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SUMMARY
Following a request from the Commission, the AHAW panel was asked to deliver a scientific
opinion on the animal health and welfare aspects of Avian Influenza and the risk of its
introduction into the EU poultry holdings.
More in particular, the Commission asked to update, consolidate and summarise the main
conclusions and recommendations from previous EFSA opinions influenza (2005, 2006a,
2006b, 2007a and 2007b) in the light of new scientific evidence available. Further, the AHAW
panel was asked to provide scientific advice and assess risk factors for the introduction and
spread of avian influenza as defined in Council Directive 2005/94/EC into poultry holdings in
the EU, to support a possible fine-tuning of current prevention and biosecurity measures taken
by the Member States.
New findings on AIV characteristics
Phylogenetic analyses of strains from EU Member States indicated that all H5N1 viruses
detected in the EU in poultry and wild birds since 2006 were closely related and belong to
clade 2.2 and 2.3. The use of phylogeny can advise on the source of infection, but it is not
possible in all circumstances to be definitive about the likely source of an introduction.
Pathogenesis and transmission
Concerning the pathogenesis and the transmission of AIV, the main conclusions were that
although fecal-oral infection chains govern the transmission of AIV, accumulating evidence
indicates that H5N1 virus may be excreted at higher concentrations from the respiratory tract of
birds as compared to LPAI viruses. This has important consequences for sampling
methodologies to detect HPAI H5N1. Although there is no evidence for aerosol transmission of
H5N1 virus, this transmission route cannot be excluded within short distances.
Many, if not all, poultry species are susceptible to infection by AI viruses of the different
subtypes, but only H5 and H7 subtypes are able to induce HPAI. H5N1 of the Asian lineage
remains able to cause significant mortality in wild bird populations, although experimental
studies show that some species can become infected without clinical manifestations, shedding
virus whilst apparently healthy. Indirect evidence also points to some mild clinical
effects of LPAIV in wild bird species
Several domestic animals, including pigs, cats and dogs are susceptible to H5N1 HPAI viruses
under natural and experimental conditions. H5N1 failed to spread between mammal species,
which makes the chance for virus transmission to humans extremely low. For cats, though, it
has been suggested that spread between cats and from cats to poultry may occur. It remains to
be examined whether the viral genetic changes that are required for adaptation of AI viruses to
pigs or other mammals occur more readily in some animal species than in others.
Diagnosis
Viral isolation in embryonated eggs still remains the “gold standard” for AI virus detection.
Although it is slower, its diagnostic sensitivity is often superior or equal to many rapid tests.
Virus genome detection by RT-PCR, which can be designed to detect all avian influenza A
viruses or specific subtypes, provides a rapid, sensitive and convenient alternative for virus
isolation. Any of the Influenza A commercial rapid tests can detect the Influenza viruses, but it
should be emphasized that their specificity and sensitivity are limited for their application.
The currently available serological tests are not all able to distinguish between sublineages or
HP and LP strains. Furthermore, positive serological findings give no indication of current
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infection status. Competition tests are polyvalent and may be of use for obtaining broad
estimate of infection levels in wild bird populations.
Epidemiology and surveillance
Enhanced surveillance both in poultry and wild birds in the EU during 2006 to 2008 proved
effective for the early detection of H5N1 HPAI. Passive surveillance proved to be important
for the detection of H5N1 HPAI infections in wild birds. In contrast active surveillance proved
a better surveillance source to detect LPAI infections. Active surveillance remains an important
source of epidemiological information of H5N1, especially around sites with active outbreaks.
Due to the heterogeneity of the survey in the EU, the mobility of wild birds and the relatively
small sample sizes compared to the overall population of wild birds in the EU, the surveillance
results can not be used to estimate the true prevalence of AIV subtypes or their geographical
distribution within the EU
Current knowledge on EU outbreaks does not allow prediction of a risk season for H5N1 HPAI
outbreak occurrence in the EU. Fewer H7 positive holdings than H5 and fewer duck and geese
holdings positive for H7 than for H5 were found during the 2006-2007 survey. However due to
the small sample sizes and the design of the surveillance strategy with varying degrees of
targeting to risk factors, it is not possible to precisely estimate the actual prevalence of avian
influenza of H5 and H7 subtypes in holdings of domestic poultry.
Intervention strategies
Biosecurity measures constitute important barriers to introduction of AIV into poultry holdings.
Culling and safe disposal of poultry from infected holdings (as defined by 2005/94/EC) is one
of the most effective measures limiting spread of virus. Pre-emptive culling of healthy poultry
on holdings where AI is not thought to be present may be necessary to limit AIV spread in
order to remove susceptible birds from the immediate vicinity.
Potent subtype-restricted and safe AIV vaccines are available for use in poultry. Qualitycontrolled production and licensing procedures are essential to ensure vaccine efficacy.
Vaccination induces protection against HPAIV induced clinical signs; it raises the barrier
against infection with HPAIV field virus and reduces field virus excretion by amplitude and
duration.
The risk of “silent spread” of AIV in vaccinated poultry populations requires stringent
supervision and control of vaccination, including the application of DIVA strategies
campaigns. Decisions on the use of vaccination depend on economical and structural aspects of
the poultry sector and on epidemiological factors concerning risks of virus introduction and
spread. Exit strategies from vaccination campaigns should be clearly defined before such
campaigns commence and unrestricted use of AIV vaccines in poultry may give rise to an
accelerated antigenic drift of field virus targets. In turn constant updates of vaccine virus strains
may be required.
Risk of introduction of Avian Influenza by wild birds
Wild birds have been implicated in the geographical expansion of highly pathogenic avian
influenza virus outbreaks across Asia, the Middle East, Europe and Africa. This should be
considered in addition to traditional transmission by infected poultry, contaminated equipment,
and people. Such a role requires excretion of virus in the absence of debilitating disease.
Since the last EFSA opinion on the role of migratory birds for the spread of HPAI relatively
few (21) wild bird species have been the subject of experimental infection, however, more birds
than previously thought might be involved in the spread of avian influenza through shedding
either in pre-symptomatic infection or in asymptomatic infection.
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Given the number of cases of HPAI H5N1 in wild birds observed over the last two years, the
risk of introduction and release of HPAI by wild birds appears to be a regular, rather than a
very rare or very frequent event and the constant presence of H5N1 in the wild bird population
since 2006 cannot be excluded.
However, it is still unclear to what extent wild bird species, from which HPAI has been
isolated, act as vectors rather than serving as indicators of transmission by becoming infected
by other vector species. H5N1 virus may be circulating at an undetectable level in wild bird
populations across Europe.
There is a continuing risk of introduction of AI into poultry populations from infected wild
birds that may come into contact directly or indirectly with domestic poultry. Pathogenic
amplification of avian influenza in domestic birds and subsequent spill-back to wild birds may
complement the synergistic mechanism existing between domestic poultry and wild bird
species responsible for the intercontinental spread of H5N1.
Risks of AI introduction by the importation of live birds and avian products from third
countries
Infected live poultry are potential agents for introduction of AI especially when they are in their
incubation period of HPAI, infected with LPAI or of a species that does not show overt clinical
signs (such as seems to be the case for some duck species). Day old chicks and hatching eggs
are not regarded as a big risk although HPAI infections can not be entirely excluded.
Pigeons have previously been thought to be relatively resistant to infection by the virus and
therefore regarded as a low risk in the spread of HPAI H5N1. However, some recent
experimental studies have shown that they are susceptible to infection. It can not be excluded
that pigeons act as mechanical carrier of virus. The sport pigeon racing over large distances from country to country - plus the procedure of gathering them together for release represents
introduction risks that are unique to these birds.
Wild captured birds pose a risk of introduction of HPAI. Import and quarantine provisions for
captive birds have been revised and strengthened and are now restricted to birds bred in
captivity from approved breeding establishments from a limited list of countries. Therefore
only illegal importations would pose a risk.
Importation of fresh meat has the highest risk of introducing of avian influenza with emphasis
on duck meat due to the fact that the disease might not have been apparent before slaughter.
Eggs for consumption may be infected with avian influenza; however they do not often come
into contact with poultry again. Contaminated packaging materials and trays pose a far greater
risk. Egg or meat products are usually subjected to a form of heat treatment which would
inactivate the virus. Semen may be infected after viremia of the donor and a potential source of
infection for HPAI.
Veterinary checks on EU borders
The check points at the EU borders have been improved over the last years but there are still
many deficiencies. The TRACES system is also not fully implemented and therefore does not
give the real time data of movements of live animals. Its active implementation across the EU
is a high priority.
Welfare aspects of avian influenza
New developments of the welfare issues associated with avian influenza were discussed, i.e. on
the killing of poultry for disease control including the use of dry or high extension rate foams
delivering gases that kill by hypoxia. Other developments are mobile on-farm slaughter plants
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and whole house gassing techniques involving different gas mixtures, and also high-throughput
electrocution techniques.
Recent studies show that, where birds are handled by people during emergency killing,
handling often causes much stress and injury. Portable shackling lines for electrical stunning
and killing, using presently available equipment can fail in that birds are not killed but only
stunned.
The gassing of birds in buildings can kill poultry humanely provided that the building is
reasonably sealed to exclude air entry, there is no functioning ventilation system, the gas jet
does not directly contact birds, the gas is not cold enough to harm body tissue and the gas is an
inert gas like argon or nitrogen or a gas mixture with no more than 30% carbon dioxide.
Recent work on carbon monoxide suggests that in addition to being dangerous for humans, it
may cause poor welfare in poultry.
Foams with a low gas to water extension ratio (100-140), such as high density fire fighting
foam, kill by drowning (asphyxiation and hypoxia) and will often, or perhaps always, result in
poor welfare in the birds. Foams with a high gas to water extension ratio (300 or more)
surround the mouth of the birds with the gas so, if an inert gas such as nitrogen is used, the
birds are stunned humanely and then killed by the gas.
Ducks and geese are rendered unconscious and killed by gases such as CO2 more slowly than
chickens or turkeys so that exposure to CO2 gas leads to poor welfare for a longer time.
Impact of avian influenza on biodiversity
HPAI H5N1 continues to have significant implications for the conservation of several species
of globally threatened waterbirds and may threaten the survival of endangered felids.
From the little information available there is no indication about a direct threat of HPAI of
poultry genetic diversity, except for localized genetics. There may be an indirect impact of the
HPAI related measures including restocking and sector restructuring.
Key words: Animal Health, Animal Welfare, Avian Influenza, Poultry, Risk,
Introduction, European Union, Biosecurity
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GLOSSARY
AGID

Agar Gel ImmunoDiffusion test

AI

avian influenza

AIV

avian influenza virus

BIP

EU Border Inspection Post

DAS-ELISA double antibody sandwich enzyme-linked immunosorbent assay
DE

Germany

DIVA

strategy which allows: Differentiating Infected from Vaccinated Animals

DK

Denmark

DPPA

densely populated poultry areas

Dt value

time to reduce infectious titer by 1 log10)

EC

European Community

EFSA

European Food Safety Authority

EID50

50% Egg Infective Dose

EU

European Union

FR

France

FVO

Food and Veterinary Office - specialised inspection service of the EC

HA

haemagglutinin

HI

hemagglutination inhibition

HPAI

highly pathogenicity avian influenza

HPAIV

highly pathogenicity avian influenza virus

HU

Hungary

IFA

immunofluorescence

IT

Italy

IVPI

Intravenous Pathogenicity Index

LPAI

low pathogenicity avian influenza

LPAIV

low pathogenicity avian influenza virus

MS

Member State of the European Union

NA

neuraminidase

NAI

notifiable avian influenza

ND

Newcastle disease

NL

Netherlands

PCR

polymerase chain reaction

PL

Poland

PT

Portugal
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RT-PCR

reverse transcriptase PCR

SAN

specific antibody negative

SCOFCAH

Standing Committee on the Food Chain and Animal Health

SE

Sweden

SN

seroneutralization

SPF

specific pathogen free

UK

United Kingdom

Z value

the increase in temperature required for a 1 log10 reduction of the Dt value
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BACKGROUND AS PROVIDED BY THE COMMISSION
The previous EFSA scientific opinions on avian influenza (2005, 2006a, 2006b, 2007a and
2007b) on animal health and welfare aspects of avian influenza, risks related to the import of
captive birds, the role of migratory birds in the spread of infection, and on vaccination against
avian influenza in poultry and zoo birds, have provided very valuable scientific advise to the
Commission and Member States.
Outbreaks of highly pathogenic avian influenza of the Asian subtype have occurred in poultry
flocks of the Member States, from January until June 2006 in a total of 33 poultry holdings in 5
Member States (DE, DK, FR, HU and SE). With the exception of Hungary, where 29 outbreaks
have occurred in one region with a high density of duck and goose holdings, outbreaks were
limited to a single poultry holding in the affected Member States. In Germany, a zoo became
infected in August 2006. In the acceding state Romania, a total of 172 outbreaks occurred mid
June 2006 mainly in backyard poultry flocks.
During 2007, 9 outbreaks have been recorded in 4 Member States (DE, CZ, HU and UK)
concerning predominantly commercial poultry (mainly turkeys and ducks) farms.
Biosecurity and surveillance measures have provided for an early detection of disease and
rigorous control measures taken by Member States’ authorities have quickly limited the spread
of infection in most cases.
In 2006, outbreaks in poultry have been mainly observed in areas where wild birds have
previously been infected with highly pathogenic influenza of H5N1 and where biosecurity on
the holdings had not been sufficiently implemented. For the poultry outbreaks in 2007, the
findings in wild birds have not in all instances provided for such an “early warning”.
Several Member states (DK, IT, NL, PT and UK) have also encountered infections with low
pathogenic influenza of subtypes H5 and H7 during 2006/07, which are as of 1 July 2007
subject to notification and compulsory control measures according to Council Directive
2005/94/EC 2 on Community measures for the control of avian influenza. However, Member
States have already before that date controlled the disease by implementing the measures
envisaged by the Directive.
It is expected that the EU will face further incursions of avian influenza infections in the years
to come. Member States have gained practical experiences in dealing with outbreaks of highly
and low pathogenic avian influenza. Legislation on disease control and diagnostic techniques 3
has been recently updated.
However, there is new scientific information becoming available that could be of use to risk
managers. It is therefore deemed appropriate that EFSA gathers and updates the most recent
scientific knowledge and further assesses the risk factors for the introduction of avian influenza
into poultry holdings. This should provide the risk managers with appropriate advice for a
possible fine-tuning of the current prevention and biosecurity measures in poultry holdings.
2

Council Directive 2005/94/EC of 20 December 2005 on Community measures for the control of avian influenza
and repealing Directive 92/40/EEC.
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2006/l_010/l_01020060114en00160065.pdf
3
2006/437/EC: Commission Decision of 4 August 2006 approving a Diagnostic Manual for avian influenza as
provided for in Council Directive 2005/94/EC (notified under document number C (2006) 3477) (Text with EEA
relevance)
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2006/l_237/l_23720060831en00010027.pdf
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TERMS OF REFERENCE AS PROVIDED BY THE COMMISSION
In view of the above, and in accordance with Article 29 of Regulation (EC) 178/2002, the
Commission asks EFSA to:
•

update, consolidate and summarise in a concise document the main conclusions and
recommendations from previous EFSA opinions, in the light of new scientific evidence
available

•

provide scientific advice and assess risk factors for the introduction and spread of avian
influenza as defined in Council Directive 2005/94/EC into poultry holdings in the EU to
support a possible fine-tuning of current prevention and biosecurity measures taken by
the Member States.
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PART I
Health aspects of Avian Influenza
1.
1.1.

New findings of characteristics of AIV
Virus characteristics

Influenza viruses are segmented negative strand RNA viruses that are placed in the family
Orthomyxoviridae in three genera: Influenza virus types A, B and C. Only influenza A viruses
have been reported to cause natural infections of birds. Type A influenza viruses are further
divided into subtypes based on the antigenic relationships in the surface glycoproteins
haemagglutinin (H) and neuraminidase (N). At present 16 H subtypes have been recognised (H1H16) and nine neuraminidase subtypes (N1-N9) (Fouchier et al. 2005). Each virus has one H and
one N antigen subtype, in almost any combination; all subtypes and the majority of possible
combinations have been isolated from avian species (Webster et al. 1992, Olsen et al. 2006a).

1.2.

Virus genetics

Evolution of LPAI viruses in their avian reservoir is generally slow, but not negligible (Webster
et al. 1992). Avian influenza viruses can be divided into two lineages, Eurasian and American,
probably as a result of long-term ecological and geographical separation of hosts. However, the
avifauna of North America and Eurasia are not completely separated and influenza viruses
carrying a mix of genes from the American and Eurasian lineages have been isolated, indicating
that allopatric speciation is only partial (Makarova et al. 1999, Liu et al. 2004, Wallensten et al.
2005, Krauss et al. 2007). The partial ecological isolation of influenza virus hosts seems
sufficient to facilitate divergent evolution of separate gene pools, but allows occasional spillover
of gene segments from one gene pool to the other (Olsen et al. 2006a). The segmented nature of
the influenza virus genome enables evolution by a process known as genetic reassortment, i.e.,
the mixing of genes from two or more influenza viruses. A study of 35 influenza virus isolates
obtained from ducks in Canada indicates that genetic “sublineages” do not persist, but frequently
reassort with other viruses (Hatchette et al. 2004). Influenza viruses of a particular subtype do not
necessarily have the same genetic make-up, even within a single year or a single host species.
The high prevalence of influenza virus in some wild bird species, and the sporadic detection of
concomitant infections in single birds (Sharp et al., 1997) support the notion that reassortment
may occur frequently in nature (Macken et al. 2006).
In contrast to most LPAI viruses in wild birds, the Asian lineage H5N1 HPAI viruses have
evolved relatively rapidly since their emergence in poultry in 1997. Because different names have
been used to describe emerging lineages of the virus, a recent study described a unified
18

The EFSA Journal (2008) 715, 1-161

Animal health and welfare aspects of avian influenza

nomenclature system to facilitate discussion and comparison of H5N1 virus lineages
(www.who.int). While most genes of the H5N1 virus genome have undergone reassortment
leading to their replacement by genes from different lineages, the hemagglutinin (HA) protein
gene has not been replaced since its emergence in 1996 (Duan et al. 2007). Using a set of clade
designation criteria for HA, ten unique clades of the H5N1 viruses were defined. The primary
clade-defining factor appears to be spatio-temporal, as most distinct clades were comprised of
isolates within close geographic proximity to one another or from specific time periods (Table 1).
So far, all H5N1 virus isolates detected in the EU belong to Clade 2.2, except for an import case
in quarantine facilities in the UK (clade 2.3) but do not cluster in a single monophyletic lineage,
suggestive of multiple independent introductions in the EU (Starick et al., 2008). Whenever
possible, the numerical clade nomenclature is used in this document. In the near future, the
“WHO/OIE/FAO H5N1 evolution working group” is expecting to take into account the antigenic
variation of HA and the genetic relationship of NA and internal virus genes in a similar
nomenclature system.
The use of phylogeny can advise on the source of infection, but it is not possible in all
circumstances to be definitive about the likely source of an introduction. For instance, the
virtually identical genetic structure of viruses involved in the 2006 Hungarian and English
(Suffolk) cases allowed epidemiologists in the UK to very rapidly rule out wild birds as the
source of transfer of the virus and focus epidemiological investigations away from wild birds
which then identified most likely the infection source as physical transfer via turkey meat (Defra
2007).
Table 1 shows the H5N1 phylogenetic clade descriptions with isolation period, source and
geographical location. Phylogenetic trees accompanying this nomenclature system can be found
at: http://www.who.int/csr/disease/avian_influenza/guidelines/nomenclature/en/index.html
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Table 1: H5N1 phylogenetic clade descriptions with isolation period, source and
geographical location.
Clade

Year

Geographical
location

Isolation
source

Description / prototype virus
Early progenitors of H5N1,
Hong Kong 1997 avian influenza
outbreak
Gs/Guangdong/1/96
Ck/Hong Kong/YU562/01

0

1996-2002

China, HK SAR*

Avian/Human

3

2000-2001

Avian

4

2002/2003
2005/2006
2000-2003
2004
2002/2004
2002/2004
2005/2006

China, HK SAR,
Vietnam
China. HK SAR
Guiyang (China)
China, Vietnam
Guangxi (China)
China
China
Yunnan, Hubei,
Shanxi (China)
HK SAR, China
China
HK SAR, China
Vietnam, Cambodia,
Thailand, Laos, Malaysia

5
6
7

Avian
Avian
Avian
Avian
Avian
Avian/Human
Avian

8
9
1

2001-2004
2003-2005
2002/2003
2003-2006

Avian
Avian
Avian/Human
Avian/Human

2.1.1

2003-2005

Eastern Indonesia

Avian

2.1.2

2005-2006

Western Indonesia

Avian/Human

2.1.3

2004-2007

Avian/Human

2.2

2005

Eastern and Western
Indonesia
Qinghai Lake, Jiangxi
(China)

Avian

2005-2007

Mongolia, Europe,
Middle East, Africa

Avian/Human

2.3.1

2003-2005

Avian

2.3.2

2004-2006

Hunan, Guangdong
(China)
HK SAR, Southern
China
Vietnam

2005

Avian
Avian

20

Gs/Guiyang/337/06
Described as Guiyang 1
Gs/Guangxi/914/04
Ck/Hunan/01/04
Human case from Beijing in 2003
Described as Yunnan 2
Ck/Shanxi/2/06
Ck/Hong Kong/YU777/02
Dk/Guangxi/2775/05
Described as Guangdong
Spread of H5N1 to southeast Asia.
Described as
Vietnam/Thailand/Malaysia
Vietnam/1203/04
Described as Indonesia
Ck/Indonesia/BL/03
Primarily avian with human cluster from
Medan.
Described as Indonesia
Indonesia/538H/06
Described as Indonesia
Indonesia/5/05
Progenitors from Qinghai Lake
outbreak.
Described as Qinghai-like
Long distance spread of H5N1
Described as EMA clade
BHGs/Qinghai/1A/05
Described as Hunan
Dk/Hunan/303/04
Described as Mixed/Vietnam 2
Described as Mixed/Vietnam 2
Ck/Guangxi/2461/04
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Clade
2.3.3
2.3.4

Year
2004
2005
2005-2006

2.4

2002-2005

2.5

2003/2004
2006

Geographical
location

Isolation
source

Description / prototype virus

Hunan (China)
Guiyang (China)
HK SAR, China,
Thailand,
Laos, Malaysia
China (predominantly
Yunnan and Guangxi)
China, Korea, Japan
Shantou (China)

Avian
Avian
Avian/Human

Ck/Guiyang/3055/05
Described as Guiyang 2
Described as Fujian-like

Avian
Avian
Avian

Dk/Fujian/1734/05
Described as Yunnan
Ck/Yunnan/115/04
Spread of H5N1 to east Asian countries
Described as Guangdong/06
Ck/Korea/ES/03

Source: WHO/FAO/OIE H5N1 evolution working group, 2008

1.3.

Persistence of avian influenza viruses in the environment

Tenacity, i.e. resistance of avian influenza virus infectivity against environmental factors outside
the host, is influenced by a plethora of factors including strain of virus, host origin,
environmental matrices (e.g. aerosol, water, faeces, carcass/meat) and environmental conditions
(temperature, salinity, pH, protein content, among many others). Knowledge of these
mechanisms would be advantageous in risk assessments concerning the spread and transmission
of AIV during outbreaks. However, assessing the duration of retention of infectivity requires
cumbersome standardized experimental work and comparatively few data have been generated
and published. An overview is presented in table 2. Additional remarks relate to the different
environmental matrices.
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Table 2: Excretion of H5N1 virus and stability of infectivity of different influenza viruses in
various environmental matrices and in heat-treated poultry products
Excretion of H5N1 by different species:
Species

Respiratory
Faecal excretion
Reference
excretion
(log 10-EID50/ml)
( log 10-EID50/ml)
ducks
3–6
2.2–4.4
Sturm-Ramirez et al. 2004
ducks
0–6.5
3–4.75
Sturm-Ramirez et al. 2005
ducks
1.5–4.6
1–3.8
Brown et al. 2006
ducks
4.1
3.6
Zhou et al. 2006
geese
>6
4.5
Zhou et al. 2006
chicken
5.56
5.93
Zhou et al. 2006
chicken
8-8.6
8-8.6
Bai et al. 2005
gull
5
2.6
Brown et al. 2006
Persistence of different influenza viruses in various environmental matrices and in heat-treated poultry products
Material
Parameters
Faeces
Chicken manure (H7N2)
4°C
Chicken manure
Ambient
(H7N2)
Chicken manure
37°C
(H7N2)
Chicken faeces (H5N1
32-35°C, sunlight
HP/Asia)
exposure
Chicken faeces (H5N1
25-32°C, shade
HP/Asia)
Water
Surface water, rice field
not specified
(H5N1 HP/ Asia)
Water (2 H5N1 HPAIVs,
17°C
variable salinty)
Water (8 subtypes, variable 17°C
salinty)
Water (8 subtypes, variable 28°C
salinty)
Water (2 H5N1 HPAIVs,
28°C
variable salinty)
Heat-treated poultry products
Meat (H5N1 HP/Asia)
70°C
Dried egg white
(H7N2 LP, H5N2 HP)
Dried egg white
(H7N2 LP, H5N2 HP)
Whole egg
(H7N2 LP, H5N2 HP)
Whole egg (H5N1 HP/Asia)

Time
23 days*
19 days*

Result ***

Reference
Lu et al. 2003
Lu et al. 2003

30 minutes

retained infectivity
infectivity present, full
inactivation at day 23
infectivity present, full
inactivation at day 16
no infectivity retained

4 days

no infectivity retained

Songserm et al. 2005

3 days

no infectivity retained

Songserm et al. 2005

58-171 days*

estimated persistence

Brown et al. 2007

82-115 days*

estimated persistence

Brown et al. 2007

22-42 days*

estimated persistence

Brown et al. 2007

17-18 days*

estimated persistence

Brown et al. 2007

3 minutes

no infectivity retained

Songserm et al. 2005

54.4°C

15.2 days

full inactivation

67°C

0.6 days

full inactivation

60°C

3 minutes

full inactivation

70°C

3 minutes

no infectivity retained

Swayne and Beck
2004
Swayne and Beck
2004
Swayne and Beck
2004
Songserm et al. 2005

14 days*
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* Measured in manure of SPF chickens; times were considerably shortened when “field manure“ was used (4 days at
ambient temperature and 12 hours at 37°C).
** Estimates of linear regression models based on inactivation kinetics of 106.0 TCID50 ml-1
*** The results were based on in-vitro conditions and the risk of infection depends upon whether the minimal
infectious dose is reached

1.3.1.

Faeces

Faecal-oral infection chains govern the transmission of most AIV, although HPAIV H5N1 differs
in being shed in significant quantity also from the oropharynx (see section 2.1). Loads of
infectious virus for both LPAI and HPAI can be very high in faeces of infected birds although
this may be less so for the HPAIV H5N1 of Asian origin. Tyres, footwear, clothing, farm
equipment, crates and cages, interiors of transport vehicles, all can be contaminated with infected
faeces in which AIV infectivity may persist for considerable time unless fully adequate
precautions of cleaning and disinfection are taken. Values given in Table 2 indicate resistance of
avian influenza viruses in faeces despite its chemically and enzymatically aggressive
composition.

1.3.2.

Water

Recently, in standardized experiments, Brown et al. (2007) analysed the tenacity of eight
LPAIVs of subtypes H5 and H7 and of two H5N1 HPAIV strains in water. Persistence was found
to be (i) inversely correlated with increase in water temperature and salinity, (ii) similar to
previously published data for other AIV subtypes, (iii) variable between isolates of the same
subtype, and (iv) less pronounced for HPAIV H5N1 (range of 17-18 days at 22°C vs. 22-42 days
for LPAIVs). However, given the extensive isolate-specific variability it was difficult to conclude
that HPAIV H5N1 may be less fit for water-borne transmission, and some data seem to point to
the contrary (Webster et al. 2006a). Indirect transmission of AIV via water to other water birds
which use or drink contaminated water, or transmission through domestic poultry which drink
unprocessed water from contaminated (surface) reservoirs, may pose an important factor in
infection chains. Poultry drinking water has even been successfully used as a sampling source in
surveillance studies of H9N2 in Hongkong (Leung et al., 2007).
1.3.3.

Carcasses

Viral loads of HPAIV in tissues of highly susceptible species often exceed 108 EID50 per gram.
The virus can retain its infectivity in carcasses of infected animals for a varying period of time,
inversely correlated with environmental temperature. Infected carcasses thus represent a potential
source of infection for poultry and scavenging animal species (Keawcharoen et al. 2004; Weber
et al., 2007). Composting of infected bird carcasses considerably shortens the period of viral
stability (Senne et al. 2006a; Wilkinson, 2007). Temperatures above 60-65°C lead to complete
viral inactivation (also for the Asian lineage H5N1 HPAIV) within a maximum of 5 minutes even
in protein-rich matrices like meat and whole eggs. However, when virus is protected by dried
protein (table 2: dried egg white), persistence may increase considerably even at elevated
temperatures of 67°C.
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1.4.

Disinfectants for the inactivation of avian influenza viruses

Most disinfectants from a very wide range of chemical classes are effective against AIV
(AUSVETPLAN, 2000). An excellent review on AIV inactivation by physical methods and
chemical agents has been published by De Benedictis et al. (2007; see annex 2). Only
disinfectants which have been listed in Annex II of Regulation EC 2032/2003 (amended by
Regulation EC 1048/2005 and 1849/2006) should be used. EFSA has published a literature
review on the available scientific data of notified biocides under field conditions (EFSA 2008).
Preliminary cleaning is mandatory in order to maximize the effectiveness of any chemical
disinfectants.
1.5.

Conclusions

•

All H5N1 viruses detected in the EU in poultry and wild birds since 2006 belong to clade 2.2,
the lineage that was first identified during the 2005 Qinghai lake outbreak in China, except
for an import case in quarantaine facilities in the UK (clade 2.3). Phylogenetic analyses of
strains from EU MSs indicate multiple independent virus introductions, presumably from
countries in Eastern Europe or the Middle East, where similar clade 2.2 strains are circulating
in poultry and/or wild birds. The use of phylogeny can advise on the source of infection, but
it is not possible in all circumstances to be definitive about the likely source of an
introduction.

•

There is no evidence that the tenacity of Asian lineage HPAI H5N1 virus is different from
LPAI viruses in faeces, water, carcases, and the environment

•

Indirect transmission of AIV via water to other water birds which use or drink contaminated
water, or transmission through domestic poultry which drink unprocessed water from
contaminated (surface) reservoirs, may pose an important factor in infection chains.

•

H5N1 virus infected carcasses have been shown to represent a potential source of infection
for poultry and scavenging birds and mammals.

1.6.
•

Recommendations

2.

According to Community rules the disinfectants to be used and their concentrations must be
authorised by the competent authority to ensure the destruction of avian influenza virus.
Member States should ensure that such disinfectants are approved and readily available for
use. A list of those approved disinfectants should be included in the national contingency plan
(EC, 2005).

2.1.

PATHOGENESIS AND TRANSMISSION
Pathogenesis and transmission of AI viruses in poultry

Different bird species vary in their relative susceptibility to the various sub-types of AIV.
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Poultry is susceptible to most AIV sub-types. Natural infection may occur after contact of virus
to mucosae of the eye, respiratory or digestive tract.
For all birds the ingestion of infective faeces appears to be the most important mode of
transmission (SANCO, 2000). For human influenza viruses, transmission via aerosols of 1-5 μm
in size is generally believed to be the most effective mode of transmission (for a review see:
Tellier, 2006) although this concept has been challenged (Lemieux et al., 2007). In a guinea pig
model of influenza virus infection cold and dry conditions favoured virus transmission via
aerosols (Lowen et al., 2007). It is not clear whether aerosol transmission of influenza viruses
represents an important transmission mode in poultry or wild birds. No evidence of air borne
transmission was obtained during the HPAI outbreaks in Italy (Capua and Marangon, 2000) and
Pennsylvania in 1984 (Utterback, 1984). In Italy, occasionally no virus transmission between
flocks was observed, even if only separated by a fence that prevented direct bird-to-bird contact.
Airborne spread was suggested as a possible transmission mode between nearby farms during the
recent outbreak in the Netherlands (Landman and Schrier, 2004) and Canada (CFIA, 2005).
However, given that the physical and chemical composition of avian and human influenza virus
particles is comparable, aerosol transmission between birds should be considered a possibility.
Since Asian lineage H5N1 HPAI viruses have been reported to be excreted at higher titres via the
trachea than via the intestinal tract of experimentally infected birds and their contacts (SturmRamirez et al., 2005), aerosol transmission may be particularly relevant for this virus lineage.
However, during an outbreak in a UK quarantine, no virus transmission was observed to a variety
of bird species. Sentinel chickens were kept in the same air space as the infected birds for almost
one month but were isolated from their excretions (Dimmock et al, 2005).
The entry of influenza virus into susceptible cells is mediated by the viral hemagglutinin (HA)
glycoprotein, which, together with the neuraminidase (NA) protein, is present in the lipid
membrane surrounding the virus. Attachment of influenza A virions to cell surface proteins is
achieved through mature trimerised viral HA glycoproteins. Attachment is initiated by
recognition of distinct terminal sialic acid species (N-acetyl- or N-glycolylneuraminic acid), the
type of glycosidic linkage to penultimate galactose (α2-3 or α2-6) and the composition of further
inner fragments of sialyloligosaccharides present at the cell surface (Herrler 1995, Gambaryan
2005). A variety of different sialyloligosaccharides are expressed with restriction to tissue and
species origin in the different hosts of influenza viruses. Adaptation in both the viral HA and the
NA glycoprotein to the specific receptor type(s) of a certain host species is a prerequisite for
efficient replication (Ito 1995, Banks 2001, Matrosovich et al., 1999, 2001, Suzuki 2000,
Gambaryan 2004). This implies a re-shaping of the receptor binding units of the HA protein
following interspecies transmission (Gambaryan 2006). Avian influenza viruses generally show
the highest affinities for α2-3 linked sialic acid as this is the dominating receptor type in epithelial
tissues of endodermic origin (gut, lung) in those birds that are targeted by these viruses
(Gambaryan 2005, Kim 2005).
2.2.

