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Abstract

The ongoing outbreak of highly pathogenic avian influenza such as A/H5N1 virus, with its continued evolution
and spread to various mammalian species, raises significant concerns about its potential to cause a human pan-
demic. This editorial examines the recent spillover events to mammals, the economic impact on the poultry
industry and the importance of preparedness and preventive measures. The situation in the USA (widespread
outbreaks in cows as well as in dairy farm workers) and in Europe (infections in cats and fur animals) highlights
the urgency of implementing effective surveillance, biosecurity, vaccination and communication strategies. Parti-
cularly, we focus on the lessons learnt (and also those not learnt) from Poland and the rest of Europe in managing
potentially being zoonotic outbreaks of unknown origin. Personal experience from these events, though poten-
tially reflecting the subjective views of the authors, highlight the importance of regional preparedness and rapid
response to mitigate the risks posed by avian influenza and other emerging infectious diseases. A One Health
approach, integrating the animal, human and environmental health sectors with socioeconomic constraints, is
crucial for mitigating the risks and preventing a potential global health crisis.
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Introduction

Avian influenza, colloquially known as bird flu, is an infec-
tious disease caused by type A influenza viruses (AIV) that oc-
curs naturally in wild birds, mainly waterfowl. Classification of
influenza viruses is based on the antigenic properties of their
surface proteins; hemagglutinin (H) and neuraminidase (N).
It is a disease with high mutation rates and the potential for
zoonotic transmission [1]. Avian influenza challenges both the
veterinary and medical communities. Recent outbreaks in var-
ious locations around the world revealed the urgent need for
comprehensive mitigation strategies, particularly as concern
rises over the emergence of a potential Disease X (a term re-
served for an unknown pathogen that has the ability to cause
a large-scale epidemic). AIV is shortlisted for high priority
potential Pathogen X particularly for Europe [2]. Of particu-
lar concern are cases of virus spillover to mammals, i.e. its
transfer from birds to other animal species, which increases
the risk of mutation and adaptation of the virus to humans.
An example of such a phenomenon in the last 2 years is an
epizootic of H5N1 virus in cows and among other mammals in
the United States of America (USA) in 2024 and cats in Poland
or in fur animals in Finland in 2023 [3-5].

Poland, located in central Europe, has seen numerous
outbreaks of avian influenza in years 2020-2024, providing
crucial insights about disease prevention and control [6]. Po-
land’s geographical location and its extensive poultry industry
make it an essential area for studying the spread and manage-
ment of avian influenza across Europe [7].

In this editorial we aimed to discuss the various threats
posed by avian influenza, particulary in the context of a po-
tential Disease X [8]. By analyzing Poland’s experiences and
the wider European perspective, we aim to identify strategies
and policy recommendations that could be implemented on
European scale, covering the biological, ecological and soci-
oeconomic aspects of avian inflluenza. We highlight the im-
portance of preparedness, quick response and international
cooperation to prevent future pandemics of zoonotic ori-
gin [9]. Our discussion includes scientific findings in virology,
epidemiology and veterinary science, as well as case studies
from European countries, including Poland. We also want to
signal what went wrong [10]. By synthesizing these insights,
we hope to contribute to a more resilient and informed ap-
proach in managing the ever-imminent risk of avian influenza
and other emerging infectious diseases.

History of avian influenza

The H1N1 influenza pandemic of 1918-1920 (incorrectly
named “Spanish flu”) which caused the death of estimated
50-100 million people worldwide was an avian-like HIN1 vi-
rus [11]. The so-called Hongkong H3N2 pandemic virus was

a reassortment virus (i.e. the exchange of genomes between
different viruses living in the same host) of a seasonal human
influenza virus and a low pathogenic avian influenza A virus
[12-13]. It caused millions of infections in Europe between
1969-1971, which froze the economy and was one of the trig-
gers of a reduced quality of life. In terms of registered cases,
it was the largest epidemic in modern Polish history, far more
so than the COVID-19 in 2020-2024. At the peak of the H3N2
epidemic (December 1970), almost half of the staff in Poland’s
factories were either on sick leave or on strike. The avian
strain H5N1, the lead topic of this editorial, killed at least 90
people in 2003/2004, mostly in South East Asia [14]. Although
experience to date shows that human-to-human transmis-
sion is generally low, the mortality rate can be as high as
50% [15]. The 2009/2010 H1N1 pandemic was caused by
a unique combination of swine, avian and human influen-
za. Other than HIV and coronaviruses, all major pandemics
in modern history were caused by avian influenza [16]. It is
worth noting that since 2022/2023 the seasonal human influ-
enza rates have returned to pre-COVID-pandemic level in the
European Union (EU) [17].

