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Preface

This report is commissioned by the Danish Veterinary and Food Administration (DVFA) as part of the general
agreement regarding public sector services between the Ministry of Food, Agriculture and Fisheries of
Denmark, the Ministry of Environment and Gender Equality of Denmark, the Ministry of Green Transition of
Denmark and the Department of Food and Resource Economics (IFRO).

In recent years, European and Danish poultry production have experienced severe epidemics of avian
influenza. EU legislation has opened the way for vaccination of poultry to prevent outbreaks. The purpose of
this report is to investigate the sectoral and socio-economic consequences of vaccinating turkeys in Denmark
against avian influenza.

The vaccination strategy investigated in this report is suggested by the Danish Veterinary Consortium (DK-
VET) in their report regarding the evaluation of scenarios for preventive vaccination against highly pathogenic
avian influenza in Denmark (Boklund et al., 2024).

We want to thank several people for their time and valuable input. We have met with representatives from
the turkey industry to learn more about its production structure and practical procedures: warm thanks to
Marianne Nymann (APM Denmark) and Sgren Astrup (PoultryVet). We have met with representatives from
the poultry industry to discuss potential market reactions to vaccination: warm thanks to Jgrgen Nyberg
Larsen (Danske Z£g). We have met with experts from the DK-VET to learn more about the proposed
vaccination strategy as well as the effectiveness of vaccines: warm thanks to Sandra Filipa Oliveira, Carsten
Thure Kirkeby and Yuan Liang. We have met with an expert from the State Serum Institute (SSI) to obtain
information on the costs of and procedures for monitoring tests in vaccinated flocks and on the prices of
tests: warm thanks to Charlotte Kristiane Hjulsager. We have met with representatives from the DVFA to
clarify the project description, discuss legal requirements and not least obtain access to data regarding their
registered costs of outbreaks: warm thanks to Lone Thing Mortensen, Peter Oxholm Olesen, Rebecca Birch
and Sten Mortensen. Internal scientific quality assurance has been conducted by Henning Otte Hansen (a
warm thanks for the help). Any remaining mistakes or misunderstandings are of course the responsibility of
the authors.

The DVFA has been given the opportunity to comment on a draft of the report.

This report was produced between November 2024 and October 2025.



Summary

Background

In recent years, poultry production in Denmark and other European countries has experienced severe
epidemics of avian influenza. EU legislation has opened the way for vaccination of poultry to prevent
outbreaks. The purpose of this report is to investigate the sectoral and socio-economic consequences of the
vaccination of turkeys in Denmark against highly pathogenic avian influenza (HPAI).

Overall results

Our estimations show that from an economic perspective, HPAIl vaccination of turkeys is likely to be preferred
over non-vaccination. The net benefits in a year with fewer outbreaks due to the vaccination of turkeys are
estimated to amount to DKK 59 million, involving a net loss for the turkey sector of DKK 8.1 million, a net
benefit for the broiler sector of DKK 14 million and a net benefit of DKK 53.1 million for the DVFA. The benefits
of vaccination are divided into direct and indirect benefits (or direct and indirect avoided costs of outbreaks).
These estimates are, of course, based on several assumptions, where the main ones are specified below and
subject to various uncertainties.

Assumptions and analysis

Avoided direct costs of outbreaks

The HPAI vaccine for turkeys is assumed to be 95 per cent effective in terms of preventing introduction of
HPAI into a flock. The estimated costs and benefits are obtained in a hypothetical situation where outbreaks
are expected to be reduced from 11.5 poultry outbreaks in a year (the average number of outbreaks between
2021 and 2024) to 7.9 outbreaks (the expected number of outbreaks when using an HPAI vaccine for turkeys
that is assumed to be 95 per cent effective and assuming that turkey outbreaks account for 32.6 per cent of
total outbreaks of HPAI in Denmark as they did on average in 2021-2024). The number of culled turkeys is
expected to be reduced from 114,000 birds (the average number of culled turkeys between 2021 and 2024)
to 5,700 birds (= 114,000 * 0.05).

The costs associated with culling, the cleaning of infected farms and additional working hours for DVFA staff
during outbreaks are estimated to amount to DKK 33.6 million. The costs for the DVFA associated with
compensating turkey farmers are estimated to amount to DKK 19.6 million (the compensation includes the
estimated value of the culled flocks plus 20 per cent of the expected production loss in the period with empty
barns plus compensation for lost feed and straw — these estimations are based on existing expert valuation).
It is assumed that there are no or few secondary outbreaks as this was the case in 2021-2024, for example
due to high biosecurity and/or no neighbouring poultry farms.

The Danish turkey sector is assumed to represent 41 houses with 6,000 turkeys in each house, totalling
250,000 turkeys, and a yearly production of approximately 675,000 turkeys (based on an assumption of 2.7
production cycles per year). It is assumed that all flocks are vaccinated and that all commercial turkeys are
transported to Germany for slaughter. The production loss for turkey farmers (more specifically the 80 per
cent of the production loss that turkey farmers are not compensated for) is estimated to be DKK 5.7 million.
This figure is based on the same expert valuation that is used to calculate the DVFA compensation.



The HPAI vaccination strategy uses a prime and booster vaccine. Additional testing in vaccinated flocks, as
required by Delegated Regulation (EU) 2023/361 (2023), is included as a cost. Also, the estimated costs of
vaccination account for the fact that vaccinated turkey flocks are exempt from testing before being sent to
another member state directly for slaughter if they can document surveillance in accordance with Delegated
Regulation (EU) 2023/361 (2023). The total costs of vaccination and increased surveillance in vaccinated
flocks are estimated to amount to DKK 13.9 million.

Avoided indirect effects of outbreaks

We include two main types of indirect costs: costs related to the loss and/or redirection of sales and costs
related to the loss of status as outdoor produce.

Regarding costs related to the loss and/or redirection of sales, it is assumed that only the broiler sector’s
sales are significantly affected by HPAI outbreaks. This is because turkeys are slaughtered in Germany, and
thus, sales effects of turkey meat are not included in the analysis (and even if they were included, according
to the turkey industry, all turkey meat is sold to the German market and is thus not affected by the reactions
of trading partners outside the internal market). Eggs are mainly sold domestically in Denmark. However, in
2023, there was a considerable export of broiler meat out of Denmark of around DKK 2 billion, of which 10
per cent was traded outside the EU. It is assumed that the sales of broiler meat outside the EU benefit from
the vaccination of turkeys in the form of a 10-20 per cent price increase — due to fewer outbreaks — and that
the broiler prices in the EU internal market increase by 0-1 per cent in a situation with fewer outbreaks
compared with a baseline situation where the number of outbreaks is equivalent to the average for 2021-
2024. It is estimated that the average avoided loss of sales amounts to DKK 14 million.

Regarding costs related to the loss of status as outdoor produce, the authorities can issue a requirement to
keep birds under roof. A decision to issue an “under-roof requirement” is mainly based on the infection
pressure on poultry from wild birds (i.e. the frequency of HPAI positive, dead wild birds in Denmark and
Europe), which varies over time. Outbreaks in other poultry farms do not, per se, invoke an under-roof
requirement. However, to formulate a baseline for the period of an under-roof requirement, we use historical
data. During the latest outbreak, an under-roof requirement was issued for four months (120 days).
Historically, organic production is likely not to be significantly affected by an under-roof requirement,
whereas free-range production is. Denmark’s production of free-range broilers is very small, so the costs
associated with losing free-range status would be small. But free-range egg production, which is relatively
large in Denmark, could potentially be affected economically. However, free-range status is only at risk if the
under-roof requirement lasts longer than 16 weeks (112 days). If one assumes that an under-roof
requirement lasts around four months — as it was the case with the latest outbreak — the period where free-
range status is affected is very short. The costs associated with an under-roof requirement are therefore
assumed to be negligible in the present analysis.

Limitations

There are, of course, a range of assumptions with underlying uncertainties. The greatest uncertainty relates
to how buyers internationally and in Denmark and in particular public authorities in other countries react to
outbreaks and to what extent they accept preventive vaccination. The results are obtained in a scenario
where a slight increase in exports to high-value markets outside the EU is assumed following the
implementation of an HPAI vaccination program for turkeys. Even if this benefit from sales is not included,
there is still a net benefit of vaccination. But if export markets start avoiding Danish broiler meat due to the
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HPAI vaccination of turkey flocks in Denmark, then the vaccination strategy for turkeys might lead to a loss
for the broiler industry. Furthermore, if the estimated loss for the turkey farmers is underestimated, then a
correction of this might reduce the net loss for turkey farmers and maybe even turn it into a net benefit.
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1. Introduction

Avian influenza is a highly contagious viral disease that primarily affects poultry, such as chickens, ducks and
turkeys, as well as wild waterfowl, including gulls. Outbreaks of avian influenza have occurred in the European
Union (EU) since the early 2000s. However, 2021 and 2022 saw the highest number of outbreaks of highly
pathogenic avian influenza (HPAI) viruses ever recorded in Europe, particularly in farmed poultry.! Since
2020, 50 outbreaks of HPAI have been reported in Denmark, 16 of which concerned turkeys
(Fedevarestyrelsen, 2025b).

This report is commissioned by the Danish Veterinary and Food Administration (DVFA) as part of the general
agreement regarding public sector services between the Ministry of Food, Agriculture and Fisheries of
Denmark, the Ministry of Environment and Gender Equality of Denmark, the Ministry of Green Transition of
Denmark and the Department of Food and Resource Economics (IFRO). The background for the report is that
the Council of the European Union is discussing a new strategic approach to preventing avian influenza
outbreaks through vaccination in the EU. As part of these discussions, an overall cost-benefit assessment of
the new initiative will be conducted. A process has been started under the auspices of the Council of the
European Union to clarify third country market access outside the EU internal market for products from
vaccinated poultry. Therefore, the DVFA has asked IFRO to estimate the business and socio-economic
consequences of vaccinating poultry in Denmark against avian influenza, starting with the vaccination of
turkeys. The present report builds on a commissioned report from the Danish Veterinary Consortium (DK-
VET) from 2024 documented in Boklund et al. (2024).

1.1. Background on Danish turkey production

The Danish turkey production sector is relatively small compared to other livestock farming sectors that
dominate Danish agriculture, such as pork and dairy. Additionally, while poultry production has been gaining
importance — primarily chicken broilers (chickens raised for meat) — turkey production numbers have been
declining since 2017.

Based on information from the turkey industry, there are 41 commercial houses with an average of 6,000
turkeys in each house (one distinguishes between small houses with approximately 5,000 turkeys and larger
houses with approximately 7,000 turkeys). The common practice is that birds are moved internally once
during a production cycle; after 28-35 days, they are moved from a small, warmer house to a larger one. Birds
are only moved from the flock when they are sent off for slaughter. Turkeys are typically imported from
Germany as one-day-old birds and sent back to Germany for slaughter.

LInfluenza A viruses are classified into two groups based on their ability to cause illness in susceptible birds: 1) low-
pathogenic avian influenza (LPAI), which causes a mild illness in poultry, primarily in the respiratory tract, unless there
is an exacerbation due to other concomitant infections or factors, and 2) highly pathogenic avian influenza (HPAI),
which causes a severe illness characterised by a generalised infection of the infected poultry and can lead to very high
flock mortality. So far, only viruses of the subtypes H5 and H7 have been detected as the cause of HPAI.
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1.2. Epidemiological context

Since 2020, frequent outbreaks of HPAI have occurred in poultry or captive birds in Denmark. Such outbreaks
are now occurring year-round due to a sustained circulation of the virus in wild birds. As shown in Table 1
below, Denmark registered 46 outbreaks of HPAI in 2021-2024, of which 15 were in turkey farms
(corresponding to 32.6 per cent) with a yearly average number of outbreaks of 11.5, of which 3.8 were
outbreaks in turkey farms.

Table 1. Outbreaks of HPAI in Denmark since 2020

Year Total outbreaks Outbreaks in turkey farms
2020 2 0
2021 18 5
2022 9 4
2023 10 2
2024 9 4
2025 (up until May) 2 1
Total (2020-2025) 50 16
Total (2021-2024) 46 | 15 (32.6 % of total outbreaks)
Yearly average (2021-2024) 11.5 3.8

Source: Fgdevarestyrelsen (2025b).

According to Jensen et al. (2025), the main risk factors for the introduction of HPAI into poultry holdings in
Denmark are:

e Presence of wild birds: Wild waterfowl or gulls on the roof of or around farm buildings significantly
increases the risk of HPAl incursion. The odds of infection are notably higher when these birds are seen
within 500 meters of the barns.

e Biosecurity measures: The effectiveness of biosecurity measures plays a crucial role. Inadequate
biosecurity can increase the likelihood of virus introduction and spread.

e Farm management practices: Specific farm management practices, such as the handling and
movement of poultry, can impact the risk of HPAI outbreaks.

e Environmental factors: Proximity to water bodies and other environmental factors that attract wild
birds can also contribute to the risk.

1.3. Current state of vaccination against HPAI

According to the European Medicines Agency, as of May 2024, two veterinary vaccines are authorised in the
EU for the prevention of avian influenza A, subtype H5, in chickens (European Medicines Agency, n.d.):

1. Nobilis Influenza H5N2: This conventional, inactivated vaccine targets subtype H5. It provides immunity
to highly pathogenic strains and is used under an emergency or as a preventive measure where
appropriate. However, its production is currently limited.