Pathogenesis and transmission of AI viruses in wild birds

In general, LPAI viruses are not thought to cause noticeable disease in birds in the wild (Webster
et al. 1992). However, some evidence is now accumulating to suggest that LPAI virus infections
of birds in the wild are not always completely asymptomatic without clinical signs. A study on a
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limited number of wild migratory Bewick’s Swans (Cygnus columbianus bewickii), naturally
infected with low-pathogenic avian influenza (LPAI) A viruses of subtypes H6N2 and H6N8,
revealed changes in the feeding and migratory performance of these birds (van Gils et al. 2007).
In addition, in a study on wild Mallards (Anas platyrhynchos) migrating through Sweden, staging
time was on average 3 days longer for LPAI-infected Mallards than for uninfected Mallards, and
infected Mallards were recaptured more frequently than uninfected Mallards (Latorre-Margalef et
al. 2008). These data suggest that LPAI virus infections may have a modest impact on the health
status of some wild birds under natural conditions, but more studies of a wider range of species
are needed to obtain more definitive information.
Reports on HPAI viruses, aside from the Asian lineage H5N1 HPAI viruses, in wild birds have
been limited to the isolation of H5N3 influenza virus from a common tern (Sterna hirundo) in
South Africa in 1961 (Becker, 1966), and H7N7 influenza virus from Mallards (Anas
platyrhynchos) and Mute Swans (Cygnus olor) in close proximity to affected farms during the
2003 outbreak in The Netherlands (Philippa et al., 2005). Reports on Asian lineage H5N1 HPAI
viruses in wild birds have been plentiful. In 2002, the Asian lineage H5N1 HPAI virus appeared
in waterfowl at two parks in Hong Kong and was also detected in other captive and wild birds
(Ellis et al. 2004a). In 2005, the virus was isolated during an outbreak among migratory birds in
Qinghai Lake, China, affecting large numbers of wild birds (Liu et al. 2005). This single
outbreak caused mortality of an estimated 10% of the global population of Bar-headed Geese
(Anser indicus), highlighting the potential devastating effects on vulnerable wildlife.
Subsequently, the virus has appeared across Asia, Europe, and the Middle East, and in several
African countries. Wild bird deaths have been reported in several of these countries, in Europe
particularly affecting Mute Swans (Cygnus olor) and Whooper Swans (Cygnus cygnus), but
mortality has also been recorded in other waterfowl species, and occasionally in raptors, gulls,
and herons (Teifke et al., 2007). So far, the HPAI H5N1 strain that originated in Southeast Asia
has caused mortality in >60 wild bird species (Olsen et al., 2006a) It is thus clear that Asian
lineage H5N1 HPAI viruses can cause mortality in wild birds, although the full range of the
clinical sign of this disease is difficult to estimate from cases of infection of birds in the wild.
Several research groups have performed experimental infections with Asian lineage H5N1 HPAI
viruses in “wild” bird species, including ducks, geese, swans, gulls, pigeons, passerines, and
Budgerigars (Melopsittacus undulates), although nearly all the indivuals involved were captive
born and bred (Annex 1). Most birds species appeared to be susceptible to HPAI H5N1 infection,
but to variable extent. The clinical signs also vary greatly by bird species, and perhaps the virus
clade under investigation, from complete absence of clinical signs, to 100% mortality. Infectious
doses as low as 1 x 104 have been used successfully to infect ducks (Keawcharoen et al. 2008). In
general excretion of infectious virus lasted less than 7 days, but exceptions up to 17 days have
been reported. Importantly, in most studies virus shedding appeared to be higher from the
respiratory tract as compared to the intestinal tract (Brown et al. 2006; Isoda et al. 2006;
Klopfleisch et al. 2006; Pasick et al. 2007; Werner et al, 2007; Brown et al. 2008; Keawcharoen
et al. 2008). In Canada Geese (Branta canadensis), susceptibility to infection and disease was
found to be lower in birds that had previously been exposed to LPAI virus, which could have
important implications for HPAI epidemiology in wild birds. Annex 1 provides an update on
experimental infections in non-Gallinacious species from Table 6.1 of EFSA (2006a).
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Typically, experimental studies have shown a range of susceptibility to infection leading to
morbidity and mortality which shows that swans (Cygnus spp.) tend to be more susceptible than
geese (Anser and Branta spp.), than are diving ducks (Aythya spp.), than are dabbling ducks
(Anas spp.) (Sturm-Ramirez et al. 2005; Brown et al. 2006, 2008; Keawcharoen et al. 2008).
The knowledge gained from these studies has several implications for the design of active and
passive surveillance for AIVs in wild birds.
2.3.

Pathogenesis and transmission in mammals

2.3.1.

Pathogenesis and transmission of AI viruses in pigs

Pigs are susceptible to avian influenza viruses (AIVs) under natural and experimental conditions.
AIVs are regularly isolated from pigs in the field as shown in Table 3 and antibodies to H4, H5
and H9 AIVs have been demonstrated in pigs in Asia (Peiris et al. 2001, Ninomiya et al. 2002,
Choi et al. 2005). However, virtually none of the viruses listed in Table 3 have been able to
maintain themselves in the swine population. One notable exception is the avian H1N1 virus that
was introduced into pigs in Western Europe in 1979. This virus appears to have undergone
alterations of the receptor-binding specificity of its haemagglutinin (HA) early after the
transmission from birds to humans (Matrosovich et al. 2000). There are also indications that the
genes of AI viruses may persist in swine populations after genetic reassortment with swineadapted viruses. As an illustration, H1N1, H3N2 and H1N2 influenza viruses are enzootic in pigs
in North America and Europe and many of these viruses are reassortants with avian and/or human
and/or swine influenza virus genes (reviewed in Olsen et al. 2006b). A reassortant H2N3
influenza virus, which appears to carry avian HA, NA, PB2 and PA genes, was isolated from two
swine farms in the US in 2006 (Ma et al. 2007). The prevalence of this virus in the swine
population remains unknown, but it was shown to spread between pigs under experimental
conditions.
Experimental studies have further proven the susceptibility of pigs to both LPAI (Hinshaw et al.
1981, Kida et al. 1994, De Vleeschauwer et al. 2007) and HPAI (Shi et al. 2008, Choi et al.
2005, Li et al. 2004, Isoda et al. 2006) AIVs. Data from such studies are summarized in Table 4.
A total of 58 LPAIVs of different HA and neuraminidase (NA) subtypes have been used in
experimental infection studies and 48 of these were shed in nasal secretions and/or did induce a
serological response (Hinshaw et al. 1981, Kida et al. 1994, De Vleeschauwer et al., 2007). The
virus causing the HP H7N7 outbreak in poultry in the Netherlands in 2003 (Loeffen et al. 2004)
and six of the eight Asian HP H5N1 isolates tested (Shortridge et al. 1998, Isoda et al. 2006,
Choi et al. 2005) were also shed in nasal secretions after experimental intranasal inoculation with
a high virus dose. Both LPAI and HPAIVs caused no or only mild clinical signs in experimental
studies. In addition, the levels and duration of nasal virus excretion were lower than those
typically observed with swine influenza viruses and there was no virus transmission between
experimentally inoculated and in-contact pigs. It must be stressed that all published studies were
performed on a very limited number of pigs and that detailed studies of the cell and organ
tropism of AIVs in pigs are still lacking. Preliminary investigations of the pathogenesis of LP H5
AIVs in pigs have shown that 1) virus replication is limited to the respiratory tract, 2) virus titres
are on average 100-1000 fold lower than those obtained with swine influenza viruses, 3) virus
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spread from the upper to the lower respiratory tract and vice versa is inefficient (De
Vleeschauwer et al. 2007). Altogether, the available data suggest that AIVs need to undergo
genetic changes to adapt to pigs and to transmit efficiently between pigs and from pigs to
humans.
For a long time, it was thought that transmission of AIVs to humans does not occur directly but
via the pig. Pigs were seen as the outstanding intermediate host in which AIVs can acquire
genetic changes that allow adaptation to mammals, either mutations or genetic reassortment with
human influenza viruses. This hypothesis was based on several findings.
1) AIVs were relatively frequently isolated from pigs in the field at a time when there were still
few AIV isolations from humans. Experimental infection studies of pigs with LP AIVs resulted
in higher infection rates (Hinshaw et al. 1981, Kida et al. 1994) than a similar study in humans
(Beare and Webster 1991), which led to the viewpoint that pigs are more susceptible to AIVs
than humans. It must be taken into account though that most human volunteers involved in this
study had previously undergone infections with H1N1 and/or H3N2 human influenza viruses,
which may influence their susceptibility to AIVs. The pigs, on the other hand, were completely
influenza virus naive.
2) The avian-like H1N1 influenza virus has undergone mutations in its HA during the years
following transmission from ducks to pigs in Western Europe (Matrosovich et al. 2000). These
mutations appear to be associated with adaptation to pigs.
3) There are several examples of reassortment between avian and human influenza viruses in pigs
in nature (reviewed in Olsen et al. 2006b). However, direct evidence that pigs played a role in the
genesis of a human pandemic virus is still lacking.
4) Influenza viruses can be transmitted from pigs to humans (reviewed in Van Reeth 2007).
5) The receptors for both human and avian influenza viruses have been detected on epithelial
cells of the pig trachea (Ito et al. 1998), which further supports the hypothesis of the pig as a
“mixing vessel” for human and avian influenza viruses.
It must be stressed, however that the hypothesis of the pig as an intermediate host has never been
proven and that several outdated findings have now been superseded. As an example, it has
become clear that AIVs can transmit directly from birds to humans, without the pig as an
intermediary. The avian influenza virus receptor has also been detected in the human respiratory
tract, and genetic reassortment can also occur in humans. In addition, infection of pigs with AIVs
appears to require high exposure doses and there are no real indications that pigs are more
susceptible than humans. The pig therefore remains a possible intermediate host for the
transmission of AIVs to humans, but may be less important than thought in the past.

Table 3: Avian influenza viruses isolated from pigs since 1979
Year

Location

Subtype

Source of infection

Extent of
transmission to pigs

Reference

1979

Western Europe

H1N1

wild ducks

enzootic

Pensaert et
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1993-1994

Southern China

H1N1

wild ducks

low prevalence

1998-2000

Southern China

H9N2

wild ducks

low prevalence

1999

Canada (Ontario)

H4N6

wild ducks

single isolation

2001

Canada (Ontario)

H3N3

wild ducks

single isolation

2001, 2002

Canada (Ontario)

H1N1

wild ducks

single isolation

2001, 2003

Southern China (Fujian)

H5N1*

unknown

two isolations

2003

The Netherlands

H7N7†

infected poultry

five isolations

2003

Southern China (Shandong)

H5N1*

unknown

one isolation

2005

Southern China (Shandong)

H9N2

unknown

three isolations

al. 1981
Guan et al.
1996
Peiris et
al. 2001
Karasin et
al. 2000
Karasin et
al. 2004
Karasin et
al. 2004
Li et al.
2004
Loeffen et
al. 2004
Shi et al.
2008
Shi et al.
2008

* H5N1 isolates related to highly pathogenicity avian influenza viruses circulating in Southeastern Asia
† Highly pathogenicity avian influenza virus transmitted from infected poultry to pigs in mixed farms

Table 4: Overview of pathogenesis and transmission of AIVs in pigs
HPAI
Incubation
period*
Replication
sites
Morbidity
and
mortality

LPAI

24 hours (Shortridge et al., 1998; Loeffen et al.,
2004; Choi et al., 2004)
Respiratory tract (Shortridge et al., 1998;
Loeffen et al., 2004; Choi et al., 2005),
occasional virus isolation from the liver (Choi et
al., 2004)
Variable clinical observations: from mild clinical
signs (Choi et al., 2005) to absence of disease
(Loeffen et al., 2004)

24 hours (Hinshaw et al., 1981, Kida et al.,
1994, De Vleeschauwer et al., unpublished)
Respiratory tract (Hinshaw et al., 1981, Kida et
al., 1994, De Vleeschauwer et al., unpublished)

No (De Vleeschauwer et al., 2007) or minimal
disease, clearly much milder clinical signs
compared to swine influenza infection (De
Vleeschauwer et al., 2007; De Vleeschauwer et
al., unpublished)
Excretion
Nasal excretion. Variable duration and extent of
Nasal excretion.
Variable duration and extent of excretion:
route/level
excretion: duration from 1 to 7 days, no virus
and period
isolation after day 7 post inoculation (Shortridge duration from 1 to 7 days, no virus isolation after
day 7 post inoculation (Hinshaw et al., 1981,
et al., 1998; Loeffen et al., 2004; Choi et al.,
Kida et al., 1994, De Vleeschauwer et al.,
2005), peak virus titres range between 10 exp.
unpublished) peak virus titres range between 102
3.3 (Choi et al. 2005) and 10 exp. 5 TCID50/ml
(Kida et al., 1994) and 107TIDC50/ml (De
(Shortridge et al. 1998)
Vleeschauwer et al., unpublished)
* Since AIVs do not cause disease in pigs, incubation period is considered the time between virus inoculation and the
first detection of virus

2.3.2.

Ruminants

Kalthoff et al. (2008) showed that HPAIV (H5N1) has the potential to infect bovine calves, at
least after high-titer intranasal inoculation, and that conventional Haemaglutination Inhibition
tests may underestimate such infections. Furthermore, asymptomatic shedding of HPAIV (H5N1)
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by infected calves and subsequent seroconversion seemed to be possible, and even low levels of
HPAIV (H5N1) might be sufficient to induce a detectable antibody response in contact calves.
2.3.3.

Horses

Although there have been isolated reports of evidence of infection of horses with viruses of
subtypes H1N1, H2N2 and H3N2 (Tumova, 1980), influenza infections of horses have been
restricted essentially to H7N7 and H3N8 subtypes of influenza A, and these viruses form distinct
lineages in phylogenetic studies. However, examination of H3N8 viruses isolated from severe
epidemics in horses occurring in the Jilin and Heilongjiang Provinces in the North-East of the
People’s Republic of China in 1989 and 1990, showed these to be antigenically and genetically
distinguishable from other equine H3N8 viruses and Guo et al. (1992) concluded that this virus
was of recent avian origin and had probably spread directly to horses without reassortment. This
virus does not appear to have become established in the horse population. In 2007-2008,
Australia, which had remained free from equine influenza (H3N8), experienced a large-scale
outbreak, with serious disease and deaths in immunologically naïve horses (Patterson-Kane et al.,
2008).
2.3.4.

Aquatic mammals

During 1979 and 1980, approximately 500 deaths (about 20% of the population) occurred in
Harbour Seals (Phoca vitulina) around the Cape Cod Peninsula in the USA as a result of acute
haemorrhagic pneumonia. Influenza A viruses of H7N7 subtype were isolated repeatedly from
the lungs or brains of dead seals (Lang et al. 1981). The virus infecting the seals was shown to be
closely related both antigenically and genetically to avian influenza viruses (Webster et al. 1981)
and appeared to represent direct transmission to the seals without reassortment.
In 1983, further deaths (2%-4%) occurred in Harbour Seals on the New England coast of the
USA and influenza A virus of subtype H4N5 was isolated. Once again, all eight genes of this
virus were demonstrably of avian origin (Webster et al. 1992). Following surveillance of seals on
the Cape Cod peninsula, Callan et al. (1995) reported isolates of two influenza A viruses of
H4N6 subtype made in 1991 and three of H3N3 subtype in 1992 all from seals found dead with
apparent viral pneumonia. Antigenic and genetic characterisation revealed these too were avian
viruses that had entered the seal population.
Two viruses of H13N2 and H13N9 subtypes were isolated from a single beached Pilot Whale
(Globicephala melaena), and genetic analysis indicated that the viruses had been introduced
recently from birds (Chambers et al. 1989, Hinshaw et al. 1986).
2.3.5.

Terrestrial carnivores

Mustelids:
In October 1984, outbreaks of respiratory disease affected approximately 100,000 Mink on 33
farms situated in close proximity along a coastal region of southern Sweden, with 100%
morbidity and 3% mortality (Klingeborn et al. 1985). Influenza A viruses of H10N4 subtype
were isolated from the Mink and genetic analysis indicated that the viruses were of avian origin
and were very closely related to a virus of the same subtype isolated from chickens and a feral
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duck in England in 1985 (Berg et al. 1990). Experimental infections suggested that mink were
susceptible to infection with various subtypes of avian influenza viruses (Okazaki et al. 1983;
Englund, 2000).
Klopfleisch et al. (2007) reported on the natural infection of a Stone Marten (Martes foina) with
H5N1 HPAIV. Histopathological examination of tissues from this animal revealed a diffuse
nonsuppurative panencephalitis with perivascular cuffing, multifocal gliosis and neuronal
necrosis. Additionally, focal necrosis of pancreatic acinar cells was observed.
Immunohistochemically, lesions in these organs were associated with avian influenza virus
antigen in neurons, glial cells and pancreatic acinar cells.
Felids:
Studies of Hinshaw et al. (1981) have shown the ability of LPAI virus to infect and replicate in
cats without them showing clinical signs. However, during the 2003 to 2004 HPAI H5N1
outbreak in Asia, there have been occasional reports of fatal H5N1 virus infections in domestic
Cats (Felis catus) and zoo felids after they had been fed virus-infected chickens (Keawcharoen et
al., 2004).
Klopffleish et al (2007) found that hepatic necrosis was, besides bronchointerstitial pneumonia,
the primary lesion, suggesting that in naturally infected cats, damage to the liver plays an
important role in the pathogenesis of H5N1 influenza.
In experimental studies, cats excreted virus and developed lung pathology after intratracheal
inoculation with H5N1 or after feeding on H5N1 virus-infected chickens (Kuiken et al. 2004,
Rimmelzwaan et al, 2006). In addition, the virus was transmitted from the infected to sentinel
cats. Thus, felids may become infected with AI after consumption of fresh poultry meat and they
may spread the virus to other felids or birds (Thanawongnuwech et al., 2005; Songserm et al.,
2006a). As diseased cats can transmit the infection to naïve contact animals, the epidemiological
role of H5N1-infected cats in endemically infected areas as a link between wild birds, poultry and
humans needs close inspection, and vaccination of cats should be considered to reduce possible
human exposure (Vahlenkamp et al, 2008).
However, in Austria three out of 194 cats that lived in the same shelter as an H5N1 infected swan
were found positive by PCR. All cats were transferred to a quarantine station and monitored for
clinical signs, virus shedding, and antibody production until day 50. There was no evidence of
horizontal transmission to other cats (Leschnik et al. 2007).
Dogs:
Already in 1968 dogs were shown to be susceptible to experimental infection with human ‘A2’
and B influenza viruses (Todd et al., 1968). A descendant of the HongKong/68 H3N2 virus,
isolated in Philadelphia in 1968, replicated asymptomatically in experimentally infected dogs and
was transmitted to contact animals. A serological survey performed at that time showed
antibodies against the HongKong/68 virus in six percent of a total 271 canine sera from the USA
and the UK (Nikitin et al., 1972). Serological evidence for infection with a human H3N2 virus
was also found in dogs in the US during a parainfluenza outbreak in 1978 (Houser et al., 1980).
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In 2004, an H3N8 influenza virus of equine origin was for the first time isolated from racing
greyhounds with respiratory disease in Florida. Serological evidence of widespread infection
among both racing- and pet dogs suggests efficient spread of this virus in the canine population.
Seroprevalence has by now been confirmed in twenty-two of the United States of America
(Crawford et al., 2005; Tremayne, 2006). Similarly, an equine H3N8 virus of the American
lineage was shown to be the causative agent of an outbreak of respiratory disease in an English
foxhound kennel in 2002. Serological data suggest that this was an isolated case and that
infection of the dogs occurred through close contact with horses and/or horsemeat-feeding (Smith
et al. 2005; Newton et al. 2007; Daly et al., 2008).
In 2004, a highly pathogenicity avian influenza (HPAI) H5N1 virus was isolated from a Thai dog
that died from severe respiratory disease, after eating duck carcasses (Songserm et al., 2006b). In
2005, 25% (160/629) of the dogs in central Thailand had antibodies to H5N1 (Butler, 2006).
Experimental infection studies have confirmed the susceptibility of dogs to HPAI H5N1 viruses.
However, there were no other clinical signs than conjunctivitis and fever and the virus did not
spread among dogs under experimental conditions (Maas et al., 2007; Giese et al., 2008).
Beagels that were however experimentally infected with H3N2, shed virus through nasal
excretion, seroconverted, and became ill with severe necrotizing tracheobronchitis and
bronchioalveolitis. Consistent with histologic observation of lung lesions, large amounts of avian
influenza virus binding receptor (SAα 2,3-gal) were identified in tracheal, bronchial, and
bronchiolar epithelial cells, which suggested potential for direct transmission of avian influenza
virus (H3N2) from poultry to dogs (Song et al, 2008).
2.3.6.

Humans

It has been known for sometime that the human pandemic viruses of 1918, 1957 and 1968 arose
either by the reassortment between viruses present in the human population and avian influenza
viruses (Gething et al. 1980; Kawaoka et al. 1989; Scholtissek et al. 1978), or possibly via direct
introduction into humans from birds (Rabadan et al., 2006).
Recently, there has been a significant change in our understanding of infections of humans with
AIVs; prior to 1996 there had been only three substantiated cases of AI viruses directly infecting
humans, and humans were considered to be at low risk of infection with AI viruses. However,
during the last decade human infection with an AI virus has been reported on several occasions as
shown in Table 14 and all cases were due to direct contact with infected poultry. AI viruses with
H5, H7 or H9 HAs have been found in humans. The majority of AI viruses have infected only
one or a few people, but the HP H7N7 and H5N1 viruses have infected tens and hundreds of
humans respectively. The latter virus is exceptionally virulent and pathogenic in humans with an
estimated case fatality proportion of 61% (WHO, 2008). Most cases had a history of very close
contact with infected poultry, usually within a week before the onset of clinical signs (Hayden et
al. 2005, de Jong and Hien 2006). Inhalation of infectious droplets and self-inoculation of the
conjunctival or upper respiratory tract mucosa are probably the most common routes of infection.
Death usually occurred as a result of severe respiratory disease, although the presence of
infectious virus in blood and viscera of several patients with fatal disease indicates that, as in
birds and several mammalian species, disseminated infection with H5N1 can occur in some
humans (WHO, 2008). Evidence of viral replication in both intestinal and neuronal cells (Gu et al
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2007) suggests that the H5N1 virus also has the potential to replicate actively in the gastrointestinal tract and central nervous system, but it remains unknown whether virus replication
commonly occurs in such non-respiratory organs and several other findings point towards a
greater tropism for the respiratory tract (de Jong et al. 2006, Peiris et al. 2004, To et al. 2001).
Given the widespread levels of AI viruses in many poultry populations, including particularly
H5N1, and the often close contact between infected birds and humans, it is likely that several
millions of humans have been in close proximity to avian influenza viruses, and yet only a small
number have become infected; this suggests that in the most part, and including specifically
H5N1, avian influenzas are poorly adapted to humans whom they find hard to infect except at
high doses (ECDC, 2006). Some of the reasons for the apparent species barrier are beginning to
be understood at the molecular level, including notably molecular-based differences in virus
affinity to receptors in the respiratory tracts of humans and birds (reviewed in Matrosovich et al.
2006), and the differential expression of viral receptors between humans and avian species
(Shinya et al. 2006, Van Riel et al. 2006, 2007). These factors limit avian viruses’ ability to
adhere to viral receptors in the human upper respiratory tract and subsequently infect human cells
(e.g. Mastrosovich 2004, Stevens et al 2006). In addition to viral receptor affinity and
topography, other factors such as ambient temperature and humidity may also affect both the risk
of influenza virus infection in a potential host, and the levels of viral replication and transmission
following infection. (Lowen et al 2007).
The occurrence of a limited number of human infections demonstrates that avian viruses are
capable of directly infecting humans. However, to date it appears that those infected have largely
been dead-end hosts and although some limited observations of human to human transmission
have been recorded (Yang et al., 2007; Wang et al., 2008) the viruses have failed to spread
efficiently among humans. It is likely that transmissibility between humans, as well as infectivity,
is also primarily mediated by virus receptor interactions (Tumpey et al., 2007, Yamada et al.,
2006, Zambon, 2007).
The overriding concern remains that a strain of influenza derived from a pure avian virus or a
virus containing avian material obtains the necessary viral changes or ‘adaptions’ that allows it to
be both highly pathogenic and transmissible in human populations. Such adaptations could occur
via viral reassortment when people infected with the avian influenza viruses are simultaneously
infected with a “human” influenza virus. Viral reassortment following the mixing of human and
avian influenza viruses has been implicated in the origin of the human pandemics of the 20th
Century (e.g. Taubenberger 2006), and although recent work with an H5N1 avian-human
reassortant in the ferret model has suggested that that acquisition of human viral genes alone was
insufficient for the 1997 H5N1 virus to develop pandemic characteristics (Maines et al. 2006),
there remains a potential danger that simultaneous infection with avian influenza viruses and a
“human” influenza virus could result in the development of a novel influenza strain that is fully
capable of spreading in the human population, and causing a global human pandemic. The
potential of animal influenza viruses to act as the precursor to a human pandemic is highlighted
by the WHO’s pandemic plan; the early phases (phase 1 and 2) in the build up to a potential
pandemic in the plan focus on the evolving epidemiological situation in animals and the
emergence of a ‘circulating animal influenza virus subtype that poses a substantial risk of human
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disease’ (WHO, 2005). It is impossible to predict if and when the next pandemic will occur, but
the risk of such occurrence persists while avian influenza viruses remain in circulation that have
the capability to infection humans. Furthermore, if the reassorted virus retains the pathogenicity
of H5N1 in humans, and acquires a human influenza’s ability to transmit from person to person,
the consequences for public health could be severe.
In such a pandemic scenario, if birds and other animals remain susceptible to the human
pandemic strain, humans are likely to play a significant role in the dissemination of virus to
animals, and may contribute significantly to the levels of infection seen in animal populations,
and particularly domestic animals. This could in turn drive the spread of infection to other
humans and birds. If the virus also remains pathogenic to animals, the consequences may be
severe, and such a scenario could pose significant challenges to the containment and eradication
of infection in both human and animal populations were increases in animal outbreaks to coincide
with a civil pandemic emergency.
Finally, even in the absence of sustained viral replication and transmission of AIV in humans,
and associated epidemiology linking humans cases with the direct infection in animals, it is has
been demonstrated that humans act as effective indirect carriers of AIV. Humans have been
implicated in dissemination and infection to animals, including via the illegal carriage of bird
species infected with AIV (Van Borm et al. 2005), and through the dissemination of virus
through formite contamination in poultry outbreaks (ref). This is covered in more detail in the
biosecurity chapter (ref to chapter 5).
2.3.7.

Other animals

Influenza virus infections in other animals have been poorly studied. It has been suggested
frequently that fish might be exposed to AIV through the secretion of virus into water by wild or
domestic birds. At present, there is no evidence that fish or other aquatic species would become
infected upon such exposure.
In a study by Sawabe et al. (2006), H5N1 virus was detected in blow flies in close proximity to
an affected farm. The intestinal organs, crop, and gut of two blow fly species, Calliphora
nigribarbis and Aldrichina grahami, were positive by RT-PCR. Although these results suggest it
is possible that blow flies could become a mechanical transmitter of H5N1 influenza virus, there
is no evidence yet for virus spreading via arthropods.

2.4.

Conclusions
•

Faecal-oral infection chains govern the transmission of AIV, however, accumulating
evidence indicates that HPAI H5N1 virus usually is excreted at higher concentrations
from the respiratory tract of birds as compared to LPAI viruses.

•

Although there is no evidence for aerosol transmission of H5N1 virus, this transmission
route cannot be excluded over short distances.
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•

Many, if not all, poultry species are susceptible to infection by AI viruses of the different
subtypes, but only H5 and H7 subtypes are able to induce HPAI. This property is linked
to the ability of different host proteases to cleave the HA of the virus.

•

Indirect evidence points to some mild effects of LPAIV in wild bird species.

•

H5N1 of the Asian lineage is able to cause mortality in wild bird populations.

•

Several domestic animals, including pigs, domestic cats and dogs are susceptible to
infection with H5N1 HPAI viruses under natural and experimental conditions. However,
with natural infections pigs and dogs appear to be dead end hosts and none of them has
been implicated in the transmission of H5N1 to humans or to domestic birds. Also in most
experimental studies in domestic mammals, H5N1 failed to spread between animals or
from one animal species to another (e.g. from cat to dog), suggesting that the likelihood of
virus transmission to humans by this route is extremely low. For cats, though, it has been
suggested that spread between cats and from cats may occur.

•

The “old” hypothesis of the pig as an intermediate host for the transmission of AIVs to
humans has never been really proven. Infection of pigs with AIVs appears to require high
exposure doses and there are no real indications that pigs are more susceptible than
humans. The pig therefore remains a possible intermediate host for the transmission of
AIVs to humans, but may be less important than thought in the past.

•

Mutations or genetic reassortment appear to be needed for adaptation of avian influenza
viruses to pigs, and probably also to other mammals, and for virus transmission between
these mammals. It remains to be examined whether the viral genetic changes that are
required for adaptation of AI viruses to mammals, and which will presumably increase the
risk for infection of humans, may occur more readily in some animal species than in
others.

2.5.

3.

Recommendations:
•

Further research is required to get insight into the nature of genetic changes of the AIV
needed for adaptation to pigs or other mammals.

•

Systematic research on the possible role of other roaming mammalian species in the
transmission of AIV is needed.

DIAGNOSIS of AI

General methods for the diagnosis of avian influenza viruses are described in detail elsewhere
(Swayne & Halvorson, 2003; Alexander, 2005; EC, 2006 or at the OFFLU network:
http://www.offlu.net). Clinical signs and pathology details for the different animals can be found
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in chapter 2 on pathogenesis and transmission. A brief explanation about the DIVA strategy can
be found in chapter 5.10.2 and in the previous EFSA opinion on vaccination against avian
influenza of H5 and H7 subtypes in domestic poultry and captive birds (EFSA, 2007b) This
chapter focuses on new developments in laboratory diagnosis.

3.1.

Virology

3.2.

Virus Isolation (VI)

The conventional isolation in embryonated eggs and virus characterization techniques for the
diagnosis of AI remain the method of choice, for at least the initial diagnosis of AI infections.
However, conventional methods tend to be costly, labour intensive and slow and for the
application of control measures, especially stamping out policies, there is an overwhelming
demand for rapid results. The past 10 years or so has seen enormous developments and
improvements in molecular and other diagnostic techniques, many of these have been applied to
the diagnosis of AI infections (Alexander, 2008).
The preferred method of growing avian influenza A viruses is by the inoculation of embryonated
specific pathogen free (SPF) fowl eggs, or specific antibody negative (SAN) eggs. At present,
there seems to be only limited space for improving the time-efficiency of these methods. The EU
diagnostic manual for AI issued last year (EC, 2006), indicates that the VI procedure can be
shortened by performing two blind passages of 3 days each in SPF eggs. However, this shortened
protocols still requires full validation. Obtaining of suitable substrates for VI also appears to be a
major bottleneck. As SPF eggs are expensive and not always easily available, cell cultures can be
a good alternative for large scale analysis but they are less sensitive than eggs and require the use
of trypsin for LPAI isolation, which might represent another source of variation.
3.2.1.

Virus identification and typing

Subtype identification of influenza A viruses is usually done by hemagglutination inhibition (HI)
test using polyclonal chicken antisera raised against a battery of intact influenza viruses.
Neuraminidase identification is carried out using a similar approach.
Contrarily to PMV-1 viruses where a subtype specific panel of monoclonal antibodies has been
developed and proved very useful for antigenic typing purposes, this approach is less powerful
for AI typing due to the regular antigenic drift occurring in circulating strains. Nevertheless, very
recently, a panel of 17 monoclonal antibodies raised from five H5N1 strains was used to
investigate the antigenic profiles of post-2002 H5N1 viruses representing major genetic clades
and various geographic sources. Four antigenic groups from seven clades of H5N1 virus were
distinguished and characterized based on their cross-reactivity to the monoclonal antibodies in HI
and seroneutralization (SN) assays. These results provide a comprehensive antigenic profile for
H5N1 virus strains circulating in recent years and will facilitate the recognition of emerging
antigenic variants of H5N1 virus and aid in the selection of vaccine strains (Wu et al., 2008).
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In addition to identify influenza viruses of H5 and H7 subtype, National and Regional
Laboratories must assess the virulence of such viruses either by in vivo or molecular tests in line
with international definitions. In the EU, the IVPI test is used for this assessment (EC, 2006).
3.2.2.

