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ARTICLE INFO ABSTRACT
Keywords: Biosecurity implementation in poultry production is essential for maintaining flock health and preventing dis-
Biosecurity eases. Regulatory frameworks play a key role in standardising biosecurity practices and ensuring compliance

Disease prevention among stakeholders. However, there is limited information on how biosecurity measures (BMs) are legally

Elrl‘;:)lsz enforced across different European countries. This study aimed to identify which BMs are mandated by legis-
Layer lation and/or other regulatory frameworks in 22 EU and non-EU countries for intensive poultry production.
Legislation Using a participatory approach involving poultry experts from these 22 countries, data collection and validation
Regulatory frameworks were conducted through a questionnaire covering eleven biosecurity categories and comprising 56 BMs. The
Poultry survey was carried out between December 2022 and December 2023. The number of BMs mandated by legis-

lation for all poultry species varied considerably across countries. Turkey (52), Ukraine (46), and Slovakia (38)
had the highest numbers, whereas Denmark, Sweden, and Finland had none. The most regulated BMs included
rodent control programs, cleaning and disinfection after each production cycle, and physical or natural farm
barriers. Conversely, the least regulated BMs included farm-exclusive personnel and external silo loading, with
no regulations concerning keeping other farm animals, poultry species, or pets. Broiler and layer farming were
subjected to more compulsory BMs than other poultry species. Additionally, twelve countries reported BMs under
other regulatory frameworks, with Serbia (55), Turkey (53), and Poland (49) having the highest numbers, while
Sweden (27), Finland (26), and Norway (25) had the lowest. The most regulated BMs included designated
clothing and footwear, hygiene locks, and clean house surroundings. The least regulated BMs were related to silo
loading, manure collection, and a parking area outside the farm. There was considerable variation in the number
and type of BMs mandated by legislation across countries, likely influenced by each country’s perceived disease
risk. These findings highlight the importance of establishing a harmonized biosecurity framework at the Euro-
pean level to address regulatory heterogeneity and enhance disease prevention in poultry production.
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1. Introduction

The poultry industry is a vital sector of livestock production and one
of the fastest-growing sub-sectors worldwide (OECD-FAO, 2023). By
2050, the demand for poultry meat and eggs is projected to increase by
50 % and 40 %, respectively, making poultry an essential source of
affordable, high-quality protein (Franzo et al., 2023). Currently, indus-
trial poultry production is predominantly focused on broiler chickens
and laying hens, with turkeys, ducks, geese, and other minor poultry
species contributing to the sector on a smaller scale (Korver, 2023).

According to the Food and Agriculture Organization (FAO), the Eu-
ropean Union (EU) produced approximately 96 billion table eggs in
2021, predominantly from laying hens (FAO, 2023). Similarly, the EU’s
poultry meat output was estimated at 13 million tonnes in 2022, making
it one of the world’s largest poultry meat producers (FAO, 2023).
However, this output has declined in recent years due to recurring
outbreaks of Highly Pathogenic Avian Influenza (HPAI) (Lambert et al.,
2022; European Food Safety Authority (EFSA) et al., 2023). These out-
breaks highlight the significant impact of infectious disease on the
poultry industry and the urgent need to implement measures to prevent
the introduction and spread of infectious agents.

Implementing biosecurity measures (BMs) is a key strategy for pre-
venting the introduction and spread of infectious diseases within and
between farms (Van Limbergen et al., 2018; Delpont et al., 2023; Sae-
german et al., 2023). Beyond preserving animal health, effective bio-
security plays a crucial role in public health, as it reduces the risk of
poultry products being contaminated by foodborne zoonotic pathogens
such as Salmonella and Campylobacter (Horvat et al., 2022; Zaki et al.,
2023). Additionally, by enhancing poultry performance (de Castro
Burbarelli et al., 2017), the implementation of and compliance with BMs
help to reduce the overuse of antimicrobials, addressing the pressing
issue of antimicrobial resistance (Dhaka et al., 2023). Despite the
well-established benefits, low compliance with BMs, including inade-
quate control of personnel and visitor entry, hygiene lock use, and
vehicle flow management, continues to be a concern on European
poultry farms (Laconi et al., 2023; Souillard et al., 2024). This empha-
sises the need for targeted efforts to improve biosecurity compliance and
ensure a safer, more sustainable poultry production.

The Council of Europe has emphasised the pivotal role of biosecurity
in preventing the introduction and spread of animal diseases across the
European Union (EU) territories through an integrated approach
involving all Member States and fostering cooperation across relevant
sectors and actors (European Commission, 2016). While EU regulations
exist regarding transmissible animal diseases (EU, 2016/429), they do
not include specific rules on biosecurity measures, resulting in flexibility
for Member States in how these measures are implemented and
enforced. This flexibility, however, may contribute to variation in na-
tional approaches and pose challenges to achieving a coherent and
consistent application of biosecurity practices across Europe. Previous
studies have suggested significant variability among countries, high-
lighting a lack of standardised measures and regulations at national level
(Dewulf and Van Immerseel, 2019; Mallioris et al., 2023). Despite the
well-recognised benefits of biosecurity measures, there is still limited
information on how these measures are implemented and legally
enforced across different European countries, particularly within exist-
ing regulatory frameworks.

The objective of this study was to provide an overview of BMs
regulated by legislation and other regulatory frameworks in poultry
production across 22 EU and non-EU countries. The study was con-
ducted within the COST Action (CA20103) - Biosecurity Enhanced
through Training Evaluation and Raising Awareness (BETTER).
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2. Materials and methods
2.1. Questionnaire

A questionnaire was developed within COST BETTER to collect in-
formation on the implementation of BMs according to legislation and/or
other regulatory frameworks, as well as the level of BMs implementation
in poultry farms (Table 1). The focus was on intensive poultry farming
systems, including broilers, layers, ducks, turkeys, breeders, and other
minor poultry species. Out of the 47 countries participating in the COST
BETTER (BETTER Newsletter 7), the questionnaire was distributed to 27
countries where a Country Focal Point (CFP)/Poultry expert was
available.

Three sections (Biosecurity legislation, Biosecurity other than law,
and Biosecurity implementation; (Supplementary materials) were
included in the questionnaire. The first section collected information on
BMs mandated by legislations, regulations and legal recommendations
enforced at the European, national and/or regional levels within each
country. The second section gathered similar data on BMs required by
other regulatory frameworks, such as those set by integrated companies
or farm protocols. The third section focused on the level of BMs imple-
mentation. This study reports only the outcomes related to the first two
sections of the questionnaire.