2. INNOVAX-ND-H5: This vector vaccine protects against Newcastle disease and the H5 subtype of avian
influenza. It uses a turkey herpes virus vector to express specific antigens. It can be administered in-ovo
(to embryos) or subcutaneously to one-day-old birds, offering long-term protection and reducing virus
shedding during outbreaks.



Other vaccine candidates are at various stages of development. However, as of May 2025, farmed poultry
are not routinely vaccinated against avian influenza across the EU. An interesting case to mention, however,
is France, where an HPAI vaccination program was started in the duck sector in 2023. Box 1 below provides
more details on the French vaccination program.

Around the world, including in Denmark, there is an increasing interest in combining traditional biosecurity
measures with preventive vaccination strategies due to the large-scale outbreaks of HPAI. Italy and the
Netherlands have started conducting preventive vaccination but only in high-risk areas. South Africa has
recently approved an HPAIl vaccine and is set to start a pilot vaccination program for broiler breeders (Huaxia,
2025). Also, the United States Department of Agriculture (USDA) is exploring the use of vaccines to protect
poultry and cattle, despite no vaccines being formally approved yet (Larkin & Nolen, 2025).

Preventive vaccination against infectious diseases is not new. Since 2004, it has been mandatory to vaccinate
against Newcastle disease in Denmark. After the introduction of mandatory vaccination, no outbreaks of
Newcastle disease have been reported in commercial poultry flocks in Denmark (Liang et al., 2025).

According to Savill et al. (2006), the main roadblock regarding HPAI vaccination appears to be the risk of a
silent spread of the virus since vaccinated birds may still be infected. Moreover, vaccinated birds may not
show visible signs of HPAI infection, making it difficult to detect the presence of the virus through routine
surveillance. Finally, there are concerns that widespread vaccination might create conditions that favour the
emergence and spread of new, potentially more virulent or vaccine-resistant strains of the virus (WOAH,
2023).



Box 1. The French HPAI vaccination program for ducks

In October 2023, France launched a nationwide preventive vaccination campaign targeting all ducks
raised for human consumption, given their significant role in HPAI transmission. This campaign was
renewed in 2024 and is set to continue annually. The vaccines used by French authorities are Volvac
B.E.S.T. AI+ND and Respons Al H5.

A key component is a reinforced post-vaccination surveillance program to monitor vaccine effectiveness
and ensure early detection of outbreaks. Silent circulation is a primary risk as vaccination reduces illness
and fatality rates, necessitating strict monitoring protocols.

The surveillance program, aligned with Delegated Regulation (EU) 2023/361 (2023), includes passive,
enhanced passive and active surveillance. Passive surveillance involves suspecting infection based on
clinical signs, while enhanced passive surveillance includes weekly swab samples from dead ducks tested
by RT-PCR. If HPAI is suspected or detected, an official veterinarian conducts further testing. Active
surveillance involves monthly RT-PCR testing of live ducks by an official veterinarian.

To support these efforts, a comprehensive data recording system tracks vaccinations and imposes
movement restrictions on vaccinated animals and their products to control the spread of the virus. This
system aims to detect HPAI in vaccinated flocks early and maintain control over the virus, reassuring

international trade partners.

Source: Ministere de I’Agriculture et de la Souveraineté Alimentaire (2024).

1.4. Objectives

The cost-benefit analysis in the present report aims at estimating the costs and benefits of an HPAI
vaccination program for turkeys for individual sectors and society at large in Denmark.

1.5. Scope and limitations of the report

While we strive to be as exhaustive as possible in our analysis, it is essential to acknowledge its scope and
limitations. Firstly, the study focuses solely on vaccination within the turkey sector in Denmark and not the
overall poultry industry. Also, we do not include value chain costs or benefits outside of Denmark. Thereby,
potential increased slaughtering in and increased income for German slaughterhouses due to vaccinations
are not included in this analysis, and these costs are also not factored into the costs of an outbreak of HPAI.
Finally, this report focuses on the economic aspects of the costs and benefits associated with vaccination,
without considering other elements such as animal welfare.

2. Costs of earlier outbreaks of HPAI in Denmark

2.1. Introduction to costs of outbreaks

To our knowledge, only a few studies have estimated the costs associated with outbreaks of avian influenza
in Denmark. These studies examined outbreaks in all poultry, without a particular focus on turkeys.

Different types of poultry production are affected differently by an outbreak. However, regardless of whether
an HPAI outbreak occurs in a turkey farm, egg layer farm, hobby farm or other type of poultry establishment,
Denmark loses its status as HPAI-free. To what extent this loss of status affects export markets outside the
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EU depends on the importing country. Historically, some countries have been quick to halt imports of a wide
range of poultry products from an entire country that has lost its status as HPAI-free. In contrast, other
countries either continue to import as before or restrict imports to only certain types of products from
specific regions.

In Denmark, the broiler industry tends to be more dependent on exporting out of the EU than egg and turkey
farmers since broiler products are sold both domestically on the internal market within the EU and to third
countries. At the same time, broiler production has a shorter production cycle, typically occurring in an indoor
and very contained environment, so HPAI is less frequently introduced in broiler farms than in other poultry
farms.

Danish egg production is more oriented towards the domestic market, so reactions from export markets are
not as important to egg producers as they are to broiler producers. However, egg layers have a longer lifespan
than broilers and are more often produced in outdoor production systems than broilers; therefore,
historically, there have been more frequent outbreaks in egg layer production.

Turkey production in Denmark has a unique structure as most one-day-old birds are purchased from
Germany. Since there are no turkey slaughterhouses in Denmark, the turkeys are sent back to Germany to
be slaughtered. According to the turkey industry, the resulting turkey meat is mainly sold to German
supermarkets, thereby reducing Danish turkey production’s dependence on reactions from third countries in
the event of an HPAI outbreak.

The costs of an outbreak of infectious diseases are often divided into direct and indirect costs. Direct costs
include expenses such as culling infected flocks, disinfecting barns and a production loss due to empty barns.
Owners of infected flocks are partially compensated for their losses. These costs are mainly borne by public
authorities. Indirect costs include foregone exports and reduced market prices resulting from the outbreak
due to the redirection of sales and/or the requirement to keep birds under roof. Hence, indirect costs affect
not only the flocks directly affected due to infection or their location within the restriction zones but can
impact the entire poultry sector. The industry mainly bears these indirect costs.

2.2. Two case studies of earlier outbreaks of HPAI in Denmark

2.2.1. Costs of HPAI outbreaks in 2016-2017

Christensen et al. (2019) estimated the costs of three outbreaks of avian influenza in Denmark in 2016-2017.2
Their analysis encompasses both the direct and indirect costs of the outbreaks. For the three outbreaks
considered, Christensen et al. (2019) estimated the direct costs of the outbreaks to amount to around DKK
1.4 million. With regards to the indirect costs, some export markets were closed for a total of 125 days due
to Denmark losing its avian influenza-free status. Also, part of the indirect costs of outbreaks, the
requirement to keep birds under roof led to lower prices for egg producers with free-range production
systems. The authors estimated the indirect costs of the outbreaks to amount to around DKK 107 million, of
which DKK 93 million concerned the broiler sector (mainly due to the redirection of sales from third countries

2 Denmark had two outbreaks of LPAl in July and August 2016 as well as one outbreak of HPAI in November 2016.
3 In total, 4,268 birds were culled during these three outbreaks.
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to the internal market) and DKK 14 million concerned the egg sector (mainly due to price reductions resulting
from the loss of free-range egg status).

The report by Christensen et al. (2019) specified that the DVFA can require that birds be kept under roof
within certain restricted zones to reduce the risk of cross-contamination from potentially contaminated wild
birds. This under-roof restriction can affect poultry production in the restricted area. For example, with
outdoor access being a key feature of free-range products, such restrictions are likely to result in a temporary
loss of certification.* Of course, the costs of the restrictions depend significantly on the number of farms
within the zones.

According to trade norms, free-range egg status cannot be issued if egg layers are inside for more than 16
consecutive weeks (corresponding to 112 days) after they have reached the age of 20 weeks, which is the
age at which they typically start laying eggs. If eggs lose free-range egg status, they might receive a lower
price as indoor eggs from a non-cage, indoor production system. This happened in 2016. Packing companies
reduced the price of free-range eggs by DKK 0.16 per egg in 2016. The under-roof requirement affected prices
for seven weeks, there were 200,000 free-range egg layers in 2016 and a chicken can lay almost seven eggs
within a week (DKK 1 per week per egg layer). The total costs associated with the under-roof requirement
for free-range egg layers amounted to (200,000 birds * 7 weeks * DKK 1 per week =) DKK 1.4 million.
Organic eggs did not lose their organic status in 2016 and did therefore not experience a drop in price.

If birds from outdoor systems are under roof for 12 weeks or more, they will lose their outdoor status. A
typical broiler is slaughtered when it is around 36 days old, and free-range and organic chickens are
slaughtered when they are up to 81 days old (that is 11-12 weeks old). Thereby, broilers will not live long
enough to be affected by the under-roof requirement. In addition, the outdoor production of broilers in
Denmark is very limited, so the economic consequences would be small even if there were a price reduction.

There are also indirect costs related to regaining business relations, such as additional maintenance costs,
increased mortality and a loss of productivity related to being kept indoors (but not included in the
estimations). The loss of welfare due to a changed production system from one day to another has also been
a cost anecdotally (however it was not included in the estimations).

2.2.2. Costs of outbreaks of avian influenza in 2020-2021

Hansen (2021) estimated the costs of the avian influenza epidemic in Denmark in 2020-2021 by comparing
them to those estimated by Christensen et al. (2019). The Danish avian influenza outbreaks in 2020 lasted
significantly longer than those in 2016-2017. According to the World Organisation of Animal Health (WOAH,
formerly the OIE), Denmark experienced outbreaks of avian influenza from 5 November 2020 to 9 August
2021. This period was interrupted by a short hiatus from 15 June 2021 to 5 July 2021, during which Denmark
was formally free of avian influenza. In total, the outbreaks lasted around 255 days (Hansen, 2021).

The outbreaks in 2020-2021 led to a 5 per cent decline in broiler prices at the end of 2020, compared with a
4 per cent drop at the end of 2016. Egg prices remained essentially unchanged from 2020 to 2021, whereas
a notable price drop occurred following the outbreak of avian influenza in 2016-2017. This is because

4 However, organic products are less likely to lose their organic status than free-range products because there are
other features defining organic status than outdoor access.
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favourable market developments in other areas in 2020-2021 were able to offset the negative consequences
of avian influenza. Similar arguments could also be used to assess the development in broiler prices, where
a 5 per cent decline should be compared with not the status quo but with a potential increase following the
general increase in prices on agricultural goods globally, which would mean that the 5 per cent decline is an
understatement. For example, after 2016, exports to Sweden and Germany became advantageous, which
contributed to avoiding price drops. Regarding the loss of third country exports (measured in value), they
were of the same order of magnitude in both periods. Hence, based on the estimated losses in 2016-2017
and an assessment of changes in prices and third country exports during the two periods of avian influenza,
it is realistic to assume that the loss in 2020-2021 amounted to around DKK 180-200 million. Important third
country markets, such as South Korea and South Africa, closed their markets to Danish exports of poultry
meat during both periods of avian influenza outbreaks. In both countries, however, exports were higher —
and thus, the loss was greater — in 2020 than in 2016 (Hansen, 2021). According to LandbrugsAvisen (2021),
the analysis covered 16 outbreaks that occurred between November 2020 and July 2021, resulting in the
culling of over 193,000 poultry.

The HPAI landscape has changed since these costs of outbreaks were estimated. In section 3.3, we will
describe how the assessment of vaccination benefits (i.e. the avoided costs of HPAI outbreaks) is included in
the analysis.

3. Method

3.1. The proposed vaccination strategy

The vaccination strategy considered here is based on the suggestions proposed by the DK-VET in Boklund et
al. (2024). A summary of their recommendations is found in Box 2. All turkeys from commercial farms are
sent to Germany for slaughter, which means they are sent to another member state (MS). In principle, for all
vaccinated poultry flocks, transportation to another MS requires testing and clinical examination by an
authorised veterinarian before sending the vaccinated flock to another MS. Exemptions are possible for
turkey flocks if it can be documented that the required post-vaccination health surveillance on the farm has
been followed. Hence, the additional costs of sending vaccinated flocks to slaughter “only” include the costs
of application for exemption by the veterinary practitioner and the DVFA’s control of documentation of
health surveillance and acceptance of the application. However, these rules may be amended in the near
future, so testing within 72 hours before sending to slaughter may become a new requirement for all poultry,
including turkey flocks (personal communication, Lone Thing Mortensen, DVFA, 19 August 2025).
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Box 2. Conclusions on vaccination against HPAI from Boklund et al. (2024)

The DK-VET suggests using a prime-boost strategy involving priming with Vaxxitek IBDHVT-H5 C.0.B.R.A.
when the turkeys are one day old and then a boost with either Volvac B.E.S.T. Al+ND or Vaxigen Flu-H5N8
when the turkeys are 36 days old.

For early detection of HPAI infection in vaccinated flocks of turkeys,

o reinforced passive surveillance is proposed in all vaccinated flocks (a weekly representative test of
up to five dead birds) combined with

e active surveillance, consisting of a monthly clinical examination and virological examination of
throat swabs from 60 live birds.