Direct Detection of AI Viral Proteins

Immunostaining assays (immunofluorescence (IFA), immunoperoxidase) of suspect organs can
be of help in well equipped laboratories. The diagnostic utility of the IFA has been shown during
a recent outbreak of HPAI H5N1 virus in Southern Thailand and demonstrate the usefulness of
the cardiac tissue from infected chickens, quail, and ducks for diagnosis (Antarasena et al., 2007).
But these methods tend to be costly, labour intensive and slow.
Therefore, with the spread of Asian lineage HPAI H5N1, an increasing number of antigen
capture immunoassay tests have been developed in recent years. Indeed, under certain
circumstances, it might be desirable to test a significant number of samples in a short period of
time. In this case, antigen capture immunoassays can be considered a very useful diagnostic tool.
They are very easy to use, do not require sophisticated or expensive equipment and, in many
instances, they can be applied on-site, thus avoiding the time-consuming and delicate phase of
sample preparation and shipment. In many cases, test results can be available very rapidly. To
date, most of the antigen capture tests available in the market target the type A influenza virus
nucleoprotein, detecting any type A influenza virus. With the exception of a few H5 and H7
subtype specific tests for veterinary use (He et al., 2007; Velumani et al., 2008), these kinds of
assays do not provide any indication on the subtype and pathotype involved. The main limitations
of antigen capture tests are the unsatisfactory sensitivity compared to viral isolation and
molecular tests, and their unit cost (Cattoli et al., 2004; Woolcock and Cardona, 2005). Due to
their low sensitivity (detection of 104 to 105 EID50 of virus at the best, Smietanka and Minta,
2007) sampling numbers should be increased before the presence of viral circulation in a given
population can be ruled out.
For the same reason, excessive dilution of the samples by pooling of swabs should be avoided.
The main advantages of the antigen detection kits are that they have a good specificity and they
can demonstrate the presence of AI within 15 min. The disadvantages are that subtype
identification is not achieved; sensitivity may be low so that a flock rather than individuals need
to be sampled and the kits are expensive. As another approach, a double antibody sandwich
enzyme-linked immunosorbent assay (DAS-ELISA) was developed and compared with virus
isolation in embryonated chicken eggs (Zhang et al., 2006). A good correlation with viral
isolation for 98.6% of these samples was described, indicating a sensitivity of 97.4% and
specificity of 100%. However, a cost-benefit study for field situation needs to be evaluated.
Recently, a sophisticated and highly sensitive interferometric biosensor immunoassay for direct
and label-less detection of avian influenza through whole virus capture on a planar optical
waveguide has been described (Xu et al., 2007).
3.2.3.

Direct detection of viral RNA

Conventional RT-PCR techniques on clinical specimens could, with the correctly defined
primers, result in rapid detection and subtype (at least of H5 and H7) identification, plus a PCR
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amplicon product that could be used for nucleotide sequencing. Also, they have been
demonstrated to have an important application by rapidly identifying subsequent outbreaks once
the primary infected premises has been detected and the virus characterised. ‘Real time’ singlestep RT-PCR using primer/fluorogenic probe systems (rRT-PCR) targeting conserved AI genome
regions (e.g. Matrix or nucleoprotein gene) allow even more rapid and sensitive diagnosis with
detection of AI viruses and determination of subtype H5 or H7 in clinical samples. These
methods offer rapid results with sensitivity and specificity comparable to virus isolation, and can
be applied in a high-throughput format (Aguero et al. 2007a). However, it must be taken into
account that nucleic acids amplification methodologies are generally extremely sensitive assays,
making them prone to easily reveal cross contamination of samples, leading to false positive
results. Mishandling of the extracted RNA, improper use of reagents or use of non sterile, nonRNAse-free disposables, or non adequate reference controls, may result in false negative test
response.
Laboratory diagnosticians should be fully aware that each step of the sample’s processing is
critical and greatly influence the final results. The choice and the correct application of the RNA
extraction method is therefore essential for the quality of the final results as it is for the
amplification protocol. Unfortunately, not many information are publicly available on the
efficiency or the performances of the different existing RNA extraction methods in relation to
avian influenza viruses in samples of avian origin (Tewari et al., 2007; Evers et al., 2007; Aguero
et al., 2007b; Forster et al., 2008)
Validated methods are described in the EU diagnostic manual. This is also consistent with OIE
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals. They have shown to be
effective for the detection of AIV through blind AI PCR trials (conducted within the EU-funded
AVIFLU project) and formal PCR proficiency testing programmes organised within the EU
(Slomka et al. 2007).
Additionally, control strategies have become available to check sample quality and/or processing
(Das et al. 2006, Hoffmann et al. 2006, Van Borm et al. 2007, Yu et al. 2007). Their application
may be important to exclude false negative results.
Commercial kits for detection of AI viral RNA are becoming available but they need to be
thoroughly validated against standard methods as fit for purpose (Rossi et al. 2007).
In the recent past there has been a tremendous increase in the development and application of
testing procedures for the detection of AI viral RNA. Several RT-PCR ands real time PCR
protocols have been published in scientific journals and the most recent methodologies such as
NASBA (Collins et al., 2003; Lau et al., 2004), LAMP-PCR (Imai et al., 2006; Jayawardena et
al., 2007) pyrosequencing (Pourmand et al., 2006) and, more recently, oligonucleotide
microarray (Wang et al., 2008a) have been applied, in many cases successfully, for the detection
and typing of AI viruses.
3.3.

Molecular subtyping

Although the focus has been on identifying the presence of subtype H5 or H7 influenza virus by
using H5- or H7-specific oligonucleotides, other tests have as well been described to identify the
subtype directly on clinical specimens and/or on influenza A isolate. These are reviewed in table
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5 and include partial sequencing of HA and NA genes, subtype specific RT-PCR and rRT-PCR
tests and alternative methodologies under development (i.e. NASBA, oligonucleotide
microarrays, rRT-PCR followed by high resolution melting analysis). Few tests are available for
NA subtyping and most HA subtyping tests available (apart from the sequencing strategies) are
focused on H5, H7 and H9.
Table 5: Molecular tests for subtyping of avian influenza isolates
Specificity
H5, H7 eurasian
H5, H7
H5, H7, H9
H7 eurasian +
american
H1-H16
H1-H16
H1-H15
H5american, H7
american
N1

Test
rRT-PCr
RT-PCR &
sequencing
rRT-PCR
rRT-PCR
RT-PCR &
sequencing
RT-PCR &
sequencing
RT-PCR
rRT-PCR

Reference
Slomka et al., 2007
Slomka et al., 2007

Data on analytical
sens & spec
Data on analytical
sens & spec

(Monne et al., 2008)

rRT-PCR
rRT-PCR

H5, H7, H9
H5N1 clade2.2 HP

RT-PCR
rRT-PCR

H5 eurasian, H7

NASBA

H5, H7
H9

RT-PCR-ELISA
RT-PCR-ELISA

H9 ; N2
H1N1, H3N2, H5N1,
H7N3, H9N2

rRT-PCR (SYBR)
Matrix gene RRTPCR & heteroduplex
high resolution
melting
Oligonucleotide
Microarray

VAR (Van Borm et
al. in press)
(Wang et al., 2008a)
(Phipps et al. 2004)

Focus on american
isolates

rRT-PCR

N1
H6, H9, H11

H1-16 , N1-9

comments
Ring trial validation
Ring trial validation

(Lee et al. 2001)
(Spackman et al.
2002)
(Payungporn et al.
2006)
(Aguero et al. 2007b)
(Das and Suarez
2007)
(Xie et al. 2006)
(Hoffmann et al.
2007)

Future development

(Collins et al. 2003,
Collins et al. 2002)
(Dybkaer et al. 2004)
(Chaharaein et al.
2006)
(Ong et al. 2007)
(Lin et al. 2008)

Future development

(Quan et al. 2007)
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H1N1, H3N2, H5N1
H1-16 , N1-9

3.4.

Oligonucleotide
Microarray
Oligonucleotide
Microarray

Future development
Future development

(Townsend et al.
2006)
(Gall et al. 2007)

Molecular pathotyping

Further information concerning the pathogenicity or potential pathogenicity of H5 and H7
subtypes may be obtained by sequencing the genome, as pathogenicity is associated with the
presence of multiple basic amino acids (arginine or lysine) at the cleavage site of the
haemagglutinin. For example, most H7 subtype viruses of low virulence have had the amino acid
motif at the HA0 cleavage site of either -PEIPKGR*GLF- or -PENPKGR*GLF-, whereas
examples of amino acids motifs for highly pathogenicity avian influenza H7 viruses are: PEIPKKKKR*GLF-, -PETPKRKRKR*GLF-, -PEIPKKREKR*GLF-, -PETPKRRRR*GLF-.
Amino acid sequencing of the cleavage sites of H5 and H7 subtype influenza isolates of low
virulence for birds should identify viruses that have the capacity, following simple mutation, to
become highly pathogenic for poultry. In 1992, the OIE adopted criteria for classifying an avian
influenza virus as highly pathogenic based on pathogenicity in chickens, growth in cell culture
and the amino acid sequence for the connected peptide (OIE, 1992 and OIE, 2007). The
European Union adopted similar criteria in 1992 (Directive 92/40/EEC and Directive
2005/94/EC).
Some exceptions have been identified where viruses having a HP molecular signature failed to
induce mortality in in vivo tests (Londt et al., 2007) or vice versa (Senne et al. 2006b). These are
reviewed in table 6.
Table 6: Discrepancies between genotype (sequence of HA0 cleaving site) and phenotype (in
vivo pathogenicity) of avian influenza viruses ( modified from Londt et al., 2007 & Senne et
al. 2006b)
Virus strain

Subtype

A/chicken/PA/1/83

H5N2

In vivo
Pathotype
LPAI

A/chicken/TX/04

H5N2

LPAI

A/chicken/Chile/4325/02

H7N3

HPAI

A/chicken/Canada/AVFV2/04

H7N3

HPAI

A/turkey/England/8792BFC/91
A/goose/Guandong/2/96

H5N1

LPAI

H5N1

LPAI
40

HA0 cleavage
site genotype
HPAI +
glycosylation
HPAI

Reference

(Kawaoka et
al. 1984)
(Lee et al.
2005)
LPAI, NP 30nt (Suarez et al.
recombination 2004)
LPAI, MA
(Hirst et al.
31nt
2004)
recombination
HPAI
(Wood et al.
1994)
HPAI,
(Li et al.
compensating 2006b)
NS1 mutation
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A/mandarin
duck/Singapore/805/F-72/7/93
A/turkey/England/384/79

(Wood G.W.
1996)
H10N4
HPAI
n.a.
(Wood G.W.
1996)
Recently, (Hoffmann et al. 2007) described a RRT-PCR test using a Taqman probe annealing to
the polybasic HA0 cleavage site of H5N1 clade 2.2 viruses that represents a rapid means of
determining the pathotype of this subgroup without sequencing.
3.5.

H10N5

HPAI

n.a.

Serology

Serologic tests are used to demonstrate the presence of AI specific antibodies, which may be
detected as early as seven days after infection. In non vaccinating countries, serology offers a
relatively inexpensive and practical methodology to assess the circulation and the prevalence of
influenza viruses in poultry. In the framework of a surveillance effort of the circulation of
Notifiable Avian Influenza (NAI) like in the EU survey since 2003 (Directive 2005/94/EC),
serological diagnosis is considered a suitable approach to monitor the AI-free status of a given
region or farm. Several techniques can be used for serologic surveillance and diagnosis. During
monitoring or surveillance programmes, large number of animals needs to be tested to guarantee
acceptable statistical significance. In recent times, the AGID test has been superseded by
commercial ELISA tests. Both systems detect antibodies to the group antigen of influenza A
viruses, and therefore are unable to give any indication on the virus subtype causing infection.
These tests find their primary application in monitoring poultry flocks, although most of them
lack validation data for minor species (ducks, geese, quail, etc.).
Another point of consideration is that there is considerable variation in the immune response
among the various avian species and each test must be calibrated and validated for the target
species. On the other hand, it is known that several species of wild birds are the natural reservoirs
of type A influenza viruses, and therefore the detection of group specific, rather than subtype
specific antibodies appears to be a common finding of no diagnostic relevance. Therefore, the
application of the serological methods available today to wild bird surveillance may generate
information of very limited use (Cattoli and Capua, 2007).
Agar Gel ImmunoDiffusion test (AGID)
In serologic surveillance programs, a double immunodiffusion test for the detection of anti-NP
antibody has been frequently used because this detects antibodies to type A-specific antigens
shared by all influenza A viruses. AGID is not suitable for testing sera of waterfowl as they do
not produce precipitating antibodies.
ELISA
Commercial ELISA kits that detect antibody against the NP protein are available. Several
different test and antigen preparation methods are used. Such tests have usually been evaluated
and validated by the manufacturer, and it is therefore important that the instructions specified for
their use be followed carefully. Anyway, most of the current commercially available immunoenzymatic tests have been developed for detecting infection in intensively reared poultry, namely
chickens and turkeys and therefore employ indirect detection of specific antibodies by anti41
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chicken IgG secondary antibodies (Jin et al., 2004; Woolcock & Cardona, 2005; Wu et al.,
2007). These tests are therefore not suitable for anseriforms (duck, goose) and wild birds.
Some competitive ELISA (cELISA) are now available for the detection of antibodies against type
A influenza viruses. There are some indications that these systems might react differently in
different bird species (e.g. quails and ostriches) and for that reason they should be validated for
different species of poultry (Terregino C., Personal Communication).
Once validated, they can be used for screening susceptible populations regardless the species
involved, including wild birds. Nevertheless, the validation of such tests for wild fauna is
complicated by the absence of negative reference sera.
Recently, the emergence of the Asian H5N1 has stimulated the development of some subtypespecific ELISA namely H5 and N1-specific ELISA. Some of them are competition tests and
should thus be applicable to a wide range of bird species. Such N1 antibody competitive ELISA
has been proved as suitable to detect H7N1 infected birds with sensitivity up to 96% if incubation
overnight is used instead of 1 hour and cut-off is raised from 45 to 60 or 70% (Koch, 2006).
In countries where vaccination is used to support control and eradication, there is a need to
monitor the occurrence of infection among vaccinated birds despite the presence of vaccine
derived antibodies (DIVA strategy). This has stimulated the development of specific tests against
viral proteins that are not or poorly expressed in AI vaccines. Among those, peptide-based
ELISA tests that detects antibodies to the nonstructural virus protein NS1 (Tumpey et al., 2005)
or M2 protein (Lambrecht et al., 2007) have been developed and investigated for potential use. In
addition to their potential for DIVA application, these tests could also be used as markers of
recent infection as the duration of antibody production seems shorter (about 2 to 3 weeks at
maximum) than the response against the structural HA or NA proteins (Dundon et al., 2007;
Marché et al., 2008). There are some indications that these systems might react differently in
different bird species (e.g. turkeys) and they are yet to be validated in the field. Also, one
disadvantage is that sensitivity may be low so that a flock rather than individuals need to be
sampled.
Recently, a gold-immunochromatographic test-strip kit has been developed for the detection of
IgG antibodies against the NP protein. Compared with the HI and AGID assays, the goldimmunochromatographic test strip has high specificity, high sensitivity, convenience, is rapid and
has low cost (Peng et al., 2007). Anyway, comparison of such tests with ELISA and field
validation remains to be established.
Haemagglutination inhibition test
Hemagglutination inhibition (HI) assay is the current ‘‘gold standard’’ of serological assays for
the surveillance of virus infection and immune responses, and for the diagnosis of AIV by
detecting antibodies to AIV (OIE, 2005). Once influenza is detected by immunodiffusion or
ELISA, HI tests can be used to determine the HA subtype. The HI test is a simple, robust and
fully validated test that generates qualitative and quantitative information on antibodies that are a
result of infection in most avian species. It is more labour-intensive than ELISA or AGID tests,
but it yields information that under certain circumstances is more valuable and useful for
managing field situations.
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Chicken sera rarely give nonspecific positive reactions in this test but sera of certain avian
species contain non specific hemagglutinins that interfere with the HI test. Such sera are therefore
treated prior to the test. Higher HI titers are observed if ether or a combination of ether and BPLinactivated virus is used in place of the BPL-inactivated virus. The mechanism of the increased
sensitivity using ether-inactivated virus may be the result of splitting the virion into multiple 30mm spherical particles thereby making more hemagglutinin available to react with antibodies
(Swayne et al., 2007).
In addition of being quite laborious, the limitations of the HI test are that it is subtype specific
and that, due to the wide antigenic diversity and possible drift of AI viruses within a same
subtype, it is sensitive and specific provided that an epidemiologically appropriate antigen is
used. Subtype identification of the HI response is usually done using a battery of influenza
antigens. As neuraminidases have also some haemagglutinating activity, NA identification is
carried out using a similar approach. Therefore, in order to avoid aspecific cross-reactivity
afforded by the neuraminidase, first and second lines reference antigens with different NAs have
to be used. Subtype identification by these techniques is labour intensive and requires
maintenance of large stocks of antigens and other reagents. It is, therefore usually beyond the
scope of most diagnostic laboratories not specializing in influenza viruses. However, National
and Regional Laboratories should be in a position to identify influenza viruses of H5 and H7
subtypes (NAI). In any case, detection of antibodies against NAI only represents evidence of an
exposure to H5 or H7 antigens and no information on whether exposure was recent or not, or on
the HA and NA combination of the viruses or the pathotype.
Neuraminidase inhibition test
The neuraminidase-inhibition test has been used to identify the AI neuraminidase type of isolates
and to characterise the antibody in infected birds. The procedure requires specialised expertise
and reagents; consequently this testing is usually done in a Reference Laboratory. This is
essentially a biochemical assay inhibited by antibody. The test uses beta-propiolactoneinactivated antigen. The result is a visible colour change that can be observed by eye. The method
has been miniaturised to conduct tests in a 96-well microplate format (WHO, 2002; Swayne &
Halvorson, 2003).
Seroneutralisation test
The virus neutralization test is a sensitive and specific assay applicable to the identification of
virus-specific antibody in animals and humans. As this technique is time-consuming and requires
specific material, it is not practiced in a routine basis for diagnosis in most avian virology
laboratories, but mostly for research or validation purposes.
The neutralization test has several advantages for detecting antibody to influenza virus (WHO,
2002): first, like HI tests, the assay primarily detects antibodies to the influenza virus HA, and
thus can identify functional, strain-specific antibodies in animal and human serum. Second, since
infectious virus is used, the assay can be developed quickly upon recognition of a novel virus and
is available before suitable purified viral proteins become available for use in other assays.
Because of their sensitivity and specificity, neutralisation tests can be used to confirm the results
of HI tests. Neutralising antibody is less cross-reactive between antigenically related viruses than
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HI antibody and when used together, neutralisation tests provide additional information on the
identity of the infecting virus.
More recently described microneutralisation methods, combine culture and antigen detection by
ELISA and estimate 50% reduction of viral antigen as the end point. The newer methods
combining culture and antigen detection methods can yield results within 2 days and are more
sensitive. They are particularly useful in situations where antibody responses are poor (Rowe et
al., 1999; Kaverin et al., 2007).
Immunofluorescence tests
This test uses either primary chicken embryo fibroblasts or MDCK cells infected with avian
influenza virus or insect cells infected with a baculovirus vector expressing the haemagglutinin or
neuraminidase antigen of interest (Capua et al., 2003). Sera are tested by reaction with antigen in
fixed cells. The result is read using a fluorescent microscope and thus requires subjective
evaluation.
3.6.

Conclusions

•

A confirmatory diagnosis of avian influenza is established by isolation and identification of
AI virus, preceded by direct detection of AI viral proteins or genes in specimens such as
tissues, swabs, cell cultures, or embryonating eggs. Only a presumptive diagnosis can be
made by detecting antibodies to AI virus.

•

Virus isolation in embryonated chicken eggs or cell cultures are sensitive methods that
provide sufficient material for further virus characterisation by hemagglutination inhibition
assays or nucleotide sequence analyses. The disadvantages of virus isolation techniques are
that they are time-consuming and require viable viruses. Furthermore, they can only be
performed safely under high biosecurity conditions if highly pathogenicity avian influenza
viruses are to be expected. Despite these major difficulties, viral isolation in fowl’s eggs still
remains the gold standard for AI virus detection. Although it is slower, its sensitivity is often
superior or equal to many rapid tests.

•

Genetic or antigenic variation of the viruses as well as PCR inhibitors in the samples can
impair the efficiency of molecular and immunoassays, but they have minor impact on viral
isolation. Virus genome detection by (real time) RT-PCR, which can be designed to detect all
avian influenza A viruses or specific subtypes, provides a rapid, sensitive and convenient
alternative for virus isolation.

•

Any of the influenza A commercial rapid tests can detect the influenza viruses, but it should
be emphasized that sensitivity and specificity are limited for their application.. Despite these
cautionary statements, especially in developing countries, rapid tests can help formulate
preventive decisions on whether or not notifying suspected outbreaks. It is important to
underline that rapid tests do not substitute official validated tests, which should always be
used to confirm any preliminary result obtained through rapid tests.
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•

Serological screening in poultry can be used for studying prevalence of infection in
unvaccinated populations but lacks sensitivity and/or specificity for confirmatory diagnosis of
AI, particularly as part of outbreak investigations. The currently available serological tests do
not all distinguish between sublineages (e.g. identify Asian lineage H5N1 HPAIV) or HP and
LP strains. Furthermore, positive serological findings give no indication of current infection
status. Competition tests are polyvalent and may be of use for obtaining broad estimates of
infection levels in wild bird populations.

3.7.

Recommendations

•

Single-tube RT-PCR should be employed where possible to minimise the risk of cross
contamination between different samples. Upon the identification of positive specimens, viral
genetic material may be amplified by RT-PCR and sequenced, and/or for virus isolation and
further characterisation by HI and NI assays with subtype-specific antisera. Nucleotide
sequencing of the protease cleavage site in the H gene is an appropriate method to determine
if the virus has a highly pathogenicity genotype. The pathogenicity of influenza viruses may
further be determined using the intravenous pathogenicity index (IVPI) in chickens. All H5
and H7 isolates from the EU and from third countries from which certain poultry
commodities are imported must be sent to CRL, Weybridge, UK, according to Community
legislation (diagnostic manual).

•

Development of rapid sensitive screening assays that minimise the need for cold-chain will be
advantageous.

•

Official validated tests (OIE Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals.) should always be used to confirm any preliminary result obtained through rapid
tests.

•

RNA isolation and conventional or real-time RT-PCR assays for influenza A detection are
based on the matrix gene of influenza A virus. Similar tests based on other conserved parts of
the viral genome would be useful for confirmation, but it is important to ensure that the
primer sequences are well conserved in all avian influenza A viruses, including all described
H5N1 HPAIV isolates. Similarly, subtype specific rRT-PCR assays for non H5, H7 and N1
viruses based on conserved sequences of the HA and NA genes might be useful.

•

The relative specificity and sensitivity of the diagnostic methods utilised in surveillance
programs needs to be determined.

•

Studies should be undertaken to establish the validity of the molecular signature that
discriminates HP/LP AIV with a view to using this to replace the current bioassay. Any
bioassay for pathogenicity involving live birds should always minimise suffering by killing
birds at the earliest time after the scientific objective has been achieved.
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4.
4.1.

EPIDEMIOLOGY AND SURVEILLANCE: RECENT DEVELOPMENTS
Epidemiology of High Pathogenicity Avian Influenza (HPAI-H5N1)

The known evolution of H5N1 viruses in Asia began in 1996 in southern China with the
identification of an HPAI virus that killed some geese in Guangdong province (Goose/GD/96). In
1997, Hong-Kong experienced the first major outbreak of H5N1 associated with six human
deaths, alerting the international community on the potential threat caused by this new strain of
this virus. It demonstrated for the first time the potential for avian viruses to cross the species
barrier directly from poultry to man and to cause serious disease.
Since December 2003, the world has been on alert to curb the spread of the H5N1 Highly
Pathogenic Avian Influenza virus that originated in South-East Asia before spreading to
European and African countries. The sub-continental scale spread of H5N1 in poultry started in
2003, involving Indonesia and South Korea, in early 2004 countries across south-eastern and
eastern Asia started to be affected by the disease (Martin et al., 2006). Human cases due this
virus were then first detected in Viet Nam and Thailand and later on also elsewhere.
In April 2005, following a major outbreak in wild birds in Qinghai lake located in Western China
(Chen et al. 2005; Liu et al. 2005), H5N1 outbreaks were detected in Russia, Kazakhstan and
Mongolia. The disease was then reported in Romania, Turkey and Croatia in October 2005,
confirming the westwards spread of the virus and the potential threat posed on other countries
and continents still free of the disease. The epidemic eventually reached Africa where it was first
reported in Nigeria in February 2006 and by the end of April, eight other African nations had
reported outbreaks: Burkina Faso, Cameroon, Djibouti, Egypt, Ghana, the Ivory Coast, Niger and
Sudan (OIE 2008).
The emergence of this latest H5N1 strain in Asia and its subsequent spread to other continents is,
among other factors, the result of years of rapid development of animal production to meet the
increased demand in animal protein. Highly concentrated domestic poultry production in densely
human populated regions, a rapid evolution of animal and farming production systems in the
region associated to the constant evolving nature of the virus have provided the ideal conditions
for the emergence of new pathogenic strains of avian influenza. Although there are many
commercial-level poultry operations in South East Asian countries, there is still a considerable
amount of "backyard" activities where surveillance and biosecurity are minimal, and farmers
have little knowledge of the potential linkages of their activities to human infections with avian
influenza. The exchange between poultry raised in semi-commercial production systems and the
backyard farms is possible and allows for transmitting of this virus between these two separated
sectors. Furthermore farmers who depend on their fowl for subsistence are reluctant to destroy
their flocks, or to inform the authorities about sick birds, preferring to attempt to sell them or eat
them, contributing to the subsequent spread of the disease.
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Transboundary trade in poultry and poultry products, both legal and illegal, has contributed to the
spread of HPAI viruses. Long land borders exist between many of the infected countries in South
East Asia and smuggling of poultry and poultry products across many of these is acknowledged.
These are considered important routes of spread for H5N1 viruses in Asia, especially given the
presence of these viruses in live bird markets and domestic waterfowl. Live poultry markets are
indeed recognized as important reservoirs of H5N1 viruses if these are managed using a
continuous flow system and especially if poultry are allowed to remain for longer than 24 hours
in the markets. Virus dissemination and evolution is also facilitated by mixing of different
species of domestic poultry (terrestrial poultry and waterfowl) at live birds markets, which is a
common practice in most countries of South-Asia. Domestic and/or wild waterfowl are believed
to have played some role in the genesis of the 2003-04 epidemics (Hulse-Post et al. 2005).
(Gilbert et al., 2006).
Figures 1, 2 and 3 depict the distribution of the total outbreaks/cases in Europe 4 in 2006 and 2007
by countries and by domestic poultry vs. wild bird species. The two most affected countries were
Germany and France (Figure 1). From January to April 2006, a peak of cases in wild birds was
observed all over the continent with reports of 50 cases per week and outbreaks ceased in May,
although two further single cases were detected in Germany and Spain during the summer
months. In total, 861 cases of H5N1 HPAI were reported to the Community Reference
Laboratory (591) and the Animal disease notification system ADNS (270 additional cases from
Germany). Germany accounted for 40 % of the total number of infected wild birds in Europe,
France for 7 %. Three other countries accounted for more than 4% of the wild bird cases, namely
Denmark, Greece and Switzerland.
In 2007 the disease incidence decreased and a fewer number of cases were reported. Asia
accounted for 85.1% of the cases in 2007, mainly due to a better reporting system in Indonesia 5 ,
whereas Europe and Africa accounted for 2.6% and 12.3%, respectively, of the worldwide
reported outbreaks. In 2007, the newly affected countries were Bangladesh, Benin, Saudi Arabia
and Togo.
In 2007 the global pattern of disease intensity has changed: areas of high intensity in Europe now
exhibit low or no intensity at all, while a high intensity peak occurs in Egypt with a focus around
the Nile’s delta (Figure 4). Lower disease intensity areas were observed in West Africa while in
Asia, there was a pronounced shift from Myanmar to Vietnam.
The first indication of wild bird involvement in the Asian lineage HPAI epidemic occurred late in
2002 and 2003, when HPAI was isolated from captive and wild birds in Hong Kong. Since these
initial outbreaks, HPAI (H5N1) has continued to cause illness and death in a variety of wild birds
in Asia and in 2005 major wild bird die-off involving primarily bar-headed geese were reported
at Qinghai lake in China (Brown et al., 2008). Bar-headed Geese (Anser indicus) started showing
signs of the disease in late April 2005 and the first deaths were reported in early May 2005.

4

Europe: the continent Europe; European Union: the political and economic community of 27 Member States
In Indonesia a new project had been launched in 2006 to promote an active community based reporting system
which explained the sudden high contribution of Indonesia from 2006 to the outbreak pattern and explain why the
data structure in Indonesia differ the other sources of outbreak data in the database. This may lead to hazardous
comparison of data between Indonesia and other countries.
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Through active surveillance during 2006 – 2008, wild bird species that could have acted as long
distance carriers of H5N1 HPAIV were not identified in the wild in Europe, however in four
instances birds were found that tested positive for H5N1 HPAI that apparently did not show
clinical signs: in Poland 39 asymptomatic Mute Swans were found infected; the droppings of
single Black-headed (Larus ridibundus )gulls in both Croatia and Danish Herring gulls (Larus
argentatus) in Denmark tested positive for HPAI (H5); and a positive, apparently healthy,
Common Pochard Aythya ferina was detected in Switzerland in February 2008.
The concentration of H5N1 HPAI cases between February and May 2006 suggests that the
infection with H5N1 HPAI could not establish itself effectively in the EU wild bird population.
The cases of a single infected Great Crested Grebe (Podiceps cristatus) in Spain in the July 2006,
and a juvenile Black Swan (Cygnus atratus) in a German zoo in August that year, indicate that
the virus was possibly present at a very low level without being otherwise detected.
In 2007, outbreaks of H5N1 HPAI in wild birds were phylogenetically distinct from the virus
involved in the 2006 outbreaks (Ian Brown, pers. com.).
In general swans, diving ducks, grebes and mergansers appear to be very clinically susceptible to
H5N1 HPAI which was recently supported by experimental infections for swans, geese and
ducks (Brown et al. 2006, 2008 Keawcharoen et al. 2008) However, based on currently available
surveillance results it is not possible to differentiate between birds that have introduced the virus
to a location (vectors) and birds that were consequentially infected (indicators). For example
swans appear to be very susceptible to the infection and are frequently the first species to be
found dead in an outbreak and it appears plausible that swans are too clinically susceptible to the
disease to transmit it over longer distances. However it was found in recent experimental
evidence that Mute Swans could shed the virus for up to a week several days without any signs of
disease before then very quickly succumbing to the disease, dying within 1-2 days (Brown et al.
2008) and further experimental evidence showed that swans that were not immunogenically naïve
and had been infected with another subtype previous to infection with H5N1 HPAI did not show
clinical signs of disease. (Kalthoff, et al. in press). Therefore it is likely that external
circumstances such as previous infection with Avian Influenza influence the ability of a bird to
act as a vector.
Current information suggests that poultry are primarily responsible for the development of
massive virus loads associated with outbreaks and high mortality at farms, but that wild birds
may serve as the vector to transport H5N1 away from these areas thus introducing the virus to
new geographic locations.
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Figure 1: H5N1 cases in wild birds in Germany, France, Denmark and in the rest of Europe
(2005-2007) (3-week moving average weekly incidence) (FAO, unpublished)
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Figure 2: H5N1 outbreaks in Europe in domestic poultry and cases in wild birds (20052007) (3-week moving average weekly incidence) (FAO, unpublished)
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Figure 3: H5N1 outbreaks in domestic poultry in Turkey, Romania, Russian Federation
and the rest of Europe (2005-2007) (3-week moving average weekly incidence) (FAO,
unpublished)

Figure 4: Global pattern of reported H5N1 intensity in 2006 and 2007 (arrows indicate
general changes in geographical distribution of focus of intensity) (FAO, unpublished).

4.2.

Molecular Characteristics of HPAI H5N1

The 2003-04 epidemics in South-East Asia were not due to the introduction and spread of a
single virus but were caused by multiple viruses which were genetically linked to the
Goose/GD/96 lineage via the heamagglutinin gene (Sims et al. 2005; Chen et al. 2006). The
range of genotypes and considerable variability within individual genotypes demonstrate the
presence of a large pool of H5N1 HPAI viruses circulating in the region prior to and during the
2003-2004 epidemic (Wan et al. 2005; Chen et al. 2006). Genetic characterization of isolates
from Southeast China, Vietnam, Thailand and Indonesia has shown that several different H5N1
HPAI viruses have been introduced in different South East Asian regions from southern China
between 2001 and 2005 (Chen et al., 2006).
Genetic analysis of isolates from Mongolia (July 2005), however, show a close genetic
relationship to wild bird isolates from Qinghai lake outbreak (April/May, 2005). Genetic
sequences from virus isolates obtained from 2005 wild bird outbreaks in Kazakhstan, Russia,
Turkey, Romania and several EU countries have been shown to be similar to the virus strain
isolated in China around the Qinghai Lake (Brown et al. 2006 [abstract]).
The EFSA Journal (2008) 715, 1-161
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In Africa, the comparison of genomic sequences of isolates from Nigeria with earlier H5N1
outbreaks worldwide showed that all African strains clustered within three sublineages
denominated A (south-west Nigeria, Niger), B (south-west Nigeria, Egypt, Djibouti) and C
(northern Nigeria, Burkina Faso, Sudan, Côte d’Ivoire). Probable non African ancestors with the
West Asia/Russian/European lineage distinct from the south-east Asian lineages were identified
for each sublineage. At least two of the sublineages also circulated in Europe in 2006 as seen in
Germany, further suggesting that the sublineages had emerged outside Africa and seemed to have
followed the east African/west Asian and Black Sea/Mediterranean flyways of migratory birds
(Ducatez et al., 2007).
Phylogenetic analysis of viral isolates from 2006 led to the conclusion that there were several
independent introductions of HPAI in wild birds in 2006 before local spread within wild bird
populations. The presence of incidents of HPAI H5N1 infection in wild birds in many countries
in the absence of reports of disease in poultry does suggest a possible introduction of virus to EU
countries via wild birds (Ian Brown et al in press; Starick et al., 2008). It was also shown that the
viruses isolated in Europe, the Middle East and Africa show a close relationship, despite the fact
that they were collected from a widely dispersed geographic region. The shared lineage of the
viruses suggests a single genetic source for introduction of influenza (H5N1) into western Europe
and northern and western Africa: this analysis indicates that the linkage source is originated in
either Russia or Qinghai province of China (Steven and Salzberg, 2007). This new Euro-African
lineage, which was the cause of several 2006 fatal human infections in Egypt and Iraq, has been
introduced at least 3 times into the European-African region and has split into 3 distinct,
independently evolving sublineages. The study mentioned that the 3 distinct clades, labelled
EMA 1-3 are circulating in the European and African region. These clades share a common
ancestor in Asia. The 3 clades may represent separate introductions or alternatively a single
introduction from Asia into Russia, Europe or another western site that has subsequently evolved
into 3 lineages. The results also show that EMA-2 has spread to Europe and that EMA-3 has
spread to both Europe and the Middle East (Steven and Salzberg, 2007).
In summary, phylogenetic analysis showed that the HPAI H5N1 isolated in Europe, the Middle
East and Africa show a close relationship, despite the fact that they were collected from a widely
dispersed geographic region.
4.3.

