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Abstract

Background: Automated outbreak detection can enhance infectious disease surveillance by enabling early identification of
outbreaks and supporting timely public health measures. However, information on its current use by national public health
institutes remains limited.

Objective: This study aimed to provide an updated and extended overview of automated outbreak detection use in the
European Union and the United Kingdom by (1) assessing current demand, (2) examining the availability of key prerequisites
within existing surveillance systems, and (3) identifying challenges and requirements for implementation.

Methods: A mixed methods approach was applied as part of the Joint Action UNITED4Surveillance. Data were collected
between April 2023 and January 2024 through an online survey sent to 25 countries, an in-person workshop with experts from
16 countries, and follow-up meetings with participating national public health institutes. Additional information for selected
countries was obtained from the literature. Data were analyzed descriptively.

Results: Twenty-one countries completed the survey. In total, 33.3% (n=7) of the countries had established automated
outbreak detection systems, 19% (n=4) were planning implementation, and 47.6% (n=10) participated in a pilot project. All
surveyed countries reported acting on detected surveillance signals. Most had suitable surveillance infrastructure, including
case-based data (n=20, 95.2%), daily reporting (n=21, 100%), and at least 3 years of historical data (n=21, 100%). Main
barriers to implementation included limited funding (n=15, 71.4%), insufficient IT capacity, and data quality issues (n=9,
42.9%). Despite heterogeneity in methods and system design, outputs and user requirements were largely similar across
countries, with needs for flexible outputs, stratification, and user-friendly interfaces.

Conclusions: While the specific methods in existing automated outbreak detection systems differ, overall demands and
outputs are similar, suggesting that a single tool could serve multiple countries. European Union—funded Joint Actions may
help address some of these barriers by supporting collaborative tool development and knowledge exchange.
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Introduction detection relies on idenFifying case Qumbers that exceed the
expected threshold, typically recognized through accumula-
ted case reports of notifiable diseases or outbreak notifica-
tions from reporting entities. With the growing availability
of electronic case reports, automated outbreak detection has

Timely detection of infectious disease outbreaks, enabling
targeted investigations and control measures, is a core
objective of public health surveillance [1,2]. Outbreak
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gained significant importance, offering a systematic approach
to identify outbreaks [1,3 4].

Outbreak detection refers to the process of identifying
unusual increases in case numbers by comparing the current
epidemiological situation with a baseline, usually established
from historical or geographical data. Statistical methods
estimate the expected number of cases and compute a
threshold. When observed values deviate significantly from
these expectations, surpassing the threshold, signals are
generated and often presented in tables, visualizations, or
descriptive reports. These signals necessitate epidemiological
investigations to determine whether they represent potential
outbreaks or false positives [5].

Various methods for outbreak detection exist and have
evolved over time [6-8]. Among the most widely used are the
method by Farrington et al [9] and adaptations by Noufaily
et al [10], which use generalized linear models to predict the
expected number of cases accounting for seasonality, time
trend, and overdispersion. Building on these methods, we
can distinguish a hierarchy of components: statistical methods
underlie tools that operationalize them, and some of these
tools allow for the automated analysis of complete surveil-
lance datasets. Here, automation means performing outbreak
detection across relevant dimensions such as region, age, or
subtype rather than sequentially inspecting individual strata
and time series. Together with the necessary infrastructure,
standard operating procedures, and trained personnel, these
tools constitute comprehensive automated outbreak detection
systems (AODSs).

Despite methodological advances, information on AODS
implementation in the European Union (EU) is limited. The
most recent overview from 2010 reported 6 institutes in
5 countries (Denmark, Germany, the Netherlands, Sweden,
and the United Kingdom) using automated detection for
routine surveillance. On the basis of the existing AODSs
and practical experiences, recommendations were drawn,
including the regular evaluation of AODSs and aiming for
a user-friendly approach directed at epidemiologists [11,12].
Additionally, a 2017 workshop involving stakeholders from
17 institutions across the EU emphasized the exchange of
data and experiences across countries, the need for visual
outputs for users, and assessment and comparison of detection
methods [13].

