and digital infrastructure for monitoring COVID-19 and its variants in wastewater;

. An EU umbrella study for SARS-CoV-2 sewer surveillance [18];

. An expert consultation by WHO and the European Commission;

. A call for tender funded by HERA and launched through the EU4Health programme to procure such services
as measuring emerging pathogens and pollutants in untreated wastewater at strategic locations and
forming a network of sentinel super-sites within the EU/EEA [19].
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The recast Urban Wastewater Treatment Directive

The recast Urban Wastewater Treatment Directive entered into force on 1 January 2025 [2]. It regulates the
collection, treatment and discharge of urban wastewater to protect the environment and human health. This new
version of the Directive includes a new article (Article 17) on the surveillance of urban wastewater for public health
parameters, including infectious disease and AMR.

Under the Directive, Member States shall set up national systems for cooperation and coordination between
competent authorities responsible for public health and those responsible for urban wastewater treatment.
Candidate pathogens and related health issues to consider for national WBS include SARS-CoV-2, polioviruses,
influenza viruses, emerging pathogens and any other public health parameters that Member States’ competent
authorities consider relevant, considering recommendations from ECDC, HERA, WHO and others. Where a public
health emergency is declared, relevant public health parameters are to be monitored.

In addition, Member States are to establish monitoring for AMR in wastewater. Recital 35 of the Directive specifies
that AMR surveillance aims to further develop scientific knowledge on the main sources of AMR so that adequate
action can be taken in the future (details such as sampling frequency and methods will be specified in implementing
acts by July 2026). Member States need to ensure appropriate and timely communication and reporting of WBS
results to relevant authorities and EU platforms. The European Commission is empowered to adopt implementing acts
specifying the format of the information to be provided.

European Union Wastewater Observatory for Public Health —
Digital European Exchange Platform (EU4S-DEEP)

The EU Observatory for Public Health — Digital European Exchange Platform (EU4S-DEEP) interacts with a global
network of national contact points and organises regular implementation meetings to improve harmonisation and
enable exchange of best practice [20]. It links to national WBS resources and produces monthly SARS-CoV-2 WBS
bulletins for the EU/EEA and selected countries globally. It also coordinates ad hoc exercises, such as the 2023
airport and aircraft surveillance of SARS-CoV-2 [21], and bulletins on avian influenza virus and monkeypox virus
(MPXV) detected in wastewater in the EU/EEA [22]. EU4S-DEEP facilitates interaction between the JRC, HERA,
other European Commission services, EU/EEA countries and third countries.

European Union Joint Actions

The Joint Action EU-Wastewater Integrated Surveillance for Public Health (EU-WISH) [23], funded by HERA
through the EU4Health programme, combines expertise from 25 EU/EEA countries and Ukraine to strengthen
national capacities for WBS for public health. The consortium consists mainly of representatives from national
public health bodies. It maps priority pathogens and suggested surveillance objectives for WBS and defines,
harmonises and expands WBS strategies, technical procedures and relevant operational approaches including
effective, easily interpretable, and actionable communication of WBS parameters.

Recognising the value of these activities, ECDC works closely with EU-WISH, HERA and the JRC to ensure the results
inform ECDC-driven approaches to integrate WBS for public health into EU/EEA infectious disease surveillance.
Another Joint Action, the second edition of the European Joint Action on Antimicrobial Resistance and Healthcare-
Associated Infections (EU-JAMRAI2), is focused on the appropriate use of antimicrobials in humans and animals, as
well as the impact of their use on environmental contamination, and includes WBS of AMR in their scope.

Global Consortium for Wastewater and Environmental
Surveillance for Public Health (GLOWACON)

Since 2022, HERA has worked with the JRC to develop a global wastewater sentinel system for early warning and
pandemic preparedness. This joint work, which included the involvement of ECDC and other Commission services,
resulted in the creation of the Global Consortium for Wastewater and Environmental Surveillance for Public Health
(GLOWACON) [24]. The Consortium was launched in March 2024, in collaboration with several EU/EEA countries
and stakeholders, as well as international ones, such as the Gates Foundation and WHO.