Surveillance

Wild birds outside the EU
In the context of the spread of highly pathogenic avian influenza (HPAI) H5N1 virus through
Eurasia during 2005, a surveillance study of wild birds was launched in early 2006 in the
framework of a regional Technical Cooperation Programme project of the Food and Agriculture
Organization in several countries of Eastern Europe, the Middle East, and Africa. From midJanuary to mid-May 2006, field campaigns were conducted in 14 countries. In total, 5,256
samples (only cloacal swabs were collected during this first campaign) were collected in large
wetland areas where Eurasian and Afro-tropical aquatic birds congregate. The overall prevalence
of avian influenza viruses detected by RT-PCR was 3.3%, with no positivity for HPAI H5N1
virus. Five distinct virus isolates were obtained from the RT-PCR–positive samples. Low
pathogenic avian influenza (LPAI) viruses were detected and isolated in both Eurasian and Afro52
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tropical bird species, indicating that low pathogenic viruses were circulating in Africa during the
northern winter. These findings reveal that LPAI virus persists in wild birds in subtropical
environments and support the hypothesis that avian influenza viruses could be perpetuated in
wild birds throughout the year, including in Palearctic aquatic birds wintering in sub-Saharan
Africa before their northward spring migration (Gaidet, et al., 2007).
During the second surveillance campaign implemented in 2007 by the FAO (carried out by
CIRAD), 11,000 birds were sampled for a total of 16,000 samples among which 57% were ducks
and 22% were waders (both Afro-tropical birds and migratory birds originating from Eurasia).
More than 4000 cloacal/tracheal swabs were tested for HPAI, H5N1 and none was found positive
(FAO, unpublished).
Wild birds inside the EU
In 2006, the total number of birds tested was treble the number of wild birds tested in 2005. All
EU MSs including Bulgaria tested a total of 144, 805 birds and in addition Romania tested
approximately 5103 birds. However the number of birds sampled per country varied highly and
half of the total number of birds sampled originated from Germany, the Netherlands and Spain.
Samples were collected from 330 bird species of 22 orders. The order most frequently sampled
were Anseriformes (53%) followed by Charadriiformes (10%).
Although large numbers of wild birds were sampled in the EU for AIVs in 2006, a significant
proportion (>18%) of this total was not identified to species level, thus greatly limiting the value
of these data for certain epidemiological analysis and other purposes. Sampling rates were
different between species, with large
numbers of a few species sampled, and
100%
with very small numbers caught of
80%
60%
very many others. Of the EU total,
40%
53% derives from just ten species.
20%
Even for higher risk species, the
0%
number of samples taken was small
Feb to May
Jun to Aug
Sep to Dec
(especially for those occurring in the
2331
974
908
No info origin
50780
6219
3552
Mediterranean/Black Sea flyway where
Found dead
3009
45
164
Diseased
surveillance intensity was lower than in
447
493
6975
Hunted
NW Europe). Consequently the virus
10105
9466
25238
Live
may be present in the wild bird
Figure 5: Number of wild birds collected according to surveillance
populations at a low prevalence but
type (live birds and hunted birds = active surveillance, diseased and
could be undetected especially if not
dead birds = passive surveillance) in EU MS in 2006 (Hesterberg,
causing clinical signs. However, since
et al. 2007).
most birds detected with H5N1 HPAI in
2006 were found dead, it appears that the virus is generally highly pathogenic in many wild bird
species and consequently larger incidents are likely to be detected through passive surveillance. It
is well known that the sample size necessary to detect the presence of a disease when the
prevalence is very low must be considerably large.
Most Member States increased their live bird surveillance through 2006, but passive surveillance
(found dead) decreased considerably through 2006 (Figure 5), probably mainly due to decreased
mortality of wild birds which was high in the early months of the year due to harsh weather
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conditions and thus providing a source of bird carcasses for the public to find and report.
However the number of dead birds sampled between September and December were less than a
tenth of the dead birds sampled between February and May 2006.
Most cases were detected through the finding of a dead swan and overall, the proportion of swans
(Cygnus spp.) positive for H5N1 HPAI out of all swans tested in February - May 2006 was 6.1%,
which was much higher than the proportion of positive samples in all other species (excluding
swans) in which 0.3% of tested birds gave a positive result. Overall 71% of all reported H5N1
infections were detected in swans. Most H5N1 HPAI infections were found in Anseriformes.
Between February and May 2006, 1.75% (n=30,481) of tested swans, ducks or geese were found
to be positive for H5N1 HPAI. Other orders with comparatively high prevalence of H5N1 HPAI
amongst sampled birds were Podicipediformes (grebes) (1.61%, n = 248), Strigiformes (owls)
(0.43%, n = 924) and Falconiformes (0.29%, n = 6,203). Although Charadriiformes (waders and
gulls) and Passeriformes (songbirds) were sampled in relatively high numbers (n=5,581 and
n=6,278 respectively), only a very low proportion tested positive (0.09% and 0.02% respectively)
(Hesterberg et al., 2007).
Thirteen percent of the total diving ducks (Aythya spp.) sampled between February and May 2006
tested positive for H5N1/ H5 HPAI. The proportion of H5N1/ H5 HPAI infected Tufted Ducks
(Aythya fuligula) was especially high in Denmark (72%) and Sweden 24%. In these two
countries, Tufted Ducks accounted for 57% (Denmark) and 45% (Sweden) of the total H5N1
infections. Sawbills of the genus Mergus were tested in very low numbers (92 Goosanders
Mergus merganser and 7 Smew Mergus albellus) between February and May but a high
proportion of positives were found: 11.9% in Goosander and 28% in Smew.
In June 2007 there were further incursions of H5N1 HPAI virus into France (Mute Swans and a
mallard), the Czech Republic (Mute Swan), Germany (Mute Swans and Black-necked Grebes
Podiceps nigricollis). In the same period H5N1 HPAI was detected in poultry in Czech Republic
and Germany.
Further to these events was the detection of virus in a population of Mute Swans in southern
England in January 2008 (Defra, 2008), which also resulted in mortality of a Canada Goose
Branta canadensis.

54

The EFSA Journal (2008) 715, 1-161

Animal health and welfare aspects of avian influenza

Poultry inside the EU
The European Union has been conducting annual serological surveys in all MS since 2003
covering all commercial poultry farming systems including those raising game birds intended for
release into the wild for hunting purposes as well as backyard holdings. These surveys are based
on official guidelines updated every year and as last published as Commission Decision
2007/268/EC, with the aim at detecting AI infection notably H5/H7 if it were to be present;
ensuring the detection of at least one infected poultry flock if the prevalence of infected farms
was at least 5% with a 95% confidence interval (99% for turkeys, ducks and geese). Since HPAI
infections are more likely to be detected through passive surveillance in most poultry species due
to the severity of clinical signs, the serological survey is more suitable to early detect
asymptomatic infections due to LPAI to prevent the spread and undetected circulation of LPAIV
H5/H7 and to avoid possible mutation into HPAI. However the active surveillance could also
detect HPAI infection in resistant or not susceptible poultry species, before it spreads to
susceptible poultry species and is detected by passive surveillance.
The main findings of the 2006 poultry survey were that although the results varied between
categories of poultry and MS, duck holdings were most frequently identified as serologically
positive: while only constituting 7 percent of all holdings sampled, 50% of all serologically
positive flocks were ducks. These results are consistent with previous surveys in the EU.
(Hesterberg, et al. 2007b).
During the active surveillance in 2006-2007 the following positive H7 poultry holdings were
found: “Other”: 12 (0.6%) in Spain, France and Italy: 12; Game birds: 4 (0.3%) in Italy and
Sweden; Turkey Fatteners: 6 (0.2%) in Italy; Free Range Layers: 2 (0.2%) in Belgium and
Denmark; Layers: 6 (0.1%) in Belgium and Italy. Fewer H7 positive holdings than H5, fewer
infected duck and geese holdings positive for H7 than for H5 were found during the 2006-2007
survey (Hesterberg et al., 2008).
However since the design of the survey is aimed at the detection of the disease if it was present
rather than determining the prevalence of LPAI H5/H7 it is not possible to precisely estimate the
actual prevalence of avian influenza of the H5 and H7 subtype. As the surveys are targeted to H5
and H7 subtypes that are subject to statutory disease control measures, the survey results can not
be used to estimate the prevalence of other AI subtypes in the EU. EU guidelines require
targeting of poultry production systems according to specific risk factors such as free range
production, backyard farming and identified risk periods. Furthermore a higher proportion of
duck and geese holdings compared with other poultry species have to be sampled. Other factors
such as multi-age production systems, use of surface water, a relatively longer life span, the
presence of more than one poultry species on the holding shall also be taken into account. As
there is a large heterogeneity in the survey design concerning especially the degree of targeting
towards risk these risk factors and possibilities of detailed standardised reporting of those factors
limitations in the comparison of results between Member States apply. Current knowledge on EU
outbreaks does not allow prediction of a risk season for H5N1 HPAI outbreak occurrence in the
EU. Table 7 gives an overview of the H5N1 outbreaks in the EU MSs in 2006/7.
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4.4.

Epidemiology of Low Pathogenicity Avian Influenza (LPAI )

In general, LPAI viruses are not thought to cause noticeable disease in wild birds (Webster et al.
1992). However, some evidence is now accumulating to suggest that LPAI virus infections of
wild birds are not always completely asymptomatic. A study on a limited number of wild
migratory Bewick’s Swans (Cygnus columbianus bewickii), naturally infected with lowpathogenicity avian influenza (LPAI) A viruses of subtypes H6N2 and H6N8, revealed changes
in the feeding and migratory performance of these birds (van Gils et al. 2007). In addition, in a
study on wild Mallards (Anas platyrhynchos) migrating through Sweden, staging time was on
average 3 days longer for LPAI-infected Mallards than for uninfected Mallards, and infected
Mallards were recaptured more frequently than uninfected Mallards (Latorre-Margalef et al.
2008). These data suggest that LPAI virus infections may have a modest impact on the health
status of some wild birds under natural conditions, but more studies are needed to obtain more
definitive information.
In 2006, LPAI infection was found in 1,616 birds of at least 61 species (for 6.1% of the birds
there was no information at species level) of ten orders in 18 EU Member States. For the
majority of these (62%) the subtype could not be determined. LPAI H5 was detected in 136 birds
(8.4% of LPAI positives) from eight MS: DK (8), FR (49), DE (8), IT (1), NL (38), PL (1), SE
(19) and UK (12).
In contrast to the results for H5N1 HPAI active surveillance proved a better surveillance source
to detect LPAI infections: Of the LPAI positive birds, 82% were either caught live or hunted. Of
all LPAI positive infections, 75% were found in dabbling ducks. Among dabbling ducks,
Mallards (Anas platyrhynchos) (which made up a third of all wild birds sampled in the EU in
2006) were the most frequently identified LPAI positive species, with 3.5% of all Mallards tested
infected with LPAI (Globig et al. 2006; Munster et al. 2007).
4.5.

Conclusions

•

In 2007 the global pattern of disease intensity has changed: previous areas where there was a
high intensity of virus occurrence in Europe now exhibit low or no intensity at all, while a
high intensity of infection occurs in Egypt with a focus around the Nile Delta.

•

Enhanced surveillance both in poultry and wild birds in the EU during 2006 to 2008 has
improved early detection of H5N1 HPAI. The benefits of both passive and active
surveillance of wild bird populations has demonstrated that each strand is complimentary in
terms of both the detection of virus and the understanding of its epidemiology so as to
improve future risk assessments.

•

Passive surveillance has proven to be important for the detection of H5N1 HPAI infections in
wild birds. In contrast to the results for H5N1 HPAI active surveillance proved a better
surveillance source to detect LPAI infections and thus provide ‘early warning’ of the
circulation of LP H5 and H7 viruses.
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•

Due to the heterogeneity of the survey in the EU, the mobility of wild birds and the relatively
small sample sizes compared with the overall population of wild birds in the EU, the
surveillance results can not be used to estimate the prevalence of AIV subtypes or their
geographical distribution within the EU.

•

Most cases in wild birds were detected through the finding of a dead swan and overall, the
proportion of swans positive for H5N1 HPAI out of the swans tested was much higher than
the proportion of positive samples for all other wild bird species

•

Current knowledge on EU outbreaks does not allow prediction of a risk season for H5N1
HPAI outbreak occurrence in the EU.

•

The 2006-2007 EU surveillance of poultry found fewer holdings positive for H7 than for H5,
and fewer duck and geese holdings positive for H7 than for H5. However due to the low
sample sizes, and the design of the surveillance strategy with varying degrees of targeting to
risk factors, it is not possible to precisely estimate the actual prevalence of avian influenza of
H5 and H7 subtypes in holdings of domestic poultry.

•

A multi-disciplinary approach of studying AI in birds should include ornithologists,
virologists, epidemiologists and data-managers

4.6.

Recommendations

•

When activities of a passive surveillance system of wild birds are limited to reports made by
the public it is important that sufficient awareness is maintained amongst the public. However
the support of public reporting through other activities such as regular patrols in areas of
“higher risk” or “priority” areas, will be advantageous.

•

Limiting surveillance in wild birds to exclusively passive surveillance will reduce the
epidemiological knowledge gain that is crucial to better inform national and international risk
assessments and development of control strategies. In addition, if there are changes or
developments in the epidemiology of H5N1 HPAI in wild birds, active surveillance will
provide important insights that might otherwise go undetected. Active surveillance should
investigate the spread of virus between ‘carrier’, ‘indicator’ and ‘bridge’ species. This may be
especially useful in the context of outbreaks and for the detection of LPAI strains for vaccine
development.

•

“Higher risk areas” for the introduction of avian influenza that Member States have to define
on their territories according to Commission Decision 2005/734/EC or “priority” areas and
risk for targeted surveillance as laid down in Commission Decision 2007/268/EC should not
be static but frequently reviewed and adapted according to the evolving epidemiological
situation of H5N1 HPAI as required by Community rules. In the selection of these areas
besides considering the presence and abundance of Higher Risk Species listed in the DG
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Environment report (Wetlands International and EURING, 2007), local factors such as the
distribution and density of commercial poultry as well as the likely impact the disease would
have on the poultry industry should also be taken into consideration (e.g. see Snow et al.
2007).
•

A further criterion in the prioritisation of surveillance should be linkages to present outbreaks.
Wild bird migratory information such as the Migration Mapping tool (Atkinson et al., 2007)
can be used to assess the likelihood, timing and location of birds migrating from outbreak
areas into the relevant country and if a sufficient likelihood exists, surveillance should be
intensified in these areas/species and time of year.

•

Although swans were the first species with infection to be detected in EU in most of the
cases, it would not be advisable to rely on this species as the only species for early detection
of H5N1 HPAI in passive surveillance as still not enough is known about the epidemiology of
H5N1 HPAI in wild birds.

•

Epidemiological investigations and increased surveillance in wild birds during outbreaks of
H5N1 HPAI in either poultry or wild birds (where there is no infection yet in poultry) is
advisable to improve knowledge on the importance of bridge species and the mechanisms of
infection and transmission within and between different species of wild birds. Standardized
data collection, reporting and analysis can lead to important information generation to risk
managers. Further, scientific evidence should be gathered as to the role of higher risk species
in the potential introduction and spread of H5N1 HPAI. During outbreaks/incidents evidence
should be gathered to complement theoretical data used in preparing Groups A, B, C and D in
the DG Environment report (Wetlands International and EURING, 2007). The specific
national situation should be taken into account. This data can then be used to continually
review such lists for improved targeting of surveillance in the future.

•

Mass mortality in wild birds should not be a single criterion to trigger testing of dead birds
for avian influenza since such events have not been a consistent characteristic in the EU
outbreaks.
In the event of outbreaks or detected cases of infection in wild birds, networking of multidisciplinary advisory groups would facilitate better shared understanding of the situation and
any consequent risk of further spread.

•
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Table 7: H5N1 HP outbreaks* in poultry in EU MSs in 2006/2007
Country

CZ

YEAR 2006
Number Date** Number Number Number
of
of
of
of
outbreaks
poultry regions outbreaks
involved affected
0
0
0
0
4

DK
FR
DE

1
1
1

17-05
23-02
05-04

102
11700
14300

1
1
1(a)

0
0
6

HU

29

251948

1(a)

2

PL

0

from
0706*to
09-07
/

0

0

9

RO

172

752232

24

1

SE
UK

1
0

from
06-01
to 0706
17-03
/

692
0

1
0

0
1
2

≈1.031
M

29

25

TOTAL

205

from
06-01
to 0907

YEAR 2007
Date**
Number of
poultry
involved

Number of
regions
affected

from 1906
to 11-07
/
/
from 0507
to 23-12
from 2401
to 30-01

104470

1

0
0
340779

0
0
6(b)

12741

1(b)

from 0112
to 22-12
27-11

695581

4

80

1(c)

/
27-01
from 1111
to 19-11
from 2401
to 30-01
from 1906
to 23-12

0
159000
15500

0
1(d)
2(d)

≈1.185 M

15

*source : European Commission
** when available date of suspicion, if not date of confirmation; the outbreaks belonging to a same
epizootics were gathered
(a) ≠ (b) : in the same country the regions affected were different in 2006 and 2007
(c) same region as in 2006
(d) one common region
M = million
/ : not relevant
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Table 8: LPAI Outbreaks* in poultry in the EU MSin 2006/2007

DK

Number
of
outbreaks
*
3

NL

1

YEAR 2006
YEAR 2007
Date
Involved Region Number Strain
Date
Number
birds affected
of
of
**
outbreaks
poultry
involved
H5N2 02/06/06 22550
Funen
H5N3 05/07/06 25000 Viborg
H5N3 19/07/06
8000
Funen
H7N7 08/08/06 25334
Seven

UK

3

H7N3

28/04/06

34358

H7N3

05/05/06

6500

H7N3

05/05/06

7751

Country

Strain
*

Norfolk
County
Norfolk
County
Norfolk
County

2

IT

18

PT

4

Region
affected

H7N2 24/05/07

45

Cowny

H7N2 07/06/07

34

Helens
district

H7N3
H7N3
H7
H5N2
H7
H7
H7N3
H7
H7
H7
H7
H7N3
H7
H7N3
H7N3
H7N3
H7N3
H5

24/05/07
19/07/07
31/07/07
14/08/07
17/08/07
21/08/07
22/08/07
22/08/07
24/08/07
27/08/07
31/08/07
03/09/07
07/09/07
20/09/07
27/09/07
02/10/07
19/10/07
12/09/07

960
2139
75
10150
215
7100
11400
15800
2000
7898
11697
4157
25300
10255
1758
16048
2665
68255

Venezia
Rovigio
Potenza
Ravenna
Ravenna
Ravenna
Brescia
Bresci
Bergamo
Cremona
Brescia
Bergamo
Mantova
Brescia
Torino
Brescia
Bergamo
Ribatejo

H5
H5
H5

21/12/07
21/12/07
31/12/07

988
9527
16800

Oeste
Oeste
Oeste

TOTAL
*Source : European Commission : http://ec.europa.eu/food/animal/diseases/controlmeasures/avian/31-122007_ai_chronology.pdf. Note that notification of LPAI was only compulsory since July 2007 and therefore
this table may probably concern only MS aiming at a LPAI free status.
**Date = last date of confirmation
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5.
5.1.

INTERVENTION STRATEGIES
Biosecurity

Biosecurity is the first line of defence against an introduction of AI and probably the only defence
as long as preventive/prophylactic vaccination of flocks at risk is excluded. Biosecurity comprises
two elements: bio-exclusion and bio-containment. Bio-exclusion refers to measures to exclude
infectious agents from uninfected premises.
Good biosecurity depends on the formation of a barrier between farms, the outside environment,
and potential carriers of AIV. Preventing direct or indirect exposure to potentially AI virus-infected
birds is very important (Nishiguchi et al., 2007). Basic biosecurity measures (such as preventing the
introduction of birds of different origin into a flock) are sufficiently well respected in the industrial
system. If biosecurity measures of a high standard are implemented and maintained, these represent
a firewall against the penetration and perpetuation of AI in the industrial system. However, breaches
in biosecurity systems do occur, since the continuous application of strict biosecurity measures is
difficult (and costly) to maintain in the long term. The efficacy of biosecurity plans depends greatly
on the compliance of the farmer and his personnel. The risk of biosecurity breaches is higher the
more birds, people and items enter the holding (Thomas et al., 2005).
Wild birds, particularly water birds forming a natural reservoir of avian influenza viruses of low
pathogenicity, pose a special risk of incursion of AIV into poultry holdings. They may come
directly into contact with poultry when the latter are free ranging or indirectly via feed or when
open water is used untreated as source for drinking water. The scientific literature holds a number
of how introduction of LPAIV from wild bird sources led to clinical LPAI-related disease or how
mutation of such LPAIV of subtypes H5 or H7 after mutation to HPAIV caused devastating HPAI
outbreaks (Halvorson, 2002; Rojas et al. 2002).
Naturally, it is difficult to adequately manage free range farming in terms of biosecurity and this
type of husbandry is increasing for welfare reasons. This trend will most likely increase in the near
future throughout the European Union. Where there is a move towards free range farms it is
important that farmers are educated in basic principles to discourage wild bird contact with their
poultry. In regions where live bird market systems exist another high risk potential for the
transmission of viruses from one species to the other is formed. In particular, those markets at
which free-ranged poultry is traded form a risk for virus spreading.
5.2.

Compartmentalization

Spread of avian influenza virus is facilitated by the high integration of the poultry industry. Any
form of compartmentalisation of the poultry industry and its supply chains will slow down the
spread of AI. Compartmentalisation will be particularly effective in reducing the spread of LPAI
because it tends to spread imperceptibly. The complexity of the poultry industry in different
countries and regions is related to consumer requirements in terms of type and seasonal availability
of products. In general the poultry industry is vertically or semi-vertically organised with primary
breeders on the top and production birds at the bottom. Between the two there are about 5
generations of poultry. At the bottom of the chain, independently managed hatcheries link the
different generations that are bred separately.
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5.3.

Contingency plans

EU Member States must update and adapt their contingency plans according to Directive
2005/94/EC whereby detailing the practical implementation of measures to take in the case of an
outbreak of AI (LPAI and HPAI).
5.4.

Import control

Legal, nationwide actions to control commercial import activities of pet/wild birds, poultry and
poultry products from countries or regions whose poultry populations are acutely or endemically
affected with notifiable AIV infections may be looked at as a supra-regional bio-exclusion measure.
Such actions are coordinated by the European Commission. Long-standing, traditional trade
relations and pathways may be severely affected by continued trade embargoes. Eventually,
regional poultry industries may even be structurally damaged.
Information and control, e.g. at airports, of travellers returning from HPAI-affected regions and
(illegally) carrying pets/wild birds, poultry or poultry products for private use might erect an
additional barrier preventing the co-import of HPAIV pathogens (van Borm et al., 2005).
5.5.

Early detection systems

Rapid detection of suspect poultry holdings and swift confirmative diagnosis of AI outbreaks are at
the basis of successful disease eradication once the primary biosecurity barriers have failed and AIV
has entered a holding. Clinical surveillance requires a vigilant observation of holdings by their
owners reflecting also production parameters laid down in EU decision 2005/734/EC (> 20% drop
in feed/water intake, >5% egg drop for more than two days, > 3% mortality in one week, besides
clinical signs and post mortem lesions). Laboratory diagnosis demands a harmonized use of
validated rapid methods with high sensitivity and specificity throughout the member states. The
latter is ensured and will be constantly updated through the network of national reference
laboratories headed by the Community Reference Laboratory at Weybridge and by decision
2006/437/EC. Clinical surveillance requires both specific knowledge of disease signs, and
compliance with reporting requirements for notifiable animal disease control. However, recent
outbreaks of HPAI caused by current strains of H5N1 in large duck holdings in Germany showed
that, probably modulated by age of the ducks and specific characteristics of virus strains involved,
clinical surveillance might fail to raise a suspicion of presence of HPAIV in such herds. This is a
worrying development since it may signal that regular virological monitoring of such holdings for
the presence of HPAIV is required.
5.6.

Culling and carcass disposal

Culling of infected poultry, disposal of carcasses and litter all tend to reduce the amount of
circulating AIV and are the most important tools to reduce transmission when carried out
appropriately. There is increasing public concern about culling activities, especially in relation to
bird welfare (see chapter 9). Therefore certain derogations from this measure are possible for non
commercial holdings, zoos, pet bird shops, circuses and collections of rare bird species or valuable
genetic poultry resources (2005/94/EC).
Pre-emptive culling has been identified as an important additional tool to interrupt HPAIV
transmission chains in areas of high density poultry populations (Mannelli et al., 2006; Garske et al,
2007). Obviously, this approach has a different outcome on the basis of the poultry density in the
area. In regions with a low poultry density only a few farms at risk will be depopulated, but in
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regions with a high density of poultry flocks this approach can lead to massive culling of millions of
mainly healthy birds (Capua and Marangon, 2003).
Unauthorised removal and disposal of infected carcasses from affected farms has been highlighted
as a risk factor for farm-to-farm spread of HPAIV. Carcasses and litter obtained from infected
premises represent a significant source of virus and need to be managed appropriately. It may either
be buried in pits and subsequently covered with a layer of at least 40 centimetres of soil, or
alternatively, may be accumulated in heaps for composting inside or outside the house (Wilkinson,
2007). An internal temperature ranging between 42 and 55°C for 42 days is sufficient to allow virus
inactivation. Recommendations for the protection of persons involved with the culling and carcass
disposal
can
be
found
at:
http://www.who.int/csr/disease/avian_influenza/guidelines/interim_recommendations

5.7.

Restriction zoning

Once outbreaks have been confirmed bio-containment, i.e. the prevention of virus spread from
infected premises, is the ultimate goal to ideally confine the virus to the index case. Stand-still and
zoning reduces the number of contacts that are believed to form the principal routes of transmission
of avian influenza (Utterback, 1984; Akey, 2003; Marangon and Capua, 2005). In the outbreak in
Italy in 1999-2000 the origin of infection could be attributed to: movement of animals (1.0%),
indirect contacts at the time of loading for slaughter of female turkeys (8.5%), neighbourhood
spread (within 1 km radius) (26.2%), lorries for the transport of feedstuff, litter and dead carcasses
(21.3%), and other indirect contacts (e.g. exchange of manpower, machinery, equipment (9.4%)
(Marangon and Capua, 2005). Experience in the Netherlands suggested that the containment of the
epidemic in 2003 was probably due to the depopulation in the infected areas rather than other
possible control measures (Stegeman et al. 2004).
According to the AI Directive 2005/94/EC a 3-km protection and a 10-km surveillance zone are
erected around HPAI outbreaks in poultry and captive birds. Around H5/H7 LPAI outbreaks a 1km restricted zone is established.
In case of an HPAI outbreak of the H5N1 subtype additional zoning is applied. The protection and
surveillance zones established around the outbreak are then classified as a higher risk "Area A" and
a surrounding much larger lower risk "Area B" functioning as a buffer to the unaffected territory
(Decision 2006/415). Strengthened biosecurity measures apply in these zones including movement
restrictions for poultry and poultry products (van den Berg & Houdart, 2008). Zoning must also be
applied in cases of HPAIV H5N1 infections in wild birds taking into account geographical,
limnological, ecological and epidemiological factors relating to the wild bird species concerned.
(Decision 2006/563/EC). An overview of EU legislation for the control of avian influenza has
recently been published (Pittman and Laddomada, 2007).
5.8.

Vaccination

Vaccination has been assigned enhanced significance as part of the EU control policy. Possibilities
for preventive vaccination are now embedded in directive 2005/94/EC. Since AI vaccination is a
highly volatile field and a newly added legal tool in the EC it has attracted significant scientific as
well as public interest and has given rise to controversial discussions concerning its application,
benefits and risks. For these reasons it demands to be treated here under separate numbering.
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Vaccination as a support strategy may be considered when the disease has spread to such an extent
that it has overwhelmed the resources of disease control authorities, when the economic or social
cost of a widespread slaughter campaign cannot be borne, or when welfare concerns argue against
reliance only on a stamping-out policy. These welfare concerns arise from the issue of trying to cull
humanely thousands of birds at one time (see EFSA slaughter report) and also that the disease itself
cause a welfare problem for the birds. Vaccination of birds preventing them becoming infected will
have enormous benefits for the welfare of those birds (see chapter 9). It can also be considered at an
earlier stage when veterinary service infrastructures and capacities prove to be weak and
insufficient to curb the spread of the disease. FAO and OIE have made recommendations for the use
of vaccines against AI (FAO Position Paper, September 2004 and the OIE Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals.).
Bio-security is the first line of defence in the prevention of infectious disease in domestic poultry.
This will also reduce the risk of subsequent infection of wild birds from domestic poultry when
substantial AI outbreaks would occur. Vaccination, when it is applied, must be done in combination
with other disease control measures, including the slaughter of affected flocks. Efforts to control the
disease by vaccination alone, without slaughtering affected birds to reduce the virus load in the
environment, will probably not be successful. Depending on the poultry production sectors and
incidence and distribution of outbreaks, vaccination may be undertaken around outbreaks (ring
vaccination) or throughout the poultry population (mass vaccination). It should be emphasized that
before embarking on AI vaccination strategy in a certain country or region it is important to
predefine a measurable objective. It is understood that in the countries that have embarked on
vaccination policies, vaccination will be required for an extended period of time, until the disease
has been controlled and the situation been monitored through targeted surveillance activities. Clear
exit strategies must be formulated before such campaigns commence.
5.9.

Aims and principles of vaccination

5.9.1.

Prophylactic vaccination

Prophylactic vaccination for viruses of the H5 and H7 subtypes is a completely innovative concept.
This is primarily due to the fact that it is only recently that situations have been pinpointed and
identified that could find a cost-effective solution in this policy.
Prophylactic vaccination should increase the resistance of birds towards HPAIV infection, and, in
cases of virus introduction, should reduce levels of viral shedding and prevent clinical signs – while
at the same time applying biosecurity measures. It should be perceived as a tool to maximise
biosecurity measures when a high risk of exposure exists. Ultimately it should result in preventing
the index case, or alternatively in reducing the number of secondary outbreaks and thus minimising
the negative aspects of animal welfare and economic losses. It is considered that, to be efficient, the
vaccination coverage in poultry at flock level should be above 60% (Bouma et al., 2007). It is also
believed that sero-conversion in >90% birds in a vaccinated flock can be achieved if veterinary
authority recommendations on vaccine administration are followed. Savill et al. (2006) claimed,
based on a mathematical model, that even when 90% of a flock of chickens possess protective
immunity against HPAIV the risk of outbreaks will be reduced by only 50%. At the same time, the
risk of an undetected incursion of virus and its silent spread on the farm and between farms
increases.
Prophylactic vaccination for H5 and H7 subtype viruses presently requires special permissions by
the EU Commission upon detailed application by the member state. A clear definition of the risks
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anticipated (high HPAIV prevalence in wild birds, endemic infection in certain sectors of the
poultry industry etc.) and the vaccination strategy (bivalent vs. monovalent vaccines, DIVA and
other control measures including active surveillance in vaccinated farms) is mandatory.
Prophylactic vaccination should only be undertaken in the event of significant risk and only for the
period of that risk. Exit strategies should be formulated before campaigns begin.
5.9.2.

Emergency vaccination

Emergency vaccination could represent an alternative to pre-emptive culling or an additional
measure in reducing the density of susceptible flocks at risk. The effectiveness of such a policy
depends on variables such as the density of poultry flocks in the area, the level of biosecurity and
integration of the industry and on characteristics of the virus strain involved. In addition, logistical
problems such as vaccine availability (vaccine banks) and adequate administration must be kept in
mind. With inactivated adjuvanted vaccines application of vaccine is a major logistic issue in DPPA
(in 2002-2003 in a DPPA in Italy with about 1000 farms where vaccination could be carried out and
50 million birds, it required about 30 days to reach 70% of vaccinated farms) This renders current
commercial vaccines less well suited for this task. A different situation may be encountered when
vector vaccines, such as the Newcastle disease virus recombinants, become available. Such
vaccines should allow for mass application via sprays or drinking water. Another issue of relevance
is that of the time interval necessary to obtain protective immunity. It is estimated that a minimum
of seven to ten days are necessary for the initial development of the immune response, and over two
weeks may be necessary to have protective antibody levels. This implies that the decision making
process must be fast-tracked and vaccine must be available for immediate use.
In the face of an emergency however, uncontrolled movement of vaccination crews may result in
spreading of infection rather than as a means of controlling its spread.
5.10.