Each question in the first two sections had four response options:
“YES (mandatory)”, “YES (recommended)”, “PARTLY”, and “NO”. “YES
(mandatory)” referred to BMs mandated by any legislation such as laws,
decrees, regulations, directives, or guidelines issued by relevant legal
authorities, e.g. European Commission and/or national/regional au-
thorities, or by other regulatory frameworks. “YES (recommended)”
indicated that the BMs were recommended by the same authorities.
“PARTLY” referred to BMs that were either not applied to all poultry
species or only partially enforced. “NO” referred to BMs with no evi-
dence of being legally mandated or recommended by any authority.

If a BM was mandatory across all poultry species, the “ALL” option
was selected. If a BM did not apply to all poultry species, the “PARTLY”
option was chosen, with additional notes provided for clarification.
Before dissemination within the COST BETTER network, the question-
naire was pretested by two poultry biosecurity experts during a vali-
dation session, and minor adjustments were made based on their
feedback.

2.2. Data collection

One questionnaire per country was sent via email to the CFPs within
the COST BETTER network. CFPs were identified on a voluntary basis
within the network. They were responsible for completing the ques-
tionnaire, either independently or in collaboration with other poultry
experts (designated by the CFP) from their country. In cases where the
CFP was not a poultry expert, they consulted with or delegated the task
to qualified national experts to ensure accurate data reporting. The

Table 1

Overview of the questionnaire structure. The questionnaire was structured into
eleven biosecurity categories, investigating a total of 56 biosecurity measures
(BMs).

Biosecurity categories No. of measures in each category

Farm delimitation

Entrance of vehicles into the farm
Personnel and visitors

Entrance of people into the farm
Poultry house

Equipment and materials
Cleaning and disinfection

Food and water supply
Dead-bird disposal

Litter and manure management
Pest control
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professional affiliations of all contributors are provided to support the
credibility of the data sources. Prior to dissemination, an online training
session was conducted to standardise the data collection process. CFPs
were asked to complete the questionnaire between December 2022 and
December 2023, and return it to the research team. After submission,
individual online meetings were held with each CFP to validate the in-
formation and clarify any potential misunderstandings. A participatory
approach was adopted to ensure comprehensive and standardised data
collection (Fig. 1).

2.3. Data analysis

Data from the validated questionnaires were compiled into a
Microsoft Excel® (version 365) spreadsheet. Descriptive statistics was
performed to assess the extent to which BMs were regulated by legis-
lation across countries and to identify the most and least regulated BMs.
Three datasets were created, covering I) all poultry species, II) broilers,
and III) layers. Broilers and layers were analysed separately due to their
economic significance in poultry production within the participating
countries. Responses from the first section of the questionnaire (i.e.,
legislation enforced at the national and/or regional level) were con-
verted into ordinal data using a scoring system. The highest score was
assigned to BMs fully mandated by legislation, while the lowest score
was given to BMs with no regulatory enforcement. For the dataset
covering all poultry species, two additional response options were
included: I) “PARTIALLY” when the BM was required only for a specific
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poultry species (e.g., broiler, layer, turkey, etc.); and II) “PARTLY/
PARTIALLY” when the BM was only partly present in the legislation and
applied to a specific poultry species. The final scoring system was as
follows: “YES (mandatory)” =5, “YES (recommended)” =4,
“PARTIALLY” = 3, “PARTLY” = 2, “PARTLY/PARTIALLY” =1, “NO”
= 0. Empty cells in the broiler and layer datasets were replaced with
“NO” as response option. To explore potential associations or differences
between countries regarding BMs regulation, heatmaps based on hier-
archical clustering and Euclidean distance were generated using the
pHeatmap package (version 1.0.12) in R (version 4.3.1) (https://www.
r-project.org/). Hierarchical clustering was used to group similar data
points by iteratively merging clusters based on their similarity.
Euclidian distance was calculated using the “dist” function. The result-
ing dendrogram was visualized alongside a heatmap to highlight re-
lationships between data points. For BMs required by other regulatory
frameworks, a descriptive analysis was conducted using Microsoft
Excel® (version 365) to determine which countries provided data, the
levels at which the data were collected, and the poultry species covered.
Due to the limited data available per country, a formal statistical anal-
ysis could not be conducted.

3. Results
Out of the 27 countries to which the questionnaire was initially

distributed, no response was received from two countries (i.e., Germany
and the Republic of Cyprus), while data from three countries (i.e.,
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R: Initial research question-can you identify knowledge gaps
in biosecurity in poultry production in Europe and ways for
improvement?

K-O: Kick-off meeting of COST BETTER

RRQ: Refine R-which measures per country (legislation,
other) are in place? Identify questions

|-D: In-depth interviews
QF: Q2 pilot-tested in 2 countries and finalized

CFP: Country focal points recruited to fill-in QF

FS: Feedback sessions (semi-structured
interviews to validate the answers)

D2: Final database (22 countries)

TS: Tutorials provided to the CFPs on how to fill-in QF O: Output (Dissemination)

EXP: Experts (e.g. goverment officials) contacted

QA: QF answered (Input from 22 countries)

Q1: Questionnaire (external revision rounds) Q2: Q1 revised

Fig. 1. Stepwise process of data collection. The schematic diagram illustrates the multi-step participatory approach adopted in this study, involving collaboration
between the research team and stakeholders, including external experts and the COST BETTER consortium. The process encompassed several key steps: identifying
knowledge gaps, designing and refining the questionnaire, and collecting data through Country Focal Points (CFPs)/Poultry experts.
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Romania, Montenegro, and Portugal) were received but not validated.
Consequently, data from 22 countries, including fourteen EU Member
States (i.e., Belgium, Denmark, Estonia, Finland, France, Greece,
Hungary, Ireland, Italy, the Netherlands, Poland, Slovakia, Spain, and
Sweden), five EU candidate countries (i.e., Turkey, Serbia, Kosovo,
North Macedonia, and Ukraine), one European Economic Area (EEA)
member state (i.e., Norway), and two EU Near Neighbourhood or COST
Member Countries (i.e., Israel and Tunisia) were validated and analysed.
All countries provided information regarding BMs implemented at the
national level, with none indicating any specific rules at the regional
level. Fig. 2 summarises the countries’ response to the questionnaire.

3.1. BMs mandated by legislation

The number of BMs mandated by legislation varied considerably
across countries. Turkey (n=52/56, 92.8 %), Ukraine (n = 46/56,
82.1 %), Slovakia (n=38/56, 67.9 %), and Kosovo (n = 37/56,
66.1 %) reported the highest number of mandatory BMs, while
Denmark, Sweden, and Finland stated that no mandatory BMs were le-
gally mandated for all species (Fig. 3).