GLOWACON aims to strengthen international collaborations for capacity building, research and development,
technical guidance and trust-building. The overarching objective is to develop a global sentinel system for
pandemic preparedness, while closely engaging with EU Member States and international stakeholders.
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Collaboration with the World Health Organization (WHO)

WHO is a key collaborator for EU services, providing long-standing guidance on environmental surveillance of
poliovirus surveillance and WBS for other pathogens. For example, WHO identified WBS as a promising COVID-19
surveillance tool and issued relevant guidance [16,17]. Most recently, a decision tool to facilitate multi-pathogen
approaches for WBS was introduced [12]. In light of the recognised partnership between the European
Commission and WHO, HERA is supporting WHO in the development of activities to advance WBS at the global
level, including the development of a pilot platform for data sharing.

4. The role of wastewater-based surveillance
in infectious disease surveillance

WBS has been identified as a complementary surveillance tool capable of providing data for infectious disease
surveillance. Scientific evidence on its application has substantially increased in the wake of the COVID-19
pandemic — in particular, in providing useful population-level surveillance data where clinical testing data is
insufficient and transmission may go undetected. It is being applied more frequently to address policy priorities, as
well as to monitor diseases that are rare, unexpected or present with only sub-clinical/mild symptoms, which can
lead to less clinical suspicion or reduced healthcare-seeking behaviour. WBS also enables countries to ensure
operational readiness and vigilance from a pandemic preparedness perspective, as they can implement additional
priority pathogens or related health issues when needed.

WBS offers valuable insight into disease transmission dynamics and — together with other surveillance data — can
support decision-making for public health. While some studies describe the influence of WBS data on public health
decision-making, these are mostly from a non-European context. An analysis by Benedetti et al. [3] indicates that
many countries regarded WBS for SARS-CoV-2 as useful in supporting other surveillance data, but the WBS
activities did not independently prompt public health actions. For most pathogens, WBS data should be considered
complementary to other epidemiological data and be interpreted in that context in order to influence public health
decision-making and public health actions.

At present, instances where WBS data on its own would prompt public health actions are reserved for diseases
with potentially high impact but insufficient options for clinical surveillance, such as poliovirus. Public health actions
that could be taken in response to WBS data include:

o Raising community awareness;

. Increasing outreach to populations at greater risk;

. Adapting testing strategies or implementing local testing;

. Enhancing or implementing specific surveillance activities;

. Improving preparedness of the healthcare system;

. Conducting local vaccination campaigns;

. Generating hypotheses for operational research and epidemiological modelling;
. Developing surveillance and preparedness strategies.

While WBS comes with its own limitations and challenges (summary table available Annex), it also circumvents
several biases present in clinical and epidemiological surveillance. It provides a non-invasive and anonymous
method for regularly tracking the presence of pathogens within a community, regardless of the availability or
uptake of clinical testing or the population’s healthcare-seeking behaviour. WBS is largely symptom agnostic if both
asymptomatic and mildly symptomatic individuals shed pathogen-containing material and it enters the wastewater
collection system. However, there are important epidemiological studies — including studying risk factors or
assessing severity of disease — that cannot be addressed by WBS, since it delivers population-level data, not
individual data; for such epidemiological studies, data collected through clinical testing is required.

Once sample collection and processing are established, the presence of multiple pathogens can be detected from a
single sample, increasing cost-effectiveness if pathogen-specific WBS systems sufficiently align in terms of their testing
frequencies and the laboratory algorithms they apply. The population under surveillance can also be adjusted based on
the wastewater treatment plant’s catchment area or through using specific sampling points. Detection assays such as
PCR allow a high flexibility to quickly adapt WBS systems to include additional or emerging pathogens. Both bio-banked
and prospectively collected samples can be helpful in studying relevant public health questions — such as spread and
distribution of pathogens or virulence factors and resistances over time — or to improve detection methods.

While this framework focuses only on WBS for infectious disease and related public health issues, it is noteworthy that
WBS can also be used to monitor industrial chemicals, pharmaceuticals, illicit drugs or other narcotics.
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Wastewater-based surveillance as a complement to routine
infectious disease surveillance

A primary example of the long-standing and successful application of environmental surveillance including WBS is that
of polioviruses, where WHO — through the Global Polio Eradication Initiative — has advocated for and supported its
implementation globally [25]. WHO has also developed and published important guidance on prioritisation,
implementation and integration of wastewater-based and environmental surveillance for pathogens [12].