Virology and epidemiology

Due to the close contact and proximity of humans and
animals throughout our shared history, many pathogenic
microorganisms have evolved to effectively infect both types
of hosts. These are zoonoses and reverse zoonoses (crossing
from humans to the animal population) [18]. In the case of
COVID-19, there is evidence that it might be a zoonotic dis-
ease from the start of the pandemic and later it evolved to
a reverse zoonotic disease as well [19-20]. It led to disastrous
implications for selected livestock populations. In particular, it
caused the slaughtering of minks in 2020/2021 following the
transmission of the SARS-CoV-2 virus from humans to minks,
also in Poland [21]. In addition to the significant impairments
caused by zoonotic diseases affecting livestock (e.g. the re-
duced access to food of animal origin), a region or country
may experience a reduction in its ability to export or trade
agricultural and food products during an outbreak/epizootic.
Global livestock production and agriculture are heavily de-
pendent on biosecurity measures along the production-con-
sumption chain. We should also note the challenges to bios-
ecurity requirements in the context of the current European
Union’s Green Deal strategy of “from the farm to fork” [22].
Poultry producers are the first to experience the resulting re-
strictions (e.g. in antibiotic administration to livestock), while
biosecurity (also against AlV) is promoted [23].



General virology of avian influenza

AlV, like all viruses (particularly RNA), are constantly mu-
tating [24]. The farm environment allowed the reassortment
of the H5 and H8 subtypes to occur. Thus, the viruses evolved
from low pathogenic (LPAI) to lethal to domestic poultry
(highly pathogenic, HPAI) [25]. If the virus mutates to a form
that is easily transmitted from birds to humans (a so-called
spillover), a serious public health crisis could emerge. In 2023
thousands of outbreaks have been reported in poultry, wild
birds and, most alarmingly, in mammals [26]. The situation in
the USA during the spring/summer of 2024 was unprecedent-
ed: an extremely large outbreak in mammals (mainly cows)
and dozen confirmed cases in humans (with contact with ani-
mals) [27-28]. Upon submission (August 6% 2024), there were
1838 registered human cases of H5N1 since the beginning of
this linkage around 1993 with 13 notifications from the cur-
rent outbreak in the USA [29]. Probably more human cases
are unreported. Besides, non-infectious AIV fragments ap-
peared in dairy products or in sewage, also in the areas of USA
without industrial dairy farms [30].

Genetic changes and adaptations of
H5N1 in 2022-2024

The ongoing global outbreak of HS5Nx virus, originat-
ing from the goose/Guangdong lineage, has persisted
for over 25 years. It has diversified into 8 distinct groups
(2.3.4.4a-2.3.4.4h) with 3 primary neuraminidase subtypes:
N1, N8, and N6 [31]. Notably, the H5N1 subtype within this
lineage (clade 2.3.4.4b) has been responsible for the last dec-
ade of global outbreaks. This strain has undergone rapid and
significant genetic changes through reassortment of internal
genes. In a short timeframe, it has outcompeted other avian
influenza strains and is now prevalent in wild migratory bird
populations across Asia (its primary source), Europe, Africa
and the Americas [32]. Throughout this time, the virus has
continuously evolved, resulting in the emergence of several
distinct genetic clades of the H5 hemagglutinin gene. Variants
of the H5N1 group have been monitored for several years and
spread on all continents [31]. Mammals in Europe (2023) and
the USA (2024) were infected with a reassortant virus and
continuation of the lineage 2.3.4.4b [33]. There are several
viral genes to be analyzed phylogenetically: polymerase-bind-
ing protein 1, 2 (PB1, PB2) matrix protein (MP), non-struc-
tural protein (NS), acidic protein (PA), nucleocapsid pro-
tein (NP). Changes in the NP part of AIV were linked with
previous pandemics in humans, thus they are the most inter-
esting in terms of zoonotic potential [34]. Mutations in PB2,
specifically E627K, are genetic indicators of the virus ability to
infect mammals [35]. All the viruses from cats and most oth-
er European mammals exhibit this mutation [36]. The virus
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found in the white stork in Poland in 2023 exhibited some of
these characteristic mutations in NP and PB2 [35].

Thus, based on the available material, certain sets of
SNPs (single nucleotide polymorphisms), previously marked
as related to circulation in mammals, can persist in European
bird populations, including both wild and domestic. However,
these mutations do not tend to infect mammals unless they
reassort with strains imported from Africa by the migrating
bird population, which might explain the seasonal dynamics
of the outbreaks. Phylodynamic of ongoing outbreak in cows
in the USA suggest a different mechanism and Pan-American
origin [37].

