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Abstract 

Epidemic Intelligence (EI) encompasses all activities related to early identification, verification, analysis, assessment, 
and investigation of health threats. It integrates an indicator-based (IBS) component using systematically col-
lected surveillance data, and an event-based component (EBS), using non-official, non-verified, non-structured data 
from multiple sources. 

We described current EI practices in Europe by conducting a survey of national Public Health (PH) and Animal Health (AH) 
agencies. We included generic questions on the structure, mandate and scope of the institute, on the existence and coor-
dination of EI activities, followed by a section where respondents provided a description of EI activities for three diseases 
out of seven disease models. Out of 81 gatekeeper agencies from 41 countries contacted, 34 agencies (42%) from 26 
(63%) different countries responded, out of which, 32 conducted EI activities. Less than half (15/32; 47%) had teams dedi-
cated to EI activities and 56% (18/34) had Standard Operating Procedures (SOPs) in place. On a national level, a combina-
tion of IBS and EBS was the most common data source. Most respondents monitored the epidemiological situation in bor-
dering countries, the rest of Europe and the world. EI systems were heterogeneous across countries and diseases. National 
IBS activities strongly relied on mandatory laboratory-based surveillance systems. The collection, analysis and interpreta-
tion of IBS information was performed manually for most disease models. Depending on the disease, some respondents 
did not have any EBS activity. Most respondents conducted signal assessment manually through expert review. Cross-
sectoral collaboration was heterogeneous. More than half of the responding institutes collaborated on various levels (data 
sharing, communication, etc.) with neighbouring countries and/or international structures, across most disease models. 

Our findings emphasise a notable engagement in EI activities across PH and AH institutes of Europe, but opportuni-
ties exist for better integration, standardisation, and automatization of these efforts. A strong reliance on traditional 
IBS and laboratory-based surveillance systems, emphasises the key role of in-country laboratories networks. EI activi-
ties may benefit particularly from investments in cross-border collaboration, the development of methods that can 
automatise signal assessment in both IBS and EBS data, as well as further investments in the collection of EBS data 
beyond scientific literature and mainstream media.
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Background
Epidemic Intelligence (EI) is the framework that encom-
passes all activities related to early identification of 
potential health threats, their verification, analysis, 
assessment, and investigation in order to recommend 
measures to control them. EI integrates both an indica-
tor-based (IBS) and event-based component (EBS) [1]. 
IBS uses official, verified and structured data of routine 
surveillance systems, while EBS corresponds to the use 
of non-official, non-verified, non-structured data from 
multiple sources. In the early 2000s, following the wide-
spread of the new pathogen causing Severe Acute Res-
piratory Syndrome (SARS), the public and animal health 
authorities (PH/AH) demand for timely information and 
access to data on emerging health threats increased. This 
led to the inception of EBS through the use of non-official 
sources, such as online media and expert networks [2]. It 
inspired the development of Internet scanning tools (e.g., 
the Global Public Health Intelligence Network, GPHIN), 
and further use of pre-existing email distribution lists, or 
networks (e.g., ProMED-mail) that were identified as use-
ful data sources to complement the early warning func-
tion of routine surveillance systems.

The revised International Health Regulations (IHR) in 
2005 required PH authorities to strengthen and maintain 
their capacity to detect, assess and report events that may 
constitute a health emergency of international concern 
[3]. As a result, in 2006, the European Centre for Disease 
Prevention and Control (ECDC) conducted a first assess-
ment of the EI activities among PH agencies in Europe, 
showing that agencies had regular EI activities, but with 
various approaches and strategies. The study further 
noted a need for integrated rather than disease-specific 
EI structures and processes. In addition, this work identi-
fied a necessity for EI guidelines to be developed by the 
ECDC in collaboration with national health authorities in 
Europe [2, 4].

Since 2006, the ECDC provides the European Union 
(EU) PH agencies with a centralised detection, assess-
ment, follow-up, as well as exchange of information sys-
tem to improve PH surveillance and early detection of 
cross border and emerging infectious disease threats, 
offering an EI service to the Member States in addition to 
their national EI activities [5, 6]. Additionally, in 2021, in 
the midst of the COVID-19 pandemic, the World Health 
Organisation (WHO) set the Hub for Pandemic and Epi-
demic Intelligence. Its main aims are to (i) provide greater 
capabilities for data analytics, (ii) develop digital plat-
forms, with access to a wider range of data sources, (iii) 

better foresee risk management, and (iv) have a greater 
focus on regional and global health threats beyond coun-
tries in the EU and European Economic Area (EEA) [7].