The public health value of WBS has been demonstrated for a number of applications, in particular:

. Monitoring and early warning of disease trends — Community or sentinel WBS systems can provide
insight into infection trends, making them a potentially valuable complement to other surveillance data,
especially in situations of low clinical testing or for diseases with mostly sub-clinical or mild symptoms.
Examples include national monitoring of the spread of SARS-CoV-2 in many EU/EEA countries [13]. Such
data often correlate with clinical testing data and can provide warning signals for increases in clinical cases
or hospitalisations [26-28]. However, viral evolution can lead to modified viral properties, such as shorter
incubation time, that reduce or diminish the early warning time window; for example, data from the later
stages of the COVID-19 pandemic showed that the SARS-CoV-2 virus had evolved. This highlights the need
for continuous evaluation of WBS data [29]. Likewise, WBS of influenza virus has been useful for national
[30,31] and regional [32,33] monitoring. WBS data can also serve as a basis for disease modelling
approaches; a recent example showed how integrating WBS data with clinical hospitalisation data improved
COVID-19 hospitalisation forecasts in Denmark [34].

o Detection of unusual events and outbreaks — Routine WBS helps to establish baseline data to detect
unusual events and potential outbreaks. Examples are a city-wide influenza outbreak in Ottawa in 2022 [31]
or the detection of circulating vaccine-derived poliovirus in London wastewater in early 2022 (but no cases
of paralytic polio), which prompted increased immunisation efforts and may have prevented an outbreak
[35,36]. In July 2024, the presence of circulating vaccine-derived poliovirus (cVDPV) was confirmed in
wastewater in the Gaza Strip and prompted an immunisation campaign [37]. Four EU/EEA countries and the
UK also reported cVDPV2 in wastewater between September and December 2024 [38].

. Genomic surveillance — WBS has the potential to support genomic surveillance of selected pathogens,
such as SARS-CoV-2 or influenza virus, or health issues such as AMR. For example, variants of SARS-CoV-2
have been successfully tracked through WBS in many places, including Rotterdam [39], and WBS data can
serve as an early warning signal for the introduction of a known variant [40]. Influenza virus type and
subtype distributions can also be monitored throughout an influenza season; for example, in the city-wide
influenza outbreak in Ottawa [31], influenza virus from wastewater samples was typed and influenza A virus
was subtyped. For AMR surveillance, WBS can include the objective to detect drug-resistant pathogens that
may be affecting the population under surveillance or to increase knowledge of the main sources of
antimicrobial resistance in the environment [41,42]. Analyses could seek to detect resistance genes or
investigate bug-drug combinations (i.e. the particular resistances to drugs detected in specific pathogens)
by cultivating and characterising resistant bacterial isolates from wastewater [41,42].

. Evaluation of public health interventions — WBS can support assessment of the effectiveness of public
health measures by tracking changes in pathogen levels in wastewater, where such changes would be
expected, thereby informing policy decisions. For example, WBS of SARS-CoV-2 could indicate whether current
vaccination campaigns are sufficient — if an early warning signal or pockets of community transmission are
detected, this could prompt re-evaluation of vaccination campaigns [43]. Another example is WBS of poliovirus
to support verification of absence of disease in the context of eradication programmes [44].

Intensified and focused wastewater-based surveillance

Settings with established WBS can intensify or tailor their system to respond to specific signals or events to fulfil
national (or other level) surveillance objectives and respond to evolving needs in the short term. This could include
such adjustments as increasing sampling frequency, fast-tracking analyses and reporting workflows, increasing or
changing population coverage, or modifying or adding genomic surveillance aspects. These actions serve as time-
limited responses that can provide value to integrated disease surveillance.

The following are examples where WBS was adapted for specific situations:

. Mass-gathering events — WBS can provide cost-effective, anonymous, non-invasive and convenient
additional surveillance data during mass-gathering events such as large sporting events. For example, the
French National Public Health Agency identified priority pathogens that were relevant and feasible for
monitoring during the Olympic and Paralympic Games in Paris in 2024. They presented a model framework
for identifying context-specific WBS objectives for mass gathering events [45].
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. Monitoring of populations at greater risk — By focusing on specific sites like hospitals, long-term care
facilities, correctional facilities and schools, WBS can offer valuable insights into disease burden or
transmission within groups or facilities that are more vulnerable to infections or outbreaks, supporting
timely intervention. A small study in nursing homes in Spain in 2021 found 5-19 days of lead time for
detecting SARS-CoV-2 RNA in wastewater before spotting the first clinical cases [46]. Similarly, a Canadian
study from 2024 observed WBS signals ahead of clinical cases in the majority of participating long-term care
facilities [47]. WBS can also support AMR surveillance, both when following a population over time or taking
a snapshot of a priority population or setting, e.g. a hospital [48].