Social determinants of recent avian influ-
enza outbreaks

Between April 1 (first confirmed human case in a dairy
worker) and and April 21 2024 (detection of non-infectious
parts of AlV RNA in milk) the problem of avian influenza has
caught the attention of the general public, which is usually
not interested in non-human diseases (Figure 1) [38]. These
dates started a new era in avian influenza. Although infections
in cattle in March 2024 were of interest in the professional
community only, the milk contamination and partially human
cases among dairy farm workers gained greater recognition.

The southern hemisphere’s influenza-like illness (ILI) sea-
son began in May 2024, with a significant impact on pediatric
patients [39]. The case of H5N1 in a child in Australia attract-
ed the most attention and generated considerable tradition-
al media coverage and social media discourse (peak around
May 22" 2024, Figure 1) [40-41]. This case demonstrates that
media and public interest depend not only on the epidemio-
logical significance of an event, but also on its emotional and
socioeconomic context [42].

Since peaking in 2021, cases in wild birds and poultry in
the EU/European Economic Area were on decline until the be-
ginning of the summer in 2024 [33]. However, viruses found
new host species during the spillover in spring/summer 2023.
Avian influenza used to have seasonal patterns (e.g. in Poland
peaks around early spring, late summer), but these patterns
are less and less visible since 2022 [26]. To cope with high-
ly pathogenic avian influenza, the poultry industry and wild
bird conservation programs must be transformed in line with
an integrated One Health approach that recognizes the inter-
connectedness of human, animal and environmental health in
addressing global health challenges [1].

Consequences of avian influenza
Avian influenza is not only a concern for epidemiologists,

but also a major economic problem because if the virus is de-
tected, all the birds in that particular flock have to be killed.
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Figure 1. A — Discourse (information supply) volume with sentiment: the emotional attitude expressed in a text (left axis) and reach
(right axis) for given keywords (avian influenza and bird flu) in English during March-July 2024 (collected with Brand 2024);
B — Avian influenza (left axis) and A/H5N1 (right axis) in Google Trends (information demand) worldwide 5/2023-07/2024

The virus has infected wild birds in large areas of Europe
(mainly in the West and the North), causing mass mortality.
H5N1 is suspected of affecting biodiversity by causing mass
mortality events in some mammals, such as the reported
sudden deaths of over 20000 South American sea lions [43].
During 2020-2023 hundreds of millions of poultry were culled
in Poland, France and Russia alone. It is also an economic di-
plomacy challenge to negotiate with countries that import
European poultry meat due to concerns about AlV infection.
It is noteworthy that Poland is the largest producer of poultry
meat in the EU and the third largest exporter in the world [7].

Financial and social costs of avian influ-
enza

In 2021 alone, the direct costs of combating avian influen-
za in Poland exceeded 100 million EUR (mainly due to the eu-
thanasia of millions of birds) and if we add the indirect costs
incurred by the farmers (problems with sales and biosecurity),
it will easily exceed 250 million EUR [44]. The periods without
any bird flu outbreaks in Poland or France are brief and in ac-
cordance with the regulations of many countries around the
world, the occurrence of at least one case is associated with
an embargo on the import of poultry [45].

Due to the fact that industrial farming is a breeding
ground for new AlV variants, there are recommendations to



limit the global poultry population, including reducing inten-
sive production in countries such as Poland [46-47]. However,
countries with less developed poultry production, e.g. most
of the Global South, should increase production [48]. This is
due to the fact that poultry and eggs are perceived as qual-
ity protein sources with good biomass conversion, relatively
low CO2 emissions and lack of religious taboos. In contrast,
countries with intensive poultry production, e.g. the USA, Po-
land or France, should drastically reduce production. On the
other hand, climate change is making it more difficult to farm
animals in subtropical climates (Africa, Central America, Asia
and Southern Europe) due to insufficient access to water and
heat waves, thus moving production to the colder zones. It is
an opportunity for the development of the industry in Poland
and the rest of Central/Northen Europe, but at the same time
it poses threats [48]. Climate change also affects the migra-
tion corridors of birds, e.g. the southern coast of the Baltic
Sea has become a new hot-spot, where contact between birds
may occur and virus variants may spread over long distan-
ces [49-50].

High concentration of the poultry industry (e.g. in the
Zuromin district, Central Poland) is a biosecurity problem (e.g.
due to a multi-point outbreak in this area > 10 million birds
were culled in a dozen days) [6]. Thus, deconcentrating these
massive production centers in Poland and in France is worth
considering. Biosecurity measures are very important, how-
ever there are also plenty of vaccines against HPAI H5 strains
for poultry in use around the world [32, 51]. One of the rea-
sons why vaccination is not so widespread is because of trade
restrictions. The use of live vaccines causes vaccine strains
to circulate in the population, which is a problem for trading
with avian influenza-free countries (concerns about importing
a vaccine strain). For example, France introduced mass vacci-
nation of poultry in late 2023 because it had previously been
blocked by trade restrictions [52]. Avian influenza vaccines
(for H5N1) for humans are on the market, their production
can probably be scaled up, but they have never been used in
clinical practice until 2024 [53].