The EU4Health program is the EU’s funding instrument
for strengthening public health systems and preparedness.
Within this program, Joint Action UNITEDA4Surveillance
(U4S) brings together national public health institutes
(NPHIs) across Europe to improve integrated infectious
disease surveillance, including strengthening capacities for
outbreak detection and response. One aim of U4S was
to identify the requirements of EU countries for effective
outbreak detection [14]. Understanding these needs and
current practices is a necessary first step before develop-
ing and implementing new AODSs. While the project also
involved developing and piloting an open-source R Shiny
app for automated outbreak detection by multiple NPHIs,
this study provides an updated and extended overview
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of automated outbreak detection use in EU countries and
the United Kingdom. The analysis encompassed (1) assess-
ing current demand for automated outbreak detection, (2)
examining the availability of necessary prerequisites of
surveillance systems, and (3) identifying challenges and
requirements for running AODSs.

Methods

Overview

A mixed methods approach was used, combining a sur-
vey, a workshop, and online meetings as part of the U4S
project. The United Kingdom and France did not participate
in the survey but were included as additional case studies
because the 2010 overview and the workshop described in
the Introduction section identified these countries as operating
relevant AODSs [11,13]. In the 2010 overview, UK systems
were reported separately for England, Wales, and Northern
Ireland. Therefore, our analysis distinguishes these jurisdic-
tions where relevant. Reporting of this work followed the
SRQR (Standards for Reporting Qualitative Research) [15].

Questionnaire Development

A questionnaire was drafted with the goal of identifying
gaps and needs from the perspective of epidemiology and
data science. Respondents were asked to select one national
surveillance system either in current use or considered most
suitable for automated outbreak detection. The question-
naire had two sections: (1) description of public health
surveillance systems, including types, legal frameworks,
disease groups, data sources, aggregation level, reporting
frequency, indicators, geographical resolution, and histori-
cal data availability; and (2) automated outbreak detection
capacities, covering resource availability; signal follow-up;
and details of existing methods, resources, and outputs.

The draft was reviewed by 6 project partners and a contact
point at the European Centre for Disease Prevention and
Control and revised accordingly. The final version (Multime-
dia Appendix 1) contained 33 questions, of which 22 were
mandatory, primarily single- or multiple-choice rankings and
free-text fields.

Survey Administration

The survey was created using the EUSurvey platform and
distributed on April 17, 2023, by the U4S coordinator to
designated contact points of the 25 countries participating
in the project. These contact points were representatives of
the participating NPHIs or partner institutions and served
as the official coordinators for project activities within their
respective countries. They were asked to coordinate question-
naire completion with relevant national experts, including
epidemiologists and data scientists, where necessary, and
submit one consolidated response describing the national
surveillance system considered most suitable for automated
outbreak detection.
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Workshop

An on-site workshop was held in May 2023 at the Rob-
ert Koch Institute in Berlin, Germany, as part of the U4S
project. Participants were invited from institutions participat-
ing in the U4S project, with active partners involved in the
outbreak detection work package encouraged to attend in
person. To ensure balanced representation across participat-
ing institutions, attendance was limited to a maximum of 2
representatives from active outbreak detection partners and
1 representative from other beneficiary institutions. In total,
30 public health experts, epidemiologists, and data scien-
tists from NPHIs representing 16 EU countries participated.
The workshop aimed to discuss survey findings, identify
relevant use cases, and plan the pilot phase. Participat-
ing countries presented existing AODS and surveillance
system overviews. Participants were divided into 2 breakout
groups. Data scientists worked on defining outbreak detection
tools achievable within the following 12 months, including
requirements, vision, data input and output, and handling
(operation, users, interfaces, and reporting). Epidemiologists,
as future tool users, worked on outlining the ideal tool,
specifying intended functionality, data sources, pathogens,
use cases, and operational aspects.

One-on-One Meetings and Calls

In January 2024, structured one-on-one meetings were
conducted with the 10 piloting countries participating
in the tool implementation phase. Between April 2024
and November 2024, these countries piloted the outbreak
detection tool by integrating their national surveillance data
into the required input format, using the tool in routine
surveillance, providing feedback, reporting bugs, suggest-
ing additional requirements, and participating in the tool
evaluation. Meetings included the national project represen-
tatives and technical experts involved in surveillance and
data management. Discussions followed a predefined agenda
covering country-specific surveillance structures, administra-
tive divisions, data availability, and functional requirements
for the outbreak detection tool. Additional informal online
meetings conducted between 2023 and 2024 further supported
the collection and clarification of tool requirements.

