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Abstract: Infections with H5N1, a type of pathogenic avian influenza (HPAI) virus, are spreading
among livestock farmers, particularly among dairy cows in the United States. Until now, HPAI/H5N1
has rarely infected humans, but transmission from H5N1-infected dairy cows to dairy workers has
been reported. Additionally, cases of human-to-human transmission of H5SN1 have been reported. It
is thought that perhaps, during the process of repeated amplification and replication of H5N1 viral
genes in the mammary tissue of dairy cows, genetic mutations occurred that make H5N1 more
susceptible to human infection. As more human spillover events are identified, there is pressing need
to apply a one health approach to better characterize circulating highly pathogenic avian influenza
(HPAI) viruses in wild migratory birds globally. It is important to develop a comprehensive
international strategy for surveillance and monitoring systems in wild birds so the epidemiology of
HPAI can be compared between countries and regions. In this review, we discusse the importance of
One Health in preventing the spread of highly pathogenic avian influenza/H5N1.
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High pathogenicity avian influenza (HPAI) H5N1 clade 2.3.4.4b has caused ongoing outbreaks
of disease ("H5 bird flu") in wild birds, from 2021, throughout much of North and South America,
Europe, Asia and Africa, and into Antarctica and its islands. HPAI/H5N1 clade 2.3.4.4b is an
infectious disease caused by influenza A viruses of the family orthomyxoviridae, specifically strains
H5N1 or H7N1, [1] that cause morbidity and mortality in both bisrds and mammals including
humans. Outbreaks of HPAI cause significant economic loss in the poultry sector, amounting to
billions of dollars globally, with low and middle-income countries (LMICs) bearing the brunt of such
outbreaks. [2]

HPALI viral infections are a major problem for poultry farms, with occasional outbreaks in
humans that have led to 888 human deaths between January 1, 2003 and 28 March 2024. [3] HPAI has
been detected in over 400 species of poultry and wild birds. [4] Although it was traditionally thought
that domestic poultry largely maintained and transmitted HPAI, more recent research findings have
established that wild, migratory birds are a major risk factor for the transmission of different HPAI
genotype HPAI virus and are the vectors of long-distance dispersal of HPAI viruses. [5-9]
Furthermore, the emergence of different HPAI genotypes and the rapid diversification of HPAI
viruses via recombination events seems to be occurring in wild birds. [10,11] Thus, to effectively
monitor and control HPAI globally, it is necessary to have timely detection, prevention, and control
the HPAI virus in wild birds.

To date, most plans and policies related to HPAI control have focused on preventive and control
measures on domestic poultry. Not enough attention has been paid to prevention and control
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measures in wild birds, which is likely due to limited surveillance and research of HPAI among wild
birds and the competing priorities of other public health problems. It is necessary to identify and
address key knowledge gaps of HPAI in wild birds to direct surveillance and monitoring programs,
understand their role in transmission of the HPAI viruses, and characterize transmission dynamics
of HPAI in wild birds, as such efforts could potentially identify efficient and cost-effective
interventions. The United States Department of Agriculture’s (USDA) Animal and Plant Health
Inspection Service (APHIS) is taking emergency action to help protect the critically endangered
California condors after several have died from HPAI. [12] APHIS has approved the emergency use
of HPAI vaccine in an attempt to prevent additional deaths of these birds. The U.S. Fish and Wildlife
Service (USFWS) approached APHIS about vaccination after a California condor was found dead in
late March and then confirmed positive for HPAI at APHIS’ National Veterinary Services
Laboratories. Since then, 13 condors have died and were confirmed to have HPAI, and two others
are in recovery at a rehabilitation center.