Fifteen years after the first assessment of EI activities 
among EU PH agencies and in light of the influence of 
climate change on infectious disease, including, but not 
limited to zoonosis and vector-borne diseases (VBD), 
emergence and distribution, there is a need to better 
understand how national EI systems evolved to bridge 
gaps in making data-driven decisions [2, 8]. In addi-
tion, while EI activities among PH agencies have been 
assessed, knowledge on the EI among European national 
AH agencies remains scarce.

As part of an effort to improve Epidemic Intelli-
gence, the Horizon 2020 project: MOnitoring Out-
break events for Disease surveillance in a data science 
context (MOOD) aims at developing tools and solution 
to improve detection, monitoring, and assessment of 
emerging diseases in Europe in an integrated inter-secto-
rial, interdisciplinary, One health approach using big data 
sources in combination with environmental and socio-
economic covariates. Developing these tools required a 
detailed knowledge of current EI activities and practices 
in target Public, Animal and One Health institutes.

We provide an updated overview of the current EI 
systems in European countries through a description of 
capacities and resources used in PH and AH agencies and 
a comparison of activities, processes and collaborations 
thereof.

Methods
We conducted a large-scale online cross-sectional survey 
of key stakeholders at national level, responsible for con-
ducting EI or communicable disease surveillance (further 
referred to as gatekeepers), from PH and AH national 
agencies from 42 European countries or territories: EU, 
EFTA, EU candidates/potential candidates, European 
neighbourhood policy and other European countries.

Model pathogens
We focused on selected infectious diseases according to 
(i) their current impact on public and animal health in 
Europe; (ii) the economic cost related to their medical 
care and for outbreak monitoring and control; (iii) their 
sensitivity to climate and other environmental changes 
and potential to further emerge; and (iv) their repre-
sentativeness of different disease systems (transmission 
routes).
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The selected disease models were: (i) seasonal influ-
enza and highly pathogenic avian influenza (HPAI) for 
airborne pathogens [9, 10]; (ii) tick-borne encephalitis 
(TBE) and Lyme borreliosis (LB) as models of endemic 
pathogens transmitted by endemic vectors [11]; (iii) West 
Nile virus (WNV) as an example of arbovirus transmit-
ted by native vectors [12]; (iv) chikungunya, dengue 
and Zika as models of exotic pathogens transmitted by 
invasive mosquito species, hereafter referred to as inva-
sive mosquito-borne diseases (IMBD) [13]; (v) Tularae-
mia and Leptospirosis as models of neglected endemic 
pathogens with multiple transmission routes and reser-
voirs (ND) [14–16]; (vi) antimicrobial resistant (AMR) 
bacterial strains as models of complex, anthropogenic 
disease threats [17]; (vii) unknown pathogens (disease 
X) as a challenge for any EI system, represented through 
SARS-CoV-2.

Type and structure of the questionnaire
We invited gatekeepers via email to fill out a semi-struc-
tured survey (Supplementary material 1) regarding their 
agencies’ EI activities, incorporating input from rele-
vant co-workers in charge of specific diseases if needed. 
We used EUsurvey, a web-based tool, that allowed for 
the possibility to consult or share the survey with other 
experts on disease surveillance so that they could save 
their answers and go back to the survey.

The survey consisted of three different sections follow-
ing the commonly accepted framework of EI as described 
in 2006 by Paquet et al. [1, 2, 4, 18, 19]. The first section 
included generic questions on the structure, mandate 
(Public, Animal and/or One Health) and scope (infec-
tious diseases under surveillance) of the respondent’s 
institute, on the existence, coordination, and output of 
the EI activities at national level, and personnel involved.

The second section was disease specific. Respond-
ents were instructed to choose three model diseases 
and to provide a detailed description of the IBS and EBS 
EI activities related to each of these three diseases of 
choice. The information collected covered the following 
areas: data sources, workflow for detection, verification 
and assessment of signals, communication of alerts, and 
finally, international and intersectoral collaborations.

