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Highly Pathogenic Avian Influenza and

sustainability of the global poultry industry

The global poultry industry is the major supplier of animal protein for human consumption
worldwide and this worldwide demand depends heavily on international trade of products
and breeding stock. The high number of outbreaks of Highly Pathogenic Avian Influenza
(HPAI) H5 significantly affects the sustainability of the poultry industry and the continuity of
International trade particularly in valuable breeding stock. The Poultry Veterinary Study
Group of the EU is in favour of an open-minded evaluation of the possibilities of using
modern A/V vaccines in association with DIVA diagnostics and monitoring and surveillance
so that essential trade in breeding stock and poultry products can proceed without
disruption. An approved package by OIE can then allow countries to offer better protection
to poultry against HPAI outbreaks in certain seasons or to achieve better protection in
poultry at risk (e.g., free range and organic poultry) from HPAI outbreaks. The outcome of
this policy will be benefits to national and international poultry farming, animal welfare and
the continued supply of breeding stock globally.

Avian influenza viruses (AlV) are a group globally distributed viruses that know no geographic
boundaries, have no political agenda, and can infect commercial and non-commercial poultry, indoor-
and outdoor-reared poultry, pet birds, captive-bred and feral wild birds, birds in zoological collections
and reserves, and a variety of other avian and non-avian species (Swayne, 2017). Avian influenza virus
strains can be divided into highly pathogenic (HP) and low pathogenic (LP) strains based on the results
of the intravenous pathogenicity index (IVPI) in 6-weeks-old chickens and presence of multiple basic
amino acids at the cleavage site of the hemagglutinin molecule (HO) (Swayne et al., 2013; OIE, 2018).
Natural infection by avian influenza viruses results in a wide range of clinical outcomes which are
dependent on virus strain, host species, host age, host immunity, coinfections with other primary or
secondary pathogens, and environmental factors. The virus is transmitted by direct contact between

infected and susceptible birds or indirect contact through aerosol, droplets, or exposure to virus-
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contaminated fomites (Ssematimba et al., 2012; Bertran et al., 2017; Zhao et al., 2019; Swayne et al.,
2020). Outbreaks of highly pathogenic avian influenza (HPAI) strains were all of the H5 and H7 subtype
and have been responsible for dramatic losses in the poultry industry, especially since 1996 (Sims &
Brown, 2017; Brown et al., 2017). HPAI strains are highly virulent for chickens and closely related
gallinaceous birds and cause a severe, fatal, per acute systemic disease with high mortality. The clinical
signs in non-gallinaceous birds as waterfowl| are usually less and can even be absent but may vary per
bird species and HPAI virus strain. The economic damage is not only related to the loss of infected
flocks. The indirect damage may exceed the direct costs multiple times due to culling of surrounding
flocks, stand-stills, disruption of the structure of the industry and long-lasting trade implications for
poultry (such as high value breeding stock) and poultry products. Other indirect costs which are hard
to quantify in figures are animal welfare problems, the mental health damage to livestock keepers and

long-lasting damage to the image of the industry with consumers, retailers, and politicians.

Until 1996, outbreaks with HPAI were scarce and local (Swayne et al., 2020), this changed with the
appearance in 1996 of the Gs/GD-lineage H5 HPAIV in Guangdong Province, China (Sims & Brown,
2017). Until the early 2000, it was generally accepted that HPAI viruses emerged following the
transmission of LPAI viruses of the H5 and H7 subtypes from wild birds to gallinaceous poultry, and
through the host adaptation process acquire changes in the hemagglutinin gene that confer high
pathogenicity (Brown et al., 2017). Prior 2002, there was only one reported isolation of an HPAIV strain
from free-living birds that were not known to be associated with infected domestic poultry (Becker,
1966). Early detection and culling of a HPAI infected flock that resulted from a mutated LPAI virus
resulted in eradication of that HPAI virus as it was only present in that area (Table 1) (Swayne et al.,
2020). This situation changed dramatically with the appearance of the Gs/GD-lineage H5 HPAIV and its
decedents in free-living birds since 2002 (Stallknecht & Brown, 2017). Since 2005, HPAIV H5 strains
have been detected in migratory birds, especially in species of ducks and geese. Now, HPAIV H5 has
been detected in more than 50 species of wild birds in Asia, Europe and Africa (Stallknecht & Brown,
2017). Figure 1 shows the detections of HPAI in European wildlife and poultry from 2016 early 2021.
The presence of HPAIV H5 strains in wild birds including migratory birds has resulted in a major increase
of the risk of H5 outbreaks in poultry. So recent incursions of HPAI in European commercial poultry are
more readily associated with the direct introduction of the HPAIV through contact with infected wild
birds or fomites contaminated with the HPAIV. This risk is further increased by the substantial number
of free range and organic layer and broiler flocks that have a significantly higher risk of introduction of
Al than indoor-housed flocks (Bouwstra et al., 2017). It is to be expected that the number of free range
and organic flocks will further increase due to the consumers' demand. The endemic presence of HPAI
H5 strains in Eurasian and African wild birds and the poultry industry of many countries in Asia and
Africa means that mass culling of infected birds in an area does not necessarily eradicate the HPAI