Licenced and experimental vaccines

In the past, the quality of some vaccines might have been poor, and quality control less stringent
than for vaccines that are currently available (Webster et al., 2006a). It is assumed that the currently
available vaccines have been produced according to Directive 2001/82/EC, Good Manufacturing
Practice and the OIE guidelines and are applied according to good veterinary practice. It is
furthermore assumed that vaccine efficacy has been determined under experimental conditions, and
only those vaccines are used that induce an immune response that is able to provide clinical
protection and/or reduction of virus shedding after challenge. A recent review on available and
licensed vaccines has been published by van den Berg et al. (2008).
5.10.1. Inactivated adjuvanted whole AI virus vaccines
The standard vaccine against AI for poultry is still based on inactivated, adjuvanted whole AI virus
(Garcia et al., 1998; Swayne et al., 2001) that shares the HA subtype with the circulating virus.
These vaccines need to be administered by needle and syringe to each bird separately and require at
least two administrations to be carried out three to six weeks apart for efficient and long-term
protection. Annual revaccinations may be required depending on the life span of the production
type of poultry. This is impractical when considering the task to vaccinate hundreds of millions of
poultry in nationwide programmes (Normile, 2005). Furthermore, at present, production of these
vaccines depends on a supply of embryonated hen eggs for virus propagation. Usually, harvested
allantoic fluid from these eggs is used directly -after chemical inactivation of viral infectivity- to
formulate the vaccine. In contrast to influenza vaccines produced for humans, there is no generally
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defined minimal antigen content per vaccine dose, since immunogenicity largely depends on
adjuvant use and formulation. However, standardization is based on the quantification of the
antigen content by the manufacturer and the related immunogenicity in the target species (Garcia et
al., 1998; Di Trani et al., 2003; EMEA, 2006). It should be kept in mind that the production of AI
vaccines of a new strain (e.g. in an emergency situation) will take about 4 to 5 months (Jones,
2007).
This type of vaccines is usually produced using LPAI field isolates. Strains with closer homology
(at least 85%) in the HA gene against the respective HP target virus have been chosen
preferentially, although some highly potent adjuvants may be able to counterbalance for the
relatively low homology (Sambhara et al., 2001). Alternatively, HPAI field isolates from which the
cleavage site of the HA has been modified by reverse genetics, may be used (see below, Webster et
al., 2006a). Given the risk of accidental release, the use of unmodified HPAI field isolates for
vaccine production should be discouraged unless there is a strong regulatory environment to ensure
bio-safety (Swayne, 2006).
Reverse genetic techniques can be used to tailor LPAI vaccine viruses specifically to carry the
homologous, attenuated HA (in the case of HPAIV of subtypes H5 and H7 expressing a HA
glycoprotein with an engineered, monobasic endoproteolytical cleavage site) of the target virus and
a discordant NA in a favourable genetic background of an avirulent avian-adapted influenza virus
which ensures high yields from egg culture (Lee et al., 2004a; Tian et al., 2005; Stech et al., 2005;
Webster et al., 2006a). In addition, natural recombinants carrying HA and NA genes of the vaccine
target on a backbone of genes from high yield strains such as PR/8/34 can be used to generate large
amounts of viral antigen for use in inactivated vaccines (Horimoto et al, 2007; Jadhao et al, 2008).
5.10.2. DIVA based vaccines
DIVA vaccines take advantage of a positive or negative marker which will induce a detectable (or
lack thereof) immune response in the vaccine which can be distinguished then serologically from
animals which had contact to field virus. In the field of avian influenza virus vaccination humoral
immune responses towards the NA, the NS-1 or the NP proteins have been exploited for such
strategies. See the previous EFSA opinion on vaccination against avian influenza of H5 and H7
subtypes in domestic poultry and captive birds for more details (EFSA 2007b).
5.10.3. Recombinant live vaccines
A number of recombinant live vector-engineered vaccines expressing the HA glycoprotein in the
backbone of viruses or bacteria capable of infecting poultry species have been shown to induce
protective subtype-specific immunity (Swayne, 2004). Among the many vectors constructed, to
date a fowl pox virus vaccine expressing the HA of the H5 subtype is commercially available but
has been restricted for use in chickens (Beard et al., 1991; Swayne et al., 1997). Pre-existing
immunity towards the vector virus, however, may interfere with vaccination success (Swayne et al.,
2000). These vaccines, some of which have been used in certain non-EU countries, have so far not
been authorised in the EU by a centralised procedure. FAO provides an overview of AI vaccines
(http://www.fao.org/ag/againfo/programmes/en/empres/vaccine_producers.htm) which are available
commercially world-wide.
A marketing authorization for any vaccines based on live recombinant vector systems must be
granted in accordance with the provisions of the Council Regulation 726/2004 (repealing and
replacing Council Regulation 2309/03) taking into account legal requirements for the release of
such genetically modified organisms into the environment provided by Directive 2001/18/EC. In
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this respect misgivings concerning safety, in particular genetic stability, and efficacy, of the
recombinant viruses must be dealt with accordingly. Such concerns must be weighted against the
potential benefits of these vaccine candidates when considering perspectives of their future use.
Special reservations are justified regarding the use of live-attenuated AI vaccines even if they are
further attenuated by deletion of individual genome segments or parts thereof for reasons that are
detailed in Directive 2005/94/EC, which states in Article 52 (c) that only vaccines authorised in
accordance with Directive 2001/82/EC on the Community code relating to veterinary medicinal
products or Regulation 726/2004 laying down Community procedures for the authorisation and
supervision of medicinal products for human and veterinary use and establishing a European
Medicines Agency are used. Finally, it should be kept in mind that the use of live-attenuated AI
vaccines in poultry may create a situation that favours the emergence of new reassortant viruses that
may threaten poultry and mammals alike.
Table 9: Standard and experimental vaccines for use in poultry (not exhaustive
AIV based vaccines

Inactivated
Live

Vectored vaccines

Viral Vector

Subunit

Bacterial Vector
Protein
DNA

Whole virus adjuvanted (12)
Influenza viruses (NS-1 deletion mutants,
defective interfering particles (8), altered
cleavage sites (9)
Newcastle Disease Virus (1,11,12)
Infection Laryngotracheitis Virus (2)
Fowl pox virus (3)
Adenoviridae (4)
DIP, alpha virus replicon (10)
Modified vaccinia virus Ankara-H5 (12)
Salmonellae (5)
HA, NA, M2e, NP diverse expression and
adjuvant system (6)
Plasmid technology (7)

References encoded in the Table:
1: Swayne et al., 2003; Veits et al., 2006; Chen et al., 2006;
2: Veits et al., 2003
3: Bublot et al., 2006
4: Gao et al., 2006
5: Swayne, 2004
6: Crawford et al., 1999; Ernst et al., 2006; Gerhard et al., 2006
7: Kodihalli et al., 1997; 2000
8: Ferko et al., 2004; Noble et al., 2004; Richt et al., 2006
9: Stech et al., 2005
10: Schultz-Cherry et al., 2000
11: Römer-Oberdörfer et al, 2008
12: Veits et al, 2008
5.11.

Authorization of vaccines and quality standards

Veterinary vaccines in the EU may either be authorised by individual National Competent
Authorities of member states or via a centralised procedure managed by the EMEA, in which case
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the authorisation is valid throughout the EU. Authorisation under the centralised procedure is
governed by Regulation (EC) 726/2004 while national authorisations are covered by Directive
2001/82/EC as amended. Irrespective of the authorisation route, the technical requirements laid
down in Annex I, Title II, of Directive 2001/82/EC apply. Provisions also exist to facilitate the use
of vaccines that do not meet the full requirements normally required for authorisation in emergency
situations, either by use of unauthorised products (Article 8 of Directive 2001/82/EC) or by
authorisation in exceptional circumstances (Article 14, paragraph 7 of Regulation (EC) 726/2004
and Article 26, paragraph 3 of Directive 2001/82/EC), in which case the authorisation is subject to
annual review. Although unauthorised products can be used in an emergency there is an
unequivocal preference to use vaccines with a Marketing Authorisation.
It is important that the vaccines used for control of AI in the EU are of high quality. In addition to
the international standards described in the OIE (OIE Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals). Relevant EU standards that need to be fulfilled are laid down in the European
Pharmacopoeia (Ph. Eur.). Compliance with monographs of the Ph. Eur. is mandatory within the
Member States. Vaccines that meet these standards have been shown to be inherently safe for the
target species and consumers of meat from vaccinated birds and, under laboratory conditions, to
achieve a high degree of efficacy against selected highly pathogenicity avian influenza strains. The
extent and limitations of the available information are indicated in the Summaries of Product
Characteristics (SPCs) of the authorised vaccines.
5.11.1. Centrally authorized vaccines
There are currently four vaccines with EU-wide authorisations from the EMEA. All are inactivated
whole virus vaccines adjuvanted with mineral oil. They have been authorised under “exceptional
circumstances” (in accordance with the minimum requirements indicated in the CVMP guideline
EMEA/CVMP/IWP/222624/2006) with conditions to carry out further studies to meet the full
requirements of Directive 2001/82/EC as amended, and are subject to annual review. The main
characteristics
of
these
vaccines
are
summarised
below:
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Table 10: Characteristics of AI vaccines currently authorised by the EMEA 6
Name of the vaccine

Nobilis Influenza H5N2
(Intervet)

Nobilis Influenza H5N6
(Intervet)

Nobilis Influenza H7N1
(Intervet)

Name/s of strain/s
Inactivation method
Specification/Antigen
quantity per dose
Dose (ml)

rg-A/ck/VN/C58/04
Formaldehyde
256-4046 HA Units/dose

A/duck/Potsdam/1402/86
Formaldehyde
Induces HI titre ≥1:64 in chickens

A/duck/Potsdam/2243/84
Formaldehyde
Induces HI titre ≥1:64 in chickens

A/CK/Italy/473/00
Formaldehyde
Induces HI titre ≥1:64 in chickens

Chickens: 0.5ml
Pekin ducks: 0.2 ml at 1 day old;
2nd dose 0.5 ml.

Chickens 8-14 days: 0.25 ml
Chickens 14 days to 6 weeks: 0.25
or 0.5 ml
Chickens ≥6 weeks: 0.5 ml

Chickens 8-14 days: 0.25 ml
Chickens 14 days to 6 weeks: 0.25
or 0.5 ml
Chickens ≥6 weeks: 0.5 ml

Adjuvant type
Indicated species

Mineral oil emulsion
Chickens
Pekin ducks
Chickens: Reduction of mortality
and virus excretion
Pekin ducks: Reduction of
clinical signs and virus excretion

Mineral oil emulsion
Chickens

Mineral oil emulsion
Chickens

Chickens: Reduction of clinical
signs, mortality and excretion of
virus

Chickens: Reduction of clinical
signs, mortality and excretion of
virus

Chicken: i.m.
Pekin ducks: s.c.
Chickens: 3 weeks
Pekin ducks: 1 day

s.c. or i.m.

s.c. or i.m.

Chickens 8-14 days: 0.25 ml
Chickens 14 days to 6 weeks: 0.25
or 0.5 ml
Chickens ≥6 weeks: 0.5 ml
Ducks 2-6 weeks: 0.5 ml
Mineral oil emulsion
Chickens
Ducks
Chickens: Reduction of clinical
signs, mortality, excretion and
transmission of virus
Ducks: Reduction of excretion and
transmission of virus
s.c. or i.m.

Chickens: 8 days

Chickens: 8 days

Chickens: 8 days
Ducks: 2 weeks

2nd dose after 3 weeks

2nd dose after 4-6 weeks

2nd dose after 4-6 weeks

2nd dose after 4-6 weeks
(1.0 ml recommended for ducks)

Indications for use

Route/s administration
Age/s 1st Vaccination

Vaccination schedule
(interval)

6

Poulvac FluFend H5N3 RG
(Fort Dodge)

EMEA Web site: www.emea.europa.eu
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5.12.

Risks and benefits of AI vaccination of poultry and other captive birds

Vaccination is considered for (i) protection of poultry and captive birds, and (ii) the
indirect protection of other birds and mammals, including humans by reducing the load of
circulating virus. The effects of vaccination depend on many factors the most important
of which are (i) the host species that is vaccinated, (ii) the vaccine characteristics (virus
strain[s], antigen quantity/dose etc.) including the method(s) of administration, and (iii)
the expected level(s) of protection afforded in the intended species to be vaccinated
against the AI virus that is circulating in the field. Clearly not every combination of host
species, vaccine and field (challenge) virus has been tested. Even when the relevant
combination has been tested there is always the step to extrapolate the experimental
findings to the field situation.
It is assumed that currently available vaccines are produced and used according to good
manufacturing and veterinary guidelines and that the vaccine efficacy has been
determined under experimental conditions. However, it has to be considered that in the
past, the quality of certain vaccines may have been poor, and their effectiveness may
have been lower than that of the currently used vaccines. In addition, good vaccination
practices should be considered of major importance (Wooldridge, 2007).
5.12.1. Benefits of AI vaccination
If used accordingly, the vaccines complying with the OIE Manual provide excellent
protection against clinical disease in chickens by reducing mortality and production
losses (Swayne et al., 1999; Swayne and Halvorson, 2003). Sufficient protection against
virus transmission is expected starting 14 days after completion of the basic vaccination
schedule (3-6 weeks after primary vaccination). These assumptions are based on
experimental infections using SPF chickens (van der Goot et al., 2005). Similar results
should be proven under true field conditions. Such experiments are under way (Rudolf et
al. 2007). Serological titers against the HA can be measured and will probably be
indicative of the level of protection but there is no research yet linking these
immunological measures (or other immunological measures) to protection against signs
of disease or protection against transmission.
The presence of HPAI, particularly the A/H5N1 viruses, in domestic poultry has
important implications for human health and well-being. Mass culling for control can
threaten local food supplies as well as family incomes. Direct threats to health come from
human exposure to viruses (from birds, through the environment or other routes) leading
to often lethal human H5N1 disease. A less certain risk arises indirectly from possible
transformation of an H5N1 HPAI virus to form a pandemic strain (Perdue and Swayne,
2005). Any reduction of the load of H5N1 viruses in the community through poultry
immunisation would also reduce the unquantifiable risk of either recombination of
genetic material from H5N1 with a human virus or mutation of an avian strain to produce
a pandemic strain (Guan et al., 2007).
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5.12.2. Risk associated with vaccination
There is no evidence of any direct risk to the health of consumers from the immunisation
of poultry either through exposure to the vaccine itself or through food derived from
immunised poultry (see EFSA opinion on vaccination against avian influenza of H5 and
H7 subtypes in domestic poultry and captive birds for public health implications of
vaccination; EFSA 2007b).
The major risks to be considered are probabilities of transmission of AIV from
vaccinated poultry and other captive birds to other (possibly unvaccinated) birds,
mammals, or humans (so-called ‘silent spread’).
Silent spread after vaccination is observed in experiments (van der Goot et al., 2005,
2007). The current AI vaccines do not fully prevent virus shedding from vaccinated birds,
particularly from ducks which still may become infected with HPAI virus. Following
introduction of HPAI virus into thus vaccinated bird populations clinically protected
animals that silently shed virus, may be the cause of virus spreading.
Avian influenza viruses undergo antigenic drift with the accumulation of point mutations
in the antigenic domain of the HA protein. Evidence has accumulated that selection
pressure on drift variants is increased in poorly controlled vaccination programmes (Lee
et al., 2004b, Suarez et al., 2006; Smith et al., 2006). Accelerated antigenic drift might
require regular updating and adaptation of virus strains used for poultry vaccine
production (see: West Java strains of H5N1 in Indonesia; H5N2 LPAIV strains in Mexico
(Escorcia et al, 2008; Suarez et al, 2006) although in immunologically naïve populations
and under experimental conditions many vaccines seem to induce a broadly protective
immune response (Veits et al., 2008).
5.13.

Practical experiences

Since 2003 there has been an unprecedented spread of a HPAI virus throughout SouthEast Asia, Europe, Middle-East and Africa. The H5N1 HPAI viruses involved have now
become endemic in several of these areas. In Asia, China was one of the first countries to
use vaccination as part of the national control strategy, while other countries such as
Vietnam and Indonesia embarked on a vaccination strategy at a later stage. Vaccination
has also been used to control LPAI viruses, including in the United States and in Italy,
demonstrating the strategic use of vaccine in conjunction with bio-security measures.
5.13.1. Europe
Italy
From 1997 to 2007, a densely populated poultry area (DPPA) in northern Italy
experienced eight epidemic waves of AI epidemics of different H5 and H7 virus
subtypes. The most severe one was the 1999-2000 H7N1 HPAI epidemic that caused
death or culling of 16 million of birds, and severe economic consequences on the Italian
poultry production (Capua and Marangon, 2000). On the basis of that experience, a
stamping out policy was no longer pursuable in order to control the re-emergence or
introduction of AI viruses in the DPPA. To support control and eradication actions,
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emergency and preventive vaccination strategies based on the application of a
heterologous neuraminidase vaccine and a companion discriminatory test were developed
and applied (Capua and Marangon, 2004; Marangon et al., 2007).
During the 2002-2003 H7N3 LPAI outbreak, the impact of vaccination on the incidence
of LPAI outbreaks was estimated, taking into consideration the same poultry population
before and after emergency vaccination. As an efficacy index, the reproduction rate (R)
of the AI infection was calculated before and after the beginning of the vaccination
campaign. Considering the time periods before and after emergency vaccination, a
decrease of the R value from 2.9 (95% Confidence Interval: 2.3-3.9) to 0.6 (95%
Confidence Interval: 0.5-0.7) was observed. Table 11 summarizes the characteristics of
the different H5 and H7 LPAI epidemics that occurred in Italy from 2000 to 2007. These
data showed that, although it was not possible to avoid the introduction of AI viruses in
vaccinated turkey flocks (vaccinated layers have never been involved), the spread of the
infection was limited and the containment of the outbreaks was successful in a shorter
time compared to previous epidemics, with a marked reduction in economic losses.
The Italian experience suggests that DIVA vaccination coupled with a territorial control
strategy represents an effective tool for the management and eradication of LPAI
infections, particularly in densely populated poultry areas. In addition, the application of
a DIVA vaccination policy allowed the international trade of poultry meat and table eggs
originating from vaccinated birds (Marangon and Capua, 2006).

Table 11: Italy (2000-2007): characteristic of H5 and H7 LPAI epidemics
Epidemic

Duration of the

Total no. of

No. of outbreaks in

epidemic (in months)

outbreaks

vaccinated turkey

Vaccination strategy

flocks
2000-2001a

7.2

78

1

Emergency

2002-2003a

11.6

388

88

Emergente

2004ab

2.8

28

27 c

Preventive

2005b

1.1

15

13 d

Preventive

2007*

1.3

6

0

Emergency

*A total of 19 LPAI H7N3 outbreaks were detected from 24.05 to 29.10.2007, but only 6 were in industrial
poultry farms (all meat turkey farms) from 22.08 to 02.10.2007. The remaining outbreaks occurred in
ornamental or rural poultry flocks.

The Netherlands
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In the Netherlands, vaccination is considered as a sustainable alternative for the temporal
confinement and was offered to farmers and owners of hobby birds. Participation of the
vaccination programme was rather limited mainly due to expected marketing problems
(commercial farms), the costs and the heavy administrative burden (hobby poultry).
For details of AI vaccination in the Netherlands of hobby flocks see:
http://ec.europa.eu/food/committees/regulatory/scfcah/animal_health/ai_05072007_nl.pdf
France
From the early appearance of a predictable massive spread through Europe, AFSSA2
recommended the preventive vaccination of zoo birds and free range ducks and geese that
could not be maintained indoors, as soon as possible in order that a sufficient immunity
be achieved in time. Zoo bird vaccination was effective in most species in terms of
inducing high HI serum antibody titres even using the H5N1 HP antigen.
Vaccination of commercial ducks and geese was a pilot one in Europe. It was not so
effective as the vaccination of zoo birds in terms of inducing HI response. Also level of
protection achieved was not assessed since no H5N1 HP outbreaks appeared in the areas
where ducks and geese had been vaccinated.
Some experts criticized the implementation of such a vaccination. However, it should be
remembered that since i) there was no way to maintain these poultry indoors, ii) at the
time of deciding whether or not to vaccinate, no expert could predict the geographical
extent of outbreaks in wild birds, iii) the objective was to avoid any introduction of virus
in French poultry. If nothing had been done, the situation in France might have evolved
as did the situation in Hungary where there were 29 cases of HP H5N1 in free range
ducks and geese (Jestin et al, 2006).
5.13.2. Asia
Numerous lessons have been learned so far in controlling H5N1 avian influenza in Asia.
Early detection of incursions of virus prevented establishment of the disease in several
countries, notably Japan, South Korea, and Malaysia. In countries where detection of
early cases was delayed, infection is endemic and has been for three or more years.
Vaccination will continue to be one of the key measures used in these endemically
infected countries. Used alone, vaccination will not result in elimination of H5N1 viruses
from a country, but, if used correctly, it will markedly reduce the prevalence of and
susceptibility to infection. Vaccination has already played a valuable role in reducing the
adverse effects of H5N1 viruses (Sims, 2007).
Some of the major issues related to the use of vaccination in Asia include the quality of
vaccines, the implementation of scientifically based pre and post-vaccination surveillance
strategies, the difficulty to organise the vaccination in predominantly existing semicommercial and backyard poultry systems as well as the financial sustainability of such
programmes as part of the national surveillance and control plan. In China and Indonesia,
several types of vaccines have been used, sometimes from different sources with various
levels of quality. Occasionally, vaccines that did not meet international standards have
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been released in the field and provided a false sense of security to farmers and national
authorities.
Large-scale programmes involving vaccines are underway in the Far East in China,
Indonesia and Vietnam. In all these countries, the scale of the enterprise is considerable.
In China it is enormous, with reports of authorities having administered 11 billion doses
of H5 AI poultry vaccine in 2006. However, such scale also makes it hard to administer,
monitor and regulate the whole process and undertake surveillance to judge the outcome
(Darminto, 2007; To et al., 2007, Wei, 2007).
In China and Vietnam, the programmes of immunization that were started in 2005 are
considered to be having an additional positive effect on disease incidence in animals
when combined with more conventional agricultural control measures. There have been
few reports of bird outbreaks from China and Vietnam of late (OIE, 2007). There also
seems to have been a reduction in the reports of human cases from these countries
(WHO, 2007). However poultry immunisation makes surveillance for individual human
H5N1 cases harder (see Section 1.4.2) and combined with the inherent weaknesses in
human disease surveillance in less well resourced countries this makes it difficult to
interpret trends in the number of human cases. In China it is noticeable that recently there
have been a number of human cases where there have been no associations with sick or
dead poultry (WHO, 2007). These have either followed visits to ‘wet’ markets where
poultry deaths or disease have not featured or they have simply been unexplained. The
numbers are small and there have been no chains of transmission (Antalya Meeting
http://www.who.int/csr/disease/influenza/meeting2007_03_19/en/index.html).
In contrast, in Indonesia human cases continue to occur along with outbreaks in poultry.
This despite vaccines being widely used in the more industrialised flocks (Sector 1 and 2
flocks), there is less vaccination in Sectors 3 and 4 (backyard flocks) from which most
human cases emerge. To date, the level of vaccine coverage in these sectors is low (as
little as 20%). Birds in these sectors are particularly difficult to vaccinate; they are
difficult to catch, and the resources in terms of both manpower and amounts of available
vaccine to date have been too low to bring vaccine coverage up to a level where adequate
herd immunity might be expected. This, and perhaps also use of some ineffective
vaccines, probably explains the continuing transmission and disease in both animals and
to humans. A contrary exception in South East Asia is Thailand, a country which has
mostly controlled avian influenza in its birds and quelled human cases through
conventional veterinary control without using poultry vaccination at all.

5.13.3. Africa
Egypt
In February 2006, HPAI was first recognized in Egypt and since then the disease has
become enzootic in poultry throughout much of the country. FAO and OIE recommend
vaccination in countries with an enzootic HPAI status as well as post-vaccination
monitoring in vaccinating countries. Egypt has embarked on a mass vaccination approach
in all sectors of poultry: the current policy is to provide and deliver vaccine for sector 4
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poultry (household village poultry) and to permit commercial companies to vaccinate
with a temporarily approved vaccine of their choice. The large-scale Egyptian
commercial poultry producers started using avian influenza vaccines at an early stage; the
smaller-scale producers also adopted vaccination practices of widely varying standards.
Vaccination of all sectors with stamping out of infected flocks is the stated control
strategy. Vaccination coverage in sectors 1, 2 & 3 is the responsibility of the commercial
sector. It is supposed to be supervised by government veterinarians. A number of vaccine
manufacturers are supplying different inactivated AI vaccines: 21 companies imported
avian influenza vaccines from a total of 6 countries, Italy, Mexico, Indonesia, USA, The
Netherlands and PR China. The imports comprise H5N1, H5N2 and H5N9 (only in June
2006). The Veterinary Serum and Vaccine Research Institute (VSVRI) is currently
preparing for the mass production of an H5N2 vaccine.
5.13.4. America
Official information from the Veterinary Services of countries that experienced HPAI
outbreaks in the last 12 years has been analyzed, comparing the eradication and control of
avian influenza strategies in each country. Financial resources, different risk levels,
surveillance capacity, technological and bio-safety levels at affected farms and the
resulting differences of using vaccination or not using it have been considered (Villarreal,
2007).
Some of the world’s main producers of poultry meat and eggs are in countries within
America. The experiences undergone by the HPAI outbreaks registered in Canada in
1966, USA in 1984 and Mexico in 1994 motivated a remarkable increase in biosafety
measures and the improvement of the intensive poultry production systems. The last four
HPAI outbreaks in the Americas occurred from 1994 to 2004: Mexico 1994, (H5N2);
Chile 2002, (H7N3); USA 2004, (H5N2); Canada 2004, and 2007 (H7N3). In all cases
the control and eradication measures taken were based on the early detection and
depopulation of infected farms, increase of bio-security measures and movement controls
of birds and infected materials.
The use of massive vaccination together with an integral program for eradication in
Mexico, allowed the eradication of HPAI in a short period of time in the two affected
areas where large poultry populations exist. Circulation of LPAIV H5N2, however,
continued despite the frequent use of vaccination over extended periods of time.

5.13.5. Zoo birds
Vaccination against avian influenza of the H5 and H7 subtypes with currently authorised
vaccines developed for use in poultry is safe and in most taxonomic orders of zoo birds
effective in terms of inducing HI serum antibody titres greater than 16-32, if
administrated in two vaccination dose regimes on a body weight basis. The HI antibody
titre of 16-32 (Ellis et al., 2004a; Philippa et al, 2005; Tian et al., 2005, Swayne et al.,
2006; OIE, 2005) is a documented surrogate marker for protection in chickens and was
used for evaluation in zoo birds since challenge infection studies have not been
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performed in the endangered and valuable species housed in zoological collections (see,
however: Lierz et al., 2007).
See the EFSA opinion of the AHAW panel (2007b) for a scientific assessment of the
preventive vaccination against avian influenza of H5 and H7 subtypes carried out in
Member States in birds kept in zoos under Community approved programmes and
elsewhere in the world. The report addresses aspects of dosage, antibody response and
duration of immunity in different bird species kept in zoos.
5.14.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Conclusions

Biosecurity measures constitute important barriers to introduction of AIV into poultry
holdings.
Culling and safe disposal of poultry on infected holdings is one of the most effective
measures limiting spread of virus.
Pre-emptive culling of healthy poultry on holdings where AI is not thought to be
present may be necessary to limit AIV spread in order to remove susceptible birds
from the immediate vicinity
Potent subtype-restricted and safe AIV vaccines are available for use in poultry.
Quality-controlled production and licensing procedures are essential to ensure
vaccine potency.
Vaccination induces protection against AIV induced clinical signs; it raises the barrier
against infection with AIV field virus and reduces field virus excretion by amplitude
and duration.
Risks of silent spread of AIV in vaccinated poultry populations require stringent
supervision and control, including the application of DIVA strategies, of vaccination
campaigns.
Decisions on the use of vaccination depend on economical and structural aspects of
the poultry sector and on epidemiological factors concerning risks of virus
introduction and spread.
Exit strategies from vaccination campaigns should be clearly defined before such
campaigns commence.
Unrestricted use of AIV vaccines in poultry may give rise to an accelerated antigenic
drift of field virus targets. In turn constant updates of vaccine virus strains may be
required.
A pool of practical experience in the EU on widespread use of AIV vaccines in
poultry (turkeys) only exists in a single EU member state (Italy).
The attitude towards AI vaccination in the poultry sector varies grossly between EU
member states. No harmonized approach has yet been reached.
Vaccination of zoo birds and of collections of endangered species will aid in
protection of these birds in case of outbreaks. However, free exchange of vaccinated
birds in breeding programmes may be hampered.
Success and failures of AIV vaccination in third countries are difficult to assess due
to lack of insight in vaccines used, vaccine strategies, control measures applied etc.
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5.15.
•

•
•
•
•
•

Recommendations

Since an appropriate and proportionate intervention is highly dependent on specific
national and even regional aspects of the epidemiology of AIV infections (e.g.,
structure of wild bird and poultry populations, virus strain-specific properties
(HPAIV clinically silent in ducks), likely routes of incursion (wild bird vs. trade)
etc.), the array of intervention tools available in the European Union should be kept as
broad as possible in order to be prepared for a flexible response towards threats of
notifiable AIV.
In addition to biosecurity and restriction measures vaccination can be one of such
appropriate tools and research into development of new vaccines and vaccine
strategies should be further encouraged.
Special attention should be attracted to development of AI vaccines which are not
dependent on injection and can be used in waterfowl (ducks).
In parallel to vaccine development more research on diagnostic assays and
surveillance tools for control of future vaccine campaigns is required (DIVA
strategies).
Beyond the proof of safety and efficacy of vaccines under laboratory conditions,
more emphasis should be put on questions concerning practicality of use and potency
of vaccines and of vaccination/DIVA strategies in the field.
Vaccine-producing companies should be further encouraged to invest in developing,
licensing and offering AI vaccines.

PART II
Risks for the introduction and spread of avian
influenza into poultry holdings in the EU
6.

Risk of introduction of AI by wild birds

Within the EU project ‘Healthy Poultry”, University of Vechta and Wageningen
University joined their research strengths to classify regions within the European Union
as high, medium or low risk areas for Avian Influenza (AI) subtypes H5 and H7
introduction and spread. To find out which factors were the main determinants for the
risk of introduction and the risk of spread at regional level, an expert panel of 21
international experts with a special expertise on Avian Influenza selected the main
important risk factors for introduction and spread within a three-stage study.
The categories for introduction that obtained the highest ratings in round 1 were:
migratory wild birds, illegal import of poultry and poultry products from third countries
and poultry services. For some factors a relatively high dispersion of values were
77

The EFSA Journal (2008) 715, 1-161

Animal health and welfare aspects of avian influenza

observed among the experts (e.g. the wild bird category for introduction) and it is not
likely that for some of these factors consensus among the members of the expert panel
will be reached. This is not surprising as there is still a lot of debate about some issues
among stakeholders and data is scarce. Making this dispersion visible will assist the
scientists within the EU project to focus the collection of data and to select variables for
sensitivity analysis of the final models in the near future (Geenen and Grabkowsky,
2007).
In 2006 EFSA’s Animal Health and Welfare Panel adopted the opinion on Migratory
Birds and their Possible Role in the Spread of Highly Pathogenicity Avian Influenza
(EFSA, 2006a).
This risk assessment was conducted as a qualitative assessment, since a quantitative
approach would have required detailed epidemiological information which was (and is
still) not available at the time of writing.
The purpose of this chapter, therefore, is not to produce a new risk assessment, but to
review conclusions and recommendations on the basis of both new scientific data,
surveillance data and EU outbreak observations for 2006-07 to indicate if previous
probability estimates have been under- or overestimated. Three risk questions were
defined to describe the role of the wild birds for EU poultry:
6.1.

Release assessment: What is the probability of introduction of HPAI virus
(specifically: Asian lineage H5N1 HPAIV) to the territory of the European
Union by migratory wild birds?

The main conclusion of the previous EFSA (2006a) Opinion was that the probability of
migratory birds becoming infected with Asian lineage H5N1 HPAIV and releasing the virus in
the EU can vary from low to high (medium minority opinion). The uncertainty associated with
these risks can differ greatly due to the lack of data about species carrying the virus, whether
asymptomatic or not, the prevalence of the infection in the wild birds, the effectiveness of the
passive and active surveillance systems in countries outside Europe.

It was noted by minority opinion that the high uncertainty associated with this qualitative
probability was a result of the apparent variation of the pathogenicity of the virus in
different species and their potential survival. There are a large number of species that are
potentially affected but only one Mallard (Anas platyrhynchos) had been tested
experimentally at the time of writing the 2006 Opinion. This uncertainty affected the risk
assessments related to migrations to and from mixing and concentration areas.
Wild birds are now recognised as having played a role in the long distance spread of
H5N1 HPAI, although, the relative contributions of migratory birds and anthropogenic
factors associated with the poultry industry remain unclear (Kilpatrick et al. 2006). This
uncertainty is compounded by limited knowledge of wild bird host factors including the
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range of susceptible species, infection dynamics in these birds and precise details of their
migratory and other movement patterns (Hesterberg, 2007a).
Since the 2006 Opinion, more information has become available about the pathogenicity
of AIV in different species.
Several research groups have performed experimental infections with Asian lineage
H5N1 HPAI viruses in “wild” bird species. Most birds species appeared to be susceptible
to virus infection, but to variable extent (see Annex 1 information on the results of
clinical trials, including information on infection symptoms and virus shedding).
Under EU approved and co-financed surveillance programmes more than 250,000 wild
birds have been sampled in the EU since July 2005 (47,572 birds from July to end
December of 2005 7 , 144,805 birds during February to the end of 2006 8 , and
approximately 60,000 during 2007. The active and passive surveillance results from
2006-2007 in the EU can be found under Chapter 3.3. The discussion of pathogenesis and
transmission of AIV in wild birds can found in Chapter 2.2.
6.1.1.
•
•

•

•

6.1.2.
•

7
8

Conclusions
Conclusions and recommendations relating to the surveillance activities can be
found under chapter 4.6.
There is evidence of involvement of wild birds in outbreaks of highly pathogenic
avian influenza virus (HPAI H5N1) in Asia, the Middle East, Europe, and Africa
(in addition to traditional transmission by infected poultry, contaminated
equipment, and people). Such a role requires excretion of virus in the absence of
debilitating disease.
Since the last EFSA opinion on the role of migratory birds for the spread of HPAI
relatively few (21) wild avian species have been examined by experimental
infection, however, more birds than previously thought might be involved in the
spread of HPAI H5N1 .
Given the number of cases of HPAI H5N1 in wild birds observed over the last
two years, the introduction and release of HPAI by wild birds appears to be
occasional, rather than a very rare or very frequent event and the continuing
presence of H5N1 in the wild bird population since 2006 cannot be excluded.
Therefore there is a continuing risk of introduction and release. However, it is still
unclear to what extent individual wild bird species, from which HPAI has been
isolated, act as carriers, indicators or bridge species
Recommendations:
Further studies on the range of susceptible species, the dynamics of infections in
natural settings in these birds (taking into account their age and immune status)
and precise details of their migratory and other movement patterns are needed.

http://ec.europa.eu/food/animal/diseases/controlmeasures/avian/res_surv_wb_010605_310106_en.pdf
http://ec.europa.eu/food/animal/diseases/controlmeasures/avian/annrepres_surv_wb_02-12-2006_en.pdf
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•

6.2.