In 2023, there was a significant shortage of eggs in Rus-
sia, which led to price increases and widespread concern of
availability among consumers and policymakers. The situa-
tion was also seen in the Kaliningrad Oblast (province) bor-
dering Poland [54]. Although the export of eggs was officially
forbidden, the demand provoked smuggling [55]. Among the
constellation of factors related to ongoing Russia-Ukraine
War (such as sanctions), avian outbreaks reduced the supply
of eggs. In a single outbreak in Bashkiria Oblast in summer
2023, millions of laying hens were euthanized, and produc-
tion in this area returned to normal conditions in 2024 [56].
The avian influenza-driven shortage of eggs occurred also in
Australia in July 2024 (Figure 1) [57].
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Case study: H5N1 in cats and fur animals
in Europe

In Finland, the H5N1 virus outbreak at fur animal farms
happened in the summer and autumn 2023. This time the vi-
rus most likely originated from wild birds, particularly gulls, and
spread to farmed fur animals like foxes and minks [5]. Control
measures included culling the infected animals, surveillance of
the environment and wildlife, improving biosecurity, monitor-
ing human exposure and securing vaccines for animal farmers.
There were no problems with financing testing and monitor-
ing, unlike in the case of the outbreak among cats in Poland.
While no human infections were detected, the outbreak in
Finland raises concerns about potential virus adaptation and
transmission risks for future virus selection processes [48].

The H5N1 outbreak in cats in Poland did not have the
same direct source as the Finnish outbreak and it resulted
in circa 40 confirmed cases and hundreds of suspected dead
cats. The exact case definition did not exist before, therefore
the World Organization of Animal Health (WOAH) and other
institutions (e.g. the Polish Veterinary Inspection) may provide
slightly different numbers. The response of the authorities
demonstrated effective regional control measures (primarily
in Gdansk), but revealed gaps in the national and internation-
al preparedness and communication [4]. Despite their limited
financial capability, the local authorities quickly responded to
contain the outbreak, while the lack of established protocols
and coordination between agencies for human and animal
health caused confusion and delays. The situation was further
complicated by an infodemic from both the cat owners and
the poultry industry, with conflicting information hindering
effective control. The most important lesson learnt from the
outbreak in Poland was the lack of effective collaboration be-
tween institutions. There were tensions between:

1) the regional and national inspections (compare with
other One Health disasters, e.g. the 2022 massive fishkill in
the Oder River caused by toxic algae blooms);

2) Departments of the Ministries responsible for health,
agriculture and environmental protection (e.g. in Finland vet-
erinary inspectors collected samples from wildlife, whereas in
Poland this was not possible in case of certain species (e.g.
white stork), due to the lack of permissions from environmen-
tal agencies);

3) citizens, governmental and scientific entities [4, 58].

In 2023/2024 more cases of AV in Europe were detected
among mammals such as dogs in Poland and Italy, multiple fur
animals outside of Finland and cats outside of Poland among
others [33, 59]. Course of the the avian influenza disease var-
ies between species: it is similar to common cold in dairy cat-
tle, while most often fatal in cats [36]. One and public health
authorities both in Poland and the USA experienced similar
challenges. For instance, a significant proportion of humans
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in contacts refused to stay under sanitary surveillance or get
tested [60]. Similar mis/dis-information topics (e.g. conspiracy
theories about “the next planned pandemic”) were circulat-
ing [4]. Although none of European mammal infections were
proved to be transmitted from mammal to mammal, this was
confirmed in the USA [37].

Preventive measures and preparedness

In the face of potential threats like avian influenza, we
could implement the following key measures:

1) epidemiological monitoring;

2) counteracting processes that cause vulnerability;

3) developing new medical technology and promoting
their use;

4) preparation of health infrastructure and coordination
of service activities [61].