When animals from vaccinated flocks are traded, a clinical examination must be performed and samples
for virological testing must be taken from 20-60 animals, depending on the scenario (cf. the provisions of
Delegated Regulation (EU) 2023/361 (2023)). Moreover, according to Delegated Regulation (EU) 2023/361
(2023), animals and products may not be moved out of a vaccinated flock; however, several exemptions
or dispensations are possible.

Furthermore, the DK-VET recommends that an assessment of vaccination effectiveness be conducted in
all vaccinated flocks, although this is not a mandatory requirement.

The DK-VET has also assessed the risk of an outbreak and the effect of vaccination on this if an infected
bird enters the flock. In unvaccinated flocks, it was estimated that an epidemic would break out in more
than 90 per cent of cases for turkeys if an infected bird entered the flock. When turkeys are vaccinated,
the models show that an epidemic can break out in 70-80 per cent of cases (using Vectormune Al) and
between 30 and 95 per cent of cases (using Vaxxitek IBD-HVT-H5 C.0.B.R.A.). These risk estimates do not
estimate the risk of an infected bird entering the flock.

Source: Boklund et al. (2024).

Based on Boklund et al. (2024), we investigate the costs of the following vaccination strategy:

¢ Vaccination on day 1 and day 36.

o Weekly tests of five dead birds in all vaccinated flocks.

e Monthly clinical examination and virological examination of throat swabs from 60 live birds in all
vaccinated flocks.

e Costs of sending vaccinated flocks to slaughter in another MS, including costs related to the application
for exemption from test requirements by the practicing veterinary and the DVFA’s control of
documentation of health surveillance and acceptance of the application.

While Boklund et al. (2024) suggested that an assessment of vaccination effectiveness be carried out in all
vaccinated flocks, EU legislation does not require this, and we have therefore not included this cost in our
calculations.

Boklund et al. (2024) assessed the risk of an outbreak and the effect of vaccination on this risk if an infected
bird enters the flock. In unvaccinated flocks, it was estimated that an epidemic would break out in more than
90 per cent of cases for turkeys if an infected bird enters the flock. When turkeys were vaccinated, the models
showed that an epidemic could break out in 70-80 per cent of cases (using the vaccine Vectormune Al) and
between 30 and 95 per cent of cases (using the vaccine Vaxxitek IBD-HVT-H5 C.0.B.R.A.). However, these risk
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estimates focus only on risks of an epidemic outbreak after an infected bird has been introduced in the flock
and do not estimate the risk of an infected bird entering the flock.

3.2. Types of costs and benefits

The main activities associated with the costs and benefits of vaccinating turkeys are summarised in Table 2
along with an overview of the data sources used.

Note that we only consider outbreaks of HPAI on turkey farms and thereby only investigate vaccination of
turkeys. However, the economic consequences of vaccinating turkeys against HPAI may not only have
implications for vaccinated turkey farms but also for other turkey farms, poultry producers as well as the
surrounding industry.

Also, note that the benefits of vaccination are the avoided costs of outbreaks. The approach has been to
estimate how vaccination can be expected to affect costs and benefits in the short term, say the upcoming
year, by comparing situations with and without vaccination of turkeys against HPAI. Therefore, the benefits
of vaccination are estimated as the expected benefits in an upcoming year involving fewer outbreaks of HPAI
due to vaccination programmes in turkey farms. These benefits are compared to a situation without a
vaccination programme on turkey farms. The benefits of vaccination depend strongly on how effective
vaccination is assumed to be in avoiding HPAI outbreaks in turkey farms, while the estimated costs of the
vaccination programme are not affected by the vaccine’s effectiveness. Note that we only include additional
benefits and costs related to vaccination; we do not include general biosecurity measures.

More specifically, we use a two-step approach to estimate the benefits of vaccination: First, as a baseline,
we estimate the expected benefits of vaccinating on all turkey farms, assuming that the vaccine is 100 per
cent effective, thereby preventing all outbreaks on turkey farms compared to a situation without vaccination.
Note that the risk of outbreaks on other poultry farms is assumed to remain unchanged. Second, we analyse
two scenarios for the expected benefits, based on the effectiveness of the vaccination. Scenario 1 assumes
that the vaccination programme is 95 per cent effective in reducing the introduction of HPAI into a flock, and
scenario 2 assumes that vaccines are 60 per cent effective in preventing HPAI from being introduced into a
flock (see section 3.3 for more details on assumptions).

Indirect benefits of vaccination (that is the indirect avoided costs of an outbreak) include the impact of an
outbreak on various sectors’ economic activity, including avoidance of a potential negative impact on exports
due to market closures. These indirect avoided costs concern not only infected flocks but also non-infected
flocks in the region and/or the country as a whole. For example, testing is generally increased in non-infected
flocks located in the proximity of the infected farm, and trade is restricted and subject to approval by the
DVFA. Overall, the entire poultry sector can be affected by an outbreak on a turkey production farm. The full
extent of this effect depends on how individual poultry sales are affected. We distinguish between the
expected economic consequences for turkey, egg layer and broiler producers since the trade pattern and
infection risks differ across these three types of production.
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Table 2. Overview of costs and benefits of HPAI vaccination of turkeys included in the analysis

Benefits and costs

| Data sources

| Stakeholders

Benefits of vaccination (avoided costs of outbreaks) for an upcoming year

Direct benefits of vaccination (avoided direct costs of outbreaks):

Avoided  operational  costs

(culling and cleaning costs)

Public costs from 2020 to 2025 (as of May) obtained
from the DVFA.

Average costs for the DVFA of HPAI outbreaks in turkeys
between 2021-2024 were used as a proxy for expected
costs for the upcoming year.

Avoided costs for
the DVFA

Avoided compensation for the
value of the culled flock and a 20
per cent production loss for the
infected turkey farm

Public costs from 2020 to 2025 (as of May) obtained
from the DVFA.

Erstatningsbekendtggrelsen (2023).

Average compensation costs from the DVFA to the
turkey farmers for production loss of HPAI outbreaks in
turkeys between 2021-2024 were used as a proxy for
the expected compensation for the upcoming year.

Avoided costs for
the DVFA

Avoided costs of outbreak
related activities for the DVFA,
e.g. setting up zones and testing
flocks within the zones and
contact flocks (turkey and other
poultry farms), planning, etc.

Average extra working hours for DVFA staff related to
outbreaks (estimates obtained from the DVFA).

Avoided costs for
the DVFA

Avoided costs equivalent to an
80 per cent production loss for
infected turkey farms

No primary data. The production loss was estimated by
scaling up the information that the DVFA compensates
20 per cent of a production loss.

Avoided costs for
owners of infected
flocks

Indirect benefits of vaccination (avoided indirect costs of outbreaks):

Positive trade impacts:

e Increased trade to high-
value export countries (due
to fewer outbreaks).

e  Potential price increase for
Danish poultry sold in
Europe (due to a lower
supply to the internal
market of Danish poultry).

Inspired by estimates of costs of outbreaks in Denmark in
2016 (Christensen et al., 2019) and 2020 (Hansen, 2021)
and data from Danmarks Statistik on animal production in
Denmark (Danmarks Statistik, 2025a) and on Danish export
of poultry meat, fresh, chilled or frozen (Danmarks Statistik,
2025b)

Note that historic estimates are strongly adjusted due to
new landscape for HPAI outbreaks:

The scenarios regard reductions in the number of
outbreaks. The situation is no longer to avoid a single
outbreak after a longer period with HPAI-free status as
it was the case in 2016.

New regulations from 2022 are included in the analysis:
1) Since 2022, there is a 28-day restriction period when
losing status as avian influenza-free (as compared to
three months) and 2) low pathogenic avian influenza
(LPAI) no longer results in loss of avian influenza-free
status.

Generally higher food prices and potentially less
interest in technical trade barriers.

More interest in limiting trade restrictions to affected
regions.

Avoided costs for
the whole poultry
sector
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Avoided costs of an indoor

requirement:

e Avoided costs linked to
periods with an indoor

requirement  (under-roof)
due to fewer outbreaks —
especially benefits for egg
layers.

Inspired by:

Cost estimates associated with an under-roof
requirement in 2016 (Christensen et al., 2019).

The latest under-roof requirement from December
2024 to May 2025.

A new regulation from 2017 meaning that birds being
indoor for more than 16 weeks can lead to loss of
outdoor status is included in the analysis (12 weeks
limit before 2017).

The costs of an under-roof requirement were considered
small and not included in the analysis.

Avoided costs for
the whole poultry
sector

Costs of vaccination (costs of avoi

ding outbreaks)

Boklund et al. (2024):
vaccination strategy.

State Serum Institute (SSI): prices of services and
discussions regarding resource use in connection with

description of proposed

Vaccine and vaccination costs vaccination. Costs for turkey
e APM Denmark: information on production cycles, | producers
discussions regarding resource use for vaccination and
increased surveillance in vaccinated flocks.
e The DVFA: discussions regarding required tests before
sending to slaughter in another MS.
e Boklund et al. (2024).
e SSI: prices of services and discussions regarding
increased surveillance of vaccinated flocks.
Costs related to monitoring of | ¢ APM Denmark: discussions regarding increased | Costs for turkey
vaccinated flocks surveillance in vaccinated flocks. producers

The DVFA: discussions regarding testing before sending
to slaughter in another MS and information regarding
upcoming changes in EU legislation.

Administrative costs (e.g. setting
up database and negotiating
acceptance of vaccines)

Experiences from the French vaccination program for
ducks.
The DVFA: discussions regarding resource use for
setting up and maintaining database for vaccinated
flocks.

Costs for the DVFA
and/or the poultry
industry
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3.3. Defining two scenarios for vaccine effectiveness

scenarios were also formulated based on consultation of experts from the DK-VET.

We consider two scenarios for vaccine effectiveness: That the vaccination strategy is either 95 per cent
(scenario 1) or 60 per cent effective (scenario 2). These scenarios were formulated by taking the data
collected in the report by EFSA AHAW et al. (2023) into account. When assessing effectiveness, it was also
taken in consideration that vaccines are not effective from day one as immunisation builds over time and are
less effective when an infected bird has already been introduced to the flock prior to vaccination. The

A recent study on the effectiveness of the HPAI vaccination campaign in France (Guinat et al., 2025) shows
that between 314 and 756 outbreaks were averted in 2023-2024, representing a 96-99 per cent reduction in
epizootic size, likely attributable to vaccination. This aligns with our scenario of 95 per cent vaccine




effectiveness. Similarly, Tseng et al.’s (2024) evaluation of avian influenza vaccine effectiveness in poultry
concludes an effectiveness range of 78 to 97 per cent.®

The average number of HPAI outbreaks in turkey farms in Denmark during the period from 2021 to 2024 was
3.8 per year (see Table 1). We use this as an estimate of the expected number of outbreaks in an upcoming
year if no vaccination program is implemented. With a 95 per cent effective vaccination program, the
expected number of outbreaks in turkey farms in an upcoming year is reduced from 3.8 to 0.2 outbreaks.
With a 60 per cent effective vaccine, the predicted number of outbreaks in turkey farms in an upcoming year
is reduced to 1.5 outbreaks. This will reduce the expected total number of outbreaks (for the whole poultry
sector) in an upcoming year from 11.5 to 7.9 outbreaks (scenario 1 with a 95 per cent effective vaccine) and
to0 9.2 (scenario 2 with a 60 per cent effective vaccine). See Table C1 in Appendix C for details on the assumed
number of outbreaks under the baseline, scenario 1 and scenario 2.

3.4. Specifying the expected economic benefits of fewer HPAI outbreaks

In 2016, Denmark was avian influenza-free for longer unbroken periods; therefore, the cost of an outbreak
was compared with that of an HPAI-free situation. The typical situation in 2025 is that there are frequent
outbreaks, which means that poultry products produced in the EU are regularly redirected from being
exported to third countries to the internal EU market. Therefore, trade relations with third countries are
already affected by the shorter or longer periods during which Denmark or other countries in the EU’s HPAI-
free status has been lost.

HPAI is a notifiable disease that requires immediate culling of infected flocks. Since 2021, the occurrence of
LPAI no longer requires culling of flocks and is not linked to avian influenza-free status; however, it remains
a notifiable disease that requires public control (Bekendtggrelse om lavpatogen avieer influenza i fjerkree,
2023). These changes in the HPAI landscape are factored into the estimation of costs of outbreaks.

Another considerable difference from earlier estimates of the economic consequences of HPAI is that we in
the present analysis estimate the benefits and costs of reducing the number of outbreaks rather than
eliminating them altogether. Moreover, we only consider the economic consequences of reductions in
outbreaks on turkey farms, which without vaccination are assumed to account for 32.6 per cent of all HPAI
outbreaks in Denmark.

We assume that a reduction in the number of outbreaks has a positive effect on trade relations. In
constructing the scenarios for avoided costs due to fewer outbreaks, we also take into account that food
markets are challenged with higher prices in 2025 than in was the case in the previous studies of outbreaks
in 2016-2017 and 2020-2021 and that market actors therefore are less willing to risk losing their trading

5 Tseng et al. (2024) evaluate the effectiveness of vaccines against HPAI in poultry with a focus on the H5N1 virus clade
2.3.4.4b. Their meta-analysis of 46 trials concludes that inactivated vaccines have an effectiveness of 95 per cent
against homologous strains and 78 per cent against heterologous strains. Live recombinant vaccines demonstrate the
highest effectiveness at 97 per cent. Inactivated recombinant vaccines show an effectiveness of 90 per cent.
Commercial vaccines have an overall effectiveness of 91 per cent, with 96 per cent effectiveness against homologous
strains and 90 per cent against heterologous strains.
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partners in case of import bans. Thereby, we assume that regionalisation has become more frequent in later
years and that market impacts are smaller.