Hierarchical clustering of ordinal data from the 56 BMs across all
poultry species revealed a large cluster of countries where BMs were
mostly unregulated or only partially regulated by legislation (Fig. 4).
Additionally, two smaller clusters emerged: one consisting of major
European poultry producers (e.g., Italy and France) and another
comprising primarily EU Candidate Countries (i.e., Kosovo, Serbia,
Turkey, and Ukraine) and EU Near Neighbour or COST Member Coun-
tries (i.e., Israel and Tunisia). These two clusters exhibited a higher
number of BMs regulated by legislation. The clustering analysis further

Belgium
Denmark
Estonia

Finland

France
Germany
Greece
Hungary

Ireland

Israel

Italy

Kosovo
Montenegro
North Macedonia
Norway

Poland

Portugal
Republic of Cyprus
Romania

Serbia

Slovakia

Spain

Swed;n

The Netherlands
Tuni‘si_a( B Vs
Turkey

Ukraine

Preventive Veterinary Medicine 242 (2025) 106571

revealed that countries with higher poultry production densities, such as
Italy, France, and Spain, tended to have more comprehensive and
stringent biosecurity regulations. In contrast, a larger group of countries
showed limited or partial legislative regulation of BMs, particularly
those with smaller or less intensive poultry sectors. This pattern suggests
that production intensity may influence the extent to which biosecurity
is formally regulated, possibly reflecting both risk perception and na-
tional priorities in animal health governance.

The analysis of the broiler (Supplementary Material, Figure S1) and
layer (Supplementary Material, Figure S2) datasets showed similar re-
sults. This pattern may be explained by the economic and strategic
importance of broiler and layer production systems within the poultry
sector, which typically operate at larger scales and higher animal den-
sities than other poultry types. These intensive production systems are
associated with increased risks of disease spread, including notifiable
diseases such as avian influenza and zoonotic infections like Salmonella
spp. Consequently, they are more frequently prioritized in national
legislation and biosecurity frameworks to mitigate economic losses,
safeguard animal health, and protect public health (EFSA Panel on An-
imal Health and Welfare (AHAW), 2023; FAO, 2021; European Com-
mission, Directorate-General for Health and Food Safety, 2020). In
detail, four main clusters were identified in both heatmaps, represent-
ing: I) countries where almost all BMs were mandatory (or recom-
mended) by legislation (i.e., Serbia, Turkey, Ukraine, Kosovo, and
Slovakia); II) countries where more than half of the BMs were manda-
tory or recommended (i.e., Hungary, Italy, and Spain); III) countries
where less than half of the BMs were regulated by legislation (i.e., Israel,
Tunisia, France, Greece, Poland, Denmark, and Norway); and IV)
countries where only few BMs were regulated by legislation (i.e., North

M Validated
M Sent but not received back

B Received but not validated

Powered by Bing
© GeoNames, Microsoft, OpenStreetMap, TomTom

Fig. 2. Response status to the questionnaire by participating countries. The map displays the response status across 27 participating countries. Countries are colour-

coded based on their response.



Q. Mahmood et al.

100%—

75%

50%—

% answers

25%

Preventive Veterinary Medicine 242 (2025) 106571

Yes (mandatory)
Yes (recommended)
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Fig. 3. Number of BMs regulated by legislation in each country. The legend shows different response options: “YES (mandatory)” refers to BMs mandatory by
legislation. “YES (recommended)” indicates BMs recommended by legislation. “PARTIALLY” refers to BMs that were mandatory only for a specific poultry species.
“PARTLY” refers to BMs that were either not applied to all poultry species or only partially fulfilled. “PARTLY/PARTIALLY” refers to BMs that were only partly
present in the legislation and valid for a specific poultry species. NO” refers to BMs with no evidence of being legally mandated or recommended by any authority.

Biosecurity Measures per country
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1_Farm delimitation
2_Entrance of vehicles into the farm
3_Personnel and visitors
4_Entrance of people in the farm
5_Poultry house
6_Equipment and materials
7_Cleaning and disinfection
8_Food and water supply
9_Dead-bird disposal
10_Litter and manure management
11_Pest control
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Fig. 4. Heatmap showing hierarchical clustering of countries and BMs. The heatmap illustrates the clustering of countries and BMs according to their regulation,
based on ordinal data including all poultry species. The colour-coding represents the degree of implementation: green for "YES (mandatory)", light green for "YES
(recommended)", yellow for "PARTIALLY", orange for "PARTLY", brown for "PARTLY/PARTIALLY", and red for "NO." The hierarchical clustering at the top groups the
BMs, while the clustering on the left groups the countries, highlighting patterns and similarities in biosecurity practices across the different participating countries.

Macedonia, Estonia, Ireland, Sweden, Finland, the Netherlands, and
Belgium).

When considering individual BMs, nine were found to be legally
mandatory for all poultry species in at least half of the countries. These
included measures related to farm delimitation, entrance of vehicles into
the farm, poultry house, cleaning and disinfection, and pest control
Conversely, six BMs from different categories (i.e., farm delimitation,
personnel and visitors, entrance of people into the farm, poultry house,
equipment and materials, and food and water supply) were legally
mandated in fewer than 10 % of participating countries. The most

regulated BMs were rodent control programs (n = 14/22, 63.3 %),
cleaning and disinfection of the poultry house after each production
cycle (n = 13/22, 59.1 %), and the presence of physical (e.g., fences) or
natural (e.g., trees) barriers surrounding the farm area (n =12/22,
54.5 %). Among the least regulated BMs, there were personnel working
exclusively on one farm (n =1/22, 4.5 %), and the loading of silo
outside the farms (n = 1/22, 4.5 %). No country regulated the presence
of other farm animals, poultry species, or pets on the farms, through
legislation.
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3.2. BMs mandated by other regulatory frameworks

Regarding BMs mandated by other regulatory frameworks (e.g., in-
tegrated poultry industry or farm protocols), twelve out of 22 partici-
pating countries reported data (Fig. 5). Among the countries with the
highest number of BMs regulated by non-legislative frameworks across
the different poultry species, Serbia led with 55 out of a total of 56 BMs,
followed by Turkey (n = 53/56), and Poland (n = 49/56). In contrast,
Sweden (n = 27/56), Finland (n = 26/56) and Norway (n = 25/56)
reported the lowest number of BMs (Fig. 6) mandated by other regula-
tory frameworks. Ten countries (i.e., Estonia, France, Israel, Italy,
Kosovo, North Macedonia, Slovakia, Spain, Tunisia, and Ukraine) did
not report any data on BMs mandated by non-legislative frameworks.
Poland provided data at the regional level, while Serbia reported at both
national and regional levels. All other countries reported only at the
national level.