The third section of the survey allowed the respond-
ent to indicate if the EI activities of the remaining sur-
veyed diseases were identical to the ones they had already 
answered for. At the end of the survey, the respondents 
were provided a space for free comments to complete 
missing information.

All respondents were informed about the purpose of 
the study and consented to participate.

Results
Existence and organisation of the Epidemic intelligence 
activities
The online survey was open from 18 February 2021  to 
18 April 2021. Out of 81 PH or AH gatekeeper agencies 
contacted from 41 different countries or territories, 34 
agencies (42%) from 26 (63%) different countries or ter-
ritories responded (Fig. 1). When asked about their pri-
mary mandates, 61% of agencies identified themselves 
as having a PH (n = 21/34), 56% an AH (19/34) and 
53% a One Health (OH) (18/34) mandate. Additionally, 
three respondents (9%) indicated that they had a food 
safety mandate and two respondents (6%) had in addi-
tion a research mandate. Out of the 34 respondents, 
65% had more than one single mandate (22/34).

The majority of agencies monitored animal infec-
tious diseases (n = 22; 65%), human infectious dis-
eases (n = 18; 53%) and food products of animal origin 
(n = 17; 50%). Twelve agencies reported they monitored 
both human and animal infectious diseases (12/34, 
35%).

Out of 34 respondents from 26 countries, 32 from 24 
different countries performed EI activities (Supplemen-
tary Table  1). Among them, the number of full-time 
equivalent employees (FTE) engaged in EI activities 
ranged from only one FTE for 19% of the respondents 
(6/32) to more than ten FTE for 29% of the respondents 
(9/32). However, less than half (15/32; 47%) of the agen-
cies performing EI activities had dedicated teams.

The majority of the respondents stated the existence 
of Standard Operating Procedures (SOPs) for EI (18/34; 
56%); in eleven agencies the SOPs were publicly available 
(11/18; 61%). All SOPs covered the detection of signals of 
potential health hazards related to infectious disease out-
break (18/18, 100%), followed by signal communication 
(15/18; 83%) and signal assessment (14/18; 78%). Filter-
ing and verification of signals were covered by only 10/18 
(56%) and 12/18 (67%) SOPs, respectively.

Diseases described
The majority of respondents described their EI activities 
for SARS-CoV-2 (n = 20), either in humans (n = 12) or in 
animals (n = 8), followed by HPAI in animals (n = 19) and 
seasonal influenza (in humans; n = 10). Surveillance of 
TBE was only described by two agencies, while LB and 
AMR surveillance in humans were chosen by a single 
respondent, hence not reported in our findings (Supple-
mentary Table 2).

Epidemic intelligence activities
Data sources for EI varied depending on the country, dis-
ease in question and geographical area monitored. On 
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a national level, a combination of IBS and EBS was the 
most common source of information for EI (Table 1), and 
notably for IMBD in humans (5/6 respondents, 83%), 
WNV in humans and animals (7/9 respondents, 78% 
and 4/7 respondents, 57%, respectively), SARS-CoV-2 
in humans and animals (8/11 respondents, 73% and 5/8 
respondents, 63%, respectively) and AMR in animals (4/6 
respondents, 67%). IBS was the major source of informa-
tion for Tularaemia and Leptospirosis in animals on a 
national level (4/7 respondents, 57%).

Most respondents also conducted EI activities by 
monitoring the epidemiological situation in the border-
ing countries and/or the rest of Europe, using a variety 
of sources. A combination of IBS and EBS was predomi-
nantly reported for WNV in humans (5/9 respondents, 
56%) both in the bordering countries and in Europe, for 
SARS-CoV-2 in animals (2/3 respondents, 67%) in the 
bordering countries and SARS-CoV-2 in humans (7/10 
respondents, 70%) in Europe, however, two out of the 
three (67%) respondents who provided answers on the 
monitoring of epidemiological situation regarding ND 
in animals only used EBS (Table 1). The number of agen-
cies that were not monitoring the epidemiological situa-
tion in bordering countries and/or the rest of Europe was 

low: three out of ten respondents for seasonal influenza, 
followed by two out of fourteen agencies responding for 
HPAI (14%), and one out of seven of the agencies who 
described WNV in animals surveillance activities (14%).