Data Analysis

Survey responses were exported from EUSurvey and
analyzed using R (version 4.4.0; R Foundation for Statis-
tical Computing) [16]. As this study aimed to describe
the characteristics of national surveillance systems and
automated outbreak detection capacities across participating
countries, analyses were descriptive. Categorical variables
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are presented as counts and percentages where appropriate,
whereas free-text responses were reviewed and summarized
thematically to capture common approaches and country-spe-
cific characteristics.

Data Verification

Survey results were first presented during the workshop in
May 2023, allowing participants to review and validate the
data. During a project webinar in June 2023, the survey
and workshop results were shared with the entire project
consortium, giving all survey respondents the opportunity to
verify their data.

Ethical Considerations

No formal ethics committee approval was sought because
this study did not involve patients, clinical interventions,
or the collection of sensitive personal data, and findings
were analyzed and reported only in aggregated country-level
form. The processing of participants’ contact information
was reviewed in consultation with the Robert Koch Insti-
tute’s Data Protection Office and conducted in accordance
with the General Data Protection Regulation (Regulation
[EU] 2016/679) and the German Federal Data Protection Act
(Bundesdatenschutzgesetz).

Participants provided electronic informed consent before
completing the survey. Names and email addresses were
used solely for study administration and were not included
in the analysis. All results are presented in aggrega-
ted form, ensuring that individual participants cannot be
identified.

Results

Overview

The analysis included 26 countries, comprising 25 (96.2%)
EU member states and the United Kingdom. Of the 25 U4S
consortium members invited to participate in the survey, 21
(84%) completed it. France did not respond. The United
Kingdom was not invited because it was not part of the U4S
consortium. The largest group of countries (16/26, 61.5%)
contributed data through the survey and participation in the
workshop. A total of 19.2% (5/26) of the countries participa-
ted in the survey only; data for 7.7% (2/26) of the coun-
tries were obtained solely from the literature; and for 11.5%
(3/26) of the countries, no data were available (Figure 1).
Most survey respondents (19/21, 90.5%) were associated with
NPHIs, and the remainder were associated with ministries of
health (2/21, 9.5%).
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Figure 1. Map showing the current status of automated outbreak detection systems (AODSs) in the European Union (EU) and the United Kingdom
and the corresponding source of information (2024). (A) Source of information used to assess the status of AODSs across the EU and the United
Kingdom. All countries that participated in the workshop also completed the survey. The upper right inset shows Malta. (B) Countries are categorized
by their current level of implementation of AODSs. In cases in which countries meet the criteria for multiple categories (eg, Finland, Denmark,
and the Netherlands, which have existing AODSs and are also UNITED4Surveillance [U4S] pilot partners), the higher level of implementation is
displayed. “U4S pilot” refers to those countries that used the automated outbreak detection tool developed within U4S in a pilot phase from April

2024 to December 2024. The upper right inset shows Malta.
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On the basis of the data collected from EU countries and the
United Kingdom, 26.9% (7/26) of the countries had existing
AODSs in place. A total of 38.5% (10/26) of the countries
participated in the U4S pilot project, whereas 15.4% (4/26)
were planning to implement such AODSs. Another 15.4%
(4/26) had neither AODSs nor plans for implementation, and
for 11.5% (3/26) of the countries, no data were available
(Figure 1). Country-specific information on data sources and
implementation status for each of the 26 countries is also
provided in Multimedia Appendix 2.

Identified Need for Outbreak Detection

Beyond the current level of implementation, our survey
examined how countries responded to signals generated from
surveillance data, whether detected manually or automati-
cally. While a diverse level of implementation across the
EU was observed, all countries that completed the survey
(21/25, 84%) stated that they would act on a signal identi-
fied through their surveillance data, whether from manual
inspection or automated analysis. Typically, this response
involved verification of the signal, followed by the ini-
tialization of an investigation, a risk assessment, further
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communication, and introduction of measures if needed. In
most cases (14/21, 66.7%), the corresponding NPHI received
feedback on actions triggered by a signal via outbreak reports
(6/14, 42.9%), via direct communication with the investiga-
tion authorities (3/14, 21.4%), or by observing the performed
public health action (2/14, 14.3%). In one case, investigations
were conducted directly by the NPHI. In many countries
(11721, 52.4%), feedback on actions was collected system-
atically and often also used for evaluation (8/11, 72.7%).
In addition, piloting countries grew from initially 7 to 10,
reflecting the high interest in the tool.

