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The recast Urban Wastewater Treatment Directive
(UWWTD) calls for monitoring antimicrobial resist-
ance (AMR) in wastewater of large European agglom-
erations (100,000 person equivalents). Guidance on
scope and methods is currently in development. Two
European Joint Actions share a goal to harmonise
procedures and indicators: the European Union (EU)-
Wastewater Integrated Surveillance for Public Health
(EU-WISH), aiming to strengthen wastewater-based
surveillance (WBS) for public health and the EU-Joint
Action Antimicrobial Resistance and Healthcare
Associated Infections (EU-JAMRAI) 2, providing among
others, approaches for environmental surveillance
of AMR. An EU-WISH survey in 2024, mapping WBS
AMR-related activities across Europe, revealed that of
27 countries surveyed, 11 had an operative AMR WBS
system and mainly employed WBS to determine AMR
trends, primarily through culture-based analyses, in-
depth characterisation of specific bacteria, and quan-
titative PCR for specific resistance genes. Occasionally
metagenomics was used. We argue that prioritising
AMR WBS targets should consider the intended objec-
tives of surveillance, which could include uncover-
ing AMR trends and emerging AMR determinants
in humans, the assessment of antimicrobial/AMR
environmental release, and wastewater treatment
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efficiency. Targets should be assessed for their public
health relevance and the usefulness of complementary
information they provide, while integrating measura-
bility, resource efficiency, and expertise from different
One Health domains.

Background

The widespread use and misuse of antimicrobial agents
have driven the emergence and spread of antimicro-
bial resistance (AMR), posing a challenge to modern
societies. With at least 4.95million deaths worldwide
associated with drug-resistant bacterial infections in
2019 [1], AMR is considered an emerging pandemic and
increasingly a global health crisis. The environment
remains an under-addressed setting of AMR within the
One Health continuum. However, it plays critical roles
in AMR: as a reservoir hosting resistant bacteria and
resistance genes from human and animal waste, as a
source of resistance mechanisms, and as a medium for
resistance transmission back to humans and animals
[2]. Efforts of environmental surveillance often target
wastewater treatment plants (WWTPs) as important
entry points of AMR into the environment.

Additionally, wastewater-based surveillance (WBS)
has recently gained prominence as a complementary
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FIGURE 1

Targets of AMR wastewater-based surveillance in Europe according to the EU-WISH survey, 2024 (n=11 participating

countries)
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AMR: antimicrobial resistance; ARGs: antimicrobial resistance genes; CPE: carbapenemase-producing Enterobacterales; ESBL: extended
spectrum B-lactamase producing Escherichia coli; EU-WISH: European Union Wastewater Integrated Surveillance for Public Health; MGE:
mobile genetic element; RG: resistance gene; VRE: vancomycin-resistant enterococci; WBS: wastewater-based surveillance.

Data, collected through the EU-WISH Joint Action survey, originated from 11 countries among the 27 countries, which were invited to
participate in the survey. These 11 countries had answered ‘yes’ to the question: ‘Do you currently perform of did you perform in previous

years WBS for AMR?’.

approach to clinical surveillance of human infections,
primarily for tracking circulation of viruses (e.g. severe
acute respiratory syndrome coronavirus 2 (SARS-
Cov-2)), but also for monitoring AMR. This approach
uses wastewater analysis to track pathogens and
resistance patterns at population level. Unlike clini-
cal surveillance that primarily captures symptomatic
cases, WBS non-invasively monitors entire commu-
nities including asymptomatic carriers, while also
contributing to track environmental contamination
by AMR-carrying organisms, antimicrobial resistance
genes (ARGs) and antimicrobials.

In the recast of the European urban wastewater treat-
ment directive (UWWTD) [3], the recent inclusion of
AMR monitoring within urban wastewater surveillance
(Article 17) requires harmonisation of WBS approaches
within Europe. This aligns with calls for harmonised
environmental surveillance issued by inter alia, the
European Union (EU) [4] and the United Nations General
Assembly [5]. In this paper, we present findings from
the EU-Wastewater Integrated Surveillance for Public
Health (EU-WISH) Joint Action (https://www.eu-wish.

eu/about-us/mission—/-vision) survey on existing AMR
WBS activities across European countries and propose
a structured framework for establishing effective AMR
WBS systems in the future.

AMR surveillance harmonisation activities
for UWWTD Article 17 implementations
Under the recast UWWTD [3], EU countries will be
required to monitor AMR in urban WWTPs of agglom-
erations with=100,000 person equivalents (Article 17).
The scope of this obligation and means to comply to it
are currently being defined and developed, and guid-
ance for AMR WBS is required for standardisation,
quality control, interpretation, ethical considerations,
resource allocation, and integration with other surveil-
lance systems [6]. Capacity building is also needed to
avoid inconsistency, unreliable data, or failure to trans-
late findings into meaningful public health actions.