A diversity of sources was also used for monitoring 
EI worldwide, with a notable combination of IBS and 
EBS for Leptospirosis and Tularaemia (2/3 respond-
ents, 67%), WNV in animals (3/5 respondents, 60%) and 
SARS-CoV-2 in humans (6/11 respondents, 55%). All 
respondents reported they monitored the epidemiologi-
cal situation worldwide for seasonal influenza, IMBD in 
humans, AMR in animals and SARS-CoV-2 in animals. 
The proportion of respondents that did not monitor the 
worldwide epidemiological situation ranged from 1/11 
(9%) respondents for SARS-CoV-2 in humans to 2/5 
(40%) respondents for WNV in animals.

Indicator‑based activities: data sources and processes
IBS activities strongly relied on mandatory laboratory-
based surveillance systems for the majority of respond-
ents, across all diseases, notably among all respondents 
for HPAI (17/17), WNV in humans (9/9), and IMBD in 
humans (6/6), while for other diseases, the use of manda-
tory laboratory-based surveillance ranged from 57 to 83% 

Fig. 1 Countries and mandate of responding institutes, as of March 2021
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of the respondents. For only one disease model, i.e., sea-
sonal influenza, the use of sentinel laboratory-based sur-
veillance was more common, reported by all respondents 
(10/10 respondents, 100%) compared to laboratory based 
mandatory surveillance reported by seven agencies (7/10 
respondents, 70%) (Table 2).

The use of syndromic surveillance was heterogeneous 
depending on the respondent and model disease. The 
use of mandatory and sentinel syndromic surveillance 
was highest for seasonal influenza, with 6/10 and 7/10 
respondents, respectively. Mandatory syndromic surveil-
lance was not reported for WNV surveillance in humans 
(0/9 respondents) and ND (0/10 respondents). None 
of the respondents conducted syndromic surveillance, 
either mandatory or sentinel for IMBD in humans (0/6 
respondents) and AMR in animals (0/6 respondents).

The use of official public websites (WHO, OIE, ECDC) 
was common, ranging from 29% (2/7 respondents) 
for ND in animals to 83% (10/12 respondents) of the 
respondents for SARS-CoV-2 in humans. The use of offi-
cial international notifications (WHO, ADNS) was also 
common and ranged from 29% (2/7 respondents) for 
ND in animals to 8/10 of the respondents for seasonal 
influenza.

The collection, analysis and interpretation of IBS infor-
mation was performed manually for most diseases, rang-
ing from 25% of the respondents (3/12 respondents) 
for SARS-CoV-2 surveillance in humans to 71% (5/7 
respondents) of the respondents for WNV in animals. 
The use of semi-automatic methods was more common 
than manual methods for seasonal influenza surveillance 
(9/10 respondents, 90%), SARS-CoV-2 surveillance in 
humans (8/12 respondents, 67%) and AMR surveillance 
in animals (3/6 respondents, 50%). Across all diseases, 
only one respondent reported the use of automatic meth-
ods for collection, analysis, and interpretation of IBS data 
for SARS-CoV-2 surveillance in humans.

Event‑based activities: data sources and processes
Depending on the diseases, some respondents reported 
not to use any EBS sources, ranging from 17% (1/6 
respondents) for IMBD to 57% respondents (4/7 
respondents) for surveillance of ND in animals (Table 2). 
The most commonly used source of EBS data was scien-
tific literature, reported by 10/12 (83%), 5/6 (83%) and 
8/10 (80%) respondents for SARS-CoV-2 in humans, 
IMBD in humans and seasonal influenza in humans, 
respectively. All respondents reported to use scientific 
literature. Apart for Leptospirosis and Tularaemia (3/7 
respondents, 43%), half or more respondents used main-
stream media as a source of EBS data for the surveillance 
of each disease. The use of social media and blogs was 
not reported by respondents for WNV in animals, ND in 