We construct two realistic scenarios based on current trade relations and the anticipated reductions in
outbreaks in the vaccination scenarios — one scenario with a small but positive trade effect of vaccination
and one scenario with a higher positive trade effect of vaccination. In the analysis, we use the mean effect of
the scenario with a lower trade impact and that of the scenario with a higher trade impact as estimates of
the trade-related benefits of vaccination.

There could also be an expected indirect benefit of vaccination due to shorter and/or fewer periods where
an under-roof restriction is issued by the DVFA. However, organic egg layer status was not affected by the
most recent under-roof requirement from 19 December 2024 to 1 May 2025 (Landbrugsstyrelsen, 2024).
This was a period of around four months. Since 2017, covering must exceed 16 weeks in order to affect
outdoor status. Also, in 2017, it was specified that one started calculating when egg layers were 20 weeks
old. The costs of an under-roof requirement are therefore assumed to be negligible in the present analysis.

3.4.1. Scenario with a low positive trade impact of vaccination on turkey farms

If there are fewer HPAI outbreaks, exports to non-European countries, characterised as high-value markets,
are expected to benefit. More specifically, we assume 10 per cent higher prices in connection with sales to
non-EU countries compared to prices on the EU market. Redirecting sales to the internal market would
possibly be the chosen strategy if there were no vaccination. We also assume that export prices increase by
a further 10 per cent — compared to the 2023-exports to non-EU countries — compared to the non-vaccination
scenario. The argument for the 10 per cent price increase is that a stable export environment, resulting from
fewer outbreaks, enables the negotiation of a price increase. We assume that fewer outbreaks will have no
effect on prices on the domestic and EU markets. The increased prices to high-price markets are measured
as yearly benefits.

3.4.2. Scenario with a high positive trade impact of vaccination on turkey farms

In this scenario, prices in connection with exports to non-EU countries are expected to be 20 per cent higher
than those in the European market. We assume that prices in connection with export to non-EU countries
increase by a further 20 per cent — compared to 2023 exports to these countries — compared with the non-
vaccination scenario. We also assume that prices in the EU market increase by 1 per cent due to a more stable
trade environment and increased exports out of the EU, without outbreaks of avian influenza on turkey
farms, leading to a reduced supply of Danish poultry within the EU. In 2017, it was estimated that the prices
of Danish produced broiler products fell by 5 per cent for a short period. This was related to the fact that high
quantities of poultry were being redirected to lower value markets and that some countries closed their
border to import of Danish poultry. The redirected quantities of broiler meat are assumed to be lower today
because of the reasons mentioned above related to increased use of regionalisation.

4. Economic benefits of vaccinating turkeys on Danish farms

4.1. Direct economic benefits of vaccinating turkeys on Danish farms

In this section, we estimate the direct benefits under the assumption of a 100 per cent effective vaccination
of turkeys on Danish farms. These benefits can be interpreted as avoided costs due to fewer outbreaks. This
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is used as a baseline for estimating the direct benefits of vaccinating turkeys when the vaccine is 95 per cent
effective (scenario 1) and 60 per cent effective (scenario 2).

Direct economic benefits for the DVFA include avoiding the costs of culling of infected flocks, barn cleaning
and disinfecting (partly outsourced but still paid by the DVFA). The DVFA is involved in almost all activities
related to outbreaks: setting up zones, testing of other flocks within the restriction zones around infected
farms and of farms that have been in contact with infected farms, organising plans for cleaning, culling and
disinfecting as well as formulating and handling plans for screening, testing and removal of culled birds,
handling legislation, the press and the industry, etc. DVFA staff are involved in almost all activities related to
an outbreak, where some of the tasks will depend on the size of the outbreak (an outbreak in a hobby farm
with 20 birds versus an outbreak in a turkey farm with 10,000 birds), whereas other tasks are almost
independent of the size of the outbreak (such as setting up zones, handling necessary legislation, the press
and the industry) (personal communication, Lone Thing Mortensen, DVFA, 6 October 2025)

These are all direct costs paid by the DVFA. It should be noted that the costs of testing other farms strongly
depend on the extent to which there are other farms within the restriction zones. We use data provided by
the DVFA to estimate these costs for the previous outbreaks that affected turkeys in Denmark.

The activities included in the direct economic benefits are summarised in Box 3, and estimates are provided
in section 4.1.1. For the turkey industry, the direct economic benefits of fewer outbreaks include avoiding a
production loss due to empty stables. The direct costs for the industry are estimated in section 4.1.2.
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Box 3. Procedure in case of an outbreak of avian influenza in Denmark

When an outbreak of avian influenza occurs in Denmark, the DVFA follows a structured procedure to
contain and manage the outbreak. Here are the main steps involved:

Detection and confirmation:

e Initial detection: Suspected cases are reported based on clinical signs or an increase in mortality.
e Laboratory testing: Samples are collected and tested to confirm the presence of HPAI virus.

Containment measures:

e Establishment of zones: Upon confirmation of an outbreak, protection and surveillance zones of 3
km and 10 km are established around the affected farms.

e Movement restrictions: The movement of birds, eggs and poultry products within and outside
these zones is restricted.

e Culling: Infected and potentially exposed birds are culled to prevent a further spread.

Cleaning and disinfection:
e Sanitation: Thorough cleaning and disinfection of affected premises to eliminate the virus.
Monitoring and surveillance:

e Active surveillance: Regular sampling and testing of birds within the zones to monitor the spread.
e Passive surveillance: Reporting of any new suspect cases based on clinical signs.

Public communication:

e Information dissemination: The DVFA provides updates and information to the public and
stakeholders regarding the outbreak and measures being taken.

Lifting restrictions:

e After a period of monitoring and no new cases, restrictions are gradually lifted.

Source: Fgdevarestyrelsen (2025b).

4.1.1. Direct economic benefits of vaccinating turkeys in Denmark for the DVFA

Whenever an outbreak occurs, public authorities are responsible for ensuring the culling of infected flocks,
the cleaning of barns and compensating farmers for the loss of their flock. We have received data from the
DVFA regarding these costs and summarised them in Table 3.°

6 Data for the outbreak that occurred in 2025 is not included.
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Table 3. HPAI outbreaks on Danish turkey farms and direct costs for the public authorities

Operational cc'nstcs per Compensation §o'sts per year public Public public
Number year (DKK million) (DKK million)

Number . costs per | costs per | costs per

of birds . Extra Lost
Year of out- Culling . Flock Opera- year | outbreak culled

culled working . feed .

breaks and replace- tional (DKK (DKK bird
(0] cleanin e 7 ment losses3 G million)* million) (DKK)

& the DVFA? straw
2020 0 0 0 0 0 0 0 0 0 0
2021 5 121 46.3 2.9 17.8 1.4 0.7 69.1 13.8 570
2022 4 170 37.3 2.9 23.5 1.9 1.1 66.6 16.6 393
2023 2 49 16.1 2.9 10.9 0.9 0.4 31.2 15.6 639
2024 4 117 30.5 2.9 21.8 1.7 0.1 57.1 14.3 488
Average! 3.8 114 32.5 2.9 18.5 1.5 0.6 56 15.1 522

Notes: 1: Average numbers calculated over the 2021-2024 period (2020 is not included because there were no
outbreaks in turkey farms, and 2025 is not included because only a part of the year is covered by our data). %: An
average of 6,000 HPAI outbreak-related working hours annually for DVFA staff was estimated for the 2021-2024
period, and it is assumed that 63 per cent of these hours were spent on turkey outbreaks at an hourly wage rate of
DKK 760 (including a 77 per cent overhead). 3: Compensation for Operational losses covers 8 per cent of the flock
value, which is traditionally estimated to be approximately 20 per cent of a production loss. *: Public costs per year is
the sum of Operational costs per year and Compensation costs per year. Therefore, if there are any discrepancies in
the table, it is due to rounding errors.

Source: Personal communication, Peter Oxholm Olesen, DVFA, 11 April, 13 May and 27 September 2025.

The operational costs of an outbreak include the culling of birds, cleaning of affected barns and extra working
hours required for DVFA personnel. Public authorities bear these costs.

It should be noted that an average of 6,000 HPAI outbreak-related working hours annually for DVFA staff was
estimated for the 2021-2024 period. It is assumed that 63 per cent of these hours was spent on turkey
outbreaks. This share of working hours related to turkey outbreaks is assumed as the share of operational
costs related to turkey outbreaks is 63 per cent. More specifically, the sum of operational costs associated
with HPAI outbreaks in turkeys is DKK 130 million (the sum can be calculated based on Table 3), whereas the
sum of operational costs associated with HPAI outbreaks in total is DKK 206 million (this is not shown in Table
3, but the DVFA informed us of these costs (personal communication, Rebecca Birch, DVFA, 25 September
2025)). Therefore, it seems more accurate to assume that the share of hours related to turkey-related HPAI
outbreaks follows the share of operational costs rather than the share of turkey outbreaks (which was 32 per
cent). Moreover, an hourly wage rate of DKK 760 (DKK 430 plus a 77 per cent overhead) was used to calculate
the costs of DFVA working hours related to HPAI outbreaks on turkey farms (personal communication, Peter
Oxholm Olesen, DVFA, 27 September 2025).

According to the judicial order Erstatningsbekendtggrelsen (2023), public authorities must also compensate
the farmers for the value of the culled birds plus 20 per cent of the expected production loss due to the
period with empty stables. As standardised valuation by experts (“skalavaerdier”) of a production loss does
not exist, the 20 per cent compensation is approximated as 8 per cent of the expert valuation of the flock
value. It is not clear, however, which assumptions underlie the link between a 20 per cent production loss
and the 8 per cent of the flock value. Therefore, even if the intention behind the judicial order is that a 20
per cent production loss is compensated, this might vary depending on whether ad hoc or standardised
expert valuation is used and to what extent it is accounted for at what time in the production cycle the flock
is culled (a flock with young birds or birds almost ready for slaughter). If the infection occurs when the turkeys
are young, the value of the flock should be relatively low, and so should the compensation amount. The
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compensation related to Lost feed and straw covers the lost value of feed and straw on the farm that had to
be destroyed due to the risk of infection.

Between 2021 and 2024, the direct public costs per outbreak ranged from DKK 13.8 million to DKK 16.6
million, with average direct public costs per outbreak of DKK 15.1 million. The yearly direct public costs
associated with outbreaks on turkey farms vary between DKK 31.2 million and DKK 69.1 million, with an
average of DKK 56 million per year. To sum up:

Avoided average direct public costs: DKK 35.4 million (operational costs)
+ DKK 20.6 million (compensation costs) = DKK 56 million per year

As noted above, the operational costs, totalling an average of DKK 35.4 million, consist of costs related to
culling and cleaning (DKK 32.5 million) as well as additional work for the DVFA that are included as Extra
working hours for the DVFA (DKK 2.9 million). The compensation costs consist of costs related to replacing
the herd value (DKK 18.5 million) and covering 20 per cent of the production loss (DKK 1.5 million) and lost
feed and straw (DKK 0.6 million).

4.1.2. Direct economic benefits of vaccinating turkeys in Denmark for the turkey sector

As noted above, owners of infected flocks receive a 20 per cent compensation for their operational loss
related to the requirements of keeping barns empty (Erstatningsbekendtggrelsen, 2023). The farmers carry
the remaining 80 per cent of the production loss. Thereby, the estimated cost carried by farmers is four times
greater than the compensation for production loss paid by the public authorities. Due to a lack of primary
data, the 80 per cent production loss that the DVFA does not compensate the farmers for is estimated as
four times the compensation for Operational losses paid by the DVFA (see Table 3). Thereby, the remaining
production loss of 80 per cent for the period with empty stables can be estimated as follows:

Avoided average direct costs for the owners of infected turkey farms:
DKK 1.5 million per year (20 per cent of operational costs) * 4 = DKK 6 million per year

In short, for directly affected flocks, the economic consequences amount to 80 per cent of the production
loss during the period with empty stables and flock build-up phase (DKK 6 million), which is covered by the
farmers, while 20 per cent of the production loss plus the herd value plus lost feed and straw is covered by
public funds.

4.2. Indirect economic benefits of vaccination of turkeys in Denmark for the poultry
sector

The indirect costs of HPAI outbreaks for the poultry sector mainly consist of trade-related costs and costs
associated with indoor requirements made on outdoor production systems. Additionally, there are costs
related to negotiating with trading partners to avoid or limit market closures, both product-wise and region-
wise, as well as to expedite the reopening of markets.

In this subsection, we provide more details on the estimated costs of reduced trade due to outbreaks as well
as the underlying assumptions behind our estimates (or more precisely, we analyse the avoided costs of non-
reduced trade). In particular, we discuss the changes in trade to high-value export countries as a result of
fewer outbreaks (in the case of turkey vaccination) and potential price increases for Danish poultry sold in
the EU due to a lower supply of the former to the internal market.
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Regarding trade, the economic consequences of an outbreak are likely to be lower in 2025 compared with
the situation in 2016-2020. Outbreaks occur more frequently. Also, more importing countries now recognise
regionalisation, which could be related to the changed market conditions with higher food prices in 2025.
Furthermore, a larger share of poultry production is being sold in the EU compared with 2020 (when the last
cost estimates were made). Therefore, an outbreak is unlikely to have the same transformative effect on
trade relations as previously.