So far, AMR WBS has mainly been addressed in scien-
tific research projects [7-11] and pilot actions prepar-
ing for the forthcoming mandatory monitoring of AMR
in wastewater [12]. In addition, several collaborative
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FIGURE 2

AMR WBS detection techniques per target according to the EU-WISH survey, 2024 (n=11 participating countries)

15

10

Number of countries

N < & o <
@‘b < & Q(o ?g_b
< N
N ©
& S
] N
AL
S
&
o
%
&
»

= Culture of resistant bacteria

mm WGS of culture

gPCR for resistance genes

mm Metagenome

l 5
I 4

5
--- -

Other (not specified)

mm No answer

AMR: antimicrobial resistance; ARGs: antimicrobial resistance genes; CPE: carbapenemase-producing Enterobacterales; ESBL: extended
spectrum B-lactamase producing Escherichia coli; EU-WISH: European Union Wastewater Integrated Surveillance for Public Health; MGE:
mobile genetic element; RG: resistance gene; VRE: vancomycin-resistant enterococci; WBS: wastewater-based surveillance; WGS: whole-

genome sequencing; gPCR: quantitative PCR.

Data, collected via the EU-WISH Joint Action survey, originated from 11 countries among the 27 countries, which were invited to participate in
the survey. These 11 countries had answered ‘yes’ to the questions: ‘Do you currently perform of did you perform in previous years WBS for

AMR? What techniques are used?’. Multiple answers were possible.

initiatives have recently started developing guidance
for environmental surveillance of AMR including WBS.
The World Health Organization (WHO) Tricycle pro-
tocol proposes integrated surveillance protocols for
a single indicator, extended spectrum pB-lactamase
(ESBL) producing Escherichia coli, i.e. in wastewa-
ter and surface water [13]. Under the umbrella of the
European Environmental Agency within the European
Environment Information and Observation Network
(EIONET) [14], a recent international collaboration
established and piloted a methodology for monitoring
antibiotic resistance in aquatic environments [14].

In terms of other future and ongoing initiatives, an
Ad hoc Group ‘Antimicrobial resistance’ (AHG AMR)
will be established by the subcommittee SC4 under
the Technical Committee 147 of the International
Organization for Standardization (ISO) to prepare a new

www.eurosurveillance.org

proposal to develop an ISO method for determining
AMR in water. In addition, two EU Joint Actions, which
are initiatives co-funded by the European Commission
and EU countries to deal with health-related priorities
requiring action at the European level, can contribute
to guidance for obligatory AMR WBS. The first is the
Joint Action Antimicrobial Resistance and Healthcare-
Associated Infections (EU-JAMRAI 2), which also works
towards defining objectives, sampling schemes and
indicators for surveillance of AMR in the wider environ-
ment including wastewater (https://eu-jamrai.eu/). The
second is EU-WISH, which addresses implementation
options of multiple pathogen targets for WBS, among
them AMR.

3

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2026.31.3.2500289&domain=pdf&date_stamp=2026-01-22

FIGURE 3

Key steps for establishing a list of priority AMR targets for
WBS, 2024

Clearly defining local WBS objectives

Establishing a preliminary list of AMR priority targets based
on expert inputs and existing priority lists

Refining selections based on clinical relevance, prevalence,
measurability, detectability and resources requirements
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AMR: antimicrobial resistance; WBS: wastewater-based
surveillance.
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Current state of AMR wastewater-based
surveillance in Europe

One of the first actions of the EU-WISH consortium was
conducting a survey to map existing WBS activities in
2024, also regarding AMR, across Europe. Twenty-six
European partner countries (https://www.eu-wish.eu/
about-us/partners) and one invited European country
were asked to gather the national information required
to conduct the survey.

Of the 27 countries surveyed, 11 reported having an
operative AMR WBS system (defined as programmes
implemented either as research or national public
health initiatives, whether of limited duration or insti-
tutionalised, regardless of data being collected in an
exploratory phase or being reported to key decision-
makers). These 11 countries spanned various regions
of Europe, including Northern, Southern, and Central
Europe. The reported objectives of AMR WBS were
to identify trends in AMR (8/11), early detection of
emerging AMR (3/11) and genotyping of antimicrobial-
resistant strains (3/11). The main targets, in terms of
bacteria, were ESBL-producing Enterobacterales and
carbapenemase-producing Enterobacterales (CPE), fol-
lowed by vancomycin-resistant enterococci (VRE) and,
in terms of ARGs, sulfonamide-resistance genes (Figure

1).

To detect resistant bacteria, culture-based techniques
were most frequently employed, while quantitative (q)
PCR techniques were the main method to detect ARGs
(Figure 2).