Pandemic and emerging disease preparedness

WBS has the potential to strengthen preparedness against emerging infectious diseases and known pathogens. A
flexible WBS system capable of integrating new tests and adapting population coverage and sampling frequency
can play a critical role in timely outbreak detection. WBS can support preparedness in various ways, including:

. Early warning, outbreak detection and containment — In the situation of a new pandemic or emerging
disease, WBS can contribute to early warning signals to support containment in an alert phase. Studies from
the Netherlands and several states in the United States (US) demonstrated that WBS of MPXV provided early
identification of high-infection areas before clinical testing infrastructure could be put in place or when uptake
of clinical testing was limited due to fear of stigmatisation [49,50]. In 2022, following a confirmed paralytic
polio case in Rockland County, the state of New York implemented WBS that helped detect poliovirus across
multiple counties and emphasised the need for vaccination campaigns to support containment [51,52].

. Monitoring of trends and mitigation — During a pandemic, WBS can be useful to track disease spread
and support mitigation. For example, following highly pathogenic avian influenza A(H5N1) outbreaks at
poultry and dairy cattle farms in the US, enhanced A(H5N1) testing was implemented in wastewater
samples from treatment plants across multiple states. This provided a tool to support geographical
delineation of the outbreak and results could largely be confirmed with data from other surveillance systems
[53-55]. However, to fully assess the significance of these findings, it would be crucial to determine whether
the H5N1 detected in WBS originated from animal or human sources.

. Point of entry surveillance — Testing wastewater at points of entry into a country can be useful to track
introductions of a pathogen or variant of interest. During the COVID-19 pandemic, aircraft wastewater
monitoring in New York City, US [56] and Darwin, Australia [57], among others, were used as a
complementary early warning system for detecting SARS-CoV-2 variants of concern. At Italy’s largest airport
in Rome, MPXV was quickly added to the list of pathogens monitored via WBS after the emergence of mpox
in 2022 [58]. A study from Sweden investigated SARS-CoV-2 levels and variants in aircraft and airport
wastewater compared with local population data and urban wastewater from treatment plants [59]. The
study found that variants initially detected only in aircraft and airport wastewater did not spread widely
during the study period. Additionally, it demonstrated that wastewater monitoring was more effective than
clinical testing for the early detection of specific variants, revealing notable delays in clinical surveillance.

Considerations and challenges in wastewater-based
surveillance

WBS systems should consider several factors at the design stage to ensure they support public health needs and
provide useful data — such as filling a surveillance gap or providing added value in the context of other existing
surveillance systems. Integrating WBS with traditional surveillance systems is crucial, as WBS data need to be
calibrated, contextualised and interpreted together with other epidemiological data. Resource requirements —
including the cost of sustainable and representative sampling and logistics, such as the need for prospective
sample storage (biobanking) — should be considered and balanced against public health benefits. Additional
considerations include ensuring legal and regulatory compliance (including for biosafety and biosecurity) and
addressing privacy and ethical aspects (e.g. WBS systems should be under the oversight of ethics boards to avoid
misuse of sample and data sources).

A table summarising the key challenges and considerations related to WBS is provided in the Annex. The HERA-funded
Joint Action EU-WISH brings together competences from 26 European countries and will address and clarify many of
these challenges. It will be fundamental to draw on the lessons learned by EU-WISH to further develop WBS for Europe.
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The need for cross-sectoral coordination

One of the most innovative and complex aspects of WBS for the surveillance of infectious disease from a public
health perspective is that samples are taken from the environmental sector. This has various implications in terms
of required coordination, namely:

. Public health agencies and authorities do not necessarily have the competence and resources to access
wastewater sampling sites, and to collect and process wastewater samples;
. Results obtained from environmental samples may not only reflect the health status of the serviced

human population, but could also reflect nearby trade, industrial or economic activities or the health of
local animal populations;

. Detailed knowledge of collecting systems infrastructure and how they operate is needed to identify and
select entry points for sampling when locations other than wastewater treatment plants are chosen;
. WBS can be relevant for the surveillance of additional threats — not only infectious diseases — such as

chemical contamination or the consumption of pharmaceuticals, illicit drugs or narcotics.

Consequently, there is a clear need for national coordination, as well as coordination at the EU/EEA level. The
development of WBS for infectious disease monitoring must be well-aligned with other initiatives led by the
European Commission and its agencies. This coordination should include efforts related to other threats, including
those affecting animal or environmental health (see the Annex). Dedicated national coordination structures may
help foster mutual understanding and enhance collaboration and responsiveness across sectors.