Itis also important to note that since we are considering only turkey vaccination, other poultry species remain
at risk of infection. However, a lower prevalence of infected flocks resulting from the vaccination of turkeys
would allow Denmark to maintain its HPAI-free status for a longer period. This could have a positive influence
on poultry meat exports. According to Hansen (2023), the costs of export restrictions can be related to a
variety of factors (note that Hansen (2023) also included a dynamic perspective on these costs):

e Price drops as a result of having to redirect exports from a restricted export market to new, lower-
value markets.

e Lack of export expansion (in the counterfactual scenario without export-blocking).

e Transaction costs when moving to a new market.

¢ Running-in costs for new market penetration (in new alternative markets and for re-established
market access after export blockage).

e Price falls in existing markets (typically the EU internal market) due to increased supply due to
redirecting exports away from restricted markets.

e Lack of value increase in the restricted market due to the general food crisis and relatively high prices
for agriculture and food.

These costs are lower when only products from a specific region, rather than from all of Denmark, are
banned. Of course, it is impossible to know how export markets for Danish poultry meat will develop if there
are fewer HPAI outbreaks in Denmark. The development in the total export of Danish poultry meat, including
exports to Europe, is presented in Table 4. The table shows that export outside the EU amounted to DKK 207
million in 2023.

Table 4. Danish export of poultry meat, fresh, chilled or frozen (DKK million)

2015 2016 2017 2018 2019 2020 2021 2022 2023

Asia 164 129 141 130 206 169 111 158 182
Non-EU countries 83 51 129 179 141 99 44 26 25
EU 1,260 | 1,326 | 1,209 | 1,192 | 1,119 | 1,142 | 1,284 | 1,803 | 1,877
Total 1,507 | 1,506 | 1,479 | 1,501 | 1,466 | 1,409 | 1,439 | 1,988 | 2,084

Share sold in the EU 84 % 88 % 82 % 79 % 76 % 81% 89 % 91 % 90 %
Source: Danmarks Statistik (2025b).

Figure 1 below shows the Danish exports to all markets outside the EU. Only countries with an annual export
value exceeding DKK 2 million are represented.
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Figure 1: Export of poultry meat from Denmark to non-EU countries

Source: Danmarks Statistik (2025b).

The total export of Danish poultry products was at a low of DKK 1,400 million in 2020 but increased to almost
DKK 2,100 million in 2023 despite the HPAI outbreaks in Denmark. However, Figure 1 also shows that some
of the large importing countries, such as South Korea and South Africa, have not regained the same level of
import that they had before 2021.

Based on historical export values, two potential developments are presented as scenarios below: Based on
the numbers in Table 4 and the markets’ reactions suggested by Figure 1, two scenarios for the economic,
trade-related consequences of vaccinating turkeys — but not other poultry — with a reduced occurrence of
outbreaks are constructed as follows in subsections 4.2.1. and 4.2.2.

4.2.1. Scenario with a low impact of vaccinating turkeys on Danish farms

Based on 2023 numbers, the value of the export of Danish poultry meat to non-EU countries without HPAI
outbreaks in turkeys but with outbreaks in other birds can be estimated as follows:

DKK 207 million * 10 per cent higher prices * 10 per cent price increase.

This amounts to DKK 2.1 million in increased export value per year compared to the non-vaccination scenario.

4.2.2. Scenario with a high impact of vaccinating turkeys on Danish farms

Based on 2023 numbers, the value of the export of Danish poultry meat to non-EU countries without HPAI
outbreaks in turkeys but with outbreaks in other birds can be estimated as:

DKK 207 million * 20 per cent higher prices * 20 per cent price increase.
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This amounts to DKK 8.3 million in increased export value per year. The 1 per cent higher price for sales on
the internal market in EU is estimated to DKK 1,877 million * 1 per cent = DKK 19 million per year.

To sum up, the increased export value per year compared to the non-vaccination scenario amounts to:
DKK 27.3 million (= DKK 8.3 million + DKK 19 million).

4.2.3. Mean expected trade benefits of vaccinating turkeys on Danish farms

To summarise, if vaccination was 100 per cent effective, then the expected trade benefits in the scenario
with a low impact would be DKK 2.1 million per year, while they would be DKK 27.3 million per year in the
scenario with a high impact. The mean trade benefit would be DKK 14.7 million.

Thereby, the avoided average trade loss in a year due to vaccination of turkeys is estimated to DKK 14.7
million.

5. Costs of vaccination

5.1. Introduction to costs of vaccination

Regarding the costs of a vaccination campaign, we consider a baseline scenario in which turkeys are not
vaccinated preventively that we compare to a scenario constructed based on our discussions with the DVFA,
the State Serum Institute (SSI) and DK-VET experts.

The vaccination scenario involves administering a vaccine on day 1 and then a booster vaccine on day 36. The
vaccines considered are Vaxxitek IBD-HVT-H5 C.0.B.R.A for the prime vaccine and Volvac B.E.S.T. Al+ND for
the booster vaccine. The company APM Denmark expects vaccines to cost between EUR 0.20-0.25 per animal
(including prime and booster) (personal communication, Marianne Nymann, APM Denmark, and Sgren
Astrup, PoultryVet, 12 June 2025). We use the upper bound, EUR 0.25 per animal, and assume that the costs
of transportation of vaccine are included in the vaccine costs.

For comparison, DK-VET experts estimate that vectored vaccines, such as Vaxxitek, often cost around DKK
1.50-3.73 per dose. Subunit or inactivated vaccines, such as Volvac, can range in cost from DKK 0.75- 2.25
per dose.

For this analysis, we assume that vaccinating 12,000 birds requires ten hours of work (at an hourly wage of
DKK 312 (Danmarks Statistik, 2024) and the results are estimated per house. This means that 6,000 birds
require five hours of work (personal communication, Marianne Nymann, APM Denmark, and Sgren Astrup,
PoultryVet, 12 June 2025).

5.2. Costs of the French vaccination program

The first vaccination campaign in France (which ran from October 2023 to summer 2024) had an estimated
cost of EUR 100-105 million for the vaccination of approximately 60 million ducks (Mcdougal, 2024). This
implies a total vaccination cost (including vaccine purchase, transportation and administration) of around
EUR 1.6-1.75 per vaccinated bird, i.e. DKK 11.64 per bird.

5.3. Assumptions and estimated costs of the vaccination scenario

The vaccination scenario involves a prime vaccine on day 1 and a booster vaccine on day 36, with increased
monitoring of the vaccinated flocks. Table 5 summarises the assumptions made when estimating the costs
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of a vaccination campaign for turkeys in Denmark, and Table 6 shows the economic consequences of all

vaccination-related activities.

Table 5. Assumptions in connection with estimating costs of a vaccination strategy

Type of cost Value
Wage per hour (operations manager on a farm) DKK 400 per hour
Wage per hour (farm worker) DKK 224 per hour

Wage per hour (50 % operations manager and 50 % farm worker)

DKK 312 per hour

Wage per month, clerk with four years of experience

DKK 35,000 per month

Wage per hour, clerk with four years of experience (assuming 160 hours per
month)

DKK 219 per hour

Wage per hour, DVFA veterinary

DKK 2.000 per hour

Laboratory costs for 1 test (personal communication, Charlotte Kristiane Hjulsager,
SSI, 16 June 2025)

DKK 694 per test!

Labour in connection with prime vaccination: 1 person vaccinates 1,200-1,500
birds per hour

1,200 turkeys per hour

Price of vaccination (both prime and booster) per bird

EUR 0.25 per hour

Costs in connection with transportation of vaccines (assumed to be part of
vaccination price)

0

Number of production cycles per year

2.7 flocks per house

Average number of birds per house (houses with either 5,000 or 7,000 birds)

6,000 birds

Database: 1 month per year for setting up database and database runs for 2
months per year

3 months per year

Labour in connection with communicating and negotiating vaccination acceptance

0.5 month per year

Number of commercial houses in Denmark

41 houses

An epidemiological unit

a flock

Prime vaccine: labour requirement is 1 person, 1,200-1,500 birds per hour

5 hours per flock

Booster vaccine: labour requirement is 8 persons, 5 hours per person per flock

8*5 hours per flock

Application by veterinarian to send turkeys to slaughter in another MS

1 veterinary hour

Handling of application to send turkeys to slaughter by clerk (DVFA)

3 hours

Notes: 1: The price of laboratory tests is DKK 593 if they are categorised as “erhvervsovervagning”.
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Table 6. Costs of a vaccination strategy for turkeys

Cost of vaccination per flock (house) (6,000 birds) DKK
Vaccine costs (prime + booster), DKK 1,500
Transportation and storage of vaccines, DKK 0
One-day-old birds: labour costs in connection with prime vaccination (1 person, 5 hours, 1,200 birds
1,560

per hour), DKK
36-day-old birds: labour costs in connection with booster vaccination (8 persons, 5 hours per person

12,480
per flock), DKK
Sum, costs of vaccination per house/flock (prime + booster), DKK 15,540
Sum, costs of vaccination for 1 house per year (2.7 production cycles), DKK 41,958
Sum, costs of vaccination per year (41 commercial houses), DKK million 1.7
Costs of additional testing in vaccinated flocks during production per year
Laboratory costs for weekly test of 5 dead birds, DKK 36,088
Veterinary costs for weekly test of 5 dead birds, sampling and testing on farm (1 veterinary hour), DKK | 104,000
Laboratory costs for monthly test of 60 live birds (pooled to 12 tests), DKK 99,936
Veterinary costs for monthly test of 60 live birds, sampling and testing on farm (2 veterinary hours), DKK | 48,000
Sum, costs of additional testing per year per house, DKK 288,024
Sum, costs of additional testing per year (41 commercial houses), DKK million 11.8
Costs of moving birds to another MS for slaughter per flock
Application for dispensation per flock (1 veterinary hour), DKK 2,000
Handling application and controlling surveillance (3 office worker hours), DKK 656
Sum, costs per flock, DKK 2,656
Sum, costs per house per year (2.7 production cycles), DKK 7,172
Sum, costs per year (41 commercial houses), DKK million 0.3
Administrative costs (DVFA)
Costs of running database, DKK million 0.11
Costs of communication per year, DKK million 0.02
Sum, administrative costs per year, DKK million 0.13
Total costs of vaccination strategy per year (41 commercial houses), DKK million 13.9

Source: Own calculations.

Note that the overall costs per year of the vaccination programme are estimated to DKK 13.9 million. If the
requirements for additional testing are formulated at the farm level rather than at the flock level, then,
assuming that the average farm has two houses, the costs of the vaccination strategy would be almost halved
to DKK 7.9 million (only the costs related to the testing of flocks would be halved; the costs related to other
activities would remain unchanged). However, on the other hand, if turkey flocks are not exempted from
testing before slaughter, meaning that all vaccinated turkeys must be tested before slaughter in another MS
as it is already required for other poultry, then the costs will increase.

6. Cost-benefit analysis

6.1. Societal cost-benefit analysis

The estimates from sections 4 and 5 are presented as the baseline in Table 7 (overall costs and benefits for
activities related to turkey vaccination). Note that the expected benefits of a 100 per cent effective vaccine
are used as a baseline for estimating the expected benefits for a 9 per cent effective vaccine (scenario 1) and
a 60 per cent effective vaccine (scenario 2). The expected costs are identical across the baseline, scenario 1
and scenario 2.
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Table 7. Overall costs and benefits of a vaccination strategy (DKK million)

Baseline: Scenario 1: Scenario 2:
Type of economic activity vaccination, 100 % | vaccination, 95 % | vaccination, 60 %

effective effective effective
Benefits:
Avoided operational costs 35.4 336 21.2
Avoided compensation costs 20.6 19.6 12.4
Avoided production loss 6.0 5.7 3.6
Avoided trade loss 14.7 (2.1-27.3)} 14.0 8.8
Total benefits per year 76.7 (64.1-89.3)! 72.9 46.0
Costs:
Vaccination costs (price + labour) 1.7 1.7 1.7
Additional tests (laboratory + labour) 11.8 11.8 11.8
Documentation in connection with sending 03 03 03
turkeys off to another MS for slaughter ) ) )
DVFA administration 0.1 0.1 0.1
Total costs 13.9 13.9 13.9
Net benefits per year 62.8 (50.2-75.4)! 59.0 32.1

Note: :: The range is related to the estimates of a low versus high trade effect of vaccination. Numbers might be subject
to rounding. Therefore, if there are any discrepancies in the table, it is due to rounding errors.