animals and AMR surveillance in animals; however, this 
informal source was used by 67% respondents for SARS-
CoV-2 surveillance in humans (8/12 respondents) and 
IMBD in humans (4/6 respondents). The use of special-
ized internet sources (ProMED, Healthmap, Gideon, etc.) 
was reported by 75% or more of respondents for seasonal 
influenza surveillance in humans (8/10, 80%), WNV in 
humans (7/9 respondents, 78%), IMBD in humans (5/6 
respondents, 83%) and SARS-CoV-2 in humans (10/12, 
83%), and by 50% or more respondents across all diseases. 
For ND in animals, the use of specialised internet sources 
was used by only 1/7 of the respondents (14%). The 
proportion of respondents who reported using official 
international notification was the same as the one using 
specialised internet sources for HPAI (8/17 respondents, 
47%), seasonal influenza surveillance in humans (8/10 
respondents, 80%), WNV in humans (7/9, 78%), IMBD 
in humans (5/6 respondents, 83%) and SARS-CoV-2 sur-
veillance in humans (10/12, 83%).

Half or more of respondents reported using EI surveil-
lance systems for seasonal influenza surveillance (6/10 
respondents, 60%), WNV in humans (5/9 respondents, 
56%), SARS-CoV-2 in humans (7/12, 58%) and IMBD in 
humans (3/6 respondents, 50%).

For several disease models, some respondents reported 
they did not proceed to capture, filtering and validation 
of EBS signals, ranging from 4/7 (57%) for ND to 17% 
of respondents for SARS-Cov-2 in humans (2/12) and 
IMBD in humans (1/6 respondents). Across all disease 
models, only one respondent reported using automatic 
methods, in the case of HPAI surveillance. The use of 
manual methods was twice more frequent than the use 
of semi-automatic methods, apart for SARS-CoV-2 sur-
veillance in animals with 38% (3/8 respondents) using 
manual methods versus 25% (2/8 respondents) using 
semi-automatic methods.

Signal assessment and communication of alerts
Across all disease models, when asked whether they 
used manual or semi-automatic methods for assessment 
of EBS and IBS signals, vast majority of respondents 
answered they conducted it manually through expert 
review, ranging from 50% (5/10 respondents) for seasonal 
influenza in humans up to all of the respondents (7/7 
respondents) for WNV surveillance in animals (Table 2).

On a national level, restricted-access communication 
was reported by more than 80% respondents across all 
disease models, except for SARS-CoV-2 in animals and 
HPAI, where it remained high, but only reported by 63% 
(5/8) and 71% (12/14) respondents, respectively. Half or 
more respondents reported unrestricted communica-
tion of potential infectious diseases related hazards to the 
general public across all disease models (Table 2).
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Across all diseases models, restricted access commu-
nication on international level was less common than on 
national level, with a maximum of 70% (7/10) respondents 
for seasonal influenza, and lowest reporting in animal 
surveillance, with 1/8 respondents (13%) in SARS-CoV-2 
in animals and 1/7 respondents (14%) for ND and AMR 
in animals.

Existing collaborations
Cross‑sectoral
Cross-sectoral collaboration was heterogeneous depend-
ing on the disease model. Less than half of the respond-
ents reported a collaboration with other sectors for 
ND (2/7 respondents, 29%), WNV in animals (3/7 
respondents, 43%) and SARS-CoV-2 in humans (5/12 
respondents, 45%), while three quarters or more of the 
respondents collaborated with other sectors for WNV 
in humans (6/8 respondents, 75%) and IMBD in humans 
(5/6 respondents, 83%) (Table 3).

The subject of cross-sectoral collaboration also 
depended on the disease model. Sharing of surveil-
lance results was the most commonly reported area, and 
notably for HPAI (11/17 respondents,75.65%), WNV in 
humans (6/8 respondents, 75%), IMBDs in humans (4/6, 
67%) and SARS-CoV-2 in animals (5/8, 62.5%). Collabo-
ration regarding surveillance design, data collection and 
data management/storage was below 40% across all dis-
ease models.

Collaboration with neighbouring countries and international 
structures
More than half responding institutes collaborated with 
neighbouring countries and/or international structures 
across all disease models, apart from WNV in animals 
with only 2/7 respondents reporting collaborations. 
SARS-CoV-2 in humans, seasonal influenza in humans, 
and HPAI were the disease models where collaboration 
with neighbouring countries and/or international struc-
tures were the most common with 11/12 (92%), 9/10 
(90%) and 15/17 (88%) respondents, respectively. All 
responding institutes, however, collaborated as much or 
more with international structures than with neighbour-
ing countries.