A more detailed analysis of the 2006 outbreak data and beyond is needed, and
bird species involved in the outbreaks should be targeted first in further studies.
Exposure and consequence assessment. What is the probability of
transmission of the Asian lineage H5N1 HPAI virus to wild birds
(residential and seasonally present) within the EU and the subsequent
establishment of an endemic infection of wild bird populations and resident
birds

The main conclusion of this chapter in the previous Opinion on the role of migratory birds was
that the conditional probability of Asian lineage H5N1 HPAIV being transmitted to nonmigratory birds is highly dependent on the probability of release, the species introducing the
virus, the number of birds affected and the pathogenicity of the virus strain. The probability of
release through migratory birds was low to high, or medium according to a minority opinion.
The subsequent probability of persistence of the virus in migratory and non-migratory wild
bird species in the EU is low to high or medium according to a minority opinion. However, there
is high uncertainty related to these conclusions due to the lack of data on inter-species
transmission dynamics of Asian lineage H5N1 HPAIV as well as on the consequences of
infection of European wild birds. Very high regional differences are expected. Due to the
dynamic nature of the global situation, the assessment may change quickly.

It is unknown at present whether H5N1 infection will persist in wild bird populations
throughout the year in Europe in the absence of new AIV introductions (Defra, 2006).
Similarly, if infection does persist, there is uncertainty as to whether infection will extend
geographically and/or become established in a wider range of wild bird species.
Analysis of the surveillance data in wild birds carried out by EU MSs in 2006
(Hesterberg et al, 2007a) indicated that the persistence of the AIV in the wild bird
population in Europe was unlikely.
From July 2005 up to December 2007 more than 250000 wild birds have been sampled
under EU approved and co-financed surveillance programmes. There have been very few
published and confirmed positives for H5N1 in individuals that appeared to be healthy, as
opposed to in dead birds (Wetlands International, 2007). For instance, In Poland 39 live
swans were kept in confinement after the finding of the first positive case and were
repetitively tested before found positive without being clinically diseased (Hesterberg,
2007a).
The absence (with the exception of one case in Spain and one in Germany) of the
reoccurrence during the second half of 2006 of new H5N1 cases indicated that the virus
did not establish itself successfully at a large scale in EU wild birds. Two potential
reasons for this were given: either that the virus did not survive in sufficient
concentrations in the environment to infect further birds or that it was maintained at very
low level in the European wild bird population and was thus not detected at existing
sampling levels. In addition, the virus did not establish in local poultry populations so the
potential for spill over to wild birds was reduced (Hesterberg et al, 2007b).
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Phylogenetic analysis of viral isolates from 2006 led to the conclusion that there were
several independent introductions of HPAI in wild birds in 2006 before local spread
within wild bird populations (Rinder et al., 2007). The presence of incidents of HPAI
H5N1 infection in wild birds in many countries in the absence of reports of disease in
poultry does suggest a possible introduction of virus to EU countries via wild birds (Ian
Brown et al in press; Starick et al., 2008).
Phylogenetic analysis of H5N1 isolates from Germany in 2006 and 2007 suggested the
simultaneous introduction in early 2006 of two closely related but distinct H5N1 variants
into the wild bird population of Germany. The source of these viruses and the exact time
of introduction could not be identified. However, based on the very high degree of
similarity between isolates within each of the two respective clusters and the
identification of closely related H5N1 viruses from southern and central Russia it is
highly likely that they were introduced by wild birds moving to escape harsh winter
weather in these regions, early in 2006 (Weber et al, 2007). The Danish H5N1 viruses
were highly similar to the German H5N1 isolates from the same time period (Bragstad et
al., 2007).
The viruses collected from wild birds in the Czech Republic in the first half of 2006 are
closely related to the H5N1 strains sampled in Italy (Terregino et al., 2006) and in
Turkey and Egypt. This suggests that the infection may have spread in a south easterly
direction through Italy or the Balkans to Bavaria and Austria and further into the Czech
Repub (Nagy et al., 2007).
Also the French viruses circulating in 2006 were very similar to those of the 'Qinghailike' sublineage and belonged to clade 2.2. However, two related but distinct genetic
subgroups were identified, indicating that two different viruses were circulating in France
at the same time and in the same area. Viruses of one subgroup were highly similar to one
identified in Bavaria in Germany (A/mallard/Bavaria/1/2006), which confirms that that
multiple H5N1 genogroups were present in Western Europe in early 2006 (Le GallReculé et al., 2008).
The re-occurrence of HPAIV H5N1 in Germany in 2007 appeared to be related to a new
incursion. These viruses belong to subclade 2.2.3 which had not been detected in
Germany previously. Its sources and routes of introduction remain to be resolved (Weber
et al, 2007; Starick et al, 2008). However, repeated finding of HPAI in wild birds in 2007
in absence of major migrations showed either that non-migratory movements, e.g. postnuptial movements, can be responsible of the introduction of the virus in non infected
areas or showed the presence of infection in domestic or wild birds (FLI, 2007). This
situation may result in further outbreaks whenever and wherever infection is transmitted
into susceptible poultry or wild birds (Defra, 2007).
Recent examples of HPAI H5N1 circulating in wild bird population at a very low level
are the swannery in Dorset, with an incidence of being detected in January 2008 of 0.8%
(Defra, 2008). Another example is the finding of an HPAI H5N1 in a Common Pochard
(Aythya fuligula) at Lake Sempach in March 2008. No clinical signs were observed in the
bird. The area is the most intensively monitored area of Switzerland. All samples taken
from wild birds since October 2007 in the area were negative (Tempelkman, 2008).
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6.2.1.
•

•

6.2.2.
•
•
6.3.

Conclusions
HPAI H5N1 viruses found in poultry and in wild birds during 2006/early 2007 are
closely related but can be distinguished from each other, suggesting that there has
been a series of separate introduction events and that the viruses continue to
change.
HPAI H5N1 viruses may be circulating at a level that is undetected at current
surveillance intensities in certain wild bird populations in Europe

Recommendations
Continue wild birds surveillance with special emphasis on areas where endemicity
is suspected.
A new risk assessment, analysing each stage in the risk pathway, is needed to
predict new probabilities.
What is the probability of transmission of the Asian lineage H5N1 HPAI
virus to domestic poultry within the EU as a consequence of infection in
migratory birds (Question 1) or residential birds (Question 2a)?

As a result of the conditionality of the components of this risk assessment, the conclusions of the
previous EFSA Opinion (2006a) from the earlier components need to be considered. The relevant
conclusions were that the probability of release of Asian lineage H5N1 HPAIV in migratory birds
into the EU was low to high (high uncertainty) [Minority opinion: medium] and that the
probability of it becoming endemic in non-migratory European wild birds was low to high (high
uncertainty) [Minority opinion: medium].
In the light of these conclusions and the ones presented here for the current risk question, the
probability of exposure of free-range and backyard poultry, and indoor poultry farms without
high biosecurity standard is considered to vary between low to medium (high uncertainty),
depending on the proximity of such poultry flocks to wild bird habitats such as wetland areas. For
indoor poultry farms with high biosecurity standards, the probability is negligible (low
uncertainty). If such farms are located in densely populated poultry areas, even with high
biosecurity measures the probability will be increased to very low (low uncertainty).

Although wild birds are now accepted to play an important role in the introduction of
AIV into Europe, one of the explanations of the relatively few outbreaks noticed during
2007 might be the generally high biosecurity standards in European Poultry holdings.
During the previous opinion the probability of transmission of the AIV to domestic
poultry reared in poultry farms with high biosecurity was assessed to be negligible in low
poultry density areas. A perceived level of high biosecurity may not reflect the actual
practice. This was recently highlighted in France in 2006 (Michel et al., 2007) and in
Bavaria where poultry outbreaks in premises with perceived high biosecurity were
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observed during 2007 (Tim Harder, Personal Communication) - a perceived high level of
biosecurity does not necessarily ensure protection from the introduction of the virus.
The preliminary list of higher risk Bridge Species with respect to transfer of the Avian
Influenza virus to poultry farms, resulting from the desk study and the limited field study,
was given by Wetlands International (2007). However, for a better understanding of
potential transfer of HPAI into and out of poultry farms, more detailed field studies are
needed. Such studies may lead to revision of the list of species, as well as to insights into
the magnitude of the threat each species poses to poultry farms in different parts of the
EU and in different seasons. Wetlands International recommended that further research
on Bridge Species in relation to Highly Pathogenic Avian Influenza should concentrate
on field studies dealing with contact risk between wild birds and poultry; differentiate
between species that may pose a local risk and those that may pose a risk over wider
areas; include many more farms, with wider geographic and seasonal coverage and more
time spent on individual farms; include a study of contacts between farms and wetland
areas, through waterbirds as well as terrestrial birds; give special attention to the higher
risk Bridge Species identified in Table 4.2, but also to species that just missed selection
and are listed only in Table 4.1 of their report.
6.3.1.

Conclusions

•

There is a continuing risk of introduction of AI into poultry populations from
infected wild birds that may come into contact directly or indirectly with domestic
poultry. Amplification of avian influenza in domestic birds and subsequent
infection of wild birds may complement the synergistic mechanism existing
between domestic poultry, wild bird species and other factors responsible for the
intercontinental spread of H5N1.

•

Free-range poultry rearing creates additional biosecurity risks

•

Some biosecurity measures have not been implemented correctly in the past.

6.3.2.

Recommendations

•

Contact between domestic poultry and wild birds should be reduced as much as
possible by applying effective biosecurity measures to domestic poultry aimed at
minimising contact transmission into and out of poultry holdings.

•

It is especially important that thorough epidemiological investigations are
undertaken in the event of HPAI infection occurring at apparently biosecure
poultry holdings. Such investigations (even if inconclusive) should always be
shared between MS’s

•

Extra biosecurity measures should be taken for free-range poultry rearing.
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Recommendations for further research:
•

7.

There should be research to identify means of reducing risks and thus increasing
biosecurity in such free range situations and on the role of bridge species.
Findings from this research should be provided as guidance to poultry farmers on
good practice.

Risks of AI introduction by the importation of live birds and avian products
from third countries

7.1.

EU import legislation

Information on import requirements is available on the website of the European
Commission 9 .
7.2.

Identification of risks for the Introduction of HPAI and LPAI via
importation of live poultry and hatching eggs

7.2.1.

Live poultry (apart from day-old poultry)

All species of poultry (pigeons being a possible exception see chapter 7.3.3 on racing
pigeons) can be potentially infected by every AIV subtype including H5/H7 (Easterday
and Beard, 1984), even if they do not display overt clinical signs. Thus infected live
poultry are theoretically potential agents for introduction of AIV.
HPAI
In most poultry species HPAI virus infections induce overt clinical signs but could evolve
without clinical signs depending on the virus strain involved and other factors such as the
age and immune status.(Alexander et al. 1978; Alexander et al. 1986; Manvell et al.
1998; Capua et al. 2000; Capua and Mutinelli, 2001a, 2001b). Domestic ducks may be
asymptomatic carriers of HPAI viruses (Stallknecht et al., 1990).
Clinical examinations carried out on live poultry prior to export may miss the presence of
HPAI infection in a poultry species that do not show overt clinical signs such as ducks or
in birds that are incubating the infection.
LPAI
LPAI infections may induce no or only mild clinical signs in the affected poultry and thus
remain undetected. (Capua and Marangon, 2000). This may result in apparently healthy
birds harbouring and spreading the infection.
Exporting countries are required to prove freedom for their country, zone or specific
compartment for notifiable avian influenza by passive and active surveillance in
compliance with the chapter on avian influenza in the OIE Terrestrial Code 2007.
9

http://ec.europa.eu/food/international/trade/facsheet_poultry_poultry_products_v3.pdf
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Recent experimental data using chickens (Brown, 2006, pers. com.) suggests that
transmission of AIV in a fairly closed environment was relatively ineffective (see section
on sentinel birds).
The OIE Terrestrial Code 2007 allows import of vaccinated live poultry provided that the
OIE general and AI specific surveillance guidelines have been implemented. Currently
AI vaccination is prohibited in the EU and can only be applied by derogation of the AI
Directive (2005/94/EC). The import of live vaccinated poultry is also prohibited. It must
be noted that vaccinated birds, disease free but possibly infected by a field strain, might
pose a risk of AIV introduction. However this risk is low when specific surveillance has
been carried out to detect virus circulation.
7.2.2.

Day-old-poultry

AI viruses, HPAI as well as LPAI are generally embryo lethal and the infected eggs
would most likely not hatch in the hatchery of the country of export. Day-old chicks will
have had only a very limited exposure time to post-hatching virus and therefore are less
likely to be infected than older birds. Furthermore, it must be noted that the eggs have
been in the incubator in the country of origin for 21 days which means the infection
should most likely have become overt in the parent flock before export took place which
would have led to cessation of the export.
7.2.3.

Hatching eggs

HPAI
HPAI viruses have been found on the surface and in the contents of eggs laid by infected
hens. Hatching eggs put into the incubators are fumigated with formaldehyde or other
sanitisation measures are used in accordance with Community legislation (EC, 1990) and
OIE Terrestrial Code 2007 (OIE, 2007 to ensure that AI viruses are removed from their
surface.
LPAI
The risk of introducing LPAI infection to a country which imports hatching eggs from a
country not known to be free from LPAI is mainly related to faecally contaminated
materials (e.g. trays, packaging materials etc.) which may be re-used in the importing
country Ziegler et al. (1999). However, legal requirements for fumigation and egg
packaging are likely to reduce these risks to negligible levels.
Observations and conclusions on the risk for the introduction of both HPAI and LPAI via
hatching eggs have been made essentially for eggs from chickens and turkeys; thus
hatching eggs derived from other species might be considered as potential agents for
introduction of AIV. Vaccination of parent flocks from which hatching eggs or day-old
poultry are derived might lead to infection without clinical signs, but the probability for
this risk occurring should be minimized if the surveillance requirements for vaccinated
flocks are implemented.
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7.3.

Identification of risks for the introduction of HPAI and LPAI via
importation of birds other than poultry (ornamental birds, pet birds,
fighting cockerels, racing pigeons, birds for shows and exhibitions)

Under the current EU definition, immediate notification of any AI infection in poultry
and “other captive birds” is required. “Other captive bird” means any bird other than
poultry that is kept in captivity for any reason including those that are kept for shows,
races, exhibitions, competitions, breeding or selling. The same restriction measures shall
be applied in case of AI detection in non-poultry captive birds. According to the OIE
Terrestrial Code 2007 infections with any Influenza A virus of the H5 and H7 subtype or
any influenza A virus with a intravenous pathogenicity index of more than 1.2 in poultry
(including backyard poultry and fighting cocks) are notifiable. Infections of other captive
birds and wild life are regarded as a significant epidemiological event and therefore fall
under the general notification obligations. However these notifications should not lead to
trade restrictions.
7.3.1.

Captive caged birds – pet, zoo and show birds

The first isolations in the 1970s were usually a result of monitoring for Newcastle disease
(ND). In view of the enormous trade in wild-caught captive birds many countries
imposed quarantine on imports during the 1970s and as a result many more isolations of
avian influenza viruses from both passerine and psittacine species have been obtained
since that time. The occurrence of H5N1 HPNAI (clade 2.3) in a UK quarantine station in
2005 in a consignment of captive passerine birds imported from SE Asia is of particular
significance (Dimmock et al., 2005).
From time to time there have also been reports of AI infections of captive birds outside
quarantine. Given an example, in Germany a Black Swan (Cygnus atratus) tested positive
HPAI H5N1at Dresden Zoo in August 2006.
7.3.2.

Other show birds

Other show birds that are not classified as captive caged birds may include birds of the
Phasianiformes (Galliformes) and Anseriformes orders as well as pigeons. The question
here is whether or not they represent any additional hazard, and the main cause for
concern is the gathering of such birds from different areas and countries when they
congregate for shows and fairs.
7.3.3.

Racing pigeons

Historically, pigeons (Columba livia) have been considered resistant to avian influenza
viruses and experimental infections of pigeons have been difficult to establish. (Doyle,
1927; Narayan et al. 1969; Slemons and Easterday 1972; Panigrahy et al. 1996; Shell,
2005) These experimental data are consistent with field studies during the 1983-84 HPAI
H5N2 Pennsylvania epizootic (Nettles et al. 1985).
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Perkins and Swayne (2002) failed to show any virus excretion, disease, lesions or
seroconversion in pigeons infected intranasal with HPAI A/chicken/Hong Kong/220/97
H5N1 virus. The same results were obtained in pigeons experimentally infected with five
different H5N1 HPAI viruses isolated in China from chickens, ducks and geese (Liu et
al., 2007).
However, it should be noted that H5N1 viruses were reported as isolated from feral
pigeons in Hong Kong in 2002 and 2003 (Li et al. 2004). Klopfleisch et al, 2006, showed
that five out of a total of 14 (36%) pigeons infected jocularly and nasally with 108 EID50
of a A/chicken/Indonesia/ 2003 (H5N1) HPAI died after a history of depression and
severe neurological signs. The remaining nine pigeons showed neither clinical signs nor
lesions associated with avian influenza, although seroconversion against H5 indicated
that they had been infected. The infection was not transmitted to sentinel chickens housed
in closed contact with the inoculated pigeons (Klopfleisch et al., 2006).
Boon et al., 2007, demonstrated that the frequency of H5N1 HPAI virus re-isolation from
experimentally infected pigeons varied widely among different virus strains, but these
experimentally infected birds shed only low amounts of virus upon infection and they did
not transmit to contact birds (Boon et al., 2007).
The conclusion from these data could be that pigeons are very unlikely to become
infected with AI viruses and therefore pose very little threat of introducing AI viruses
into an area. However, some caution should be exercised in dismissing racing pigeons as
potential agents for introduction and spread of AI viruses. Host range may be very much
related to specific virus strains and could evolve during an epizootic. Equally racing
pigeons could act as mechanical vectors if contaminated with infective faecal material
while invading farms with affected poultry. The sport pigeon racing over large distances from country to country - plus the procedure of gathering them together for release
represents introduction risks that are unique to these birds.
A detailed review of HPAI virus infections of pigeons has been published by Kaleta and
Honicke, (2004).
7.3.4.

Other Columbiformes (not poultry or racing pigeons)

Other pigeons and doves may be kept as pets, show birds (either similar to captive caged
birds or active show birds such as ‘tumblers’) or working birds (e.g. as magicians’ props).
In view of the probable limited susceptibility of pigeons to AI infections the risk of
introductions by such birds may be regarded as very low, but should not be entirely
ignored in any legislation aimed at control.
7.3.5.

Birds of prey and wild captured birds

Hunting with falcons is practised in a number of countries around the world. The birds
have close contact with humans and are highly domesticated and yet the nature of the
purpose for which they are kept means they also have contact with feral birds. There have
been two recent reports of AI infections of falcons. Manvell et al. (2000) reported the
isolation of a HPAI virus of H7N3 subtype from a peregrine falcon (Falco peregrinus)
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dying in the United Arab Emirates. During the HPAI outbreaks in Italy in 2000, an H7N1
virus was isolated from a saker falcon (Falco cherrug) that died three days after normal
hunting activity (Magnino et al. 2000). There was a single isolation of the H5N1 HPAI
virus in Hong Kong in January 2004 from a peregrine falcon (Falco peregrinus) that was
found dead.
The significant threat that illegal movement of birds of prey poses for the introduction of
HPAI was highlighted by an incident in Belgium. On 18 October 2004, a Thai travelling
from Bangkok to Brussels was found to be illegally carrying two Mountain Hawk Eagles
(Spizaetus nipalensis) in his hand luggage by customs officials at Brussels international
airport. These birds were seized and killed humanely. Although they had shown no
clinical signs one bird was shown to have bilateral pneumonia and H5N1 HPAI was
isolated from lung material (Van Borm et al. 2005).
Due to the risks of import of birds caught in the wild related to their unknown
background the EU has banned the imports of wild captured birds. Imports are now
restricted to captive bred birds from approved breeding establishments from a very
limited list of third countries (EC, 2007). These birds should have an individual
identification and will be tested prior to shipment for avian influenza and Newcastle
disease. Upon arrival at the border inspection post (BIP) in the importing country the
cause of morbidity and mortality are not routinely investigated and the birds should be
transported directly to an approved quarantine facility were they will stay for at least 30
days.
Microbiological and/or serological testing takes place between days 7 and 15 of the
quarantine period. The fact that a minimum number of 60 birds are tested irrespective of
consignment size means that the probability of an undetected infected bird in a
consignment of 60 birds or more being released from quarantine is higher than that for
small consignments. In addition birds dead on arrival at the quarantine, clinically ill birds
or sentinel birds, and those dying during quarantine are subjected to virological testing.
7.3.6.

Fighting cockerels

Fighting cockerels (cocks) are likely to be as susceptible as other domestic fowl.
However, in view of the largely illegal nature of such birds and their movement, it may
well be that they represent a real risk in spread of AI virus. There do not appear to be any
specific reports of AI infections in fighting cocks, but their role in the propagation and
spread of Newcastle disease virus in western states of the USA in 2002-03 is an
indication of how important such birds could be in the introduction and spread of AI
(Senne, 2004) For this reason fighting cocks are specifically included in the OIE
definition of poultry since 2007. Notification of any NAI infection in these birds is
therefore compulsory and as the birds are defined as poultry this will lead to trade
restrictions according to the Terrestrial Code.
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7.4.

Identification of risks for the Introduction of HPAI and LPAI via avian
products

Infections with HPAI viruses, particularly in chickens and turkeys, lead to a viraemia
(Starick and Werner, 2003) whereas theoretically, LPAI viruses are restricted to
replication in the respiratory and intestinal tracts and infections should not result in
infective material outside these areas. However, under exacerbating conditions more
generalised LPAI virus infections have been reported, especially in turkeys (Mutinelli et
al. 2003) and therefore the absence of LPAI viruses in some poultry products cannot be
guaranteed. There is also the potential that products could be contaminated with such
infective faeces and therefore pose a risk.
The assessments and comments in the following sections are limited to the risk that
infectious viruses may be present in the product. In addition there is also the need, when
estimating the likelihood that this will lead to the introduction of AI, to assess the risk
that the presence of a virus will lead to its introduction to poultry or other bird
populations. The probability of bird exposure to these avian commodities will depend on
the likelihood that illegal swill feeding occurs and secondly, whether this swill contains
raw scraps or is prepared from kitchen waste that has undergone some form of heat
treatment for preparation as food. No information is available on the actual amounts of
waste at exposure, or virus in waste. In addition the titre of viable virus will decrease
further due to environmental and dilution effects.
Other mechanisms that have been postulated have been via mechanical means. Wild birds
may become infected if they feed on carcasses or meat of other birds such as dead poultry
with HPAI infection (Defra, 2007; Irvine et al 2007).
7.4.1.

Risk of LPAI/HPAI presence in eggs for consumption

HPAI.
HPAI viruses have been reported as present on the surface and in the contents of eggs
laid by infected hens (Moses et al. 1948; Beard et al. 1984; Narayan et al. 1969;
Cappucci et al. 1985; Bean et al. 1985; Starick and Werner, 2003). It has been possible to
demonstrate the presence of H5N9 HPAI virus in eggs laid 3-4 days after infection with
titres up to 104.9 EID50/ml of egg product (Swayne and Beck, 2004). Three H5N1 HPAI
viruses were isolated from shell washes of duck and goose eggs confiscated from
travellers entering China and coming from Vietnam (Li et al., 2006a). Table eggs from
HPAI infected poultry pose a potential risk for the spread of HPAI virus.
LPAI:
There is no report of a natural infection of laying birds with LPAI viruses that has
resulted in eggs containing virus internally (Swayne and Beck 2004; Lu et al. 2004)
although LPAI has been isolated from the oviduct (Ziegler et al. 1999) However, LPAI
viruses are excreted in large amounts in the faeces of infected birds and faecal material
frequently contaminates the outside of eggs shells. It would seem a wise precaution that
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the outside of table eggs are treated in some way to reduce the likelihood of faecal and/or
virus contamination, as well as egg trays and other packaging material.
7.4.2.

Risk of LPAI/HPAI presence in egg products

Egg products are frequently obtained from eggs downgraded from table eggs, often due
to cracked shells. As a result these products may be considered to have a greater risk of
contamination with faeces/virus than intact table eggs if they have not been treated in a
way that would reduce the likelihood of virus survival to an acceptable level.
Most egg products are whole eggs or parts of the egg that have been liquefied or
homogenised and subjected to some form of heat treatment, or are products that contain
egg material treated in this way. Very few studies have been published that assess the
survival of HPAI or LPAI viruses in egg materials subjected to heat treatments normally
applied during commercial processing. Swayne and Beck (2004) conducted a series of
experiments aimed at assessing the heat inactivation of a H7N2 LPAI virus, a H5N2
HPAI virus, two low virulent Newcastle disease (ND) viruses and a virulent ND virus in
various egg products at temperatures used commercially. They calculated Dt values (the
time taken for the treatment to inactivate 1 log10) for the five viruses in each of the
products and concluded that for homogenised whole egg, liquid egg white and 10% salted
yolk the temperature and time applied in standard industrial pasteurisation was likely to
reduce a level of 104.9 EID50/ml (the maximum HPAI virus level detected in a single egg)
of egg product to below or very close to the probability of 1:100 that 1ml of product
would contain 1 EID50. However, they considered that the industrial standard of 54.4oC
for seven days for dried egg white would be inadequate for acceptable heat inactivation
of HPAI virus but adequate for inactivation of LPAI and Newcastle disease viruses. The
standard of 67ºC for 15 days would be adequate to inactivate HPAI virus. Assessing the
risk of treated products depends on several factors, i.e. starting titre of virus, the
acceptable level of probability of virus survival in what quantity of product, even when
the Dt value of the virus in the product is known. The OIE Terrestrial Animal Health
Code contains guidelines for the inactivation of avian influenza in eggs, egg products and
meat.
7.4.3.

Risk of LPAI/HPAI presence in semen of poultry

There have been no reports of LPAI or HPAI virus in the semen of birds. However, since
it is well documented that in most infections of birds with HPAI virus there is viraemia, it
seems possible that HPAI virus may be present in the semen of infected poultry.
Whereas, with the caveat that strain variation may occur LPAI, infected birds should pose
no risk of transmitting LPAI through semen unless contaminated with faeces or other
body fluids during the collection process.
Using standard artificial insemination procedures, Samadieh and Bankowski (1970;
1971) were able to show turkey hens became infected when given semen contaminated
experimentally with AI virus.
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7.4.4.

Risk of LPAI/HPAI presence in semen of birds other than poultry

There is trade and movement of semen from birds other than poultry from one country to
another, usually zoo birds or endangered species. The risk of semen being infective is
probably slightly higher than for poultry because of the uncertainty of the status of the
donor birds in terms of AI infections. In addition, little is known about the pathogenesis
of AI infections in these species, and particularly for birds belonging to the Anseriformes,
there may be the risk of HPAI being systemic although asymptomatic, thus semen could
represent a means of spreading the infection. Furthermore prior immunity either through
natural infection or vaccination could result in asymptomatic infection but with systemic
spread of HPAI .
7.4.5.

Risk of LPAI/HPAI presence in fresh meat

In line with the EU definition fresh meat includes frozen meat, chilled meat, minced meat
and mechanically recovered meat (OIE, 2007; EC, 2004b). However, the way the meat is
prepared after slaughter may have significant effects on the survival of infectious viruses.
For example all influenza viruses are considered to be extremely sensitive to acid pH. On
the other hand it is known that poultry meat does not always experience a significant drop
in pH, which might however be species dependant (e.g. ratite meat). There appear to be
no adequate studies on these aspects in the literature, but it may well be that chilled meat
poses less of a risk than frozen meat and the speed at which meat is frozen or chilled after
slaughter may influence the survival of infectious viruses.
HPAI.
It has been recognised that HPAI viruses may be detected in the muscle tissues of
infected birds and numerous experiments have shown this (Purchase 1931; Mo et al.
1998; Perkins and Swayne, 2001; Tumpey et al. 2002, 2003; Lu et al. 2003; Swayne and
Beck 2004). There seems little doubt that meat from poultry slaughtered during an active
HPAI infection will contain infectious virus and although titers may be low, there may be
sufficient virus present to infect other birds if fed to them untreated (Swayne and Beck,
2004). Particular consideration should be given to fresh duck meat. Ducks usually remain
healthy when infected with HPAI viruses although they do become viraemic and virus
may be isolated from internal organs (Wood et al. 1995). HPAI H5N1 virus was isolated
from duck meat imported into Korea (Tumpey et al. 2002, 2003).
LPAI.
There have been very few reports in which the presence of the LPAI virus in meat has
been estimated in either experimental or field infections of poultry. Kishida et al. (2004)
reported the isolation of LPAI H9N2 virus from imported chicken meat and were able to
demonstrate the presence of the virus in the muscles of chickens infected experimentally
with the isolated virus. Other studies failed to detect virus in skeletal muscles or meat
(Mo et al. 1998; Swayne and Beck 2004).
This suggests that the presence of LPAI viruses in meat may be strain specific and that
the risk may need to be assessed on a case by case basis.
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7.4.6.

Risk of LPAI/HPAI presence in poultry meat products

According to EU and OIE definitions poultry meat products have undergone some form
of treatment (OIE, 2007; EC, 2004b) and the assessment must therefore be whether or not
that treatment is likely to reduce the potential level of viable virus contamination to an
acceptable level. Most treatments for poultry products involve heat treatment. Influenza
viruses are usually considered to be heat labile. The figures usually quoted are that
influenza viruses are inactivated by heat-treating for 15 minutes at 56°C or for 5 minutes
at 62°C (King, 1991; Easterday and Beard, 1984). Alexander and Manvell (2004)
investigated the heat inactivation of Newcastle disease virus in artificially infected meat
and calculated D65 as 120 secs, D70 as 82 secs, D74 as 40 secs and D80 as 29 secs. Using a
microassay for measuring precise thermal inactivation (Swayne, 2006), the Dt and Z
values for inactivation of an H5N1 HPAI virus (A/chicken/S. Korea/ES/2003) were
determine in meat from intranasal infected chickens. At the minimum cooking
temperature of 70ºC, 1011 EID50 of virus was inactivated in chicken meat within 5.5
seconds (Thomas and Swayne, 2007). Recently, the Dt and Z values were determined for
meat
from
chickens
infected
with
an
H5N2
HPAI
virus
(A/chicken/Pennsylvania/1370/1983)
and
a
virulent
ND
virus
(APMV1/chicken/California/S0212676/2002), and for meat artificially injected with an H5N2
HPAI virus (A/chicken/Texas/298313/2004) and a low virulent ND virus (APMV1/chicken/Northern Ireland/Ulster/1967) indicating inactivation times were similar or
shorter for these viruses than the original H5N1 HPAI virus (Thomas et. al., 2008). These
latter two studies suggest that the standard cooking temperature of 70ºC would inactivate
AI and ND virus in meat of infected poultry within a few seconds. However in assessing
risk, other factors such as the starting titre of virus, the acceptable level of probability of
virus survival and the quantity of product treated are important.
7.4.7.

Risks of LPAI/HPAI transmission by feathers and down from poultry

Feathers and down from poultry especially ducks and geese are used as a filling for
duvets, pillows, thermal clothing and other textiles. The feathers are removed from the
carcases after slaughter, or harvested from live birds i.e. down feathers from the breasts
of geese (this is a common practice in N. China and some other northern Asian
countries). The most likely reason that feather or down would be infective is due to
contamination with infective faeces or other body fluids. It has to be considered that
H5N1 HPAI virus has been isolated from the skin of experimentally inoculated ducks and
geese and that the detection of viral antigens and ultra-structural observation of the
virions in the feather epidermis raise the possibility of feathers as sources of infection
(Yamamoto et al., 2008).
However, these plumage products are usually processed in ways that can vary from
simple cleaning with soap-containing solutions, with or without disinfectant, to more
sophisticated treatment involving thorough cleaning and steam treatment. International
standards of steam treatment of feathers from infected birds or from feathers faecally
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contaminated with AI virus have been shown to be appropriate for destroying infectious
virus (Ian Brown pers comm., VLA unpublished data).
According to current EU Regulation 1774/2002 imported feathers and down should have
been treated to ensure that no AI virus remains.

7.5.