strain, it can reoccur in an area at any time by contact with infected wild birds. Due to the endemic

The Poultry Veterinary Study Group of the EU is a formally constituted group oi poultry veterinarians with practical responsibilities for health aspects
of European poultry production (EU countries pJus Norway, United Kingdom, and Switzerfand); https://www.pvsgeu.org 2



state of a number of HPAI H5 subtypes in the Eurasian-African wild birds (H5N1, H5N2, H5N4, H5N5,
H5N6, H5H8, H5N9), it has become very unlikely that HPAI H5 will disappear from the wild birds in the
coming decades. This creates a continuous, seasonal threat of HPAI H5 outbreaks for the decades to
come (Su et al., 2015; Lycett et al., 2016).
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Figure 1: Distribution of total number of HPAI virus detections reported in Europe in the seasons
2016-2017 (green), 2017-2018 (orange), 2018-2019 (biue), 2019-2020 (grey), and 2020-2021
(turquoise) by week of suspicicn, 28 September 2016 — 23 February 2021 (n=5,064)

A high number of outbreaks of HPAI H5 affects the sustainability of the global poultry industry that has
become the major supplier of animal protein for human consumption worldwide and depends heavily
on international trade of products and breeding stock. HPAI outbreaks cause a wide variety of damage:
culling of flocks, animal welfare issues, trade barriers, disruption of the industry, damage to the
consumer's image of the industry and its products, discussions about potential zoonotic risks,
downgrading of eggs and meat due to long-lasting indoor housing of organic/free range flocks. For
decades, the fight against HPAI has been based on (1) prevention of introduction of virus, (2) reduce
likelihood of infection of virus once virus is introduced, (3) prevent movement of virus from a premise

with infected birds to another premise and, if possible (4) eliminate/eradicate the virus (Swayne et al.,
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2020). For a number of reasons, vaccination against HPAI is not recommended for countries where the
disease is not endemic and that can afford stamping-out policies. Until recently, vaccination against
HPAI could only be performed by using inactivated vaccines using whole virus antigens which were
able to induce high levels of protection against clinical disease strains that were antigenically close to
the antigen, albeit they did not necessarily prevent infection. Use of these Al vaccines has been limited
by the impossibility of differentiating vaccinated/infected from vaccinated/non-infected animals (DIVA
approach). A major concern was that through trade or movement of apparently uninfected animals or
products, the disease could spread further or might be exported to other countries. For this reason,
export bans have been imposed on countries enforcing a vaccination policy (Capua & Marangon, 2003).

For many countries and companies, export bans are very damaging.

The set of rules for the battle against HPAI including the rules of trade was designed decades ago for
the situation of before 1996 (Table 1). Since then, the global HPAI situation has changed dramatically
for the worse. At the same time major progress has been made on vaccines and diagnostic tools for
AlIV. New generations of vaccines against H5 have been developed that allow DIVA monitoring as they
only induce antibodies against the H5 antigen. Screening for antibodies against the conserved matrix
or nucleoprotein allows detection of any field infection using routine commercially available ELISA
tests. RT-PCR using primers for the conserved Matrix gene will not be able to detect a DIVA vaccine
that only expresses the H5 hemagglutinin gene. RT-PCR and on-site tests have become both widely
available and affordable. Several of the H5 vaccines (e.g., live-vector vaccines, RNA-vaccines) are not
only inducing antibodies against H5 as the traditional inactivated vaccines do, but also T-cell immunity
due to the transient of long-lasting replication. It has been shown that this broadens the induced

protection against H5 strains (Rauw et al., 2011; Gardin et al., 2016).