Regarding poultry species, Belgium and Denmark reported compul-
sory BMs beyond legal requirements for broilers, layers, and breeders,
while Finland reported compulsory BMs for broilers, layers, breeders,
and turkeys. Greece, Hungary, Ireland, Norway and North Macedonia
did not provide species-specific data. The Netherlands reported BMs for
layers, while Poland covered broilers and breeders. Serbia, Sweden, and
Turkey reported BMs for all poultry species, with minor poultry species
reported by Serbia.

4. Discussion

At the European level, BMs for the poultry sector are governed by
various regulations and directives established by the EU Commission.
For example, Regulation (EU) 2016/429, known as the Animal Health
Law (AHL), has been in force since 2021 and represents a significant step
toward managing transmissible animal diseases within the EU. In
addition to the AHL, other regulations govern the movement of poultry
and hatching eggs within the EU (EU, 2005, 2016, 2019, 2020a, 2020b).
While these regulations play a pivotal role in protecting animal and
public health, they often do not specifically address biosecurity in ani-
mal production. In routine on-farm practices, there is limited actionable
guidance from these regulations. To better support farmers, veterinar-
ians, and other stakeholders, more specific guidelines on biosecurity
appear to be needed both at the European and national levels. The
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findings of the present study suggest that a more clear and compre-
hensive biosecurity act at the European level should be in place. Euro-
pean countries could then adapt and regulate the implementation of BMs
according to their national circumstances and epidemiological situation.

Using a participatory approach for data collection offered several
advantages. By involving stakeholders such as CFPs and external poultry
experts, we ensured that the data captured the diverse biosecurity sce-
narios across participating countries, considering their unique disease
contexts, national regulatory frameworks, and farming practices. The
iterative refinement of the questionnaire, from the initial identification
of knowledge gaps to pilot testing and revision, allowed us to continu-
ously improve its relevance and accuracy. This iterative enhancement
was crucial in ensuring that the data gathered were comprehensive and
representative of diverse regulatory environments. Additionally,
providing tutorials on completing the finalized questionnaire ensured
consistency and clarity in responses, reducing variability and mis-
understandings in data reporting. Subsequent validation through expert
consultations and feedback sessions further improved data reliability.

While this approach enhanced data quality, several limitations must
be acknowledged. This study relied on self-reported data provided by
Country Focal Points (CFPs), which may have introduced bias due to
varying levels of expertise consulted and differences in the availability
and interpretation of national data across countries. Furthermore, the
questionnaire was not always completed exclusively by the CFPs; in
some cases, it was filled out collaboratively with national poultry ex-
perts or solely by experts designated by the CFPs. Although this flexi-
bility was necessary to accommodate national contexts, identifying and
engaging the most knowledgeable individuals to provide accurate and
representative information proved challenging and was time-
consuming. Additionally, the results presented in this study reflect the
period during which data were collected in each country. It is possible
that some countries have since introduced new legislation that is missing
in this study.

Our findings indicate that certain biosecurity categories such as
"Poultry House" (88 regulations across participating countries) and
"Equipment and Materials" (71 regulations) were the most commonly
reported as mandated by legislation, reflecting their fundamental role in
ensuring poultry health. This trend highlights the prioritization of
physical structures and critical resources in maintaining biosecurity
standards. In contrast, categories like "Pest Control" (21 regulations) and

\)
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Responding countries

Fig. 5. Number of biosecurity measures (BMs) regulated by other regulatory frameworks in each country.
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Are house-specific or disposable clothes and
footwear used?

Has the house hygiene lock a separation between
"clean" and "dirty" area?

Is the inside of the house provided with washable
and disinfectable floor, walls and roof?

Is a house hygiene lock present at the entrance of
the house?

Biosecurity measures

Are the surroundings of the house in clean
conditions (e.g., cut grass, free from objects,
equipment and other unnecessary material)?

Is the litter milled and/or replaced during a single
production cycle?

Do the farmer and personnel have to comply with
a bird-free period prior to entering the farm?

Is the farm provided with a parking area located
outside the farm area?

Can the manure be collected by the rendering
company withouth entering the farm area?

Biosecurity measures u

Does the loading of silos occur from the outside of
the farm area (without trucks entering the farm...

-
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Fig. 6. The most (A) and least (B) regulated BMs by other regulatory frameworks. The frequency indicates the number of countries where these BMs were regulated,

out of twelve countries that reported data.

"Entrance of Vehicles" (20 regulations) were less frequently reported as
regulated, indicating that while they remain important, they may not be
perceived as immediate risks compared to housing, food, and water
supply. The most regulated BMs were those with a direct impact on
reducing disease transmission and enhancing biosecurity (European
Commission, 2019). Previous studies have shown that the regulation
and compliance with these measures are crucial in mitigating disease
risks, particularly in the EU, where poultry production is mostly
executed by integrated companies (Chowdhury et al., 2012; Tilli et al.,
2022; Delpont et al., 2023). Moreover, the importance of these bio-
security practices is often emphasised in national biosecurity compli-
ance assessments, which prioritize them due to their proven efficacy
(Gelaude et al., 2014). These infrastructure-related measures are
frequently considered key indicators of a farm’s overall biosecurity
status, correlating directly with its ability to prevent disease outbreaks
(Van Limbergen et al., 2018; Correia-Gomes and Sparks, 2020). Another
potential reason for these BMs being more frequently regulated could be
their easiness of checking/enforcement, as they are highly visible.
However, the absence of regulations for some BMs, such as the
presence of other farm animals (e.g., swine, cattle, etc.), other poultry
species, or pets on farms, as well as practices like personnel working
across multiple farms and loading silos outside farms, suggests potential
gaps in BMs enforcement. Souillard et al. (2024) also identified the low
level of implementation of these BMs in large-scale poultry farms across
Europe. Their investigation revealed several factors, including farmers’
perception that certain practices, such as preventing the presence of
other animals (e.g., swine, cattle, etc.), poultry species, or pets on farms,
offered "no known advantage’. Additionally, practices like silo loading

outside the farm were perceived as 'too expensive’, while personnel
working across multiple farms was seen as a more cost-effective option
than employing exclusive farm personnel (Souillard et al., 2024).