It is important to combine theoretical understanding
with practical application as well as with the experience from

COVID-19 and to utilize advanced technologies to create
comprehensive plans for preventing and managing zoonotic
diseases in our region (Baltic Sea) and across Europe [62-63]
(Table 1). In humans, infections are typically related to direct
contact with contaminated environments or animals that are
either dead, sick or healthy-looking but infected (this is the
case for dairy farm workers) [28]. Human infections of cur-
rently circulating H5N1 strains result in an asymptomatic or
mild disease, causing symptoms ranging from fever, conjunc-
tivitis and cough to ocular discharge. It can also cause atypical
symptoms e.g. gastroenteritis, which makes it difficult to dif-
ferentiate from another ILI [64]. In the late spring and summer
between ILI seasons, an increase in the number of patients
with respiratory symptoms (COVID-19 excluded) may need
special attention. Moreover, a new spillover may result in
a different symptom onset, thus close collaboration between
family doctors and veterinary/sanitary inspection (mainly in
rural areas) is needed to not overlook such events.

Table 1. Comprehensive preparedness approach to counteract potential avian influenza threats

Area of focus

Key actions

Relevant authorities/
entities

Surveillance
and monitoring

Intensify monitoring of food supply chains, environment,
farm animals and human-animal interactions using
Al-supported systems, ensuring robust risk
communication to stakeholders.

Sanitary and Veterinary
Inspection (at the regional,
national and international
levels)

Collaborate with international organizations (WHO, FAO,
WOAH) for coordinated surveillance efforts to ensure early
detection of potential threats and response. Ensure that
all actions are supported by robust legal and regulatory
frameworks.

public health authorities,
international organisations

Conduct targeted surveillance of wild birds during
migration seasons (late summer and early spring) to
detect early signs of avian influenza. Include equity
considerations to ensure rural and remote areas are not
disproportionately affected.

public health authorities,
regional Veterinary Inspection

Digitalise and integrate multiple registries to improve
data sharing across health, agriculture and environmental
agencies, ensuring data security and privacy. Highlighting
the 2023 Legionella outbreak in Rzeszow (southern part
of Poland) as an example of the consequences of poor
information flow: agencies under 3 separate Ministries
(of Health, Internal Affairs and Defence) performed
separate investigations with no data sharing [65-66].
Monitor and evaluate these systems regularly.

Ministries responsible

for health, agriculture,
environment, internal affairs,
defence

Investigate atypical outbreaks with consideration

of potential bio/agro-terrorism scenarios to ensure
comprehensive threat assessment and response (due to
the current geopolitical circumstances in Europe) [67].

military epidemiological
entities, agencies responsible
for health, agriculture,
environment

Al — artificial intelligence; FAO — Food and Agriculture Organization of the United Nations; WHO — World Health Organization;
WOAH — World Organisation for Animal Health
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Table 1. Comprehensive preparedness approach to counteract potential avian influenza threats (continued)

Area of focus

Key actions

Relevant authorities/
entities

Surveillance
and monitoring

Raise public awareness about the importance of reporting
unusual incidents, particularly in relation to animal health
and food safety, to enhance early warning systems.
Communication strategies for topics related to companion
animals to be prepared in advance (due to emotional bond
between pets and their owners) [68].

public health authorities,
communication specialists

Apply stringent biosecurity principles to monitor and limit
disease transmission within animal herds, focusing on
preventive measures at the farm level [69].

veterinary authorities, farmers

Regulate poultry production density and control imports
(particularly from regions with lower veterinary controls)
to maintain high health standards and prevent disease
spread.

government administration, EU
trade authorities

Crisis
management
and
decentralisation

Decentralise decision-making to empower regional
emergency management teams, enabling them to
respond swiftly and effectively to local threats. Legal and
regulatory frameworks should support these decentralised
actions.

regional health and veterinary
authorities, crisis management
teams

Provide ongoing training and capacity-building for regional
emergency teams to ensure readiness for emerging
threats. Build resilience against food disinformation and
biological denialism [70-71].

regional emergency
management authorities,
training institutions

Establish and maintain clear communication channels
between regional and central authorities to facilitate
coordinated responses to health emergencies, ensuring
consistent risk communication.

regional and central health/
veterinary authorities

Industry lobby groups (e.g. poultry producers) should
not influence the governments in anti-health subjects as
it happened during the 2024 farmers’ protest in several
European countries, which is in line with other lobbying
efforts (e.g. the nicotine case) [72-73].

government administration,
regional authorities

Build regional resilience by coordinating activities at the
sub-national level, recognizing the unique challenges of
different regions, as seen in the effective responses in the
Pomerania region of Poland.

regional health/veterinary
authorities

Ensure that the regional teams have access to adequate
funding and resources to manage crises effectively,
avoiding the over-reliance on central authorities. Monitor
and evaluate the effectiveness of these strategies
regularly.

national government
administration, regional
authorities

Public health
and vaccination

Encourage poultry and animal farm workers to vaccinate
against seasonal flu.

healthcare authorities, farmers,
Regional Sanitary Inspection
agency

Provide timely access to tests and antivirals for farm
workers displaying suspicious influenza-like symptoms,
ensuring early treatment and containment.