6.2. Costs for the individual stakeholders

Costs and benefits are not evenly distributed across stakeholders. Table 8 is very similar to Table 7 but

highlights costs and benefits of activities related to individual stakeholder groups. Table 9 summarises the

net benefits for individual stakeholder groups. Using colour codes in Tables 8 and 9, we have highlighted the

costs and benefits for the DVFA (orange), turkey farmers (green) and broiler farmers (yellow). Thereby, it is

easy to derive the net benefits for each group of stakeholders.
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Table 8. Overall costs and benefits of a vaccination strategy (DKK million)

Baseline: Scenario 1: Scenario 2:
Type of economic activity vaccination, 100 % vaccination, 95 % vaccination, 60 %
effective effective effective
Benefits of vaccination:
Avoided operational costs 35.4 33.6 21.2
Avoided compensation costs 20.6 19.6 12.4
Avoided production loss 6.0 5.7 3.6
Avoided trade loss 14.7 14.0 8.8
Total benefits 76.7 72.9 46.0
Costs of vaccination:
Vaccination costs (price + labour) 1.7 1.7 1.7
Additional tests (laboratory + labour) 11.8 11.8 11.8
Documentation in connection with
sending off for slaughter in another EU 0.3 0.3 0.3
member state
DVFA administration 0.1 0.1 0.1
Total costs 13.9 13.9 13.9
Net benefits per year 62.8 59.0 321

Notes: Green: turkey farmers. Orange: DVFA. Yellow: broiler industry. Numbers might be subject to rounding. Therefore,
if there are any discrepancies in the table, it is due to rounding errors.

Table 9. Net benefits for the DVFA and turkey and broiler sectors, respectively, for each scenario

(DKK million)

Baseline: Scenario 1: Scenario 2:

vaccination, 100 % effective vaccination, 95 % effective vaccination ,60 % effective

DVFA 55.9 53.1 33.5
Turkey sector -7.8 -8.1 -10.2
Broiler sector 14.7 14.0 8.8
Total 62.8 59.0 32.1

Notes: Green: turkey farmers. Orange: DVFA. Yellow: broiler industry. Numbers might be subject to rounding. Therefore,
if there are any discrepancies in the table,it is due to such rounding errors.

6.3. Summarising results

Our estimates show that from an economic perspective, vaccination of turkeys is likely to be preferred over
non-vaccination. The investigated HPAI vaccination strategy uses a prime and booster vaccine. The results
presented are based on scenario 1 with the assumption that the vaccine is 95 per cent effective in preventing
introduction of HPAI into a flock.

The net benefits are estimated to be DKK 59.0 million in a year with fewer outbreaks due to a 95 per cent
effective vaccination of turkeys, involving a net loss for the turkey sector of DKK 8.1 million, a net benefit for
the broiler sector of DKK 14 million and a net benefit of DKK 53.1 million for the DVFA. These estimates are
of course based on several assumptions where the main ones are specified below.

The costs of vaccination involve administering a prime vaccine on day 1 followed by a booster vaccine on day
36. The vaccines considered are Vaxxitek IBD-HVT-H5 C.0.B.R.A for the prime vaccine and Volvac B.E.S.T.
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AlI+ND for the booster vaccine. Costs of additional testing in vaccinated flocks, as required by Delegated
Regulation (EU) 2023/361 (2023), are included as costs of the vaccination strategy. Also, the estimated costs
of vaccination include that vaccinated turkey flocks are exempt from testing before being sent to another MS
if surveillance in accordance with Delegated Regulation (EU) 2023/361 (2023) can be documented. Total costs
of vaccination and increased surveillance in vaccinated flocks are estimated to be DKK 13.9 million.

The benefits of vaccination are divided into direct and indirect benefits (or avoided costs).

6.3.1. Avoided direct effects

The results are obtained in a hypothetical situation where poultry outbreaks are expected to be reduced
from 11.5 (the average number of outbreaks between 2021 and 2024) to 7.9 outbreaks in a year (the
expected number of outbreaks when using a vaccine for turkeys that is assumed to be 95 per cent effective)
and assuming that turkey outbreaks account for 32.6 per cent of total outbreaks in Denmark (as they did on
average from 2021-2024). The number of culled turkeys is assumed to be reduced from 114,000 birds (2021-
2024 average) to 5,700 birds (= 114,000 * 0.05) when turkeys are vaccinated.

The costs associated with culling, cleaning and extra working hours for the DVFA staff are estimated to
amount to DKK 33.6 million. The costs for the DVFA associated with compensating turkey farmers are
estimated to amount to DKK 19.6 million. This compensation includes the estimated value of the culled flocks
plus 20 per cent of the expected production loss in the period with empty barns plus compensation for lost
feed and straw — these estimations are based on existing expert valuation. It is assumed that there are no or
few secondary outbreaks as this was the case for the period 2021-2024, for example due to high biosecurity
and/or no neighbouring poultry farms.

The turkey sector is assumed to represent 41 houses with 6,000 turkeys in each house, totalling 250,000
turkeys, and a yearly production of approximately 675,000 turkeys. It is assumed that all flocks are vaccinated
and that all commercial turkeys are slaughtered in Germany. The avoided costs related to production loss for
turkey farmers (more specifically the 80 per cent of their production loss that they are not compensated for)
is estimated to amounted DKK 5.7 million based on the same expert valuation that is used to calculate the
DVFA compensation.

6.3.2. Avoided indirect effects

It is assumed that only the broiler sector’s sales are significantly affected by HPAI outbreaks. This is because
turkeys are slaughtered in Germany, and thereby, sales effects related to turkey meat are not included in the
analysis (and even if they were included, according to the turkey industry, all turkey meat is sold to the
German market and thus not affected by reactions from trading partners outside the EU internal market).
Eggs are mainly sold domestically in Denmark. Broiler meat, however, had a considerable export out of
Denmark of approximately DKK 2 billion in 2023, of which 10 per cent was traded outside the EU. It is assumed
that the sales of broiler meat outside the EU benefit from the vaccination of turkeys in of the form of a 10-
20 per cent price increase — due to fewer outbreaks — and that the broiler prices in the EU internal market
rise by at most 1 per cent in a situation with fewer outbreaks compared to a situation without vaccination.
An average avoided loss of sales for the broiler industry of DKK 14 million is estimated.

The veterinary authorities can issue a requirement to keep birds under roof. During the latest outbreak, an
under-roof requirement was issued for four months (120 days). Historically, organic production is likely not
to be significantly affected by under-roof requirements, whereas free-range production is. Denmark has a
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very small production of free-range broilers, so the costs of losing free-range status would be small. But since
free-range egg production is relatively large in Denmark, it could potentially be affected economically.
However, free-range status is only at risk if the under-roof requirement lasts longer than 16 weeks (112 days).
Assuming around four months of restrictions —as it was the case with the latest outbreak —the period where
the free-range status is affected is very short. The costs of an under-roof requirement are therefore found to
be negligible in the present analysis.

7. Discussion

7.1. Summary of results

Based on the analysis, vaccination of turkeys on Danish farms implies that the DVFA experiences a net benefit
from reduced direct costs associated with culling, cleaning and work hours related to outbreak management
as well as reduced costs associated with compensation to turkey farmers. Turkey farmers obtain a net loss,
while broiler farmers can expect a net benefit. We consider scenario 1 with 95 per cent effective turkey
vaccines as the main scenario in the discussion below.

7.2. Preventive HPAI vaccines landscape

The EU has opened the way for preventive HPAI vaccination due to the animal welfare, food security and
economic consequences of HPAI outbreaks. In the present report, we have only investigated the costs and
benefits of vaccinating turkeys, which historically have accounted for 32.6 per cent of HPAI outbreaks in
Denmark. If all poultry were to be vaccinated, the potential effect would of course be much higher and could
potentially prevent HPAI outbreaks altogether. However, uncertainties regarding acceptance of broiler meat
from vaccinated broilers by consumers and, more importantly, from authorities in the countries that poultry
is exported to need to be taken into account.

7.3. Scepticism towards vaccination among trading partners

Following France’s decision to vaccinate commercial ducks against HPAI in October 2023, several key
importing countries — such as the United States (US), Canada, Japan, the United Kingdom (UK) and Thailand
— imposed trade restrictions on all French poultry. These restrictive measures reflected a common concern
among importing nations: that vaccinated birds might not show clinical signs of infection even if they were
infected, thereby masking viral circulation and complicating disease detection. Since not only the import of
ducks and duck products were banned but all poultry, this reflected a fear that undetected infection in
vaccinated ducks could spread to other types of poultry.

However, some countries have begun to reassess their stance. For example, the USDA has subsequently
partially eased restrictions, allowing imports of certain live poultry commodities from France and the EU,
such as non-duck poultry and unvaccinated breeding ducks (APHIS, 2024). Nevertheless, vaccinated poultry
and poultry-derived products remain ineligible for import into the US as the Animal and Plant Health
Inspection Service (APHIS) continues to view this precaution as necessary to avoid potential disease
transmission through trade. Also importantly, the UK has announced that as of 22 May 2025, France would
be authorised to export meat and meat products from vaccinated commercial ducks, provided that they
originate from holdings that meet specific testing and biosecurity requirements (Animal & Plant Health
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Agency, 2025). This could mark a shift toward a conditional acceptance of vaccinated poultry in international
trade if accompanied by enhanced flock testing.

If such policy changes continue, the expected long-term trade-related disadvantages associated with HPAI
vaccination could diminish considerably. For Denmark, this could enhance the net benefits of adopting HPAI
vaccination, especially if trade agreements begin to differentiate between vaccinated and non-vaccinated
products. In our analysis, we have assumed that such policy changes have continued and that the long-term
trade-related disadvantages have changed into long-term trade-related advantages. See more details below.

7.4. Export of broiler meat

We have assumed that there will be an increased export of broiler meat in the case of turkey vaccination
based on the argumentation that market negotiations are less frequently interrupted by outbreaks. However,
the broiler industry is sceptical and fears an actual negative trade impact if Danish turkeys are vaccinated. In
2024, broiler meat was sold for around DKK 2 billion, of which DKK 207 million was sold to high-value markets
outside the EU. Markets outside the EU also include countries such as Norway, the UK, the Faroe Islands,
Iceland and Greenland.

As stated, we have assumed that high-value broiler markets benefit slightly from fewer outbreaks in a turkey
vaccination scenario. However, if broiler trade partners do not react positively to fewer HPAI outbreaks in
turkeys, then the net benefits are reduced by DKK 14 million, resulting in a net benefit of DKK 45 million
instead of DKK 59 million. Furthermore, if some of the high-value markets refuse to buy broiler products from
Denmark due to vaccinated turkeys so that there is a negative trade reaction for the broiler industry to turkey
vaccination, that could bring the overall net benefit at risk. The use of preventive vaccination is still in its early
stages, so a kind of “first mover” risk is associated with the introduction of preventive HPAI vaccination.

The Danish broiler industry would rather see other countries vaccinate poultry against HPAI first to see the
reactions from authorities in the importing countries. Also, it commented that all turkey vaccinations are
planned to be carried out in Denmark while owners (as well as hatcheries and slaughterhouses) are in
Germany. At the moment of writing this report, Germany does not allow preventive vaccination against HPAI,
which is why turkey companies need to vaccinate one-day-old turkey chickens as soon as they cross the
border to Denmark.

The practice of regionalisation opens for re-directing export in case of outbreaks so that only export from the
affected region is stopped. This means that an export contract potentially can be taken over by a producer
that is not within the restricted zone. However, even though that is a real possibility, it cannot be done
without logistical and negotiation costs and possibly a time delay.

7.5. Sales of turkey meat

There may also be uncertainty regarding Germany’s strategy for marketing vaccinated meat (see for example
the import restrictions that France faces due to vaccinated ducks). So far, the turkey industry is confident
that Germany is willing to sell meat from vaccinated turkeys, but no vaccination is currently taking place in
Germany, which could signal a “wait-and-see” strategy.
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7.6. Production loss in turkey farms

The compensation of 20 per cent of a production loss is approximated to 8 per cent of the flock value. This
information is used to estimate the remaining 80 per cent production loss among turkey farmers. It is not
clear which assumptions regarding the period of no production and expected production turnover that are
used by public authorities to determine this relationship between a 20 per cent production loss and the 8 per
cent of the flock value. The implicit time period linking the two could be 90 days, which used to be the time
period after which HPAI-free status was lost. This period has been reduced to 28 days since 2022. However,
on the other hand, according to the turkey industry, turkey farms are more often closed for 100-150 days
after an outbreak. Hence, the estimated loss for turkey farmers might be underestimated. The larger the
production loss associated with an outbreak is for turkey farmers, the more likely they are to benefit from
vaccination. For example, if the uncompensated part of a production loss due to HPAI outbreaks over a year
were DKK 8.1 million higher (so that the uncompensated production loss associated with outbreaks was at
least DKK 13.8 million (= 5.7 million + 8.1 million)), rather than 5.7 million DKK as estimated, then the
turkey industry would also likely benefit from vaccination.

The turkey industry seems to be interested in vaccination. This suggests that their production loss might be
higher than the estimated production loss of DKK 5.7 million used in the report. Another possible explanation
for the industry’s willingness to vaccinate is that they might have underestimated the costs associated with
surveillance and testing inherent to implementing a vaccination program.

The turkey industry comments that it has previously bought insurance against a production loss due to HPAI
outbreaks. Such insurances are not offered in Denmark, but they are in Germany. However, according to the
turkey industry, such insurance policies have become too expensive now.

In France, duck producers were subsidised by public authorities for the additional costs of vaccination and/or
surveillance. In the Danish case, if the state subsidised at least DKK 8.1 million of the costs of vaccination
and/or surveillance, then turkey farmers would benefit from vaccination based on the estimated benefits
and costs.

7.7. Effectiveness of vaccination and surveillance

It is assumed that HPAI vaccination is 95 per cent effective in reducing the introduction of infected birds —
with a sensitivity analysis where vaccines are 60 per cent effective. Furthermore, it is assumed that the
suggested increased surveillance is effective in detecting any outbreaks in vaccinated flocks. It is
recommended by the DK-VET that there is a follow-up on vaccination and surveillance effectiveness, but
costs of such a follow-up are not included in the present analysis.