Although critical for disease control, many BMs are not uniformly
regulated across countries, possibly due to varying perceptions of risk,
enforcement challenges, or lack of awareness of biosecurity benefits
(Van Limbergen et al., 2018). In contrast, some countries compensate for
the lack of legislation with other regulatory frameworks, such as
industry-driven standards. The local epidemiological situation of
transmissible diseases may also influence the stringency of BMs. For
example, European countries with significant AI outbreaks tend to
enforce more rigorous biosecurity protocols to prevent future outbreaks
(Delpont et al., 2021; Tilli et al., 2022; Laconi et al., 2023). This
approach has been observed in regions heavily impacted by the virus,
where stricter measures are implemented in response to past outbreaks
to protect the poultry industry (EFSA et al., 2024).

Among the European top poultry-producing countries in our dataset
(i.e., Poland, Spain, France, and Italy) (European Commission, 2024),
Poland had the fewest number of BMs mandated by law, whereas Italy
had the highest number, followed by Spain and France. Other countries,
including Sweden, Denmark, Belgium, Finland, Ireland, the
Netherlands, Greece, Estonia, North-Macedonia, and Poland, formed a
cluster with the lowest number of BMs mandated by law. Meanwhile,
Norway, France, Italy and Spain clustered together with a moderate
number of regulated BMs. A third cluster included Kosovo, Slovakia,
Turkey, Serbia, Ukraine, Hungary, Israel and Tunisia, which had a
higher number of BMs mandated by law compared to the previous two
clusters. It is important to mention that the number of regulated BMs in a
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country does not necessarily reflect the actual level of biosecurity
implementation. Regulations may instead be tailored to specific risk
levels, such as high farm densities or increased exposure to wild birds or
to specific characteristics of different poultry production types.

Overall, BMs were more highly regulated in commercial broiler and
layer production than in other poultry species (e.g. turkeys, breeders,
ducks, minor poultry species). However, this trend may vary among
individual countries, especially for breeders, where stricter BMs are
recommended (Laconi et al., 2023). This is likely due to the greater
economic value of breeders. Nevertheless, broilers and layers remain the
primary sources of meat and eggs in the European poultry industry (EU
Agricultural Markets, 2024; European Commission, 2024).

Some differences were observed between countries regarding the
broiler and layer sectors. Northern European countries, such as Denmark
and Norway, clustered with countries that had a higher number of BMs
mandated by legislation (e.g., France, Italy, and Spain) in layer farming
compared to broiler farming. This trend may be explained by the longer
production cycles in this poultry category, which increase the risk of
disease spread and require more stringent regulations (Guinat et al.,
2019). The greater economic impact of disease outbreaks in layer farms,
compared to the shorter lifecycle of broilers, further explains the stricter
regulations observed (Scott et al., 2018). Similar trends have been re-
ported across Europe, with countries implementing more rigorous BMs
in layer farms to reduce long-term disease risks (Mirwandhono et al.,
2023).

The findings of this study highlight the heterogeneity of legislative
coverage for BMs across participating countries. This information is
highly valuable, enabling countries to adopt BMs tailored to their spe-
cific disease risks and prioritize those most relevant to their needs.
Differences in biosecurity implementation between countries may be
influenced by several factors, including legal requirements, climatic
conditions, production density, voluntary disease control programs,
industry initiatives, trade patterns, as well as farmers’ traditional prac-
tices, technical knowledge, infrastructure, attitudes, and financial ca-
pacity. Although many countries enforce BMs through legislation,
research across multiple animal production systems has shown dis-
crepancies between written standards or guidelines and actual on-farm
compliance (Siekkinen et al., 2012). To address this regulatory hetero-
geneity, the European Commission could consider developing a
harmonised biosecurity framework that offers common guidance while
allowing for national adaptation. Such an approach would promote
greater consistency in biosecurity standards across Europe, while still
respecting country-specific contexts and priorities. Farmers are more
likely to adopt BMs if they perceive tangible benefits for their farm
performance. However, there is a lack of quantitative data linking BMs
to production outcomes in poultry (Laanen et al., 2014). Effective bio-
security management relies on collaboration between farmers, veteri-
narians, and other health professionals, guided by a structured
biosecurity plan (Filippitzi et al., 2018). Alonso et al. (2020) has re-
ported that the general public is more aware of animal welfare due to
initiatives led by the industry, retailers, and various associations.
However, biosecurity has not received the same level of attention. Un-
like animal welfare, biosecurity is not yet a priority for the general
public (Alonso et al., 2020). One future effort could focus on informing
and educating the public about the benefits of poultry raised under
proper biosecurity measures.

Facilitating the exchange of information and best practices among
European countries can foster mutual learning and help countries align
with more advanced biosecurity standards. Addressing current chal-
lenges requires a coordinated approach that recognizes the complex
interplay of legal, economic, and institutional factors shaping bio-
security regulation within the European poultry sector. Future research
should investigate the underlying reasons for limited or inconsistent
compliance with certain biosecurity measures and identify context-
specific strategies to improve their adoption among poultry farmers.
Such research could also explore how policy design, farmer perceptions,
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and economic incentives influence the implementation of biosecurity
regulations across different production systems and regions.

5. Conclusions

The findings of this study provide valuable insights for countries
seeking to refine or prioritize biosecurity strategies based on their spe-
cific epidemiological contexts. While variations in the number and type
of regulated BMs reflect differences in disease situations and associated
risks across countries, a harmonized biosecurity framework at the Eu-
ropean level could help address this regulatory heterogeneity by
providing common guidance and defining specific measures that coun-
tries can adapt to their own contexts. This would support the develop-
ment of tailored, risk-based approaches while promoting greater
consistency across national biosecurity strategies. Ultimately, such ef-
forts would enable a more effective response to emerging threats and
strengthen biosecurity systems in poultry production across Europe.