Identified Challenges to Implementing
AODSs

When asked about main challenges in implementing AODSs,
lack of sustainable funding and resources was indicated as
the primary obstacle (15/21, 71.4%). This was followed by
data quality (9/21, 42.9%) and legal mandate issues (5/21,
23.8%). In one country, data quality specifically referred to
limited data availability and reporting delays. A total of 9.5%
(2/21) of the countries reported no barriers, whereas another
95% (2/21) reported “other” issues. Of these countries,
one respondent (Sweden) noted that an automated detection
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system had previously been implemented in the surveillance
system but had not yet been reimplemented following a
system upgrade in 2022. The other country (Lithuania) cited
concerns about potential functional incompatibilities between
systems, referring to technical issues that can cause delays or
inconsistencies when data are synchronized across platforms
before integration into the national eHealth system.

Regarding funding, respondents reported particularly
limited funding for research capacity, specifically staff
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knowledge and time for research activities (12/21, 57.1%),
personnel (8/21, 38.1%), overall funding (7/21, 33.3%), and
IT resources such as hardware and software (6/21, 28.6%).
Similarly, no funding was available for IT competences,
including research software engineering for implementation
(6/21, 28.6%), I'T support for maintenance and automatization
(6/21, 28.6%), and data science expertise for development
and extension (8/21, 38.1%; Figure 2).

Figure 2. Reported challenges and resources for implementing automated outbreak detection systems (AODSs) in the European Union based on
a survey of national public health institutes in 2023. (A) Main challenges reported by countries in implementing AODSs. Multiple answers per
respondent were possible. (B) Aggregated ratings (1-5) of funding availability and IT competences to run and support implementation. Higher scores

indicate greater perceived availability.
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Surveillance System Prerequisites

Despite these implementation barriers, many countries
already possessed surveillance infrastructures that provi-
ded favorable conditions for AODS implementation. The
performance of AODSs primarily relies on the information
available in the surveillance system, including historical data
used to establish baselines, detect trends, and adjust for
seasonality [5]. Almost all respondents stated that data were
reported in a case-based format (20/21, 95.2%) and on a daily
basis (19/21, 90.5%) at the national level. A total of 57.1%
(12/21) stated that additional personally identifiable data (eg,
addresses, date of birth, and personal identity number) were
available. Furthermore, all countries (21/21, 100%) had at
least 3 years of historic data available, and 38.1% (8/21) had
historic data for 20 years or more.

All countries (21/21, 100%) received information on age,
region, pathogen, and sex of infectious disease cases through
their surveillance systems at the national level. These are
the most common stratification dimensions in AODSs and
allow for extensive investigation. Most countries also had
additional information on outcomes such as death (19/21,
90.5%), hospitalization (17/21, 81%), and date of symptom
onset (17/21, 81%) or specific symptoms (14/21, 66.7%),
which would allow for further assessment of signals regarding
the severity or even outbreak detection on different indicators
(eg, number of hospitalizations). In many countries, informa-
tion on vaccination status (15/21, 71.4%), risk factors (11/21,
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52.4%), or exposures (15/21, 71.4%) was available, which
would enable further disease-specific analyses.

Identified Use Cases for AODSs

Given these surveillance capacities, we next explored the
disease areas and scenarios in which countries saw the
greatest potential for AODSs. Identifying potential use cases
for automated outbreak detection is essential for designing an
effective and widely used AODS. This includes specifying
data input formats, defining user-configurable input options
such as filters and parameters, and ensuring that analysis
and outputs are actionable and relevant for various disease
surveillance systems [17].

The survey collected information on disease groups
targeted by the surveillance systems, revealing potential use
cases for AODSs and groups that could benefit the most
from these systems. Food- and waterborne diseases (19/21,
90.5%), airborne diseases (18/21, 85.7%), and vector-borne
and zoonotic diseases (17/21, 81%) were the most com-
mon disease groups. At the workshop, gastroenteritis and
respiratory diseases emerged as the main use cases, with
stronger interest in gastroenteritis. Accordingly, pilot use
cases focused mainly on gastrointestinal pathogens, with one
other country selecting group A streptococci.