Regarding collaboration with international structures, 
data sharing ranged from 14% of the respondents for 
WNV in animals (1/7) to half or more for seasonal influ-
enza (5/10 respondents, 50%), HPAI (13/17, 76%), WNV 
in humans (4/7 respondents, 57%), IMBD in humans 
(4/6 respondents, 67%). Collaboration regarding surveil-
lance design was reported by half or more respondents 
for HPAI (9/17 respondents, 53%) and seasonal influ-
enza (5/10 respondents, 50%). None of the respondents 
for WNV in humans reported collaboration regarding 

surveillance design, while for WNV in animals none of 
the respondents collaborated with international struc-
tures regarding data collection, data management or/and 
storage and data analysis and interpretation.

Discussion
We provide an in-depth description of the best practices 
in EI activities among European PH/AH/OH agencies 
focusing on a selection of priority diseases, useful for 
informing efforts related to new EI initiatives, such as 
the WHO pandemic Hub efforts to strengthen epidemic 
intelligence capacities globally and create a global surveil-
lance ecosystem, the European Commission’s objective to 
support numeric innovation in EI and current EI activi-
ties conducted by the ECDC.

Existence and organisation of epidemic intelligence 
activities
In line with Kaiser & Coulombier’s findings in 2006, our 
results showed that almost all responding institutes (32/34) 
collected EI data regularly on both national and interna-
tional levels. Even though they had identified a need for 
integrated surveillance across diseases and countries, 
rather than disease specific EI systems, our work showed 
that EI activities still strongly differ between countries and 
are largely disease specific. We also found that almost half 
(15/32; 47%) of the responding agencies carrying EI had 
dedicated teams showing a strong progress in engagement 
in EI activities on a national level, compared to 2006 when 
only three of the 23 surveyed countries reported they had 
a dedicated EI team. We did not see an increase in the pro-
portion of respondents having SOPs in place for some of 
the EI components, with 18/32 (56%) respondents in 2021 
compared to 15/23 (65%) in 2006. However, as the exist-
ence of SOPs and guidance are important requirements for 
optimal and effective performance of EI surveillance sys-
tems, their lack shows a need to further strengthen capaci-
ties of European national EI systems [20–22].

Epidemic intelligence activities
Indicator‑based activities: data sources and processes
Across all diseases, mandatory laboratory-based surveil-
lance systems were the main IBS source, showing the key 
role of in-country microbiological laboratories networks 
and capacities. Second, came syndromic surveillance sys-
tems and the use of official public websites (WHO, OIE, 
ECDC) and official international notifications (WHO, 
ADNS). The latter highlights the importance of timely 
reporting and the coordination/sharing of surveillance 
indicators and results to international structures [23]. The 
collection, analysis and interpretation of IBS information 
was performed manually for most diseases and across all 
respondents, whilst only one respondent reported the 
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use of automatic methods for collection, analysis, and 
interpretation of IBS data. The absence of an automated 
process for this activity requires permanent availability of 
skilled human resources. Future works should investigate 
how this gap can be filled.

Event‑based activities: data sources and processes
The use of EBS was not generalised to all disease mod-
els and countries, and when conducting EBS activities, 
most respondents relied on scientific literature and main-
stream media. The uptake of EI systems, such as EIOS, 
was far from being generalised across all infectious dis-
eases models. The generalisation of EI systems might 
be hampered by their limited performance for filtering 
noise and irrelevant items and validation of signals and 
analysis [24]. This requires time-consuming involvement 
of trained personnel, and leading agencies to favour the 
use of more trustworthy sources, such as scientific lit-
erature, despite poor timeliness, and mainstream media, 
despite limited coverage of a range of online sources. For 
several disease models, the capture, filtering and valida-
tion of EBS signals were not part of the EI activities, rais-
ing concerns about countries capacities to early detect 
potential health threats, and the need to train PH and AH 
professionals in collection, analysis and interpretation of 
EBS signals, either through in-country initiatives, Euro-
pean capacity building, or within the development of the 
WHO’s Pandemic Hub in the coming years [7, 25, 26].