COST BETTER Country Focal Points (CFPs)/Poultry Experts

Moniek Ringenier (Veterinary Epidemiology Unit, Department of
Internal Medicine, Reproduction and Population Medicine, Faculty of
Veterinary Medicine, Ghent University, Salisburylaan 133, 9820 Mer-
elbeke, Belgium), Iryna Makovska (Veterinary Epidemiology Unit,
Department of Internal Medicine, Reproduction and Population Medi-
cine, Faculty of Veterinary Medicine, Ghent University, Salisburylaan
133, 9820 Merelbeke, Belgium), Line Svennesen (Department of Veter-
inary and Animal Sciences, Faculty of Health and Medical Sciences,
University of Copenhagen, Groennegaardsvej 8, 1870 Frederiksberg C,
Denmark), Arvo Viltrop (Institute of Veterinary Medicine and Animal
Sciences, Estonian University of Life Sciences, Kreutzwaldi 62, 51014
Tartu, Estonia), Ina Toppari (Animal Health ETT, P.O. Box 221, 60101
Seindjoki, Finland), Mattias Delpont (IHAP, Université de Toulouse,
INRAE, ENVT, Toulouse, France), Maria Eleni Filippitzi (Laboratory of
Animal Production Economics, School of Veterinary Medicine, Aristotle
University of Thessaloniki, AUTH Campus, 54124, Greece), Tsiouris
Vasileios (Laboratory of Animal Production Economics, School of Vet-
erinary Medicine, Aristotle University of Thessaloniki, AUTH Campus,
54124, Greece), Vangelis Economou (Laboratory of Animal Food Prod-
ucts Hygiene, Veterinary Public Health, School of Veterinary Medicine,
Aristotle University of Thessaloniki, University Campus, 54124 The-
ssaloniki Greece), Laszlo Ozsvéri (Department of Veterinary Forensics
and Economics, University of Veterinary Medicine Budapest, Istvan u. 2,
1078 Budapest, Hungary), Marietta Mate (Department of Veterinary
Forensics and Economics, University of Veterinary Medicine Budapest,
Istvan u. 2, 1078 Budapest, Hungary), Carla Correia Gomes (Animal
Health Ireland, 2-5 Archways, Carrick on Shannon, N41 WN27,
Ireland), Francesco Galuppo (Unita Locale Socio-Sanitaria (ULSS) 6
Euganea, Via Enrico degli Scrovegni 14, 35131 Padua, Italy), Blerta
Mehmedi (Department of veterinary medicine, Faculty of Agriculture
and Veterinary, University of Prishtina. Boulevard “Bill Clinton”, nn.
10000, Kosovo), Aleksandar Dodovski (Department of Avian Diseases,
Faculty of Veterinary Medicine - Skopje, Ss. Cyril and Methodius Uni-
versity in Skopje, Lazar Pop Trajkov 5-7, 1000 Skopje, Macedonia), Siv
Meling (Norwegian Veterinary Institute, Elizabeth Stephansens vei 1,
1433 As, Norway), Artur Zbikowski (Department of Pathology and
Veterinary Diagnostics, Division of Avian, Exotic Animals and Fish
Diseases, Warsaw University of Life Sciences, Ciszewskiego 8 02-786,
Warsaw, Poland), Marko Pajic (Department for Epizootiology, Clinical
Diagnostic and DDD, Scientific Veterinary Institute "Novi Sad", Rume-
nacki put 20, 21000 Novi Sad, Serbia), Monika Pogany Simonova
(Centre of Biosciences of the Slovak Academy of Sciences, Institute of
Animal Physiology, Soltesovej 4, Kosice 040 01, Slovakia), Aitor Devesa
Ruiz-Bravo (Centro de Calidad Avicola y Alimentacion Animal de la
Comunidad Valenciana (CECAV), Castellén, Spain), Lena-Marie Tam-
minen (Veterinary Epidemiology Unit, Department of Clinical Sciences,



Q. Mahmood et al.

Faculty of Veterinary Medicine and Animal Science, Swedish University
of Agricultural Sciences, Almas allé 8, 756 51 Uppsala, Sweden), Karin
Berggren (Veterinary Epidemiology Unit, Department of Clinical Sci-
ences, Faculty of Veterinary Medicine and Animal Science, Swedish
University of Agricultural Sciences, Almas allé 8, 756 51 Uppsala,
Sweden), Bart H.P. van den Borne (Business Economics Group, Depart-
ment of Social Sciences, Wageningen University and Research, Hol-
landseweg 1, 6706 KN, Wageningen, the Netherlands & Infectious
Disease Epidemiology Group, Department of Animal Sciences, Wage-
ningen University and Research, Droevendaalsesteeg 1, 6708 PB,
Wageningen, the Netherlands), Eline Vink (Department of Research and
Development, Royal Animal Health Services (GD), PO Box 9, Deventer
7400, the Netherlands & Infectious Disease Epidemiology, Wageningen
University, PO Box 338, Wageningen 6700, the Netherlands), Naim
Deniz Ayaz (Department of Food Hygiene and Technology, Faculty of
Veterinary Medicine, Kirikkale University, Yahsihan, 71450 Kirikkale,
Tiirkiye), Vitalii Nedosekov (Department of Veterinary Epidemiology
and Animal Health, Faculty of Veterinary Medicine, National University
of Life and Environmental Sciences of Ukraine, Heroyiv Oborony st., 15,
03041 Kyiv, Ukraine).

CRediT authorship contribution statement

Alberto Allepuz: Writing - review & editing, Supervision, Project
administration, Funding acquisition, Conceptualization. Jasna Proda-
nov-Radulovi¢: Writing — review & editing, Supervision, Project
administration, Conceptualization. Marta Leite: Writing — review &
editing, Writing — original draft, Investigation. Ronald Vougat Ngom:
Writing — review & editing, Writing — original draft. Alessandra Pic-
cirillo: Writing — review & editing, Writing — original draft, Validation,
Supervision, Methodology, Investigation, Conceptualization. Ilias
Chantziaras: Writing — review & editing, Validation, Supervision,
Project administration, Methodology, Funding acquisition, Conceptu-
alization. Giuditta Tilli: Writing — review & editing, Writing — original
draft, Investigation, Data curation. Qamer Mahmood: Writing — review
& editing, Writing — original draft, Visualization. Andrea Laconi:
Writing — review & editing, Writing — original draft, Visualization,
Formal analysis. COST BETTER Country Focal Points (CFPs)/Poultry
Experts: Investigation, Writing - review & editing.

Funding

This research work was funded and conducted within COST Action
CA20103, Biosecurity Enhanced Through Training Evaluation and
Raising Awareness (BETTER), supported by COST (European Coopera-
tion in Science and Technology).
Declaration of Competing Interest

The authors declare no conflict of interest.
Acknowledgements

We acknowledge Rachel Moskovitz Cohen (Ministry of Agriculture
and Food Security, Israel), Lubomira Gresakova (Institute of Animal
Physiology, Centre of Biosciences of the Slovak Academy of Sciences,
Slovakia), and Hafidh Akkari (Ecole Nationale de Médecine Vétérinaire
de Sidi thabet, Tunisia) for their help in data collection and validation.

Supplementary materials

Questionnaire, Heatmap on BMs regulated in broilers (Figure S1) and
Heatmap on BMs regulated in layers (Figure S2).