healthcare providers, regional
Sanitary Inspection

Al — artificial intelligence; FAO — Food and Agriculture Organization of the United Nations; WHO — World Health Organization;
WOAH — World Organisation for Animal Health
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Table 1. Comprehensive preparedness approach to counteract potential avian influenza threats (continued)

Area of focus

Key actions

Relevant authorities/
entities

Public health
and vaccination

Support the rapid development and stockpiling of vaccines
and antivirals based on the lessons learnt from the
COVID-19 pandemic, ensuring preparedness for a more
severe outbreak [16].

healthcare authorities, vaccine
manufacturers

Strengthen health systems to prepare for a potential
pandemic that could pose a greater burden than
COVID-19, with a focus on scalable response capabilities.
Monitor and evaluate the effectiveness of these
preparedness strategies regularly.

national health systems,
pandemic preparedness
committees

Develop and implement logistics for equitable vaccine
distribution, with ongoing monitoring of vaccine
effectiveness, particularly in rural areas among animal
farmers [53].

healthcare authorities, logistic
and monitoring teams

Conduct public health campaigns to increase vaccination
uptake, with a focus on educating rural and remote
communities about the benefits of vaccination.
Incorporate equity considerations to ensure fair access to
vaccines.

public health authorities,
communication specialists

Biosecurity and
food production

Implement robust biosecurity measures on farms to
monitor and prevent the introduction and spread of
diseases, with a focus on proactive risk management.
Monitor and evaluate these biosecurity measures
regularly.

veterinary authorities,
biosecurity experts

Invest in research and development to advance
biosecurity practices, exploring new technologies and
methods to enhance disease prevention and control [63].
Ensure that all research is supported by appropriate legal
and regulatory frameworks.

government administration,
research institutions

Engage stakeholders (e.g. including farmers, industry
representatives and environmental groups) in developing
and implementing biosecurity measures that are practical
and effective. Ensure equity considerations are embedded
in the stakeholder engagement processes.

stakeholders (farmers, industry
representatives, environmental
groups), government
administration

Counteract the spread of misleading narratives about food
safety (“food disinformation”) by leveraging cutting-edge
technologies (e.g. AI), while remaining vigilant against
industry lobbying.

food safety authorities,
communication experts, AL
developers

Infodemic
management

Establish dedicated infodemic management teams to
manage the spread of misinformation and disinformation,
while also addressing the broader challenges of managing
the infodemic itself [74]. Ensure that these actions are
supported by robust legal and regulatory frameworks.

WHO, public health authorities,
infodemic managers,
communication specialists

Use social listening platforms to monitor public sentiment
in real-time, integrating this data with epidemiological
insights to enhance communication strategies [75].

public health communication
teams, AI and social listening
platforms

Develop a comprehensive taxonomy to classify and
track disinformation narratives, facilitating targeted
responses to emerging threats. Ensure that all measures
are equitable and consider the needs of underprivileged
groups.

public health authorities,
infodemic management teams

Al — artificial intelligence; FAO — Food and Agriculture Organization of the United Nations; WHO — World Health Organization;
WOAH — World Organisation for Animal Health
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Table 1. Comprehensive preparedness approach to counteract potential avian influenza threats (continued)

Relevant authorities/
entities

Area of focus | Key actions

Proactively counter the infodemic in public health by
using AI and machine learning technologies to enhance
monitoring and response efforts. Incorporate equity con-
siderations in the deployment of these technologies [76].

Al developers, public health
authorities, infodemic
management teams

Collaborate with social media companies to manage and
counteract misinformation, disinformation and infodemic
effectively.

social media platforms, public
health authorities

Infodemic
management Implement educational initiatives aimed at improving
digital literacy, helping the public to better recognize and
resist misinformation and disinformation. Ensure that
these initiatives are accessible to all population groups.

ministry responsible for public
education, public health
authorities

Develop and execute crisis communication plans that
are responsive to the quickly-evolving misinformation, public health authorities,

ensuring accurate information dissemination during health | communication specialists
emergencies.

Al — artificial intelligence; FAO — Food and Agriculture Organization of the United Nations; WHO — World Health Organization;
WOAH — World Organisation for Animal Health

hundreds of millions of poultry culled yearly in Europe and

The recent outbreaks of the AIV (mainly the H5N1 strain) trade restrictions imposed. The virus takes a much higher
have raised global concerns due to its spread to mammals death toll in wildlife. Avian influenza is not just a biological
and thus potential for human and possibly high mortality condition of One Health [4, 78]. It is also a state of social con-
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Figure 2. Structure of a surveillance/preparedness system (the initial phase of the EWRS — Early Warning and Response System [79]) which
might be able to quickly react to Disease X threats such as avian influenza based on the experience with H5N1 in Europe in 2023 with
major infectious agents; NGOs — non-governmental organisations
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dition and a state of global order. It is a vulnerability that we
have created (e.g. due to intensive poultry farming) and might
have to face again.