Identified Requirements for AODSs

The identified requirements for AODSs drawn from one-on-
one meetings and calls with the piloting countries showed
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significant overlap despite different organizational and
geographical structures. Key needs included flexible output
formats, adaptability for pandemic periods, and various
filtering and stratification options. The systems should also
provide information on cases related to already known
outbreaks; enable extraction of detailed case line lists; support
different temporal aggregations, such as daily, weekly,
and monthly; and offer multiple language options. Several
countries also highlighted the need to accommodate whole-
genome sequencing data within future outbreak detection
tools. The workshop discussion highlighted that signals were
managed by different experts across countries with varying
levels of IT expertise, underscoring the need for user-friendly,
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accessible, and adaptable tools. These requirements highlight
the need for a flexible system that can accommodate diverse
user needs effectively.

Current AODSs Implemented by
Countries

Table 1 presents an overview of current AODSs implemented
in 26.9% (7/26) of the countries. The results are presented
in 2 sections highlighting the differences in type and depth
of information between countries that participated in the U4S
project and France and the United Kingdom, for which only
literature-based data were available.

Table 1. Characteristics of automated outbreak detection systems for infectious disease surveillance in 5 countries from the UNITED4Surveillance

project (survey data) and France and the United Kingdom (literature; 2024).

Pathogens and surveillance

Implementation and Reporting and

Country data Methods automation frequency Remarks

Austria Campylobacter and Farrington Flexible R, surveillance package; ~Weekly report COVID-19-era hiring added
Salmonella; case data from algorithm and fully automated data scientist capacity; plan
the national reference CUSUM? to use data from the national
laboratory electronic reporting system

and extend to all notifiable
diseases

Denmark Approximately 20 assorted Threshold rules for SQL+R+SAS; Daily automatic ~ No single framework;
notifiable diseases, approximately 20 surveillance package; email alerts evaluation pending;
Campylobacter, and diseases; Farrington ~ automation varies (approximately 20 initiative to unify
COVID-19; laboratory data  Flexible algorithm; in- diseases); weekly
from the national house method for ad hoc R reports
microbiology database COVID-19 prevalence or web figure

levels

Finland Influenza; cases from MEMP R, mem package; fully Daily website MEM since 2015; focused

Register of Primary Health automated updates on case on influenza;
Care Visits numbers, 1 . h
thresholds,and P 1o mmomitor other
. . infectious diseases with data
epidemic levels from the National Infectious
Diseases Register

Germany Approximately 30 diseases; ~ Farrington Flexible R pipeline, surveillance ~ Comprehensive Extensive coverage of
national case reports from algorithm package; fully automated weekly report notifiable pathogens
German surveillance database (maps, charts, and

tables)

The Netherlands Approximately 40 diseases; HMMd+spline R Shiny dashboard Interactive Real-time geographic,
case-based data in the RIVM®  seasonality [18] (“survboard”); ad hoc dashboard; temporal, and demographic
database computation during use  frequency views; plan to use WGS®

of dashboard dependent on use  data for outbreak detection
with the new Shiny app

France (SurSaUD)—  Influenza+11 other Ensemble of GLMsP, Daily R scripts at Santé ~ Daily national Performance benchmarked

syndromic syndromes; EDf and SOS robust GLMs publique France; alarms  dashboard and comparing ensemble vs
Meédecins visits+mortality (weighted), and HMM fully automated; human  weekly reports individual methods and
(approximately 700 EDs and  [19] validation of alert levels application to different data
60 GP2 units); >90% ED sources
coverage

United Kingdom— Comprehensive coverage of RAMMIE/ [20] Automated Stata script;  Daily internal RAMMIE demonstrated

England (syndromic)  syndromes; NHS! 111 calls, daily alerts and public  high sensitivity
GP consultations, and ED weekly bulletins  (approximately 92%) and
attendances specificity (approximately

99%); adjusts for weekday
and holiday effects

United Kingdom— >3300 distinct organisms; Farrington Flexible R scripts (surveillance Weekly reports One of Europe’s oldest

England and Wales HPAK surveillance data algorithm (quasi- package); fully emailed to automated systems;

(laboratory isolates) Poisson GLM) automated national and continuously refined

regional
epidemiologists

4CUSUM: cumulative sum control chart.
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"MEM: moving epidemic method.