Preventive Veterinary Medicine 242 (2025) 106571
Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.prevetmed.2025.106571.

References

Alonso, M.E., Gonzalez-Montana, J.R., Lomillos, J.M., 2020. Consumers’ concerns and
perceptions of farm animal welfare. Animals 10 (3), 385.

Chowdhury, S., Sandberg, M., Themudo, G., Ersbgll, A., 2012. Risk factors for
campylobacter infection in Danish broiler chickens. Poultry Sci. 91, 2701-2709.
Correia-Gomes, C., Sparks, N., 2020. Exploring the attitudes of backyard poultry keepers

to health and biosecurity. Prev. Vet. Med. 174, 104812.

de Castro Burbarelli, M.F., do Valle Polycarpo, G., Lelis, K.D., Granghelli, C.A., De
Pinho, A.C.C., Queiroz, S.R.A., Fernandes, A.M., De Souza, R.L.M., Moro, M.E.G., de
Andrade Bordin, R., 2017. Cleaning and disinfection programs against
campylobacter jejuni for broiler chickens: productive performance, microbiological
assessment and characterization. Poultry Sci. 96, 3188-3198.

Delpont, M., Guinat, C., Guérin, J.-L., Vaillancourt, J.-P., Paul, M.C., 2021. Biosecurity
measures in French poultry farms are associated with farm type and location. Prev.
Vet. Med. 195, 105466.

Delpont, M., Salazar, L.G., Dewulf, J., Zbikowski, A., Szeleszczuk, P., Dufay-Lefort, A.-C.,
Rousset, N., Spaans, A., Amalraj, A., Tilli, G., 2023. Monitoring biosecurity in poultry
production: an overview of databases reporting biosecurity compliance from seven
European countries. Front. Vet. Sci. 10, 1231377.

Dewulf, J., Van Immerseel, F., 2019. Biosecurity in Animal Production and Veterinary
Medicine. Cabi.

Dhaka, P., Chantziaras, 1., Vijay, D., Bedi, J.S., Makovska, 1., Biebaut, E., Dewulf, J.,
2023. Can improved farm biosecurity reduce the need for antimicrobials in food
animals? A scoping review. Antibiotics 12, 893.

EFSA, Prevention, E.Cf.D., Control, Influenza, E.U.R.Lf.A., Fusaro, A., Gonzales, J.L.,
Kuiken, T., Mirinaviciute, G., Niqueux, E, Stahl, K., Staubach, C., 2024. Avian
influenza overview December 2023-March 2024. EFSA J. 22, e8754.

EFSA Panel on Animal Health and Welfare (AHAW), 2023. Scientific opinion on the
welfare of meat chickens reared in various production systems. EFSA J. 21 (1),
e07731. https://doi.org/10.2903/j.efsa.2023.7731.

EU, 2005. Council Directive 2005/94/EC of 20 December 2005 on community measures
for the control of avian influenza and repealing directive 92/40/EEC. Off. J. Eur.
Union 16-65.

EU, 2016. Regulation (EU) 2016/429 of the European Parliament and of the Council of 9
March 2016 on transmissible animal diseases and amending and repealing certain
acts in the area of animal health ("animal health law"). Off. J. Eur. Union 1-208.

EU, 2019. Regulation (EU) 2019/2035 of 28 June 2019 laying down rules on the
application of regulation (EU) 2016/429 of the European Parliament and of the
Council with regard to the establishments keeping terrestrial animals and hatcheries,
and the traceability of certain kept terrestrial animals. Off. J. Eur. Union 132-179.

EU, 2020a. Commission delegated regulation (EU) 2020/687 of 17 December 2019
supplementing regulation (EU) 2016/429 of the European Parliament and of the
Council as regards rules for the prevention and control of certain listed diseases. Off.
J. Eur. Union 64-139.

EU, 2020b. Commission implementing regulation (EU) 2020/688 of 17 December 2019
laying down rules for the application of regulation (EU) 2016/429 of the European
Parliament and of the Council with regard to movements within the union of
terrestrial animals and hatching eggs. Off. J. Eur. Union 140-210.

EU Agricultural Markets, 2024. EU Market Situation for Eggs. European Commission -
Expert Group on Agricultural Markets, Brussels.

European Commission, 2016. Regulation (EU) 2016/429 of the European Parliament and
of the Council of 9 March 2016 on transmissible animal diseases and amending and
repealing certain acts in the area of animal health (‘animal health law’). Off. J. Eur.
Union 59, 1-208.

European Commission, 2024. "Eggs and Poultry." Agri-Food Data Portal. European
Commission.

European Commission, Directorate-General for Health and Food Safety, 2020. Overview
Report: Biosecurity Measures in Poultry Holdings. European Commission, Brussels.
(https://food.ec.europa.eu).

European Food Safety Authority (EFSA), Aznar, L., Kohnle, L., Stoicescu, A., van
Houtum, A., Zancanaro, G., 2023. Annual report on surveillance for avian influenza
in poultry and wild birds in member states of the European Union in 2022. EFSA J.
21 (12), e8480.

FAO, 2023. Meat Market Review: Overview of Global Meat Market And Policy
Developments in 2022. Rome.

Filippitzi, M.-E., Brinch Kruse, A., Postma, M., Sarrazin, S., Maes, D., Alban, L.,
Nielsen, L., Dewulf, J., 2018. Review of transmission routes of 24 infectious diseases
preventable by biosecurity measures and comparison of the implementation of these
measures in pig herds in six European countries. Transbound. Emerg. Dis. 65,
381-398.

Food and Agriculture Organization of the United Nations, 2021. Biosecurity Guide for
Live Poultry Markets. FAO, Rome. (https://www.fao.org/documents/card/en/c/c
b3983en).

Franzo, G., Legnardi, M., Faustini, G., Tucciarone, C.M., Cecchinato, M., 2023. When
everything becomes bigger: big data for big poultry production. Animals 13, 1804.