In contrast to domestic poultry, which primarily relies of bird culling and habitat destruction as
the control measures, innovative alternative strategies are important to monitor and control HPAI in
wild birds. First risk- assessment is necessary to understand the population and area at high risks.
Then risk-based active surveillance and monitoring involving both domestic and wild birds should
be targeted to those areas and population at high risks such as water bodies, wild bird migration
stopover sites, and common foraging areas for wild birds and domestic birds where aquatic birds
and migratory birds are concentrated. This proactive targeted surveillance and monitoring system
may aid better understanding of the epidemiology of HPAI virus, drivers of virus maintenance, and
transmission pathways and help in implementing measures to early detect and response to HPAI
virus and help break the chain of transmission of the virus. Thus, continuous vigilance, strict
biosecurity measures and hygiene on poultry farms, and public health measures such as use of
personal protective equipment (PPE) while visiting poultry farms and following proper cleaning and
disinfection before and after visiting wild bird habitats including wetlands would be the best feasible
option to control HPAI in both domestic and wild birds.

Finally, in order to effectively prevent and control HPAI in wild birds, rigorous surveillance,
early detection and control and biosecurity measures and development and dissemination of
vaccines to prevent the spread of HPAI infection are the keys; thus, current employed plans and
policies related to HPAI control should be revised and active framework for the risk assessment,
surveillance and monitoring of HPAI in wild birds should be incorporated into HPAI control plan so
as to effectively control HPAI in wild birds and domestic birds and safeguard poultry industry, wild
bird species and protecting humans health. This should involve joint action by professionals from
wildlife sectors, animal health sectors and scientists working on avian influenza through coordinated
“One-health” approach (Figure 1). The areas where wild birds are concentrated should be under an
increased state of alertness, closely monitored and any unusual deaths in those areas should be
investigated promptly to track the possible source of infections and possible contacts and reported to
higher authority, which help to better monitor and control the spread of HPAIL
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One Health rrevent

ing the spread of emerging infections

Figure 1. As the concept of One Health indicates, the conservation of the Earth's ecosystems can only be achieved
through the cooperation of both human and animal health. To achieve and maintain this, efforts to maintain the
health of both humans and animals are necessary. One Health initiative is important for preventing the spread

of emerging infectious diseases.

Currently, there is no N5H1 vaccine on the market to prevent the spread of infection by N5H1,
so vaccines to prevent the spread of infection by other types of influenza viruses are administered in
combination. [13] Vaccination with successive heterologous vaccines may represent the best
alternative to widely protect valuable or endangered bird species against HPAI virus infection.
[13,14] Vaccination with successive heterologous vaccines may represent the best alternative to
widely protect valuable and/or endangered bird species against highly pathogenic Al virus infection.
In 2005, European Commission directive 2005/744/EC allowed controlled vaccination against avian
influenza (Al) virus of valuable avian species housed in zoos. In 2006, 15 Spanish zoos and wildlife
centers began a vaccination program with a commercial inactivated H5N9 vaccine.

In the past, preclinical studies using mice and other small animals have been conducted to
examine the efficacy of vaccines against novel viruses. Currently, preclinical studies using fillets are
being conducted to examine the anti-infectious effect of novel vaccines against highly pathogenic
avian influenza virus (HPAI) H5N1. [15,16] Preclinical results have shown that serum collected from
fillets vaccinated with mRNA-based (HPAI) H5N1 vaccines protected fillets from HPAI/H5N1
infection. [15,16]

Other preclinical studies using mice and fillets have shown that even if vaccination has an
inhibitory effect on novel virus infection, it does not necessarily mean that vaccination in humans
will have an inhibitory effect on virus infection. Constructing new vaccines against novel viruses
therefore requires sufficient virological and biotechnological knowledge.

Some may argue that investing in the control of HPAI in wild birds is a waste of resources as the
majority of cases of HPAI are found in domestic birds with only sporadic cases seen in wild birds.
However, recent published papers have shown that preventive and control measures in wild birds
can significantly reduce the incidence of HPAI outbreaks in domestic poultry [17,18], indicating that
preventing and controlling HPAI in wild birds is a cost-effective strategy for the control of HPAI

Therefore, there is an urgent need to control HPAI in wild migratory birds, which can be
accomplished by developing and implementing a system for comprehensive surveillance and
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monitoring systems in wild birds to identify the situation of HPAI in wild birds and enforcing
preventive and control measures at wild-and-domestic bird interface. Control measures should be
designed to interrupt transmission within wildlife and spillover events between domestic and wild
birds, as HPAI virus has been shown to readily recombine with a high risk of cross-species
transmission events.
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