Expecting the unexpected

The main problem revealed in 2023 in Europe in a total-
ly new event was the lack of intersectoral coordination and
collaboration, which suggested rethinking the practical im-
plementation of the One Health concept in the EWRS (Early
Warning and Response System) [80] (Figure 2). First of all,
we need to strengthen local One and public health inspec-
tion agencies, which will need to take responsibility to detect
abnormality in the very first weeks of an outbreak and later
the responsibility may be shifted to national and international
bodies [81-82]. The just culture of quality model emphasizes
learning from errors and failures to improve preparedness,
thus actual (not on paper only) coordination between region-
al One and public health inspection agencies is needed [83].
According to the Polish law, this responsibility belongs to the
voivodeship (provincial) governor authority, but this was not
the case in any of the recent One health crises: AIV in cats in
Pomerania (Northern Poland, 2023), the Legionella outbreak
in Southern Poland (2023) or the massive fishkill in the Oder
river in Southern Poland (2022) [4, 66, 84]. The modern con-
cept of risk reduction required: localized strategies (which we
emphasize in this editorial the most), breakthrough endeav-
ors, collective actions and cross-disciplinary coordination [85].

In the Pomerania case of avian influenza in cats, the inves-
tigation started on about June 15 2023, when excess mor-
tality was observed by veterinarians with the support of local
cat owners (lay people) [86]. The virus most likely originated
almost a month earlier in Southeastern Poland, but was not
detected there on time [86]. Local part of the investigation
lasted until the last days of June when cooperative work of
regional inspections excluded mammal to mammal trans-
mission (including to humans) as the main route. Most liter-
ature on preparedness focuses on national and international
collaboration, while regional efforts are overlooked, and we
have seen consequences of that in 2023 [87]. Thus, the so-
called Situation Definition Phase (assessing, specifying and
interpreting the current situation) requires regional expertise
and capacities [88]. Organizing One Health crisis manage-
ment teams at the regional level seems to be the best solu-
tion as it combines competence and sub-regional knowledge.
In Poland (Pomerania) and the USA (Texas), regional health/
veterinary authorities were able to identify the aetiology
of unknown animal problems and manage them at an ear-
ly stage with limited support from the national institutions.
It is strongly recommended that cheaper new technologies,
such as those based on artificial intelligence/machine learn-
ing, should be preferred to the traditional broad, expensive

passive monitoring of different populations as advocated by
some interest groups [63]. Most opinion articles and letters
to the Editor simply emphasize the need for more AlV prepar-
edness funding. We propose instead to use existing resources
and skills and to use advances in technology and organisation-
al knowledge to optimise the system.

The main problem in responding to unknown threats
(e.g. AlVin cats in Pomerania) is the grey area between non-
-standard risks and known threats [4, 84]. If the threat is
well-defined (e.g. rabies and dirofilaria in pets of the war
refugees from Ukraine or the typical HPAI in poultry), the in-
fection control strategy can be planned in advance [2]. If ra-
bies is suspected in a human following animal exposure, the
medical doctor and the veterinarian have detailed procedures
on what to do. Hazmat and CBRNE (Chemical, Biological, Ra-
diological, Nuclear and Explosives) teams, emergency and in-
fectious disease hospital staff and other inspectors regularly
train in response (i.e. simulated outbreaks of the most likely
agents) [67]. In the case of Disease X (a hypothetical case), ru-
ral doctors from the Zutawy region (Vistula agricultural zone)
or epidemiologists from either one of the provincial hospi-
tals in the Gdarisk Bay area (excluding the Tricity) may be the
first to link the increase in ILI cases among their patients to
the mass mortality of seagulls. Informal interdisciplinary ties
between local community leaders will be crucial to defining
the threat and responding smoothly [83]. Therefore, social
reactions must be taken into account in mitigating epidemic
threats [89].

Disease X

The current situation related to bird flu raises concerns
about the possibility of another pandemic among humans,
particularly in the context of the so-called Disease X. It is
a term reserved for a hypothetical pathogen (most likely zo-
onotic virus), much more lethal than COVID-19 and capable of
causing a global health crisis on an unknown scale.