Process towards harmonised surveillance of
AMR in wastewater

Currently, there is no consensus list of priority AMR tar-
gets for WBS or harmonised procedure for AMR target
prioritisation. A transparent prioritisation framework
would enable the creation of a priority AMR target list

that can be adapted across time and locations. The
Joint Actions EU-WISH and EU-JAMRAI 2 are develop-
ing such a framework based on the WHO pathogen
priority list [15], WHO guidance for WBS pathogen pri-
oritisation, and other previously used prioritisation
protocols such as those of the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) for
chemical substances. Though still under development,
the authors recommend incorporating the following
key aspects (Figure 3): (i) clearly defining local WBS
objectives; (ii) establishing a preliminary list of AMR
priority targets based on expert inputs and existing
priority lists (WHO bacterial pathogens list, national
surveillance); (iii) refining selections based on clinical
relevance, prevalence, measurability, detectability and
resources requirements; (iv) validation through consul-
tation with all One Health sectors (e.g. public health,
animal health, health of the environment) to ensure
broad acceptability.

This process will lead to a ranking of AMR targets for
WBS that can be updated with new evidence or emerg-
ing AMR threats. Harmonisation must also address
sampling frequency and population coverage to facili-
tate interpretation and integration with other surveil-
lance systems.

Objectives of AMR wastewater-based
surveillance

Wastewater analysis serves dual purposes: it pro-
vides insights into AMR patterns within the population
while also measuring AMR discharge into aquatic eco-
systems, enabling multiple objectives for AMR WBS.
Specific objectives of AMR WBS, conducted through
monitoring untreated wastewater (influent) of WWTPs
consist of (i) establishing temporal trends in the occur-
rence of specific genetic determinants of resistance
and (multidrug-)resistant pathogens, their variations,
as well as temporal trends of antimicrobial residues
in or from the targeted community, and (ii) alerting to
new forms of AMR emerging in the community (early
detection). These objectives are highly similar to those
of human clinical surveillance, and to the aims of WBS
applied to pathogens that are monitored for other pur-
poses than AMR. If WBS is conducted at smaller scale
(i.e. healthcare institutions), it might also assist in out-
break detection.

Monitoring treated wastewater (effluent) of WWTPs can
contribute to evaluating the role of the environment as
AMR transmission route. Data generated from effluent
monitoring (iii) help to conduct risk or exposure assess-
ments of humans and animals, e.g. via emissions from
WWTPs to surface water, reused wastewater, and the
related risks for recreational and agricultural exposure,
and (iv) helps in assessing hazardous environmental
impacts of antimicrobials and other trace pollutants,
particularly their role in resistance selection and driv-
ing AMR evolution.

www.eurosurveillance.org
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TABLE

General overview of ideal characteristics of targets and methods to fulfil specific objectives of AMR surveillance at

community wastewater treatment plants, 2024

WWTP influent

Target and methods characteristics

Objectives of monitoring
WWTP effluent
(iv) Antibiotic

WWTP efficiency

(ii) Early

(i) AMR trends in h (iii) AMR . (v) AMR reduction
. detection of L2 residue .
community . emissionsa .. efficiency
emerging AMR emissionsa
Human public health Relevant Relevant Relevant Relevant LR
relevant
T ; Animal health relevant Relevant Relevant Relevant Relevant LR
argets -
Environmental health LR LR Relevant Relevant LR
relevant
Regularly detectable LR LR Relevant Relevant Relevant
Culture-based Relevant Relevant Relevant LR Relevant
PCR-based Relevant LR Relevant LR Relevant
Methods i
Metageno_mlc Relevant Relevant Relevant LR LR
sequencing
LC-MS LR LR LR Relevant LR

AMR: antimicrobial resistance; LC-MS: liquid chromatography mass spectrometry; LR: less relevant; WWTP: wastewater treatment plant.

2 Emissions via WWTP effluent to surface water.
Relevant targets are in bold font.

Last, by monitoring both influent and effluent, (v) the
efficiency and impact of WWTP treatment for the reduc-
tion of AMR (and antimicrobials) can be assessed,
including the impact of investments in advanced WWTP
techniques.