Conclusions

Risks of introduction of avian influenza via live birds and hatching eggs
• Infected live poultry are potential agents for introduction of AI especially when
they are in their incubation period of HPAI, infected with LPAI or of a species
that does not show overt clinical signs. Surveillance and good implementation of
the border controls are essential to prevent introduction of AI viruses.
• The risk associated with day old chicks and hatching eggs should not be
considered negligible
• Pigeons have been considered largely refractory to AI infection. Some recent
experimental studies have shown that pigeons are susceptible to infection,
developing clinical signs apparently without spreading the virus to susceptible
poultry.
• Wild captured birds pose a risk of introduction of HPAI. Based on the outcome of
the previous EFSA opinion (2006a) imports and quarantine provisions for captive
birds have been revised and strengthened. Imports are now restricted to captive
bred birds from approved breeding establishments from a limited list of countries.
Therefore, risks derive today mainly from illegal importations.
• Fighting cockerels are a risk for spread of the virus due to gatherings and frequent
transport.
Risks of Introduction of avian influenza via other avian products
• Amongst avian products, the importation of fresh poultry meat has the highest
risk of introducing of avian influenza with emphasis on duck meat due to the fact
that clinical signs of the disease may not have been apparent before the slaughter
of the birds.
• Eggs for consumption may be infected with avian influenza; however they do not
normally come into contact with poultry again. Contaminated packaging materials
and trays pose a greater risk but decontamination can be implemented.
• Egg or meat products are usually subjected to a form of heat treatment which
would inactivate HPAI. The temperatures and times required for inactivation can
be found in the OIE Terrestrial Manual.
• Semen may be infected after viremia of the donor and a potential source of
infection for HPAI.
• When feathers and down are treated before import to inactivate any virus
according to EU Legislation the risk can be considered negligible,
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7.6.

Recommendations
The relative importance of the risks listed in the conclusions of 7.5 should be
evaluated.

7.7.

Veterinary checks on EU borders

Checking imports at border inspection posts (BIPs) is one of the main safeguards for
ensuring that imports, both of live poultry and of avian products, are in compliance with
the required legal standards. Information on import requirements can be found on the EC
website 10 . Both live animals and products of animal origin must undergo veterinary
checks.
Clinical examination of live poultry cannot completely avoid the import of AIV infected
poultry if they do not show clinical signs or are still in the incubation period. Besides the
OIE requirement for AI surveillance in the exporting country, there are no specific import
controls required for poultry species that are less clinically susceptible such as ducks.
However, following importation the poultry is placed under official surveillance for 6
weeks at the holding destination where clinical examination is carried out and when
necessary samples for laboratory investigation are taken.
7.8.

Border inspection post approval and their efficacy control

The European Commission’s Food and Veterinary Office (FVO) carries out inspections
of the BIPs and the complete inspection reports can be found on the FVO website 11 . The
reports show that the safeguards are not 100% effective in ensuring that everything which
enters the EU 'legally' conforms to EU animal and veterinary public health requirements.
In addition, the first cited FVO report referring to controls in eight Member States noted a
number of problems such as deficient facilities (5/8), deficient staffing (2/8), insufficient
or unreliable completion of incoming and rejected consignments (7/8), acceptance of
consignments without original certificates and/or without accompanying original
certificates (3/8). The inspections carried out since 2005 show that most countries took
action to improve the deficiencies previously noted. However all recent reports still show
bypasses of veterinary checks. Other weaknesses were noted such as insufficient staffing,
training, identification, rejection and follow-up of consignments and documentation.
Some countries have not correctly interpreted and implemented EU legislation. In the
countries at the southern eastern border of the EU (Bulgaria, Romania, Greece)
improvements were insufficient and severe shortcomings were still noted that weaken the
import control.
The TRACES 12 system was introduced in 1 January 2005. It is designed for rapid
traceability of all movements of live animals and of certain kinds of animal products
10
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http://ec.europa.eu/food/fvo/index_en.htm
12
http://europa.eu.int/comm/food/animal/diseases/animo/index_en.htm
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between Member States and those which have been imported at EU borders. TRACES is
a computerized network linking Member States’ veterinary authorities and it replaces and
improves on the earlier ANIMO system. According to the BIP inspection reports from
2006 and 2007 there are still big deficiencies to be found in the implementation of
TRACES. The consequence is that the system does not give the “real time” data and
therefore does not fulfil its purposes yet. Comments found in the reports range from
“not installed”, “not used”, “no timely entering of the data so transport has already
arrived before data are available” , “ TRACES only sends one notification per day so
with transports over short distances the shipment can be arrived before the data are sent”,
even if the direct access in TRACES is available as soon as it is introduced into the
system, “no monitoring by the relevant authorities” etc.
However in most FVO reports improvements in the implementation and use of TRACES
is noted. To cope with that type of comment a modification of the regulation is foreseen
to force Member States using TRACES and not only registering the information into the
system.
7.9.

Illegal importations

The FVO has carried out a series of missions to 15 Member states (2004/2005) to
evaluate the measures in place to detect and prevent illegal imports of live animals and
animal products. All Member States had risk-based systems for illegal import in place
although it should be noted that animal health issues were not regarded the highest
priority. Main weaknesses were identified in the illegal importation of products of animal
origin in passenger luggage. The communication between customs and veterinary
authorities is not optimal. A working group has been established by the Commission for
improvement of this relation. Currently no specific reports have been released regarding
the new Member States. It should be borne in mind that it is not possible to prevent
illegal importation completely but the implementation of the right measures and vigilance
of the enforcement authorities should minimise the likelihood of occurrence. The risks of
introduction of AI through illegal importations are regarded as high since the normal
controls are circumvented.
7.10.
•
•
7.11.

Conclusions
The checks at the EU borders are important to reduce the possible introduction of
HPAI
The TRACES system is not fully implemented and therefore does not give the
real time data of movements of live animals.
Recommendations
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•
•

For the EU, emphasis should be given to the necessary improvements in the
Border Inspecion Posts (BIP’s) and the full implementation of the EU Trade
Control and Expert System (TRACES).
It should be ensured that the EU legislation and veterinary checks, necessary to
prevent introduction of AI viruses in the EU, is fully implemented.

PART III: Welfare Issues and Biodiversity
8.

WELFARE ASPECTS OF AVIAN INFLUENZA

Avian influenza can cause considerable suffering in infected birds and other animals as
detailed in the previous report (EFSA 2005). It is therefore of benefit for all animals that
may become infected either to be protected through vaccination or to avoid being
exposed to the virus in the first place. However, once infected birds (and other animals)
have to be killed to prevent the spread of disease then the methods that are employed are
a matter of concern from a welfare viewpoint. The major problems have been described
in earlier reports (EFSA, 2005, EFSA, 2004) and only new developments will be covered
here. In addition the research and development of vaccines and their administration will
be covered.
8.1.

The impact of infection on wild birds

LPAI viruses are not fatal and sometimes the birds show no clinical signs. Nevertheless
changes in migration times, feeding patterns and re-capture rates suggest that the birds
are adversely affected by an infection (see Section 2.2). Birds infected with the HPAI
strains, on the other hand, show a high rate of mortality, and in one instance a 10 %
reduction in the world population of the globally threatened Bar-headed Geese (Anser
indicus) was recorded. Over 60 species of birds are susceptible to the H5N1 strain
causing mortality although other clinical signs are difficult to record accurately in the
field. However, laboratory studies show that death is rapid and often few clinical signs
are seen.
8.2.

New developments in killing for disease control purposes

The OIE (Terrestrial Animal Health Code, 2007, Part 3, Section 3.7. Chapter 3.7.6.) has
published guidelines for the killing of animals for disease control purposes giving
management guidance as well as a critique of some of the methods. Another recent
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summary has been published on The Poultry Site (13th July 2007; Webster, AB
Depopulation Methods for a Commercial Layer Flock: Part 1 and 2) specifically for
birds.
The objective of killing animals humanely is for the method to cause minimum suffering
prior to loss of consciousness (EFSA 2004). It is not always easy to find humane killing
methods for those birds that are to be killed. The method of killing chosen could result in
a death that involves poor welfare prior to death for a substantial time so is not humane.
However, other methods of killing for disease control purposes are humane in that they
involve little or no poor welfare because the effects on the animal are not severe, for
example some gases that cause unconsciousness but are scarcely or not at all detectable,
or because any period of poor welfare is very brief. The magnitude of the poor welfare
associated with a killing method is a function of the severity of effect and the duration of
that effect (Broom 2001, Broom and Fraser 2007, and many others). The principle
presented in this part of the report is that humane methods for emergency killing can
always be found. Some preparation, involving acquisition of equipment and consumable
resources, is desirable in order that it will not be difficult to achieve the necessary
humane killing. It is not always easy to find such methods for all circumstances but
recently there have been developments in the use of mobile equipment and the agents
used (Gerritzen et al. 2004). As the destruction of the birds can involve tens and even
hundreds of thousands of birds it is often impracticable to consider individual restraint
and slaughter as is necessary with electrocution or physical methods. Consequently
research has focused on the use of gas mixtures that can kill birds on farms, and in the
shed where they are normally housed. This saves handling as well as transport of living
and potentially infected animals. In some Member States, mobile slaughterhouses
suitable for the killing of poultry exist. Such specialist units would be appropriate for use
in emergency slaughter situations as they should already be adapted for humane killing
and designed so that necessary disinfection can be carried out. It is likely that there will
be further developments in the production of mobile slaughterhouses. For the slaughter
of small numbers of animals e.g. zoo birds and hobby flocks, then individual killing
becomes a feasible alternative to the mass slaughter of commercial poultry holdings.
8.3.

Culling system updates

8.3.1.

Physical and electrical methods

When the numbers of birds to be killed are small, it is sometimes possible to use an
overdose of anaesthetics, physical methods such as cervical dislocation, destruction of the
brain (captive bolt), decapitation and electrocution (the humane use of these is given in
detail in EFSA, 2004). However, some of them can be costly and there are legal
considerations regarding their safety for humans, access and use. Cervical dislocation
and decapitation can lead to poor welfare unless used only for killing birds that have
previously been stunned (EFSA, 2004). The humane killing of birds such ostriches and
other ratites requires expert assistance. The preferred options for large birds are lethal
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injection (for managed birds) and firearms (for free-ranging birds). Fertilised eggs can be
destroyed by cooling them to <4°C for four hours. (Ausvetplan 2006). Where blood may
be spilt then there is also a potential biosecurity hazard.
Specially designed stand-alone electrocution equipment has been developed for
emergency killing and proved to be effective and efficient enough to process 2,500 to
10,000 birds per hour. It is mobile and designed for the use in rural areas in that it
includes a generator. It can be placed directly within the culling area. The machine can
process 2,500 to 4,000 birds per hour and is operated by one operator. On-site training of
the operator takes approximately one day. However, practical experience with such
equipment showed that portable, closed loop shackle lines failed to induce
unconsciousness and a humane death in a considerable number of birds that flapped their
wings and hence did not make electrical contact with the water bath (Gerritzen et al
2006b). This work also showed that mobile electrical stunning units could have too low a
current to stun birds effectively. In addition, wing-flapping can increase the chances of
aerosol spreading of pathogens or infective materials. The manual handling of large
numbers of birds prior to killing may cause poor welfare in some or many of them
(Kiesebrink pers com).

8.3.2.

Gassing in buildings

If poultry can be gassed in the building in which they live, stressful handling by humans
can be avoided, as can some of the hazards to human personnel. The precautions that
should be taken have been listed by Berg (2007) and Berg et al. (2007). The requirements
are: a building that is reasonably sealed to contain gas before any gas is introduced, no
functioning ventilation system, a gas jet that does not contact any animal directly,
adequate possibility for the warming of cold gas, the possibility for visual inspection of
the animals, and the possibility to measure the gas level inside the building should the
need arise.
The effects of different gases on the welfare of poultry are discussed in EFSA (2004
Stunning Report). They vary in their effects on bird welfare as some gases are not
detectable when inhaled while others are aversive. Moreover, the speed with which birds
are rendered unconscious varies, as does the risk of recovery or failure to cause death.
Although 40-100% carbon dioxide is aversive to chickens and leads to gasping and head
shaking responses prior to loss of consciousness (Gerritzen et al., 2004), concentrations
of less than 30% may not always be aversive. As a consequence of the aversiveness of
CO2, the recommendation in EFSA (2004) was that the concentration CO2, the
recommendations in EFSA (2004) was that the concentration of CO2 in gas mixtures
should not exceed 30% (McKeegan et al, 2006; Raj et al., 2006). Carbon dioxide at
concentrations of 40-100% is effective as an agent for killing birds that are already
stunned. If carbon dioxide in solid or liquid form contacts a conscious animal, cold burns
with associated very poor welfare will ensue. A recent trial looking at the use of liquid
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carbon dioxide delivered into the pit of a poultry house showed that birds were
potentially conscious for an average of 5.2 minutes (range 3.9-7.9) and they did not
experience high concentrations of CO2 while conscious. There was no evidence that they
died of hypothermia but they did show a prolonged reflex respiratory response
(McKeegan et al., in press).
The use of carbon dioxide for stunning can be very slow and often ineffective for ducks
and similar problems are likely to occur with geese. Gerritzen et al (2006a) found that
ducks died when exposed to 20-25% carbon dioxide but recommended that a
concentration of 45% be used. However, field trials carried out in member states
indicated that these poultry species require a concentration of higher than 80% by volume
of carbon dioxide in air and they take longer time to die with the gas (Atkinson and
Algers, 2006; Berg, 2007; Berg et al., 2007).
As reported in EFSA (2004) argon and nitrogen are inert gasses that are not aversive to
poultry and kill by causing hypoxia. They are only effective when oxygen levels in the
area around the birds are reduced to less than 2%. Nitrogen makes up 80% of air and is
the same density as air but argon is more dense than air so is easier to control when put
into a building or container. Cold nitrogen from a cylinder is more dense than the
surrounding air and displaces it so that an oxygen concentration of less than 2% can be
achieved (Rai et al., 2006; Raj 2008).
Carbon monoxide kills poultry when levels reach 1.5 to 2% in air. It can be obtained in
compressed gas cylinders. Gerritzen et al (2006a) observed convulsions in poultry killed
with carbon monoxide and concluded that these occurred prior to loss of consciousness
so the welfare of the birds was poor for some seconds. Carbon monoxide is toxic to
humans, so there are significant health and safety issues that need to be considered.
Gerritzen et al. (2006a) and Raj (2008) point out that if carbon monoxide is used in a
building, a human exclusion zone of 25 metres is needed around the building and the
presence of a fire brigade is essential as 10% or more CO is highly explosive.
Hydrogen cyanide is a very quick and effective culling agent. It is reported that poultry
exhibit convulsions prior to unconsciousness and exhibit respiratory difficulties so their
welfare is very poor (Raj 2008). It acts by causing paralysis of the respiratory centre.
Hydrogen cyanide is very toxic to humans and is no longer commercially available.
Foams have been used for killing poultry in buildings. These are of two kinds, foams
with a low gas to water ratio (high density fire fighting foam) and dry foams or foams
with a high gas to water ratio. Kiesebrink (pers comm.) explains that the extension ratio
of foam is the number of litres of foam produced by one litre of water. In the low gas
foams this ratio is 100-140 to one litre and when the foam collapses it breaks down to
water. In the high gas foams the ratio is 300 to 350 or even more foam to one litre of
water and when the large bubbles break they release a substantial amount of gas. The
extension rate of the foam depends on the kind of nozzle used to produce it. When
poultry are immersed in low gas extension ratio foams, besides the paper of Gerritzen and
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Sparrey (in press), the evidence available for the effects on the birds is largely that
reported by the manufacturers of the foam-based systems These reports state that the
foam bubbles do not go further into the respiratory system of the bird than the trachea.
This means that, whatever the gas in the bubbles, the trachea is blocked by aqueous
bubbles so the bird is most likely to die of asphyxiation and hypoxia. Drowning leads to
very poor welfare and so it is likely that water-based high-density fire fighting foams are
an unacceptable means of killing animals.
If high gas extension ratio or dry foam is used, the breathing of the bird will, at least with
some foams, create a space that will cause the bubbles in the foam to break open
in that area and hence expose the bird to the gas contained in the foam. A
report by Raj et al. (in press) suggests that when a foam is used, containing
nitrogen bubbles with surfactants similar to those used to manufacture domestic hair
shampoo,
the
birds
die
from
hypoxia
caused
by
nitrogen released by the bursting bubbles. If this is correct, and since
nitrogen inhalation is not aversive to poultry, this method could be humane. Research by
Kiesebrink (pers comm.) confirms this result.
Poultry-house gassing has become an advanced technology, using mobile evaporation
equipment and specialised operators. Poultry-house gassing has been applied in the case
of large numbers of broilers, kept within mechanically ventilated buildings. If all of the
precautions described (Berg, 2007; Berg et al., 2007; Raj, 2008) are used, and in
particular if the buildings have been designed to facilitate the rapid introduction of gas,
chickens and turkeys can be killed rapidly in buildings using gas mixtures. Ducks and
geese are killed more slowly so the use of non-aversive gases, or other methods, is more
important. For the killing of all poultry in buildings, the use of a non-aversive gas such
as argon or nitrogen will cause the least poor welfare, provided that an oxygen
concentration of less than 2% can be achieved (Sandilands et al., 2006a & 2006b).
8.3.3.

Gassing in containers

If birds are to be killed in containers, some degree of stressful handling of birds will be
needed, although this also occurs in handling before transport to a slaughterhouse. The
birds may be put directly into a container or put into a crate that is then put into a
container. Inhalation agents require the use of a sealed chamber, such as a commercial
waste disposal bin or a specially designed sealed bag. A major risk of poor welfare in this
situation is that the birds may be killed, not by the gas but by suffocation when more
birds are put on top of them. Additionally, solid or liquid carbon dioxide with extremely
low temperatures, administered into containers, will cause cold burns in conscious
poultry. If the supervising veterinarian can see inside the container it is possible to ensure
that the poultry are killed quickly and effectively by gassing. Whenever birds are
progressively added to large sealed containers, the veterinary supervisor needs to make
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sure that all birds inside the container are dead before others are added. All of the
comments about the effects of the different gases described above are relevant here. If
CO2 is decanted from compressed gas cylinders too quickly, it will lead to freezing of the
gas in the cylinders, pipelines or of the regulators. This concentration of CO2 would be
aversive to all poultry.
An advantage of the bin container method is that it is not limited to quantities or type of
poultry up to a weight of 20 kg each. The culling process can be stopped at any moment,
in the case of problems within the culling process. One disadvantage of this system is the
high costs of operation. A second disadvantage is the poor welfare of birds during the
time from entry to the gas to unconsciousness. There would be no such disadvantage if
argon were used.
8.3.4.

Methods that should not be used

In addition to those listed in the earlier reports (EFSA 2004, 2005) ventilation shutdown
(VSD) has been suggested as an emergency method of killing birds with AI. It is known
that in hot weather when ventilation failure occurs with birds close to slaughter weight
that high mortality through suffocation and heat stress can occur rapidly, especially in
large, well-insulated buildings. However, for younger birds, breeders, caged layers, etc.,
especially in cooler weather or in older buildings, anecdotal evidence suggests that death
may be less rapid, and hence more traumatic, with no guarantee of a rapid, complete kill.

8.4.

Welfare aspects of vaccination

Effective vaccination protects birds from the poor welfare that would result from
contracting the diseases (Morton, 2007). However, it should be borne in mind that the
process of vaccination itself has a welfare impact, through the catching and restraint of
birds, pain of injection and any subsequent discomfort from the injectate e.g. in the
muscle or a systemic reaction (although this is not a reported side effect). Vaccines
delivered by inhalation remove much of the poor welfare apart from any systemic
reaction.
A further concern arises at the stage of vaccine research and development when
unprotected animals are exposed to the various viral serotypes and where death is the
scientific outcome measure (Bottrill K, 2000/1998; Bruckner et al., 2000; Cooper and
Jennings, 2008). Moribund birds can be humanely killed and many may be unconscious
and, therefore, no longer able to suffer. Death can be so quick that clinical signs may not
be seen. However, when such signs are seen, then the vaccine presumably has not
protected the animals and it may be possible to kill them at that stage rather than waiting
for them to die. Validation studies of such humane endpoints could be carried out to
avoid false positive results, or at least to know the incidence, so that allowances can be
made in the interpretation of the data.
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8.5.

Conclusions
1. New developments in the killing of poultry for disease control include the use of
dry or high extension rate foams delivering gases that kill by hypoxia.
2. Other developments are mobile on-farm slaughter plants and whole house gassing
techniques involving different gas mixtures, and also high-throughput
electrocution techniques.
3. Recent studies show that, where birds are handled by people during emergency
killing, handling often causes much stress and injury. Portable shackling lines for
electrical stunning and killing, using presently available equipment can fail in that
birds are not killed but only stunned.
4. The gassing of birds in buildings can kill poultry humanely provided that the
building is reasonably sealed to exclude air entry, there is no functioning
ventilation system, the gas jet does not directly contact birds, the gas is not cold
enough to harm body tissue and the gas is an inert gas like argon or nitrogen or a
gas mixture with no more than 30% carbon dioxide.
5. Recent work on carbon monoxide suggests that in addition to being dangerous for
humans, it may cause poor welfare in poultry.
6. Foams with a low gas to water extension ratio (100-140), such as high density fire
fighting foam, kill by drowning (asphyxiation and hypoxia) and will often, or
perhaps always, result in poor welfare in the birds. Foams with a high gas to water
extension ratio (300 or more) surround the mouth of the birds with the gas so, if
an inert gas such as nitrogen is used, the birds are stunned humanely and then
killed by the gas.
7. Ducks and geese are rendered unconscious and killed by gases such as CO2 more
slowly than chickens or turkeys so that exposure to CO2 gas leads to poor welfare
for a longer time.
8. Birds gassed in containers may die of suffocation if they are not unconscious
before other birds are put on top of them.
9. The development of vaccines and the administration of vaccines can lead to poor
welfare in the animal subjects however vaccines can greatly improve welfare by
preventing disease.

8.6.

Recommendations
1. The method selected for the killing of birds for avian influenza control should be
humane and should prevent virus spread but should take into account availability
of equipment, human resources, accessibility of the farm, number of birds and
other factors mentioned in this report,

102

The EFSA Journal (2008) 715, 1-161

Animal health and welfare aspects of avian influenza

2. The gassing of birds in buildings is a recommended killing method provided that
it is carried out taking the precautions listed in the Conclusions and the Report
text.
3. When poultry are gassed in buildings or containers, aversive gasses or gas
mixtures, such as carbon dioxide at concentrations of over 30%, should not be
used unless the birds have already been made unconscious by a humane method.
4. Foams with a low gas to water extension ratio (100-140), such as high density fire
fighting foam, should not be used for killing poultry. However, foams with a high
gas to water extension ratio (300 or more) in which inert gas such as nitrogen is
used, can be recommended for humane killing.
5. Birds should not be placed in containers for killing on top of other birds unless
those birds have been checked to ascertain that they are unconscious or dead.
6. Portable shackling lines for electrical stunning and killing cannot be
recommended for killing poultry for disease control at present.
7. Vaccination of poultry should be carried out with minimal or no handling and
vaccines that cause no significant pain or discomfort should be used.

8.7.

Recommendations for research
1. Research into humane and effective killing methods such as the use of foams and
gasses should be continued.

9.

9.1.

Impact of AI on biodiversity

HPAI impact on wildlife

H5N1 virus infection may threaten the survival of endangered felids (Kuiken et al. 2004,
Rimmelzwaan et al, 2006). The severity of this threat is increased because H5N1 virus
may be transmitted horizontally between domestic cats (Keawcharoen et al., 2004).
As well as impacts on poultry, and implications for human health, the spread of H5N1
HPAIV also has significant implications for the conservation of several species of
globally threatened waterbirds in Europe. The small population sizes of these species
make them especially vulnerable to the consequences of significantly enhanced mortality
from highly pathogenic avian influenza. The impact of the spread of H5N1 on vulnerable
water bird species was described in EFSA’s scientific report on migratory birds and their
possible role in the spread of highly pathogenic avian influenza (EFSA, 2006a: Chapter
11.5).
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9.2.

HPAI impact on poultry genetic resources

FAO has just finalized the first State of the World’s Animal Genetic Resources, the first
ever assessment of domestic animal diversity (FAO, 2007). During this process, the
Global Databank contained in the Domestic Animal Diversity Information System
(DAD-IS) has been updated and contains now information on 16 avian species with 3505
country breed populations. Most of the commercial chicken layer and broiler stocks were
created from a restricted genetic base in the last century in Europe and North America.
Population data – a prerequisite for breed management and the assessment of the risk
status – are missing for many breeds. Population data are available for only 39 % of the
avian breeds (FAO, 2007). 30 % of avian breeds are classified as “at risk” of extinction
because of their small population size (FAO, 2007). The proportion of breeds at risk of
extinction is high in chickens (33 %), turkeys (34 %) and geese (31 %). The regions with
the highest proportion of their avian breeds classified as at risk are North America (79 %)
and Europe and the Caucasus (49 %). These are the regions that have the most highlyspecialized livestock industries, in which production is dominated by a small number of
breeds/lines.
There is a lack of precise national statistics on the numbers of poultry producers, stocks
and production and of the contribution of commercial and local stocks to production in
developing countries. Despite a few years of HPAI outbreaks in East and South East
Asia, there are no contingency plans or spatial information on production incorporating
poultry genetic diversity in most countries. The genetic background of culled birds is not
usually recorded, and systematic data about infected/not-infected birds among the culled
birds are missing. Hence, no hard data exist on the numbers or proportions of breeds
affected by HPAI; only indirect assessments of the genetic background are feasible.
Culling policies affected large scale and smallholders differently, and compensation
policies in different countries targeted them differently. There is a need to distinguish
between direct and indirect impact of HPAI itself and HPAI control measures.
The assessment of the direct impact of HPAI and HPAI control measures provides no
clear effect on the genetic resources, however, localized genetic resources are at risk in
case of HPAI outbreaks, e.g., the loss of the stock off pure breeds, resulting from years of
research and development and careful selection, at the Faculty of Agriculture Cairo
University (Hosny, 2006).
The picture regarding the potential indirect impact of HPAI control measures is
somewhat clearer. The restructuring of the poultry sector has the potential to marginalize
smallholders and the local breeds they keep. Several developing countries are at least
informally discussing sector restructuring but few have formal plans for doing it. It
appears that programmes for increased biosecurity and more integrated poultry chains
designed for HPAI control have speeded up implementation of existing government plans
for relocation of large scale production and market units from densely populated poultry
areas into more remote areas (e.g. Malaysia, Vietnam). Closure or relocation of the live
poultry (“wet”) markets, collection points and small slaughter points and the subsequent
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exclusion of smallholders from the market chain may have more negative implications
for the future of local breeds and the food security of the rural poor than simply the
spatial relocation of the sectors. With high contribution of the small-scale poultry sector
to food production and direct marketing, the biodiversity risk of market displacement
increases (Otte et al., 2006).
In developed countries, any obligations to keep poultry indoors compromise the status of
“organic” or “free-ranging” poultry (EC, 2006). European fancy breed societies maintain
a high number of poultry breeds. In Germany alone, the association of fancy breeders has
about 300.000 members. Some rare chicken breeds are kept by less than 20 breeders and
have population sizes below 200 animals. A questionnaire survey of rare breed breeders
in Germany revealed a reduction in poultry numbers of 33% between 2005 and 2006,
mainly due to the obligation to keep birds in-doors and the related productivity and
welfare problems (Zimmermann, 2007). The breeders considered confinement as an
impossible measure, and in contradiction with their production system. Many decided to
slaughter, some confined the birds to unused buildings. Local poultry have not been bred
to support high concentration and they become aggressive with each other. Moreover, the
sexual activity increases with lighting (spring). In France, this was particularly true for
AOC Bresse, whose farmers suffered heavy losses (cases with 90% mortality, 60 %
injuries, 3 weeks increase of growing period) (Fermet-Quinet & Bussière, 2007).
In the Netherlands, between 5000 and 10,000 holders of rare and fancy breeds have given
up after the 2003 outbreak and the subsequent locking-up periods. However, the list of
endangered Dutch breeds and species of domesticated chickens, ducks and geese is stable
since 2002 (Polmann, 2008). In Germany, the annual cancellation of memberships during
2005-2007 increased threefold to more than 8000 pedigree breeders Equally in France,
more than 10.000 small-scale poultry farmers, particularly of ducks and geese, stopped
production due to the obligation to keep birds in-doors and the resulting increased
mortality. Rare and localized breeds are under threat as movement controls led to
increased inbreeding. It seems that one goose, one duck and two chicken breeds have
disappeared in France (Eglin, 2008). The ban on exhibitions was difficult for the
competitive breeders, as these exhibitions are the basis of their social networks and their
breeding activity. Although the breeders’ passion for the activity has permitted them to
overcome that period, a repetition of such measures may be harmful for breed diversity
(Fermet-Quinet & Bussière, 2007).
Restocking after the disease or after the movement controls is another problem. In
France, farmers were unable to resume activity immediately after the regulations were
lifted, basically because of the lack of appropriate hatching eggs, day old chicks and
“started” 4 weeks poultry (Fermet-Quinet & Bussière, 2007). Equally in Maharashtra
State of India, backyard farmers who kept local breeds before the HPAI outbreak have
restocked with commercial birds (Gothge, 2008). This leads to an overlap of previously
distinct production systems with distinct genetics, and may over the long term threaten
local breeds. The restructuring of the poultry sector after the HPAI outbreaks thus has the
potential to marginalize smallholders in developed and developing countries and adds
another risk of extinction for local breeds.
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To date, little is known about the effect of the genetic background underpinning
differences in the infection process and the response between individuals, or difference of
the host on evolution of influenza viruses, or on outcome of AI infection. Experiments in
domestic species have shown that there are often genetic differences in response to
disease challenge (Bishop, 2006). Genetically, this variation varies from single genes to
many genes, each with small effect. However, the role host genetic variability plays in
resistance, susceptibility, viral adaptation and disease progression and transmission is
largely unknown.

9.3.

Conclusions

•

HPAI H5N1 continues to have significant implications for the conservation of several
species of globally threatened waterbirds in Europe

•

H5N1 virus infection may threaten the survival of endangered mammalian species
such as felids

•

In most countries a serious lack of knowledge exists on most aspects of poultry
genetic resources. Thirty percent of recognized poultry breeds were already under
threat of extinction before the HPAI crisis.

•

From the little information available there is no indication about a direct threat of
HPAI of poultry genetic diversity, except for localized genetics. There may be an
indirect impact of the HPAI related measures including restocking and sector
restructuring.

•

Host genotypes can have an effect on the quality of the immune response and on the
expression of virus virulence genes.

9.4.

Recommendations

•

National responses to HPAI H5N1 should aim to reduce risk to globally threatened
waterbirds and other species.

•

Improve characterization, inventories and spatial information of rare and valuable
stocks of poultry.

•

Include poultry genetic resources in risk assessment, disease preparedness and
contingency planning. This includes precautionary cryo-conservation and vaccination
of valuable genetic material. It also includes improved data collection during
outbreaks.

•

Consider long-term and indirect biodiversity implications of disease control measures
on poultry genetic resources and biodiversity. Take into account the specific social
106

The EFSA Journal (2008) 715, 1-161

Animal health and welfare aspects of avian influenza

and economic conditions of the rare and fancy breed sector, and create an
environment that allows restocking with the same genetics as before the outbreak.
9.5.

Recommendations for research

•

Determine the possible impact of HPAI on endangered avian and mammalian species
and rare breeds of poultry.

•

The contribution of the genetic diversity in populations to susceptibility to the virus
and transmission dynamics needs further investigation. This should include research
into genetic resistance to infection.
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11. ANNEXES
11.1.