Geopolitical challenges and climate change destabilize
human flow systems, creating conditions for the migration of
species and the development of new pathogens, pose new cat-
egories of risks to humans, animals and the environment [90].
Gdansk (where this Journal is published) and the Tricity met-
ropolitan area (Gdansk, Sopot and Gdynia) in Poland, seems to
be susceptible, particularly during the tourist season with an
additional > 10 million visitors each summer and new problems
not related to typical foodborne outbreaks [91-92]. In terms
of possible spillovers and reassortments of avian influenza,
the Poland'’s Baltic coastline (particularly the Gdansk Bay) was
identified as one of the most important hotspots in the en-
tire Europe due to crossing of main bird migration paths [93].
Increased mobility of goods (e.g. the Gdarisk and Gdynia ports
together are 4" in Europe in terms of cargo tonnage handled)



and people (planned construction of a mega airport hub in
Central Poland), growing numbers of migrations (e.g. war ref-
ugees from Ukraine or flows from the Global South) and fur-
ther urbanization of metropolises (increased population den-
sity) with simultaneous depopulation of the provinces create
new challenges and threats. These factors have enabled the
rapid spread of new diseases and may change the most likely
entry point of new pathogens from Western to Eastern Eu-
rope.

The situation described above highlights the particular
vulnerability of Gdansk and the Tricity area on a micro scale
(as well as the entire world on a macro scale) and aptly illus-
trates broader trends related to civilizational development.
These trends have long been discussed in sociological liter-
ature, notably through the concept of the “risk society” de-
tailed by the German sociologist Ulrich Beck in his 1986 book
“Risk Society: Towards a New Modernity” [94]. According to
Beck, a “risk society” is a modern society dominated by global
threats and risks arising from technological advancement, in-
dustrial economy and modernization processes [95]. A classic
example of such global risk is undoubtedly Disease X, which
poses both a tangible threat and one immersed in uncertain-
ty. It is unknown what epidemiological problem will lead to
a crisis or when it will happen.

In the recently popular futurological BANI theory by Ja-
mais Cascio, the post-pandemic world is described using
four words: brittle, anxious, non-linear and incomprehen-
sible [96]. We can view the major public health challenges
through a similar lens. The COVID-19 crisis showed that the
healthcare systems we considered stable and predictable,
turned out to be fragile: there was a shortage of masks and
disinfectants, the preventive measures failed and hospitals
were closed to some extent [97]. The response to this was
adaptation: the launch of telehealth services, lockdowns and
restrictions. After the pandemic, there was a sense of regain-
ing control although it is immersed in the uncertainty of an-
ticipation of Disease X. The world of health is also non-linear.
As some fields develop, others may be neglected. We are us-
ing cutting-edge science to develop gene therapies, while not
conducting enough research into new groups of antibiotics.
Medicine is also an increasingly complex system, susceptible
to geopolitical and climate changes.

All this means that in a chaotic world, it is necessary to be
as flexible as possible in taking action. Monitoring definable
threats (while not closing our eyes to new ones) and prepar-
ing strategies for mitigating the risks posed by an unknown
disease. This is exemplified by the case of avian influenza as
the most likely agent of the upcoming crisis [98].

The potential pandemic of Disease X — there is not a ques-
tion of “if” but “when” it will happen [99]. To mitigate this risk
we need to enhance surveillance, strengthen biosecurity, build
strong vaccination strategies and improve the communication
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between animal and human health agencies. Responding to
new avian influenza outbreaks through a One Health approach
particularly involves monitoring exposed individuals for poten-
tial infections, conducting syndromic and laboratory surveil-
lance to identify and track cases, planning and preparing for
in-depth epidemiologic investigations and evaluating the effec-
tiveness of existing medical countermeasures (e.g. diagnostic
tests: antigen, antibody and PCR), vaccines (e.g. the 100 days
concept) and therapeutics (e.g. oseltamivir) all together [100].

A collaborative One Health approach is essential not only
in theory. This is the lesson that we need to learn from the
situation in Europe in 2023. And it has to be implemented in
practice to address the complex challenges posed by avian in-
fluenza and other diseases, ensuring the protection of human
health, animal welfare, and economic stability [62]. In conclu-
sion, further discussion on the reorganization of preparedness
efforts in Europe appears warranted, particularly regarding
the enhancement of EWS, interdisciplinary collaboration and
resource allocation for effective outbreak response.

The situation escalated in November 2024, as the H5N1
virus not only continued its spread among known mammalian
hosts in the USA (including humans and companion animals)
but also exhibited a concerning leap to pigs, marking the first
confirmed cases within this species [101]. This development
has alarmed the virology community, as recombinants of
swine and avian influenza viruses pose a significant pandemic
threat. The emergence of AH5N1 in pigs suggests we are edg-
ing closer to a potential pandemic scenario.
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