The question is whether the traditional, internationally (OIE) prescribed content of the toolbox for the
fight against HPAI is still suitable for the current HPAI situation. Is it responsible and sustainable to
continue in the old way and consciously not make use of the technological progress while the risk of
HPAI outbreaks is and will continue to be greatly increased? And that while the criticism from
consumers, customers and politicians is increasing? Would it be possible to update the contents of the
toolbox in order to reduce the risk of HPAI outbreaks and related damages and increase durability?
Adjustment of the approved toolbox is not possible without simultaneous adjustment of the trade
rules, because the trade in poultry products and breeding material is essential for the global poultry

industry.
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Table 1. Comparison of the global HPAI situation and tools before and after 1996

Parameter

Before 1996

From 1996, last years

Frequency HPAI outbreaks

Rare

Frequent

Size outbreak

Small area, short

Countries/continents,

period endemic in big areas
Eradication HPAI strain post culling Yes No, only locally
HP in wild (migratory) birds No Yes
(mammals)
Iliness/mortality in humans No Yes

(mainly in developing
countries)

Housing chickens Inside Increasing free range/organic

Image/understanding of public,

e . Understanding Decreasing
politicians, media
Trade problems Relatively limited More often,
(frequency, size) longer

(2x injection in field)

Vaccines Only inactivated vaccines, Also new technology,
complete virus, drift, genetically modified live vector
homology vaccines,

RNA vaccines (replication)

Mass application No Mostly no

(hatchery injection)

DIVA monitoring possible

Hardly, very
complicated, limited

Yes
(new technology vaccines)

To summarize, the fight against HPAI has been based on (1) prevention of introduction of virus, (2)
reduce likelihood of infection of virus once virus is introduced, (3) prevent movement of virus from a
premise with infected birds to another premise and, if possible (4) eliminate/eradicate the virus
(Swayne et al., 2020). Use of new generations of DIVA vaccines against HPAI for poultry or poultry types
at risk might be a valuable additional tool to decrease the likelihood of infection of virus once the virus
is introduced. The use of reliable and affordable DIVA monitoring and surveillance according to
internationally approved standards will be required for vaccinated flocks to prevent transmission of

HPAI with poultry from country to country.
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PVSG is in favour of an open-minded evaluation of the possibilities of using modern AlV vaccines and
associated DIVA diagnostics and the associated monitoring and surveillance, whereby the trade in
poultry and poultry products may not be disrupted. An approved package can then allow countries to
better protect poultry against HPAI outbreaks in certain seasons or to better protect poultry at risk
(e.g., free range and organic poultry) from HPAI outbreaks, which benefits national and international

poultry farming and animal welfare.

May 2021
P ; /”
T Qe - /’-% y
< Jan Szeptycki Matthias Voss /// Dan Pearson
President PVSGEU PVSGEU Working Group on Junior Vice President PVSGEU

Avian Influenza
Senior Vice President PVSGEU

References

Becker, W. B. (1966). The isolation and classification of Tern virus: influenza A/Tern/South Africa/
1961. Journal of Hygiene, 64, 309-320.

Bertran, K., Balzli, C., Kwon, Y. K., Tumpey, T. M., Clark, A., & Swayne, D. E. (2017). Airborne
Transmission of Highly Pathogenic Influenza Virus during Processing of Infected Poultry.
Emerging infectious diseases, 23, 1806-1814.

Bouwstra, R., Gonzales, J. L., de Wit, S., Stahl, J., Fouchier, R. A. M., & Elbers, A. R. W. (2017). Risk for
Low Pathogenicity Avian Influenza Virus on Poultry Farms, the Netherlands, 2007-2013.
Emerging infectious diseases, 23, 1510-1516.

Brown, |. H., Abolnik, C., Garcia-Garcia, J., McCullough, S., Swayne, D. E., & Cattoli, G. (2017).
Highpathogenicity avian influenza outbreaks since 2008, excluding multi-continental
panzootic of H5 Goose/Guangdong-lineage viruses. In D. E. Swayne (Ed.), Avian Influenza (2nd
ed., pp. 248-270). Singapore: Wiley Blackwell.

Capua, 1., & Marangon, S. (2003). The use of vaccination as an option for the control of avian influenza.
Avian Pathol, 32, 335-343.

Gardin, Y., Palya, V., Dorsey, K. M., El-Attrache, J., Bonfante, F., Wit, S., Kapczynski, D., Kilany, W. H.,
Rauw, F., Steensels, M., & Soejoedono, R. D. (2016). Experimental and Field Results
Regarding Immunity Induced by a Recombinant Turkey Herpesvirus H5 Vector Vaccine

Against H5N1 and Other H5 Highly Pathogenic Avian Influenza Virus Challenges. Avian
Diseases, 60, 232-237.