Annex 1

Table 12: Experimental infections in non-Galinacious species (updated from table 6.1 of EFSA, 2006a)
Common
name
Tufted duck

Scientific
name
Aythya fuligula

Virus

Clade

Dosis

Route

Death

Clinical signs

A/Turkey/Turkey/1/2005

2.2

1x
10E4

trachea &
esophagus

3/7

Eurasian
pochard

Aythya ferina

A/Turkey/Turkey/1/2005

2.2

1x
10E4

trachea &
esophagus

1/7

Mallard

Anas
platyrhynchos
Anas crecca

A/Turkey/Turkey/1/2005

2.2
2.2

0/8

Anas penelope

A/Turkey/Turkey/1/2005

2.2

Anas strepera

A/Turkey/Turkey/1/2005

2.2

Whooper
swan
Black swan

Cygnus cygnus

2.2

intranasal

5/5

Trumpeter
swan
Mute swan

Cygnus
buccinator
Cygnus olor

intranasal

5/5

intranasal

5/5

Bar-headed
goose

Anser indicus

A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005

trachea &
esophagus
trachea &
esophagus
trachea &
esophagus
trachea &
esophagus
intranasal

0/8

A/Turkey/Turkey/1/2005

1x
10E4
1x
10E4
1x
10E4
1x
10E4
1x
10E6
1x
10E6
1x
10E6
1x
10E6
1x
10E6

4/7 mild, 3/7 severe; Labored
bearthing, increased
recumbency, nervous signs,
3/7 mild, 1/7 severe; Labored
bearthing, increased
recumbency, nervous signs,
0/8

intranasal

2/5

Common
teal
Eurasian
wigeon
Gadwall

Cygnus atratus

2.2
2.2
2.2
2.2
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resp
virus
6/7

cloacal
virus
0/7

*

Ref**

Y

1

7/7

2/7

Y

1

8/8

0/8

Y

1

0/8

3/8

1/8

Y

1

0/8

0/8

4/8

0/8

Y

1

0/8

0/8

7/8

0/8

Y

1

4/4

4/4 listlessness, neurological
signs
5/5 most deaths without any
previous signs
5/5 listlessness, neurological
signs
5/5 listlessness, neurological
signs
5/5 Depression, neurological
signs

4/4

4/4

Y

2

5/5

5/5

y

2

5/5

5/5

y

2

5/5

5/5

y

2

5/5

4/5

y

2
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Cackling
goose
Common
name
Quail
Quail
Budgerigar
Budgerigar
Mallard
Mallard
Mallard
Northern
pintail
Bluewinged teal
Redhead
Wood duck

Branta
hutchinsii
Scientific
name
Coturnix
japonica
Coturnix
japonica
Meopsittacus
undulates
Meopsittacus
undulates
Anas
platyrhynchos
Anas
platyrhynchos
Anas
platyrhynchos
Anas acuta
Anas discors
Aythya
americana
Aix sponsa

A/Whooper
swan/Mongolia/244/2005
Virus

2.2
Clade

A/Chicken/Yamaguchi/7/2004

2.5

Duck/Yokohama/2003

5

A/Chicken/Yamaguchi/7/2004

2.5

Duck/Yokohama/2003

5

A/Chicken/Yamaguchi/7/2004

2.5

Duck/Yokohama/2003

5

A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005
A/Whooper
swan/Mongolia/244/2005

2.2
2.2
2.2
2.2

intranasal

3/4

4/4 listlessness, neurological
signs
Clinical signs

Route

Death

1x
10E8
1x
10E8
1x
10E8
1x
10E8
1x
10E8
1x
10E8
1x
10E6
1x
10E6
1x
10E6
1x
10E6
1x
10E6

intranasal

7/7

4/4

4/4

y

2

resp
virus

cloacal
virus

*

Ref**

intranasal

6/6

intranasal

7/7

intranasal

7/7

intranasal

5/6

3

intranasal

6/6

3

3
2/6 severe nervous disorders

3
3

3/7 severe nervous disorders

3

intranasal

4

intranasal

0/3

0/3

3/3

1/3

Y

4

intranasal

0/3

0/3

3/3

1/3

Y

4

intranasal

0/3

0/3

3/3

2/3

Y

4

intranasal

2/3

3/3

2/3

Y

4

3/3

3/3

Y

4

3/3

1/3

Y

4

2/3

0/3

Y

4

Laughing
gull

Larus atricilla

A/Whooper
swan/Mongolia/244/2005

2.2

1x
10E6

intranasal

2/3

Mallard

Anas
platyrhynchos
Anas acuta

A/Duck meat/Anyang/01

0

intranasal

0/3

A/Duck meat/Anyang/01

0

1x
10E6
1x
10E6

2/3 cloudy eyes, ruffled feathers,
rhytmic dilation, weakness,
incoordination, tremors, seizures
3/3 cloudy eyes, ruffled feathers,
weakness, incoordination,
torticollis
0/3

intranasal

0/3

0/3

Northern
pintail

2.2

1x
10E6
Dosis
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Bluewinged teal
Common
name
Redhead

Anas discors

A/Duck meat/Anyang/01

0

Scientific
name
Aythya
americana
Aix sponsa

Virus

Clade

A/Duck meat/Anyang/01

0

A/Duck meat/Anyang/01

0

Laughing
gull

Larus atricilla

A/Duck meat/Anyang/01

0

Canada
goose (juv
naïve)

Branta
canadensis

A/Chicken/Vietnam/14/2005

Canada
goose (juv
exp)
Canada
goose (ad
naïve)
Canada
goose (ad
exp)
Pigeon

Branta
canadensis

Wood duck

1x
10E6
Dosis

intranasal

0/3

0/3

2/3

0/3

Y

4

Route

Death

Clinical signs

Ref**

intranasal

0/3

0/3

cloacal
virus
0/3

*

1x
10E6
1x
10E6

resp
virus
2/3

Y

4

intranasal

1/3

4

1x
10E6

intranasal

2/3

1

1.7 x
10E5

nares, oral,
eye

5/5

A/Chicken/Vietnam/14/2005

1

1.7 x
10E5

nares, oral,
eye

0/5

Branta
canadensis

A/Chicken/Vietnam/14/2005

1

1.7 x
10E5

nares, oral,
eye

5/5

2/3 cloudy eyes, ruffled feathers,
3/3
2/3
Y
rhytmic dilation, weakness,
incoordination, tremors, seizures
3/3 cloudy eyes, ruffled feathers,
3/3
3/3
y
weakness, incoordination,
torticollis
5/5 severe depression,
5/5
y
inappetence, diarrhea, ruffled
feather, hunched posture,
nervous signs, terminal coma
mild depression, mild dicrease
3/5
1/5
y
consumption, transient nervous
signs
5/5 depression, inappetence, diarrhea, ruffled feather,
hunched posture, nervous signs, terminal coma

Branta
canadensis

A/Chicken/Vietnam/14/2005

1

1.7 x
10E5

nares, oral,
eye

0/5

mild depression, mild dicrease
consumption

1/5

0/5

y

5

Columbia livia
domestica

A/Chicken/Indonesia/2003

2.1

1x
10E8.1

oculo-nasal

5/14

5/16 neurological signs, severe in
3 cases;

13/16

8 of 16

Y

6

4
5

5
5

** Rererences: 1: Keawcharoen et al. 2008; 2: Brown et al. 2008; 3: Isoda et al. 2006; 4: Brown et al. 2006; 5: Pasick et al. 2007; 6:
Klopfleisch et al. 2006
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11.2.

Annex 2

Table 13: List of chemical products available for disinfecting procedures and principle recommendations of use (De Benedictis
et al. 2007; modified from Capua and Mutinelli, 2001a; Ausvetplan 2005)
Chemical product

Recommended
concentration

Soaps and
detergents

Alkalis
Sodium hydroxide
(caustic soda)
Sodium carbonate
(washing soda)
Calcium hydroxide

Method of action

Recommende
d
contact time

Recommended use

Surfactant
propriety
against lipidic
components
Protein
denaturation

10 min

During cleaning

2–5% for clothes
10% at 60_C for
floors

10 min
30 min

Floors and clothes In the presence of
high concentration of
organic material
Walls, floors

2–5%

10 min

Floors

0.2%

30 min

Clothing and body

Limitations

Other information

Used also with
disinfectants

The activity increases at high
temperature. Not efficacious at room
temperature
Thermo labile and light-sensitive

10%
3%

Acids

Hydrochloric acid
(inorganic acid)
Corrosive. Do not
use
disinfecting metals

Inhibition of
enzymatic
reactions

Chlorine
compounds
Calcium
hypochlorite
Sodium
hypochlorite

Corrosive. Do not use for disinfecting metals

Proteins
denaturising
and oxidizing

Corrosive. Inhibited by organic
materials and by basic

2–3%

10–30 min

Floors, clothes

2–3%

10–30 min

Equipment
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(household bleach)
Oxidizing agents
Hydrogen peroxide
Virkon®

Denaturizing
activity
on lipids and DNA

Decreasing efficacy in presence
of organic compounds.
Corrosive

3–6%

Rinse after having used it

2%
Aldehydes

30 min
Alchilation of
amino
and sulphydrilic
groups
of protein and
nitrogen
of the purinic basis

Laboratory equipment

Use only fresh solution

Decreasing efficacy in presence
of organic compounds.
Corrosive

Formalin

8%

10–30 min

Toxic gas and unstable , pH 7.5–8.5

Glutaraldehyde

1–2%

10–30 min

Mildly corrosive for metals, not for plastic
and rubber

Formaldehyde

40%

15–24 h

Phenol compounds

Cresolic acid
Synthetic phenols
Phenol crystal

Inactivation of
enzymatic
system and loosing
of metabolites
through
2%
2%
0.4–0.2%

Irritating due to their residual activity:
rinse after having used them

10 min
12–18 h

Floors
Floors

Efficacious in presence
of propylene glycol
Irritating for eyes, nose
and throat. Rinse after
having used it

Efficacious in presence
of organic matter
Low cost

High cost

Quaternary
ammonium
compounds

Activity of )NH4+

Personal use

Do not use with hard water.
Efficacious in presence of
anti-freeze compounds

Accurately cleaning of
surfaces is
recommended
before the use

Alcohols

Protein
denaturizing in
presence of H2O

Clothes and equipment.

Do not use for plastic

Rubber, flammable,
evaporable

Ethanol

70%

5–15 min

In association with other
compounds in hand disinfectants
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as thinner in disinfectant
solutions
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11.3.

Annex 3

Table 14: Reports of human infections with avian influenza viruses (Updated to 8th April 2008)
Year

Subtype
H7N7

HPAI/
LPAI1
HPAI

1959
1977
1978-9
(1981?)?
1996

H7N7
H7N7

Country

Clinical signs

Comment

Reference

USA

Number
infected
1

hepatitis?

Acquired from poultryuneventful recovery

HPAI
LPAI

Australia
USA

1
1

conjunctivitis
conjunctivitis

Delay (1967), Campbell et al.
(1970)
Taylor and Turner (1977)
Webster et al. (1981b)

H7N7

LPAI

England

1

conjunctivitis

1997ongoing

H5N1

HPAI

379

influenza-like
illness
239 deaths

1999/98

H9N2

LPAI

14 Countries (first reported case):
Hong Kong S.A.R. (1997),
P.R. China (2003), Vietnam (2003),
Thailand (2004), Cambodia (2005),
Indonesia (2005), Azerbaijan (2006),
Djibouti (2006), Egypt (2006),
Iraq (2006), Turkey (2006), Lao
P.D.R (2007), Myanmar (2007),
Nigeria (2007), Pakistan (2007)
Hong Kong/China

2 (+5?)

influenza-like
illness

19992003

H7N3

LPAI/H
PAI

Italy

Approx 7

2002

H7N2

LPAI

USA

1

Respiratory
infection

2003

H7N7

HPAI

The Netherlands

89

conjunctivitissome cases of
influenza-like
illness,

150

Unusual as infection acquired
from seals
Owner of Pet duck- uneventful
recovery
Fatality rate 60.5%. Mild and
asymptomatic cases seemingly
rare

2 Patients hospitalised with ILIboth experienced uneventful
recovery
Retrospective serological
diagnosis following outbreaks in
Italy. Asymptomatic infections or
uneventful recovery
Evidence of infection in a single
person following a poultry
outbreak- uneventful recovery

Kurtz et al.(1996)

Shortridge et al. (2000), AbdelGhafar, A.N., et al (2008), WHO
website:2

Peiris et al. (1999)
Puzelli (2005)

Edwards (2004)
Koopmans et al. (2004),
Fouchier (2004)
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1 death
2004

H7N3

Canada [BC]

2

conjunctivitis

H7N3

HPAI/L
PAI
LPAI

2006

UK

1

conjunctivitis

2007

H7N2

LPAI

UK

2

Influenza like
illness

Infection in Poultry workers
following outbreak in poultry.
Adult working with infected
poultry- uneventful recovery
Cases required hospitalisation,
but made an uneventful recovery

Health Canada website3 , Tweed
(2004)
Nguyen-Van-Tam, JS (2006)
Eurosurveillance editorial team
(2007), National Public Health
service for Wales (2007) 13

1

HPAI or LPAI in chickens. 2 http://www.who.int/csr/disease/avian_influenza/en/ as of 8th April 2008.3 http://www.hcsc.gc.ca/english/media/releases/2004/latest_avian.htm
News: Avian influenza outbreak in Wales (June 2007). Available from: http://www.wales.nhs.uk/newsitem.cfm?contentid=6846
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11.4.

Annex 4

Updated summary of the questionnaires sent to manufacturing vaccine companies
The International Federation of Animal Health (IFAH) collaborated with EFSA in
contacting the AI vaccine manufacturing companies in order to ask them to provide some
information on the technical specifications and possible use of AI vaccines, to be
included as an annex in the Scientific Opinion. Therefore, a questionnaire was prepared
and sent to the companies by EFSA. This Annex presents the most relevant data disclosed
by the companies for the possible use of AI vaccines.
A total of 13 vaccines were reported in the questionnaire filled by 5 different companies
(one company reported 2 different vaccines, one companies informed about 3 vaccines
each, two companies informed about 1 vaccine and the last company provided
information on 4 vaccines). Therefore, two laboratories have vaccines with the possibility
to change the virus subtype, thus a vaccine can be manufactured with one of this virus
subtypes H5N2, H5N6, H5N9 or a bivalent vaccine that the company claimed its possible
use as bivalent or monovalent vaccine from H5N9-H7N1 or H5N9 alone (see Table 14).
Table 15: General overview of the available vaccines, according information
received by the companies
Inactivated
Type of
vaccines

Classical
Monovalent

Nº Vaccines
Serotypes
present

Status3:
Species4
1

Bivalent

Reverse
genetics
Monovalent

Live
Vectorized
recombinant
Monovalent

7

3

1

2

H5N3

H5

H5N2 (n=2)
H5N6 (n=1)
H5N9 (n=4)

H5N9/H7H1
(n=1)
H5N9/H7N4
(n=2)

C1

NR2

Ch, T, D

Ch

3MS1
C1 (n=1);
1
MS ,(n=2);
NR2 (n=2)
Ch or Ch, T, D

Vaccine manufactured inside EU; 2 Vaccine manufactured outside EU; 3C: UE Registered by
centralized procedure; MS: Registered by individual MS; NR: Not registered in any MS or in
development; 4Ch= chicken, T= turkey, D= ducks,

General overview
Inactivated vaccines
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Ten of eleven inactivated vaccines are obtained from LPAI strains. The last vaccine strain
is obtained by reverse genetics from an LPAI strain with an H5 insertion gene from HPAI
virus.
All inactivated contain whole virus and adjuvant. These vaccines are produced in chicken
embryo or in cell cultures with little purification/concentration steps and inactivated by
chemical procedures (formalin). The antigen content referred as minimum vaccine virus
titer or minimum antigen content by dose oscillate from 106 to 107.5 EID50%/dose or 32
to 256 HAU by individual dose. The adjuvants used are based in oil (mineral or not) or
specific adjuvants developed by the companies. These vaccines are addressed for
application in chickens (in two vaccines), chickens, turkeys and ducks (6v) or overall
avian species (3v) by subcutaneous route (2v), any of each: subcutaneous (SQ) or
intramuscular (IM) (6v) or in precise form: IM in chickens and ducks and SQ in turkeys
(3v), with 0,2 to 1 ml dose according species and age (7v), but in non common poultry
species vaccine dose was suggested on a weight basis (3v). The vaccination schedule
recommended in chicken and ducks is two shoots between 2-12 weeks interval but 3
shoots in turkeys (3v). The minimum age at 1st vaccination is 1 to 21 days in chickens, 3
to 4 weeks in layers, 7 days in turkeys an 1 day old in ducks. The length of immunity in
chickens after one shot is 6 to 7 weeks (2v) and 6 months (1v) to 12 (2v) months after
two shoots, whereas in ducks the length is about 5 months (1v).
Adverse systemic effects have not been reported but local effects were reported in one
vaccine trial affecting 10% of chickens reactions after a third vaccine shoot. A limitation
is expected when inactivated vaccines are applied in young birds with high levels of
maternal antibodies this can interfere with the immune response to the vaccine.
Live vaccines
Two companies provided information on 2 attenuated vaccines produced by recombinant
genetic reassorment by inserting H5 gene from an LPAI virus into a Fowl Poxvirus.
These vaccines are produced in chicken embryo or in cell cultures with some purification
steps by centrifugation and manufactured as a lyophilized live vaccine. The antigen
content of these vaccines is from 103 to 104 EID50 per dose.
These vaccines are addressed for application in chickens of 1 day old, by SQ or wing web
routes with a 0, 2 ml dose. The vaccination schedule recommended in chicken is one
shoot at day of hatch and a length of immunity of 4 weeks (1v) or 20 weeks (1v). These
vaccines should not be used on chickens exposed to fowl pox vaccines, can not be used
by IM and some reduction on efficacy may be observed when applied in chickens that
have been derived from hens vaccinated with fowl pox and/or homologous HA
inactivated AI vaccines (Table 15).
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Table 16: General characteristics of the vaccines

References vaccine 2: Swayne et al., 2006; Liu et al., 2003 and Ellis et al., 2004b. Reference vaccine 7: Webster et al., 2006 and
Middleton et al., 2007.
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Efficacy test
The companies provided information or published references of many trials developed to
demonstrate efficacy. In general all vaccines were tested in chickens but few vaccines
were tested in others like ducks and turkeys (see overview of trials done in Table 10).
Table 17: Overview of the vaccine trials information addressed to cope with efficacy
requirements
Species applied
Vaccine
Ag type

Gallus gallus

Ducks

Turkey

Total (*)

Shedding:
virus titer

Shedding:
nº AA/day

Total

Shedding
: virus
titre

Shedding:
nº AA/day

Total

Shedding:
virus titre

Shedding:
nº AA/day

1
2
41
1
2

1

1

3

1

3

1

1

1

1
1

1
1
2

H5N2
H5N2
H5N9
H5N9
Bivalent
H5N9/H7
Bivalent
H5N9/H7
Reverse
Genetics
H5N3
Pox H5
Pox H5

1

2

1
1
1
5

1
1
2

5

5

2

(*) All trials at least measure clinical protection

To measure the efficacy the companies developed challenge trials to measure
experimentally the effect of vaccination on the reduction of morbidity, mortality (see
Table 11), the reduction of virus shedding levels after infection (Table 12), the reduction
of the number of animals shedding virus after infection (Table 13). Some companies, as
complementary studies, provided information on transmission studies (Table 14)
Safety trials
The information provided on safety test done is resumed in the Table 15.
Field trials
The use of vaccines in the field is presented in the Table 16, in many cases, the vaccines
are used extensively in high or low risk areas to prevent the disease and stop the virus
transmission, but little data have been available to show the reduction of transmission
within or between the farms (table 10).
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Table 18: Results on challenge test measuring mortality and antibody responses
1st Vaccination
Vaccine

H5N3
Reverse
Genetics

Classical
Bivalent
H5N9/ H7
Classical
Bivalent
H5N9/ H7

Trial

1

1

2

Classical
Bivalent
H5N9/ H7

1

Fowlpox

1

Inactivated
H5N2
Inactivated
H5N2

1

Inactivated
H5N9

2
1

Inactivated
H5N9

2

Inactivated
H5N9

3

Inactivated
H5N9

4

Inactivated
H5N9

1

Fowlpox

1

Fowlpox

2

Fowlpox

3

Fowlpox

4

Fowlpox

5

Inactivated
H5N2

1

Inactivated
H5N2

2

Inactivated
H5N2

3

Inactivated
H5N2
1

4

Species
applied1

Gallus gallus

Gallus gallus
Broilers

Meleagridis
gallopavo

Groups

Vac 1.2
μg
0.5 μg

Birds
(n)

25
25

0.25 μg

25

Ctrol

20

Vacc

23

Ctrol
Vacc

2

H5N9:23
N7N1:23

0

H5N9: 9
N7N4: 10

H5N9:53
N7N4: 60

0
6/15'
0/15
10/10
0/10
15/15
0/10
20/20

0
3.1
0
8,8 (log2)
0
6,9 (log2)
0
175

0/20

0

10/13
'0/5

2,23 log10
0

Gallus gallus Vacc

25

20

Ctrol

25

Gallus gallus Vacc

25

Ctrol

10

Vacc
Ctrol
Vacc
Gallus gallus
Ctrol
Gallus
Vacc
gallus?
Ctrol
Gallus
Vacc
gallus?
Ctrol
Gallus
Vacc
gallus?
Ctrol
Gallus
Vacc
gallus?
Ctrol

20
20
25
25
25
10
25
10
25
10
25
15

Vacc

10

Ctrol

10

Vacc

13

Ctrol

13

Vacc

10

Ctrol
Vacc

10
10

Ctrol

3171

0

20
20

Duck

254
<10
H5N9:95
N7N1:335

22

Gallus gallus Vacc
Ctrol

Turkey

4335
4101

0

11
15
15
10
10
15
15
20

Duck

446

H5N9:21
N7N1:75

Ctrol
Vacc
Ctrol
Vacc
Ctrol
Vacc
Ctrol
Gallus gallus Vacc
Ctrol

10

3

14

2

21

1

21

1

10

1

21
35

GMT titre

320

0

11

N° of
positive

2

H5N9:17
N7N1:22

Vacc

Gallus gallus

GMT titre

2
2

8

Gallus gallus
Broilers
Gallus
galllus SPF
Gallus gallus
Broilers

N° of
positive

23

20

Gallus gallus

14

14

Ctrol

Gallus gallus

Age
Nº
(d) shots

2nd Vaccination

1
1

20/20
0/20
24/25
0/25

<10
H5N9:23 H5N9:398
N7N1:23 N7N1:563
0

Challenge
Age
(d)

Strain1

Dose
/bird
(log10)2

56

A/CK/Vietnam/C58/04;
H5N1

30LD50%

0/25

0

81

1- A/ty/Italy/H5N2/1980 H5N2 and 1- 1/10 1- 0/10
H7N3 2- 1/10 2- 0/10
and
2104EID50
1- 9/9 2-1- 0/9 2A/ty/Italy/8000/H7N3/2002 % each
9/9
0/9

0

28
21
38
NA

NA

NA

NA

NA

NA

175
0
NA
NA

20/20

20/20

42

A/ck/Korea H5N1 2003

0/12
9/10

0/12
9/10

42

A/Ch/Queretaro/1458819/95 H5N2 HPAI

10 6
EID50%

0/25

0/25

25/25

24/25

28

HPAI Wilson 2H5

10 8.5
EID50%

1/25

0/25

8/10

2/20

42

A/CK/Thailand/04 H5N1

10 6
EID50%

1/20
20/20

1/20
20/20

10 6
EID50%
10 6
EID50%
10 6
A/CK/Korea/ES03 H5N1
EID50%
A/CK/Vietnam/0008/2004
10 4
H5N1
EID50%

0/25
10/10
0/25
10/10
0/25
9/10
23/25
15/15

0/25
10/10
0/25
10/10
0/25
9/10
23/25
15/15

1

21

1

1

21

1

1

21

1

1

28

1

21

10
0

7

1

10
0
NA

1 and
30

35

28
NA

6.6 (0-8)
log2; one not
responded

28

A/CK//Queretaro/158819/95 H5N2
A/CK//Queretaro/158819/95 H5N2

A/chicken/GxLA/1204/200
10 6
4
EID50%
A/DK/Vietnam/TG2401/05

10 6
EID50%

A/crested_eagle/Belgium/0
10 7
1/2004
EID50%

0
10.00

2

0.00

±5.0 log2
0.00

0/15
15/15
0/10
0/10
0/25
25/25
1/20

10 6
EID50%

1

0

0/15
15/15
0/10
0/10
0/25
25/25
1/20

10 6
EID50%

1

9.4 (911)log2
0
±2.5 (0-5)
log2
0

A/Ch/Queretaro/1458810 8
19/95 H5N2 HPAI
EID50%
A/Ch/Mexico/232/1994CP
10 8
A H5N2 LPAI
EID50%
A/Ch/Queretaro/1458810 8
19/95 H5N2 HPAI
EID50%
A/ck/Thai04

42

1

10

1- 0/10
2- 0/10
1- 4/10
2- 6/10

H5N9:11N H5N9: 93,4
7N4:11 N7N4:165

1

1

0/25
20/20
1- 0/10
2- 0/10
1- 0/10
2- 0/10

1- A/ty/Italy/H5N2/1980 H5N2 and
H7N3
and
2106EID50
A/ty/Italy/8000/H7N3/2002 % each

21

21

0/25

56

0

H5N9:22N H5N9:60
7N1:22 N7N1:199

Morbi Mortali
dity3
ty3

54

A/DK/Vietnam/12/05

0/10

0/10

10/10

10/10

2/13

0/13

13/13

13/13

1/10

1/10

10/10
0/10

10/10
0/10

10/10

7/10

7

10
EID50%

Colored squares indicate some level of morbidity or mortality
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Table 19: Results on challenge tests measuring the amount of virus shedding
2

Virus titre (T: Tracheal /oral; C: Cloacal) Log10
Vaccine

Trial

Fowlpox

1

Inactivated H5N2

1

Inactivated H5N9

1

Inactivated H5N9

1

Fowlpox

2

Fowlpox

2

Groups
Vaccine

Birds
(n)
15

Control

15

Vaccine

15

Control

15

Vaccine

20

Control

20

Vaccine
Control
Vaccine
Control
Vaccine

20
20
25
10
10

Control

10

Vaccine
Inactivated H5N2

Inactivated H5N2

Inactivated H5N2
1

1

A/CK/Mexico/232/94
CPA, LPAI

10 8 EID50%

35

A/CK/Mexico/232/94
CPA, LPAI

11 EID50%

42

A/CK/Thailand/04
H5N1

10 6 EID50%

21
21

A/CK/Korea/ES03
H5N1

10

Control

10

Vaccine
Control

10
10

4.4
1

1
4.4

14 dpi
T
C

10 dpi
T
C

T

21 dpi
C

5.32 3.38

5.2
7.4
3.5

6

EID50%

Duck

28

Turkey

28

A/crested_eagle/Belg
ium/01/2004

35

7 dpi
C

2.25 0.95
5.32 3.38

37.540
A/DK/Vietnam/TG2 40.0
4-01/05
2535-40
30

Chicken

T

4.4

10 EID50%
6.5

5 dpi
T
C

2.25 0.95

10 6 EID50%

10

3 dpi
T
C
1

4.4

8

A/CK/Thailand/04
H5N1
A/CK//Queretaro/158819/95 H5N2

13

Vaccine
3

28

42

1 dpi
T
C
1

Challenge dose
1
/bird (log10)

Challenge strain

13

2
Control

Age at
Challenge

2.8
4.5
0.9

ns ns
37.5
37.537.537.537.540
40
40
40
40
40.0
40.0
40.0
40.0
40 0
25- 353535- 35- 35- 3525-30
25-30 35-40
30 40
40
40 40
40 40
±4.2

0

±2.7

0

0

40

40

3535-40
40

0

All dead

1 dpi
0
A/chicken/GxLA/120 33.51
29.8
29.3
4/2004

2 dpi
34.7

4dpi

3 dpi
0

23.3 26.9

33.2

0

34.2

6 dpi

5 dpi
0

35

0

32.7

0

7 dpi
32.7
0

All dead

Titration done by Real Time PCR: values up to 35 is considered negative
Results as log10 EID50%units

2

Table 20: Results on challenge tests measuring the number of animals shedding
virus
Vaccine

Trial

Inactivated H5N2

2

Inactivated H5N2

Inactivated H5N2

Inactivated H5N2

Groups

Birds
(n)

Vaccine

13

Control

13

Vaccine

10

3
Control

10

Vaccine

10

Control

10

4
Vaccine

10

Control

10

Vaccine

10

5

Species

Age at Challenge

Duck

28

Chal
leng
e
Challenge strain dose
10 6
A/DK/Vietnam/TG2
EID5
4-01/05
0%

Turkey

28

10 7
A/crested_eagle/Belg
EID5
ium/01/2004
0%

Duck

54

10 7
A/DK/Vietnam/12/05 EID5
0%

Duck

ne

ne

Shedding: number of positive birds per day /total number sampled per day2
1 dpi3
T
C

ne

1 dpi
Inactivated H5N2

1

Inactivated H5N9

1

Inactivated H5N9

2

classical bivalent
H5N9/ H7

1

classical bivalent
H5N9/ H7

2

classical bivalent
H5N9/ H7

3

classical bivalent
H5N9/ H7

Fowlpox

Fowlpox

1

4

Control

10

Vaccine

20

Control

20

Vaccine

20

Control

20

Vaccine

10

Control

10

Vaccine

10

Control

10

Vaccine

10

35

Gallus gallus

42

A/CK/Thailand/04
H5N1

Gallus gallus

42

A/CK/Thailand/04
H5N1

Gallus gallus

56

Turkeys
Control

9

Vaccine

10

Control

9

Vaccine

25

Control

25

Vaccine

10

Control

10

Turkeys

Gallus gallus

1

106E
ID50
%
106E
ID50
%

0

2/2

2/2

3/9

0/9

7dpi
C

5/10

0

10 dpi
T
C
4/10

0

15dpi
T
C
0

0

20dpi
T

C

1

0

All dead
0/9

0/9

1/10 0/10 2/10 0/10 2/10 0/10 0/10 0/10 0/10

0/10

0/3 0/3 0/3
'0/10 '0/10 '0/10

0/3
0/10

2/5

0/5

2/4

1/4

1/3

2/3

0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
0/4
0/5 0/5 0/4
0/3 0/3 0/3 0/3 0/3
0/3
'0/3
3
6
dpi
4 dpi
5 dpi
dpi
7 dpi

8/10 0/10

8/10 0/10
10/10 10/10

106E
A/TY/Italy/H5N2/19
ID50
80
%
106E
A/TY/Italy/H5N2/19
ID50
80
%

81

104E
A/TY/Italy/8000/H7
ID50
N3/2002
%

81

104E
A/TK/Italy/8000/H7
ID50
N3/2002
%

21

10 6
A/CK//Queretaro/158
EID5
8-19/95 H5N2
0%
6.5

21

1/10

T

10/10 10/10

10
Gallus gallus

2

56

5 dpi
T
C

10 6
A/chicken/GxLA/120
Exact distribution not known, all sentinel chickens kept in contact with vaccinates or surviving controls also
EID5
remained negative.
4/2004
0%

Chicken

Gallus gallus

3 dpi3
T
C
4/1
0
0
10/
9/10
10
09/
1/10
10
All
Dea
d
2/1
1/10
0
9/1
2/10
0
0/1
0/10
0
9/1
4/10
0
2
dpi

A/CK/Korea/ES03
H5N1
EID5
0%

0/1
0
4/1
0
2/1
0
8/1
0
6/1
0
9/9

0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10

0/10

1/10 1/10 2/10 0/10 0/10 0/10 2/10 0/10 0/10 0/10

0/10

0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10

0/10

0/10 8/10 1/10 4/10 1/10 0/10 2/10 0/10 0/10 0/10

0/10

4/10 4/10 7/10 1/10 7/10 0/10 0/10 0/10 0/10 0/10

0/10

0/9

0/9

6/1 4/10 6/10 6/10 7/10 4/10 0/10 1/10 0/10 0/10 0/10

0/10

8/9

0/9

25/
25
10/
10
1/1
0
9/1
0

2/9

8/9

6/9

9/9

9/9

9/9

9/9

9/9

9/9

9/9

0/9

7/9

3/9

9/9

0/9

0/9

1/9

4/9

0/9

9/25
9/10
1/10
9/10

Colored squares indicate some number of animals shedding virus
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Table 21: In vivo transmission studies
Vaccine
H5N9
Fowlpox
H5N2
H5N3
H5N4

Groups
Species
Gallus Gallus Vaccine
Control
Gallus Gallus? Vaccine
Control
Gallus gallus Vaccine
Control
Chickens
Vaccine
Control
Duks
Vaccine
Vaccine

Days in contact
X= 6 dpi
Z=
dpi
Challenge
Challenge X= 3 dpi
3
3
1
2
Mt
Mt
Mb
Mt
Mb
Mb
Birds (n)
Age
strain
dose
21 A/CK?Quereta 106EID50%
30
0/15
0/15
30
6/15
4/15
ro?95/H5N2
15
0/15
0/15 0/15
0/15
21 A/CK//Queret
6
10 EID50%
aro/158815
6/15
4/15 ne
ne
Transmission studies have been performed in chickens (to be published Katsma et al., ASG, Lelystad, the Netherlands) and ducks
(Van Boven/Van der Goot/ Koch et al., ASG/CIDC, Lelystad, The Netherlands). Results indicate so far that vaccination with H5
vaccines may result in a reduction of virus transmission between vaccinated animals.
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Table 22: Safety trials
Vaccine

Trial

Group

Reverse
Genetics
H5N3

1

Vaccine

Reverse
Genetics
H5N3

2

Vaccine

Reverse
Genetics
H5N3

3

Vaccine

Reverse
Genetics
H5N3

4

Vaccine

Bivalent
H5N9/H7

1

Vaccine

Bivalent
H5N9/H7

2

Vaccine

Bivalent
H5N9/H7

3

Vaccine

Bivalent
H5N9/H7

1

Vaccine

Bivalent
H5N9/H7

2

Vaccine

Bivalent
H5N9/H7

3

Vaccine

Fowlpox H5

1

Vaccine

1

Age 1st
vaccine (d)

Birds (n)

Gallus gallus

21

30

Anas
platyrrynchos

1

20
30

Gallus gallus

21

20
500

Gallus gallus

21

500
1000

Gallus gallus

14

Gallus gallus

Species applied

Control

Control

Control

Deaths

0

0

0
0

0
0

0
0

0

0

1

0
0.4

2

0.8
0.05

1x; 2x;
repeated

0
0
0

0.2
0
0
0

14

1 overdose

Gallus gallus

14

30
30

3

0
0

0
0

1

0
10% after
3rd vac
0
0

Gallus gallus

14

30
30

0
0

0
0

Gallus gallus

14

30
30

1 overdose

0
0

0
0

0
0

Gallus gallus

14

30
30

3

0
0

0
0

0
0

Gallus gallus
SPF
Gallus gallus
SPF

1

30
10

1

0
0

0
0

0
0

21

10

1

0

0

0

Gallus gallus
Mineral oil
ssham
Gallus gallus
Mineral oil
ssham
Gallus
domesticus

21

25
25

1
1

0
1/25

0
0

0
0

21

25
25

1
1

0
1/25

0
0

0
0

1

25x3

1x; 10x,
100x

0

0

0

Gallus
domesticus
Ducks

1

10
NA

1 or 2

0
<1

0
0

0
0

1

10

2

<1

0

0

Turkeys

7

20

1

<1

0

0

Zoo birds
worldwide

NA

NA

1

<1

0

0

Control

Control

Control

Control

Control
Control

General

0

1x; 2x;
repeated

0
0
0

Control

Vaccine

Secondary Effects (in %)
Local

1000
30
30
30

Control

Fowlpox
H5

1 or 2
vaccines

1

Control

H5N9

1

Vaccine
Control

H5N9

1

Vaccine
Control

H5N2

1

Vaccine

H5N2

1

Vaccine

H5N2

2

Vaccine

Control
Control
Control

H5N2

3

Vaccine
Control

H5N2

4

Vaccine
Control
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Table 23: Vaccines used in the field

A: Emergency; B: Preventive; C: Routine

Table 24: Quantification of virus transmission after emergency vaccination in an
affected area or preventive vaccination in a high risk area
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