CRIVM: National Institute for Public Health and the Environment.
dHMM: hidden Markov model.

°WGS: whole-genome sequencing.

fED: emergency department.

8GP: general practitioner.

DGLM: generalized linear model.

INHS: National Health Service.

JRAMMIE: rising-activity multilevel mixed-effects indicator emphasis.
XHPA: Health Protection Agency.

The 19.2% (5/26) of countries participating in the U4S project
(Austria, Denmark, Finland, Germany, and the Netherlands)
all used routinely collected notifiable infectious disease
surveillance data and made use of R-based workflows,
including the surveillance R package [21]. They differed,
however, in the number and type of pathogens monitored,
the specific outbreak detection method applied, the degree of
automation, and the type of reporting. While some coun-
tries used their AODSs for individual pathogens, others
covered a broad range of notifiable diseases. Despite this
heterogeneity, all systems generated near—real-time outputs.
Several countries were currently working to expand pathogen
coverage, integrate national surveillance data, or harmonize
their workflows.

France and the United Kingdom operated long-estab-
lished R-based AODSs across diverse national data streams
and used established R-based analytic frameworks. Both
countries had comprehensive coverage of syndromes (France
and the United Kingdom) or pathogens (United Kingdom)
and automated R scripts run daily or weekly, producing
internal alerts, dashboards, and bulletins. The systems in
France and the United Kingdom have been established for
many years; reflect a high level of methodological matur-
ity, including systematic evaluations; and offer guidance
for further development and application of AODSs in other
countries.

Discussion

Principal Findings

This study provides an updated overview of the current
landscape of AODSs in the EU and the United Kingdom by
assessing current demand for automated outbreak detection,
evaluating the availability of surveillance system prerequi-
sites, and identifying barriers and requirements for imple-
mentation. Our findings reveal a heterogeneous state of
implementation, with only 26.9% (7/26) of the countries
included in the analysis operating AODSs. However, our
results also highlight important opportunities for broader
adoption, as surveillance systems in many countries already
meet key data-related prerequisites for automated outbreak
detection, including the availability of case-based, frequently
reported, and sufficiently extensive historical surveillance
data.

Compared to the 2010 overview, which outlined AODSs
in Denmark, England, Germany, the Netherlands, and

https://publichealth.jmir.org/2026/1/e96576

Sweden, our findings show that the overall landscape has
changed little [11]. Most of these countries continued to
operate  AODSs, except Sweden, which discontinued its
system following the implementation of a new surveillance
system. Austria and Finland were the only countries that had
introduced new systems: Austria’s enhanced capacities during
the COVID-19 pandemic may reflect increased prioritization
of AODSs enabled by the additional resources made available
during the pandemic. In contrast, Finland’s adoption using
the moving epidemic method focused more on retrospec-
tive trend analysis than on real-time signal detection. The
findings also suggest that high-resource countries are more
likely to establish outbreak detection systems but maintain-
ing them can become challenging when substantial changes
in surveillance systems occur. This limited progress appears
to reflect persistent structural barriers rather than a lack of
demand as respondents consistently identified sustainable
funding, IT capacity, data quality, and legal mandates as the
main obstacles to implementation.

Deficits in software engineering, IT support, and data
science restrict the ability of NPHIs to develop and sus-
tain systems. These constraints help explain why, despite
clear interest, only a minority of countries currently oper-
ated AODSs. Similarly, the 15.4% (4/26) with neither
an operational AODS nor plans for implementation repor-
ted barriers including limited funding, data quality, legal
mandates, and IT capacity, with 2 also citing low polit-
ical priority or a limited need due to a small number
of notifications. At the same time, surveillance environ-
ments are evolving. An increasing number of countries are
routinely generating whole-genome sequencing data as part
of surveillance activities, which introduces new requirements
for outbreak detection tools, particularly with regard to data
input formats, interoperability, and the ability to integrate
sequencing information alongside epidemiological data.