Fulfilling wastewater-based objectives
through purpose-driven AMR target
selection

The different objectives for WBS require a strategic
choice of targets (Table), and, unfortunately, a single
indicator cannot serve all objectives. If the objective of
WBS consists of a complementary approach to human
clinical (or veterinary) epidemiology and surveillance
(objectives i and ii), the harmonisation of targets with
those under human and animal surveillance is impor-
tant for integrated surveillance. Implementation of
culture-based methods enable harmonisation with
current ongoing EU surveillance such as that con-
ducted by the European Antimicrobial Resistance
Surveillance Network (EARS-Net; https://www.ecdc.
europa.eu/en/about-us/networks/disease-networks-
and-laboratory-networks/ears-net-data), the European
Food Safety Authority (EFSA) and the European
Antimicrobial Resistance Surveillance Network in
Veterinary Medicine (EARS-Vet; https://eu-jamrai.eu/
surveillance/ears-vet/). One of the main advantages of
WBS is its sensitivity towards detecting low prevalence
antibiotic resistant bacteria carried by asymptomatic
individuals [11,16]. With the objective to follow trends
in population carriage, WBS would offer added value
for surveillance of resistant microorganisms of high
public health relevance (e.g. WHO priority list and/or
national surveillance) and with low community carriage
(e.g. highlighted in national surveillance and popula-
tion studies). This surveillance objective is exemplified

www.eurosurveillance.org

by CPE, which is a key target reported in the EU-WISH
survey.

With respect to culture-based targets, whole genome
sequencing (WGS) identifies genetic variants, while
parallel monitoring of a denominator such as E.
coli, establishes trends in relative AMR abundance.
Amplification-based molecular methods, such as gPCR
or digital PCR (dPCR), could also be used to reach
objectives, i.e. by allowing a targeted quantification of
specific genetic determinants of resistance. However,
they are limited to previously characterised target
genes and do not provide information on the host spe-
cies or location on mobile genetic elements [17,18],
making the interpretation of data for public health
more difficult. Metagenomic sequencing provides a
non-targeted approach for WBS, theoretically captur-
ing all genetic information to provide a comprehensive
profile of the resistome and discover potential new
ARGs [19] (objective ii). Data can be reanalysed when
novel resistance mechanisms emerge, and analysis can
extend beyond AMR to other bacterial and viral patho-
gens. However, short-read sequencing offers limited
information into the association between resistance
genes, mobile genetic elements, and hosts [20]. This
might partially be overcome by long-read sequencing,
but the sequencing depth may affect the detection of
rare ARGs and variants. The EU-WISH survey results
indicate that metagenomic application in AMR WBS
has begun, with sufficient research expertise available
to support wider implementation.

If the objective is to evaluate WWTP effluent emissions
of AMR to surface water (objective iii), targets should
be of public or animal health relevance, but also suf-
ficiently common to be regularly detected, again possi-
bly in combination with general faecal indicators like E.

5
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coli orwith human-associated microbial source tracking
(MST) markers. However, fora more complete evaluation
of AMR emissions from WWTPs, also utilisation of
wastewater sludge should be considered. Objective
iv calls for monitoring residues of antimicrobials and
possibly other chemicals (e.g. antifungals or heavy
metals). This aligns with the European Water Framework
Directive, which aims to maintain good surface water
quality and includes monitoring of various antibiotics
residues in surface water [21] to protect environmental
health and safeguard ecosystems from anthropogenic
adverse impacts. In contrast to the potential impact
of such residues on environmental health, the primary
concern regarding AMR is its impact on humans and
animals undergoing antibiotic treatment.

To evaluate the efficiency of wastewater treatment
(objective v), a wide choice of targets that offer quanti-
tative data are possible, ranging from specific resistant
or non-resistant bacteria to quantitative measurements
of resistance genes through qPCR/digital (d)PCR.
However, these molecular methods can also detect
desoxyribonucleic acid (DNA) from non-viable organ-
isms, extracellular DNA and intrinsic resistance genes,
which are all less relevant to public health but should
not be neglected [22,23]. For discrimination between
viable and non-viable organisms, viability PCR meth-
ods could be applied [24].

Target selection for AMR surveillance requires inter-
disciplinary collaboration between environmental
microbiologists, experts in surveillance and control
of human and animal AMR, and other stakeholders.
The targets may vary by country based on local AMR
prevalence patterns. Effective AMR WBS requires
standardised protocols, like ISO standards, across all
stages — from sampling through (bioinformatic) analy-
sis — to ensure results are robust, reproducible, and
comparable. Quality assurance/control systems must
be implemented, and establishing dedicated reference
laboratories at national and European levels should be
considered to support these efforts. The advantages
and limitations of each method have already been dis-
cussed in previous studies [25,26].

Conclusions

European experience demonstrates that AMR WBS is
both feasible and increasingly implemented (data not
shown), making it valuable for the UWWTD. AMR WBS
can serve multiple purposes: tracking AMR circulation
in populations, identifying emerging variants (with new
antimicrobial resistance determinants), and measuring
AMR emissions from WWTP effluents into the envi-
ronment. As comprehensive monitoring is economi-
cally impractical, AMR targets should be strategically
selected based on specific objectives. Both EU-WISH
and EU-JAMRAI2 are committed to harmonising AMR
WBS methodologies across Europe, facilitating the
efficient implementation and integration of this sur-
veillance system into a cohesive European One Health
monitoring framework.
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