Signal assessment and communication of alerts
Our findings showed that manual assessment of IBS and 
EBS signals i.e., expert review, was the main method used, 
emphasising the demand for continuous availability of 
trained personnel. The implementation of automatic or 
semi-automatic methods and tools [19, 24, 27], including 
forecasting or the use of data science and artificial intel-
ligence techniques for rapid processing of EI data could be 
of interest for better allocation of resources, to decrease 
the current workload of EI officers and effectively support 
government agencies, healthcare service providers, and 
medical professionals in the future [28, 29]. However, the 
implementation of such tools would require important 
investment in technical infrastructure, as well as training, 
and would, in the current setting, still require dedicated 
human resources for signal validation and risk assessment.

Communication of alerts and collaborations
Communication of signals and alerts was heterogeneous; 
however, across all disease models, responding institutes 
were more commonly using restricted access commu-
nication on a national level than on international level, 
showing a potential lack and delay in international col-
laboration for early warning and response to potential 

PH/AH threats. Yet, when asked about ongoing EI collab-
orations with neighbouring countries and international 
structures, it appeared that most responding institutes 
had more collaborations with international agencies than 
with neighbouring countries, further highlighting the 
lack of regional coordination between countries.

Enhancing cross-border and international collabora-
tions in order to tackle under-reporting and increase 
early detection, warning and response should be at the 
centre of future initiatives, taking into account disease- 
(severity, mode of transmission) and country-specific 
(public health infrastructure, epidemic preparedness, 
politics) factors previously identified by evaluations of 
the sensitivity of international epidemic intelligence tools 
[27, 30].

One health, public health, and animal health EI 
collaboration
Even though One Health and intersectoral collaborations 
are widely recognized approaches to tackle infectious 
diseases threats, prevent emergence and provide early 
response to such threats [31–35], we identified that inter-
sectoral collaboration was not the rule for most disease 
models, and that in most cases it was limited to sharing 
of surveillance results. This highlights the need to better 
understand the stakeholders’ expectations, levers, and 
barriers to intersectoral collaborations [36, 37]. A further 
assessment of One Health collaborations and capacities 
in EI should support the identification of current gaps, 
in a context where climate change further increases the 
risk of spread of zoonosis and VBD and vulnerability of 
Health systems, including in Europe [38, 39].

Strengths & limitations
Our work has several limitations: First, the response rate 
was limited to 42% with 34 responding PH or AH agen-
cies out of 81 gatekeepers/agencies contacted; however, 
respondents were well distributed over Europe, pro-
viding, we believe, a global overview of EI activities in 
Europe. Second, it is likely that when giving respondents 
the possibility to pick three diseases models, they focused 
on the ones with the most established EI systems and 
might not be representatives of potential gaps in their 
EI systems. For that reason, our work should be consid-
ered as an assessment of best practices in EI in Europe 
rather than a complete overview. Regarding accuracy of 
answers, by giving the responding gatekeeper the pos-
sibility to pause and resume the survey, we ensured that 
they could consult with colleagues and substance experts 
in order to improve or correct their answers, however, 
as mentioned above, it is also possible that respondents 
answered for diseases with the clearest or most estab-
lished EI systems in their countries. Finally, we conducted 
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this assessment following an established and recognized 
theoretical framework, hence, producing  results com-
parable to previous assessment of PH agencies and that 
could be replicated in the future.

Conclusion
Our work provides a global overview of best practices 
of EI activities in Europe, including for AH which was 
previously scarce. We identified that EI systems were 
heterogeneous in terms of surveillance activities and 
data sources and that most EI activities were conducted 
manually, showing a need for better integration, stand-
ardisation, and automatization of EI activities across 
Europe, as well as training of professionals and develop-
ment of SOPs. The role of microbiological diagnostics 
and reference laboratories in IBS remains major across 
all disease systems, emphasising the need to maintain 
current infrastructure, while the uptake of EBS was lim-
ited overall with very few data sources used. Scientific 
literature was mostly consulted, despite poor timeliness 
as well as mainstream media, despite limited coverage 
of online sources. Overall, most EI activities were con-
ducted manually, further emphasising the need to pur-
sue the development of semi- or fully automatized EBS 
tools targeted at the early detection, monitoring and 
assessment of health threats and diseases emergence.
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