Furthermore, the effect of vaccines in reducing outbreaks in turkey farms is based on average outbreak data.
In reality, the risk of introduction is higher along water lines. Also, the consequences of an outbreak are much
higher if there are other poultry farms or slaughter or hatching facilities close by.

7.8. Other

Other issues, such as improved biosecurity, more effective cleaning and culling as well as more effective
and/or cheaper surveillance, will also affect the proposed net benefits of vaccination in turkeys. In particular,
cleaning and culling costs were reduced by more than 30 per cent due to changed procedures in 2025, and
the DVFA expect even further cost reductions to be pursued in the future (personal communication, Peter
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Oxholm Olesen, DVFA, 27 September 2025). The DVFA can claim a refund of 20 per cent of their costs
associated with outbreak-related activities. This potential reduction in costs for the DVFA has not been
included in the analysis because 1) it is subject to a changing policy environment and 2) some national
membership fees for the veterinary contingency network in the EU have not been included. These two types
of costs work in different directions, meaning that such a net effect is considered small.

Regarding changed surveillance, it is important to include the consideration raised in Boklund et al. (2024)
that if an infected bird is introduced into a flock, then the vaccine is not very effective in protecting against a
spread.

Ultimately, this report presents a static assessment based on current market conditions. Drastic changes in
such conditions, such as new trade barriers, would affect the results presented here.

8. Conclusions

The estimations show that from an economic perspective, vaccination of turkeys is likely to be preferred over
non-vaccination. The net benefits are estimated to be DKK 59 million per year in a scenario assuming that
vaccines are 95 per cent effective in preventing introduction of infection into flocks. The net benefits can be
divided into a net loss for the turkey sector of DKK 8.1 million, a net benefit for the broiler sector of DKK 14
million and a net benefit for the DVFA of DKK 53.1 million.

There are, of course, a range of assumptions behind these numbers, with underlying uncertainties. The
biggest uncertainty is how buyers internationally and in Denmark as well as, most importantly, public
authorities in other countries outside the EU will react to outbreaks and to what extent they will accept
preventive vaccination. For example, the results assume that there will be a slight increase in broiler exports
to high-value markets outside the EU in case of the preventive vaccination of turkeys. Even if this sales benefit
is not included, there is still a net benefit of vaccination. However, if export markets start avoiding Danish
broiler meat due to vaccination of turkey flocks in Denmark, then the vaccination strategy for turkeys might
lead to a loss for the broiler industry. Also, the assumption that the vaccination strategy is 95 per cent
effective in preventing HPAI outbreaks is important for the results.
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Appendix A. Danish avian influenza outbreaks since 2020

Table Al. Avian influenza outbreaks in Denmark since 2020 for all poultry

Date Locality Municipality Number of birds | Bird type
16-11-2020 Tustrup Randers 29,000 | Chickens
09-12-2020 Jelling Vejle 900 | Chickens
01-01-2021 Lgvel Viborg 9,000 | Pheasants and ducks
06-02-2021 Folehaven Kgbenhavn 35 | Chickens
26-02-2021 @stermarie Bornholm 23 | Chickens
04-03-2021 Kongsted Ringsted 600 | Pheasants
04-03-2021 Pedersker Bornholm 10 | Chickens
06-03-2021 Lundby Slagelse 37,000 | Turkeys

11-03-2021 Bggelunde Slagelse 24,000 | Turkeys

12-03-2021 Hallenslev Kalundborg 19 | Ducks

17-03-2021 Spnderupsgnder Slagelse 27,600 | Turkeys

17-03-2021 Flakkebjerg Slagelse 5,700 | Turkeys
21-03-2021 @m Lejre 4 | Chickens
21-04-2021 Landting Holstebro 19,000 | Ducks and geese
05-07-2021 Iller Sgnderborg 40,470 | Chickens
01-11-2021 Spnderupsgnder Slagelse 27,000 | Turkeys
03-11-2021 Boeslunde Slagelse 50 | Chickens, ducks and geese
24-11-2021 Rude Slagelse 2 | Chickens
19-12-2021 Lavel Viborg 6000 | Pheasants and ducks
31-12-2021 Skaverup Vordingborg 42 | Chickens, ducks and geese
01-01-2022 Stokkemarke Lolland 36,000 | Turkeys
03-01-2022 Ruds-Vedby Sorg 64,000 | Turkeys
07-01-2022 Stoholm Viborg 100,000 | Chickens
15-01-2022 Spbjerg Huse Sorg 18 | Chickens
11-02-2022 Sptofte Holbaek 800 | Chickens
29-03-2022 Tranekaer Langeland 11 | Chickens
28-10-2022 Tandslet Sgnderborg 113 | Chickens, ducks, peacocks
09-11-2022 Lundby Slagelse 33,600 | Turkeys
22-12-2022 Stokkemarke Lolland 36,000 | Turkeys
01-01-2023 @rum Hedensted 53,586 | Chickens
17-01-2023 Bggelunde Slagelse 15,000 | Turkeys

17-03-2023 Ramlgse Gribskov 70 | Chickens, musk ducks, and geese
25-04-2023 Augustenborg Sgnderborg 30,300 | Chickens
12-07-2023 Ullerslev Nyborg 60 | Chickens
27-09-2023 Sakskgbing Guldborgsund 43 | Chickens and ducks
06-11-2023 Lundby Slagelse 33,800 | Turkeys
11-11-2023 Alslev Varde 2,300 | Chickens
22-11-2023 Tonder Tonder 2,700 | Pheasants
14-12-2023 Braendholt Holbaek 2,100 | Ducks and chickens
24-01-2024 Bggelunde Slagelse 25,000 | Turkeys
27-01-2024 Sgnderupsgnder Slagelse 27.000 | Turkeys
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28-01-2024 Lundby Slagelse 25,000 | Turkeys
04-02-2024 Tinglev Aabenraa 22,000 | Chickens
04-02-2024 Ruds Vedby Sorg 40.000 | Turkeys
08-02-2024 Spjellerup Naestved 8 | Chickens
08-02-2024 Hokkerup Aabenraa 40,000 | Chickens
16-02-2024 Have Borup Holbaek 20.000 | Chickens
10-09-2024 Vester Ulslev Guldborgsund 6,000 | Ducks and chickens
01-04-2025 Gundsgmagle Roskilde 24 | Chickens
10-04-2025 Aalestrup Vesthimmerland 10,000 | Turkeys

Source: Fgdevarestyrelsen (2025b).
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Appendix B. Overview of current and historical

restrictions

export

The DVFA’s Danish website keeps updates on current and historical restrictions in trade due to HPAI outbreaks
(Fgdevarestyrelsen, 2025a).

Current restrictions (Fgdevarestyrelsen, 2025a):

e Japan: from 12 April 2025

e  China: from 30 November 2016

e  Kuwait: from 12 December 2022

e Russia: from 27 February 2024

e South Africa: from 17 March 2025
e South Korea: from 10 April 2025

Table B1. Overview of total Danish export restrictions due to HPAI outbreaks (in Danish)

Vesthimmerlands Kommune

Land Produkter og regioner omfattet af restriktionen Perpdg 0g delomrader omfattet af | Stadig
restriktionen geeldende
Som fglge af HPAl-udbrud: Fjerkre og
fjerkraeprodukter, inklusive ikke-varmebehandlede
g, fra Sjeelland og Region Midtjylland Den 11. januar 2022 til den 9. maj 2022 Nej
Undtagelser:
Forenede e Varmebehandlede fjerkraeprodukter og fjerkrae
Arabiske biprodukter
Emirater Som fglge af HPAI-udbrud: Levende fugle, rugezeg,
giapgrgoadmu:(ier I;;/;IL:\eglzrDazfnartke—varmebehandlede Den 23. november 2021 til den 9. maj 2022 Nej
Den 13. september 2024 til 4. februar 2025
Undtagelser:
e Varmebehandlede biprodukter
Som fglge af HPAl-udbrud: Fjerkree og - _— .
Filippinerne | fjerkreekgdprodukter fra hele Danmark Den 23. marts 2021 til den 24. juni 2022 Nej
Som fglge HPAl-udbrud i Vesthimmerlands
Kommune den 10. april 2025: Fjerkraekgd (hele
Hongkong slagtekroppe, udskaeringer og spiselige | Den 11. april 2025 til den 17. juni 2025 Nej
slagtebiprodukter); ferske fjerkraeprodukter,
inklusive  ag, til  humant konsum fra
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Hongkong

Som fglge af LPAI og HPAI-udbrud: Fjerkraekgd (hele
slagtekroppe, udskaeringer og spiselige
slagtebiprodukter); ferske  fjerkraeeprodukter,
inklusive aeg, til humant konsum

Undtagelser:

e Varmebehandlede produkter

Guldborgsund Kommune: den 12.
september 2024 til den 25. april 2025
Aabenraa og Sorg Kommune: den 5. februar
2024 til den 22. oktober 2024

Holbzek Kommune: den 15. december 2023
til den 27. maj 2024

Tgnder Kommune: den 23.
2023 til den 6. maj 2024

Varde Kommune: den 13. november 2023 til
den 6. maj 2024

Slagelse Kommune: den 7. november 2023
til den 6. maj 2024

Guldborgsund Kommune: den 4. oktober
2023 til den 2. januar 2024

Sgnderborg Kommune: den 27. april 2023 til
den 15. juni 2023

Gribskov Kommune: den 21. marts 2023 til
den 9. maj 2023

Slagelse Kommune: den 10. november 2022
til den 3. marts 2023

Lolland Kommune: den 22. december 2022
til den 3. marts 2023

Hedensted og Vejle kommuner: den 2.
januar 2023 til den 3. marts 2023

Slagelse Kommune: den 4. november 2021
til den 29. marts 2022

Viborg Kommune: den 21. december 2021 til
den 29. marts 2022

Lolland Kommune: den 1. januar 2022 til den
29. marts 2022

Vordingborg Kommune: den 1. januar 2022
til den 29.marts 2022

Sorg Kommune: den 4. januar 2022 til den
29. marts 2022

Holbzek Kommune: den 14. februar 2022 til
den 29. marts 2022

Sgnderborg Kommune: den 7. juli 2021 til
den 29. december 2021

Holstebro Kommune: den 29. april 2021 til
den 7. oktober 2021)

Kalundborg Kommune: den 19. marts 2021
til den 19. juli 2021

Langeland Kommune: den 19. marts 2021 til
den 13.august 2021

Slagelse Kommune: den 10. marts 2021 til
den 22. oktober 2021

Ringsted Kommune: den 3. marts 2021 til
29. juli 2021

Bornholm: 2. marts 2021 til den 26. august
2021

Viborg Kommune: den 7. januar 2021 til den
1. november 2021

Randers Kommune: den 19. november 2020
til den 14. april 2021

Aalborg Kommune: den 4. februar 2020 til
den 15. maj 2020

Naestved Kommune: den 2. juli 2019 til den
14. oktober 2019

Middelfart Kommune: den 18. marts 2019 til
den 20.juni 2019

november

Nej
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Rebild Kommune: den 28. februar 2019 til
den 20. juni 2019

Vordingborg Kommune: den 3. juli 2018 til 8.
oktober 2018

Holstebro Kommune: den 9. maj 2019 til den
16. august 2018

VeterinaerSyd: den 25. april 2023 til den 18.
august 2023

Fjerkrekgd og fjerkreekgdprodukter fra
Veterinzer@st: den 31. oktober 2022 til
denn30. juni 2023

Fjerkrekgd og fjerkreekg@dprodukter fra
VeterinaerNord: den 31. oktober 2022 til den
23. maj 2023

Helsinggr Kommune, Fredensborg
Hongkong Kommune og Gribskov Kommune: den 22.
november 2016 til den 27. februar 2017
Aalborg Kommune: den 4. februar 2020 til
Som fglge af LPAI-udbrud: Levende fjerkrae og fugle; den 1.5' maj 2020 - .
fierkreekgd og fjerkraekgdprodukter, inklusive Vordingborg Kommune: den 3. juli 2018 til
ggeprodukter den 8. oktober 2018
Holstebro Kommune: den 9. maj 2018 til den
16. august 2018
Som fglge af HPAI-udbrud i Roskilde Kommune:
Fugle i fangenskab og avismateriale fra hele | Den 2. april 2025 til den 8. juni 2025 Nej
Danmark
Den 12. september 2024 til den 12. oktober
2024
Israel Den 29. september 2023 til den 3. juni 2024
Som fglge af HPAI-udbrud: Fugle i fangenskab og | Den 12. juli 2023 til den 20. august 2023 Nej
avlsmateriale af fjerkrae fra hele Danmark Den 3. maj 2023 til den 5. juni 2023
Den 21. marts 2023 til den 23. april 2023
Den 27. december 2022 til den 12. januar
2023
Som fglge af HPAI-udbrud i Vesthimmerlands
Kommune: Fjerkrekgd og fjerkreekgdprodukter
samt &g og aggeprodukter fra Veterinseromrade
(VID) Nord grundet regionaliseringsaftale. Ikrafttreeden af restriktion: den 12. april
Ja
Undtagelser: 2025
e Fjerkraekgd og fjerkraekgdprodukter fra fierkrae,
der er slagtet, og =g lagt F@R den 18. marts
2025
Som fglge af HPAI-udbrud i Roskilde Kommune:
Fierkreeked og fierkraekgdprodukter samt g og | Ikrafttraeden af restriktion: den 1. april 2025 | |_
@gprodukter fra Veterinseromrade (VID) @st
grundet regionaliseringsaftale.
Japan
/g og egprodukter fra hele Danmark: den
31. oktober 2022 til den 14. august 2024
Fjerkrekgd og fjerkreekgdprodukter fra
VeterinaerSyd: den 14. november 2023 til
den 14. august 2024
Fjerkrekgd og fjerkreekgdprodukter fra
Veterinzer@st: den 11. juli 2023 til den 14.
Som fglge af LPAI- og HPAI-udbrud: Fjerkreekgd og | august 2024
fierkreekgdprodukter samt aeg og aegprodukter. Fierkreekgd og fjerkreekgdprodukter fra | Nej
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Fjerkreekgd og fjerkraekgdprodukter fra hele
Danmark: den 31. oktober 2022 til den 23.
maj 2023