The Poultry Veterinary Study Group of the EU is a formally constituted group oi poultry veterinarians with practical responsibilities for health aspects
of European poultry production (EU countries pJus Norway, United Kingdom, and Switzerfand); https://www.pvsgeu.org



Lycett, S. J., Bodewes, R., Pohimann, A., Banks, J., Banyai, K., Boni, M. F., Bouwstra, R., Breed, A. C.,

Brown, |. H., Chen, H., Dén, A., Delibert0, T. J., Diep, N., Gilbert, M., Hill, S., Ip, H. S., Ke, C.

W., Kida, H., Killian, M. L., Koopmans, M. P., Kwon, J.-H., Lee, D.-H., Lee, Y. J., Lu, L., Monne,
1., Pasick, J., Pybus, O. G., Rambaut, A., Robinson, T. P., Sakoda, Y., Zohari, S., Song, C.-S.,
Swayne, D. E., Torchetti, M. K., Tsai, H.-J., Fouchier, R. A. M., Beer, M., Woolhouse, M., &
Kuiken, T. (2016). Role for migratory wild birds in the global spread of avian influenza H5NS.
Science, 354, 213-217.

OIE. (2018). Chapter 3.3.4. Avian influenza (infection with avian influenza viruses). Manual of diagnostic
tests and vaccines for terrestrial animals 2018, 821-843.

Rauw, F., Palya, V., Van Borm, S., Welby, S., Tatar-Kis, T., Gardin, Y., Dorsey, K. M., Aly, M. M., Hassan,
M. K., Soliman, M. A., Lambrecht, B., & van den Berg, T. (2011). Further evidence of antigenic
drift and protective efficacy afforded by a recombinant HVT-H5 vaccine against challenge with
two antigenically divergent Egyptian clade 2.2.1 HPAI H5N1 strains. Vaccine, 29, 25902600.

Sims, L. D., & Brown, |. H. (2017). Multi-continental panzootic of H5 highly pathogenic avian influenza
(1996-2015). In D. E. Swayne (Ed.), Avian Influenza (2nd ed., pp. 202-247). Singapore: Wiley
Blackwell.

Ssematimba, A., Hagenaars, T. J., & de Jong, M. C. (2012). Modelling the wind-borne spread of highly
pathogenic avian influenza virus between farms. PLOS ONE, 7, e31114.

Stallknecht, D. E., & Brown, J. D. (2017). Wild bird infections and the ecology of avian influenza
viruses. In D. E. Swayne (Ed.), Animal Influenza, second edition (2 ed., pp. 153-176). Ames,
lowa USA: John Wiley and Sons, Inc.

Su, S., Bi, Y., Wong, G., Gray, G. C.,, Gao, G. F., & Li, S. (2015). Epidemiology, Evolution, and Recent
Outbreaks of Avian Influenza Virus in China. Journal of Virology, 89, 8671-8676.

Swayne, D., Suarez, D. L., & Sims, L. D. (2013). Influenza. In G. Swayne, McDougald, Nolan, Suarez,
Nair (Ed.), Diseases of Poultry (13th ed., pp. 181-218). Ames, lowa USA: Blackwell Publishing
Professional.

Swayne, D. E. (2017). The global nature of avian influenza. In D. E. Swayne (Ed.), Animal Influenza,
second edition (2 ed., pp. 177-201). Ames, lowa USA: John Wiley and Sons, Inc.

Swayne, D. E., Suarez, D. L., & Sims, L. D. (2020). Influenza. In D. E. Swayne, Boulianne, M.,
McDougald, L.R., Nair, V., Suarez, D.L. (Ed.), Diseases of Poultry (14th ed., Vol. |, pp. 210256).
Ames, lowa USA: Wiley-Blackwell.

Zhao, Y., Richardson, B., Takle, E., Chai, L., Schmitt, D., & Xin, H. (2019). Airborne transmission may
have played a role in the spread of 2015 highly pathogenic avian influenza outbreaks in the
United States. Scientific reports, 9, 11755.

The Poultry Veterinary Study Group of the EU is a formally constituted group oi poultry veterinarians with practical responsibilities for health aspects

of European poultry production (EU countries pJus Norway, United Kingdom, and Switzerfand); https://www.pvsgeu.org