Options for national, centralised laboratory testing should be explored to find the most cost-effective solutions,
although it needs to be recognised that laboratory workflows for pathogens versus other chemical substances will
likely require some degree of separation. Of note, in water microbiology, EN-ISO standards are being developed
under the ISO/TC 147 Water quality, SC4 Microbiological methods, which includes WBS of SARS-CoV-2.

Importantly, stakeholders of related sectors — such as environmental agencies and wastewater and/or water utility
providers — should be consulted and involved at an early stage.

Data comparability

A wide variability of factors can affect comparability of data across different time points at the same sampling site
and across different sampling sites. Factors to consider for harmonisation include the sampling techniques and
timings, as well as the laboratory assays and data normalisation, standardisation and analysis techniques used, all
of which are critical to producing good-quality surveillance data.

Circumstantial factors — such as weather, moving populations, catchment area size or different types of wastewater
treatment technology — can also have an impact on the comparability of data. Establishing guidelines, harmonising
methods and participating in external quality assessments are vital.

Complexity of wastewater samples and data

WBS samples can often be complex, and validated methods for detection, typing, sequencing and culturing should
be used to ensure reliable identification and characterisation of specific pathogens amidst contaminants. For novel
pathogen detection, combining PCR methods with metagenomic sequencing can enhance pathogen identification;
however, detecting low-abundance species and reconstructing entire genomes from complex wastewater samples
remains challenging and can require enrichment steps, due to the higher level of uncertainties.

Data indicating the disease burden should be interpreted together with other surveillance data and the circumstantial
factors mentioned previously. When assessing trends, analysis methods need to be robust and reliably detect
significant changes in the data. Where possible, WBS data should be calibrated using other available surveillance data,
such as prevalence studies. Similarly, as described previously, sequencing methods need to be validated to reliably
deliver genomic characterisation and typing data on specific pathogens and their trends. Shedding and limits of
detection are pathogen specific and need to be established. Knowledge of the sewer infrastructure is important as it
can impact the time water takes to arrive at the treatment plant and the stability of pathogen material for detection in
sewage becomes an important factor. Moreover, biomarker concentrations may vary during disease progression, and
circumstantial factors could also affect detection accuracy and data interpretation.
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Annex. Summary of key challenges and
considerations related to wastewater-based
surveillance (WBS)

Challenges and considerations

Sampling and
collection

Laboratory analysis

Data analysis

Data integration

Data interpretation

Ethical and legal

Operational and
logistical

Public health action
and communication

Inconsistent sampling methods across locations;

Variability in viral concentrations, e.g. due to environmental factors;
Degradation of target analytes (e.g. RNA) before analysis;

Need for optimised frequency and timing of sampling.

Performance (including sensitivity and specificity) of detection methods;
Contamination risks affecting sample integrity;

Standardisation of protocols for different pathogens;

Potential need for separate protocols for different pathogens;

Cost and labour of sequencing, PCR-based and isolation-based approaches;
Detection of low-abundance species and reconstruction of entire genomes.

Production of robust and actionable indicators;
Normalisation and standardisation approaches;
Genomic analyses of next-generation sequencing or metagenomic workflows.

Linking and contextualising wastewater data with clinical and epidemiological data;
Lack of standardised metadata fields;
Differences in reporting formats across regions and countries in the EU/EEA.

Variability in viral shedding among infected individuals;

Impact of dilution and environmental degradation on viral load estimates;
Distinguishing between local/imported/mobile cases;

Distinguishing between human and other sources;

Data comparison between sites/countries.

Privacy concerns regarding linking wastewater data to specific populations;
Regulatory challenges for data sharing and governance;

Public perception and potential stigma associated with findings;
Compliance with biosafety and biosecurity regulations;

Ethics board oversight to avoid misuse of systems and data.

Coordination among multiple stakeholders (public health and environmental sector,
utilities, researchers, etc.);

Need for specialised training and infrastructure;

Cost and resource requirements for sustained monitoring;

Scalability of WBS for different regions and settings;

Prospective sample storage (biobanking).

Pathogen prioritisation to align with public health needs;

Defining thresholds and options for public health actions and response;
Effective translation of WBS findings into public health actions;

Risk of misinterpretation or overreliance on WBS data;

Ensuring timely response to emerging threats detected in wastewater;
Public engagement and acceptance of WBS.
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