Den 24. oktober 2020 til den 29. juni 2022

2gprodukter) fra region Midtjylland

Japan Den 30. januar 2020 til den 13. maj 2020
Den 4. juni 2019 til den 15. oktober 2019
Den 4. marts 2019 til den 20. juni 2019
Den 7. maj 2018 til den 26. september 2018
Den 21. november 2016 til den 14. marts
2017
. S.om folge .af LPAl-udbrud:  Levende  fugle, Ikrafttreeden af restriktion: den 30.
Kina fierkreekgd, fjerkreekg@dprodukter og produkter Ja
november 2016
heraf fra hele Danmark
Som fglge af HPAIl-udbrud: Fjerkraekgd,
. fierkrazkedprodukter og g fra hele Danmark Ikrafttreeden af restriktion: den 12.
Kuwait Undtagelser: Ja
e Produkter, der er blevet december 2022
varmebehandlet ved over 70 grader celsius
Den 6. oktober 2023 til den 11. oktober 2024
Den 28. juli 2023 til den 8. september 2023
Som fplge af LPAI- og HPAI-udbrud: Daggamle 5323 14. februar 2023 til den 28. februar
Malaysia kyllinger, daggamle @&nder rugeae . . . Nej
! fj\(/erkriep’roduktergfg fijerkreeked fra h,ele Danr'iarkgl Den 30. januar 2020 til den 15. maj 2020 J
Den 12. marts 2019 til den 25. oktober 2019
Den 12. marts 2019 til den 25. oktober 2019
Den 6. juni 2018 til den 10. oktober 2018
Som fglge af HPAI-udbrud: Fugle (bortset fra
fierkrae) og gprodukter fra hele Danmark Den 18. juli 2023 til den 31. august 2023 .
Marokko Undtagelser: Den 17. november 2022 til den 14. juni 2023 | N©
e /[gprodukter, der er blevet varmebehandlet, sa
virus er blevet inaktiveret
Region Sjzelland: den 20. september 2024 til
den 6. december 2024.
Region Syddanmark: den 25. april 2023 til
den 11. juni 2024
Region Sjeelland: den 1. juni 2022 til den 11.
juni 2024
. Som fglge af HPAI-udbrud: Rugeaeg og daggamle | Region Midtjylland: den 16. januar 2023 til .
Mexico . Nej
kyllinger den 31. marts 2023
Hele Sjelland: den 25. november 2022 til
den 31. marts 2023
Hele Sjeelland: den 19. november 2021 til
den 31. marts 2023
Region Midt- og Sydjylland: den 16. juli 2021
til den 22. september 2022
Som fglge af HPAI-udbrud: Fjerkrekgd og
fierkraekgdprodukter samt alle gvrige produkter,
der indeholder forarbejdet fjerkree fra region
Midtjylland Ikrafttraeden af restriktion: den 27. februar Ia
Undtagelser: 2024
Rusland e Varer, der har gennemgaet en behandling, der
sikrer inaktivering af HPAI- eller LPAl-virus,
jeevnfgr WOAH Terrestrial Animal Health Code
Som folge af H.PAI-ud.brde: Levende fjerkra O.g Ikrafttreeden af restriktion: den 27. februar
rugezeg fra region Midtjylland. Desuden transit 2024 Ja
gennem Rusland
Saudi- ?.on; fflie Zf K HPAI—ud'brkuld._ Fierkrzzked  og Den 28. december 2021 til den 28. marts .
Arabien jerkreekgdprodukter (inklusive g %8 | 5022 Nej
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Singapore

Som fglge af HPAI- og LPAl-udbrud: Prydfugle;
fierkreekgd og fjerkraekgdprodukter, inklusive ag
og aegprodukter

Vesthimmerlands Kommune (inklusive
zonen pa 10 km omkring udbruddet): den
10. april til den 21. maj 2025

Roskilde Kommune (inklusive zonen pa 10
km omkring udbruddet): den 1. april til den
8. maj 2025

Guldborgsund Kommune (inklusive zonen
pa 10 km omkring udbruddet): den 27.
august til den 8. november 2024

Holbzek Kommune (inklusive zonen pa 10
km omkring udbruddet): den 16. februar
2024 til den 28. marts 2024

Aabenraa og Sorg kommuner (inklusive
zonen pa 10 km omkring udbruddet): den 4.
februar 2024 til den 15. marts 2024

Slagelse Kommune (inklusive zonen pa 10
km omkring udbruddet): den 24. januar
2024 til den 15. marts 2024

Holbaek Kommune (inklusive zonen pa 10
km omkring udbruddet): den 13. december
2023 til den 29. januar 2024

Tender Kommune (inklusive zonen pa 10 km
omkring udbruddet): den 22. november
2023 til den 10. januar 2024

Varde Kommune (inklusive zonen pa 10 km
om udbruddet): den 11. november til 18.
december 2023

Slagelse Kommune (inklusive zonen pa 10
km om udbruddet): 6. november til den 18.
december 2023

Guldborgsund Kommune (inklusive zonen
pa 10 km omkring udbruddet): den 27.
september 2023 til den 10. november 2023
Sgnderborg Kommune (inklusive zonen pa
10 km omkring udbruddet): den 3. maj 2023
til den 6. juli 2023

Gribskov Kommune (inklusive zonen pa 10
km omkring udbruddet): den 17. marts 2023
til den 3. maj 2023

Slagelse Kommune (inklusive zonen pa 10
km omkring udbruddet): den 17. januar
2023 til den 6. marts 2023

Hedensted Kommune (inklusive 10 zonen pa
10 km omkring udbruddet): den 1. januar
2023 til den 20. februar 2023

Lolland Kommune (inklusive zonen pa 10 km
omkring udbruddet): den 22. december
2022 til den 2. februar 2023

Slagelse Kommune (inklusive zonen pa 10
km omkring udbruddet): den 9. november
2022 til den 9. januar 2023

Radius pd 1 km rundt om de(n) bergrte
besaetning(er) i Aalborg Kommune: den 29.
januar 2020 til den 11. maj 2020Radius pa 1
km rundt om de(n) bergrte besaetning(er) i
Naestved Kommune: den 28. juni 2019 til
den 8. oktober 2019

Radius pa 1 km rundt om de(n) bergrte
besaetning(er) i Middelfart Kommune: den
14. marts 2019 til den 4. juli 2019

Nej
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Radius pa 1 km rundt om de(n) bergrte
besaetning(er) i Rebild Kommune: den 28.
februar 2019 til den 4. juli 2019

Radius pa 1 km rundt om de(n) bergrte

den 21. december 2023

Slagelse Kommune: den 6. november 2023
til 8. januar den 2024

Guldborgsund Kommune: den  27.
september 2023 til den 8. december 2023
Nyborg Kommune: den 12. juli 2023 til den
24. august 2023

Sgnderborg Kommune: den 25. april 2023 til
den 14. juni 2023

Singapore beszetning(er) i Vordingborg Kommune: den
4. juli 2018 til den 28. august 2018
Radius pa 1 km rundt om de(n) bergrte
beszetning(er) i Holstebro Kommune: den 7.
marts 2018 til den 14. august 2018
Som fglge af HPAIl-udbrud den 1. april i Roskilde
Kommun_e: Levende fugle, =g og fersk (inklusive Ikrafttreeden af restriktion: den 17. marts
frosset) fjerkraekgd fra hele Danmark Ja
2025
Undtagelser:
e Varmebehandlede fjerkreekgdprodukter
Den 25. august 2024 til den 17. marts 2025.
Sydafrika Fjerkreekgd produceret efter den 12.
Som fglge af HPAI-udbrud: Levende fjerkrae, duer, | oktober 2024 accepteres
gvrige fugle, aeg og fersk (inklusive frosset) | Fra den 18. november 2020 til den 1. august Nej
fierkrekgd med undtagelse af varmebehandlede | 2024.
fjerkreeprodukter fra hele Danmark Fjerkreekgd og fjerkreekgdprodukter fra den
26. oktober 2020 til og med den 17. marts
2024
Som fglge af HPAIl-udbrud: Fjerkraekgd,
fierkreekg@dprodukter, skalaeg, daggamle kyllinger
og rugezg fra Vesthimmerlands Kommune Den 10. april 2025 til den 12. juni 2025 Nej
Undtagelser:
e Varmebehandlede fjerkreekgdprodukter og
2ggeprodukter
Den 25. august 2024 til den 17. marts 2025.
Fjerkrekgd produceret efter den 12.
Som fglge af HPAI-udbrud: Levende fjerkrae, duer, | oktober 2024 accepteres
gvrige fugle, seg og fersk (inklusive frosset) | Fra den 18. november 2020 til den 1. august Nej
fierkreekgd med undtagelse af varmebehandlede | 2024
fjerkraeprodukter fra hele Danmark Fjerkraekgd og fjerkreekgdprodukter fra den
26. oktober 2020 til og med den 17. marts
2024
Roskilde Kommune: den 1. april til den 8.
maj 2025
Guldborgsund Kommune: den 10.
Sydkorea september til den 11. oktober 2024
Holbzek Kommune: den 16. februar til den 5.
april 2024
Sorg og Aabenraa Kommune: den 4. februar
2024 til den 18. marts 2024
Slagelse Kommune: den 24. januar 2024 til
Som fglge af HPAl-udbrud: Fjerkraeked, | den 13. marts 2024
fierkraekgdprodukter, skalaeg, daggamle kyllinger | Holbaek Kommune: den 13. december 2023
og rugeaeg til den 26. januar 2024 Nej
Undtagelser: Tgnder Kommune: den 22. november 2023
e Varmebehandlede fjerkreekgdprodukter og | til den9.januar 2024
2gprodukter Varde Kommune: den 11. november 2023 til
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Sydkorea

Gribskov Kommune: den 17. marts 2023 til
den 14. juni 2023

Slagelse og Naestved Kommune: den 17.
januar 2023 til den 14. juni 2023
Hedensted, Horsens og Vejle Kommune: den
1. januar 2023 til den 14. juni 2023

Ukraine

Som fglge af HPAI-udbrud: Levende fjerkrae, rugeaeg

og fjerkraeprodukter

Undtagelser:

o Fjerkraeprodukter, der er varmebehandlet pa en
made, der inaktiverer HPAI- eller LPAI-virus

Hele Danmark: den 2. oktober 2023 til den
9. maj 2024

Hele Danmark: den 23. juni 2023 til den 22.
august 2023

Overvagningszone (10 km) omkring HPAI-
udbruddet i Slagelse Kommune: den 10.
november 2022 til den 20. februar 2023
Overvagningszone (10 km) omkring HPAI-
udbruddet i Segnderupsgnder i Slagelse
Kommune: den 2. november 2021 til den 26.
april 2022

Overvagningszone (10 km) omkring HPAI-
udbruddet i Sgnderupsgnder i Slagelse
Kommune: den 17. november 2020 til den
27. august 2021

Nej

Som fglge af LPAIl-udbrud: Levende fjerkree,

fjerkreeprodukter (inklusive ag) og ravarer

produceret af fjerkrae

Undtagelser:

e Produkter, som ikke stammer fra eller er
produceret i  region Hovedstaden i
restriktionsperioden, kan eksporteres

Hele Danmark: den 2. oktober 2023 til den
9. maj 2024

Region Hovedstaden: den 1. februar 2017 til
den 21. december 2019

Nej

Source: Fgdevarestyrelsen (2025a).
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Appendix C. Average outbreaks (2021-2024)

Table C1. Overview over historical avian influenza outbreaks in turkeys and all poultry and estimated
effectiveness of the vaccine strategy in scenarios 1 and 2

Date Baseline:| Scenario 1: Outbreaks with 95 % | Scenario 2: Outbreaks with 60 %
Historical outbreaks effective vaccine effective vaccine

Only turkey All Only turkey All outbreaks Only turkey All outbreaks

outbreaks| outbreaks outbreaks outbreaks

2020* 0 2 0 2 0 2
2021 5 18 0.25 13.25 2 15
2022 4 9 0.2 5.2 1.6 6.6
2023 2 10 0.1 8.1 0.8 8.8
2024 4 9 0.2 5.2 1.6 6.6
2025* 1 2 0.05 1.1 0.4 1.4
Total 15 46 0.8 31.8 6 37
Average 3.8 11.5 0.2 7.9 15 9.2

Note: *: 2020 and 2025 are not included in the totals and averages. The totals and averages only include 2021-2024.
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