Gelaude, P., Schlepers, M., Verlinden, M., Laanen, M., Dewulf, J., 2014. Biocheck. UGent:
a quantitative tool to measure biosecurity at broiler farms and the relationship with
technical performances and antimicrobial use. Poult. Sci. 93, 2740-2751.


https://doi.org/10.1016/j.prevetmed.2025.106571
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref1
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref1
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref2
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref2
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref3
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref3
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref4
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref4
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref4
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref4
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref4
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref5
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref5
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref5
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref6
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref6
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref6
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref6
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref7
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref7
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref8
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref8
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref8
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref9
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref9
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref9
https://doi.org/10.2903/j.efsa.2023.7731
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref11
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref11
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref11
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref12
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref12
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref12
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref13
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref13
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref13
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref13
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref14
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref14
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref14
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref14
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref15
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref15
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref15
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref15
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref16
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref16
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref17
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref17
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref17
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref17
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref18
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref18
https://food.ec.europa.eu
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref20
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref20
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref20
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref20
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref21
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref21
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref21
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref21
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref21
https://www.fao.org/documents/card/en/c/cb3983en
https://www.fao.org/documents/card/en/c/cb3983en
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref23
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref23
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref24
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref24
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref24

Q. Mahmood et al.

Guinat, C., Rouchy, N., Camy, F., Guérin, J.L., Paul, M.C., 2019. Exploring the wind-
borne spread of highly pathogenic avian influenza HSN8 during the 2016-2017
epizootic in France. Avian Dis. 63, 246-248.

Horvat, A., Luning, P.A., DiGennaro, C., Rommens, E., van Daalen, E., Koene, M.,
Jalali, M.S., 2022. The impacts of biosecurity measures on campylobacter
contamination in broiler houses and slaughterhouses in the Netherlands: a
simulation modelling approach. Food Control 141, 109151.

Korver, D., 2023. Current challenges in poultry nutrition, health, and welfare. Animal 17,
100755.

Laanen, M., Maes, D., Hendriksen, C., Gelaude, P., De Vliegher, S., Rosseel, Y., Dewulf, J.,
2014. Pig, cattle and poultry farmers with a known interest in research have
comparable perspectives on disease prevention and on-farm biosecurity. Prev. Vet.
Med. 115, 1-9.

Laconi, A, Tilli, G., Galuppo, F., Grilli, G., Souillard, R., Piccirillo, A., 2023.
Stakeholders’ perceptions of biosecurity implementation in Italian poultry farms.
Animals 13 (20), 3246.

Lambert, S., Durand, B., Andraud, M., Delacourt, R., Scoizec, A., Le Bouquin, S.,
Rautureau, S., Bauzile, B., Guinat, C., Fourtune, L., 2022. Two major epidemics of
highly pathogenic avian influenza virus HSN8 and H5N1 in domestic poultry in
France, 2020-2022. Transbound. Emerg. Dis. 69, 3160-3166.

Mallioris, P., Teunis, G., Lagerweij, G., Joosten, P., Dewulf, J., Wagenaar, J.A.,
Stegeman, A., Mughini-Gras, L., 2023. Biosecurity and antimicrobial use in broiler
farms across nine European countries: toward identifying farm-specific options for
reducing antimicrobial usage. Epidemiol. Infect. 151, e13.

Mirwandhono, R., Miranti, A., Aulia, F., 2023. The effect of biosecurity implementation
on mortality in layer chicken farming. IOP Conf. Ser. Earth Environ. Sci., 012004

10

Preventive Veterinary Medicine 242 (2025) 106571

OECD-FAO, 2023. OECD-FAO Agricultural Outlook 2023-2032.

Saegerman, C., Parisi, G., Niemi, J., Humblet, M.-F., Ron-Roman, J., Souley Kouato, B.,
Allepuz, A., Porphyre, V., Rodrigues da Costa, M., Renault, V., 2023. Evaluation
survey on agreement with existing definitions of biosecurity with a focus on
livestock. Animals 13, 1518.

Scott, A.B., Singh, M., Groves, P., Hernandez-Jover, M., Barnes, B., Glass, K., Moloney, B.,
Black, A., Toribio, J.-A., 2018. Biosecurity practices on Australian commercial layer
and meat chicken farms: performance and perceptions of farmers. PLoS One 13,
e0195582.

Siekkinen, K.-M., Heikkil4, J., Tammiranta, N., Rosengren, H., 2012. Measuring the costs
of biosecurity on poultry farms: a case study in broiler production in Finland. Acta
Vet. Scand. 54, 1-8.

Souillard, R., Allain, V., Dufay-Lefort, A.C., Rousset, N., Amalraj, A., Spaans, A.,
Zbikowski, A., Piccirillo, A., Sevilla-Navarro, S., Kovécs, L., 2024. Biosecurity
implementation on large-scale poultry farms in Europe: a qualitative interview study
with farmers. Prev. Vet. Med. 224, 106119.

Tilli, G., Laconi, A., Galuppo, F., Mughini-Gras, L., Piccirillo, A., 2022. Assessing
biosecurity compliance in poultry farms: a survey in a densely populated poultry
area in north east Italy. Animals 12, 1409.

Van Limbergen, T., Dewulf, J., Klinkenberg, M., Ducatelle, R., Gelaude, P., Méndez, J.,
Heinola, K., Papasolomontos, S., Szeleszczuk, P., Maes, D., 2018. Scoring biosecurity
in European conventional broiler production. Poult. Sci. 97, 74-83.

Zaki, M.S., Fahmy, H.A., Khedr, M.H., Goha, M., Attia, A.S., 2023. The prevalence of
Salmonella species as a biosecurity indicator in poultry farms in Sharkia
governorate, Egypt. Zagazig Vet. J. 51, 295-309.


http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref25
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref25
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref25
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref26
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref26
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref26
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref26
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref27
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref27
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref28
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref28
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref28
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref28
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref29
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref29
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref29
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref30
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref30
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref30
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref30
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref31
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref31
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref31
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref31
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref32
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref32
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref33
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref33
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref33
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref33
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref34
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref34
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref34
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref34
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref35
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref35
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref35
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref36
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref36
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref36
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref36
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref37
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref37
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref37
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref38
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref38
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref38
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref39
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref39
http://refhub.elsevier.com/S0167-5877(25)00156-4/sbref39

	Implementation of biosecurity measures according to legislation in intensive poultry production: An overview across 22 EU a ...
	1 Introduction
	2 Materials and methods
	2.1 Questionnaire
	2.2 Data collection
	2.3 Data analysis

	3 Results
	3.1 BMs mandated by legislation
	3.2 BMs mandated by other regulatory frameworks

	4 Discussion
	5 Conclusions
	COST BETTER Country Focal Points (CFPs)/Poultry Experts
	CRediT authorship contribution statement
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Supplementary materials
	Appendix A Supporting information
	References