Our survey and pilot project further indicate growing
momentum toward automation. In total, 38.5% (10/26) of
the countries actively piloted the developed tool, demonstrat-
ing both the technical feasibility of implementation and
the willingness of NPHIs to integrate methods into routine
practices. In parallel, all survey respondents (21/21, 100%)
confirmed that they would act on signals detected in their
surveillance data. This finding indicates that the principle of
responding to signals is firmly embedded in national public
health practice. Structured procedures for response were in
place in most countries (18/21, 85.7%), yet the way feedback
was collected and integrated varied considerably. Reliance
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on manual verification may cause delays and inconsisten-
cies, whereas greater automation could enable timelier signal
identification, more consistent risk assessment, and system-
atic feedback.

Moreover, the results show significant potential for
implementing new outbreak detection systems as many
countries reported having extensive historical data, often
exceeding 8 years, which is crucial for establishing base-
lines and trend analysis. Identifying specific use cases such
as gastrointestinal pathogens highlighted the practical value
of AODSs in routine surveillance tasks. Another potential
application of new methods such as spatial clustering at the
address level arises from the availability of certain personally
identifiable data. The ability to incorporate such data allows
for more precise mapping and detection of patterns.

Experience from pilot and established systems showed
substantial alignment in outbreak detection needs across
the EU. Despite differences in epidemiological contexts
and organizational structures, system requirements showed
considerable overlap. Pilot countries highlighted needs such
as flexible output formats, temporal aggregation, filtering,
and multilingual support, whereas established systems used
different statistical methods and infrastructures yet generated
largely comparable outputs. The convergence of outputs
despite methodological differences suggests that key outputs,
including signals, visualizations, maps, and reports, could be
standardized. These shared requirements indicate that a single
flexible tool could accommodate diverse national contexts,
meeting practical needs without requiring separate systems
for each country. The widespread use of the surveillance
package is a good example of the utility of open-source tools
developed by the public health community.

Limitations

Our study has some limitations. First, the survey focused
on one surveillance system per country, which might not
fully capture the use of AODSs across all national surveil-
lance systems. Second, varying interpretations of automa-
ted outbreak detection could have influenced reported use,
including differences between signal detection and data
visualization. Third, reliance on self-reported data may
have introduced bias or overestimation, with response depth
varying by how extensively experts were consulted. Fourth,
workshop participation was limited to 30 experts from 16
countries, not representing all EU contexts. Fifth, while
the systems in the United Kingdom and France were still
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operational, the data may not reflect all subsequent updates.
Sixth, saturation was not formally assessed or used as
a criterion for determining the extent of data collection.
Countries were predefined by their involvement in their
respective U4S project activities. The qualitative components
were used to complement and contextualize the country-
level survey findings and further explore requirements
for AODSs. Despite these limitations, this study provides
valuable insights into existing practices and priority areas for
improvement.

Future Perspectives and Conclusions

AODSs offer the potential to enhance routine surveillance of
infectious diseases across EU countries. However, the results
of this study indicate that resource limitations and techni-
cal barriers continue to hinder their wider implementation.
Broader adoption of flexible, open-source solutions could
accelerate cross-country collaboration and promote more
harmonized outbreak detection in the EU. The experience
across countries with different surveillance capacities further
suggests that AODSs can be adapted to diverse settings,
although their implementation in more resource-limited
contexts will depend on the availability of reliable surveil-
lance data, digital infrastructure, and sustained technical
support.

These findings have broader implications for infectious
disease surveillance within the EU. Increasing harmonization
of outbreak detection approaches could facilitate knowl-
edge exchange between countries, support more compara-
ble surveillance practices, and reduce duplication of effort
through the shared development and maintenance of open-
source tools. Collaborative initiatives such as U4S may help
bridge existing implementation gaps by bringing together
expertise, building technical capacity, and fostering collabora-
tion across countries.

Future work should focus on integrating the R Shiny
app within the U4S project into local systems; expanding
its use beyond the project phase; and refining methods,
interfaces, and data integration. Broader adoption of such
flexible, open-source solutions could accelerate cross-coun-
try collaboration and promote more harmonized outbreak
detection in the EU. As automated systems can generate
large numbers of signals with varying specificity, systematic
evaluation in routine public health practice will be essential
to assess their accuracy, usability, workload implications, and
overall added value for infectious disease surveillance.
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