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For the past 10 years, animal health experts and human health
experts have been gaining experience in the technical aspects of
avian influenza in mostly separate fora. More recently, in 2006, in
a meeting of the small WHO Working Group on Influenza
Research at the Human Animal Interface (Meeting report available
from: http://www.who.int/csr/resources/publications/influenza/
WHO_CDS_EPR_GIP_2006_3/en/index.html) in Geneva allowed
influenza experts from the animal and public health sectors to
discuss together the most recent avian influenza research. Ad hoc
bilateral discussions on specific technical issues as well as formal
meetings such as the Technical Meeting on HPAI and Human
H5NI1 Infection (Rome, June, 2007; information available from:
http://www.fao.org/avianflu/en/conferences/june2007/index.html)
have increasingly brought the sectors together and broadened the
understanding of the topics of concern to each sector. The sectors
have also recently come together at the broad global level, and
have developed a joint strategy document for working together on
zoonotic diseases (Joint strategy available from: ftp://ftp.fao.org/
docrep/fao/011/ajl37e/ajl37e00.pdf). The 2008 FAO-OIE-WHO
Joint Technical Consultation on Avian Influenza at the Human
Animal Interface described here was the first opportunity for a
large group of influenza experts from the animal and public
health sectors to gather and discuss purely technical topics of joint
interest that exist at the human-animal interface.

During the consultation, three influenza-specific sessions aimed to
(1) identify virological characteristics of avian influenza viruses
(AIVs) important for zoonotic and pandemic disease, (2) evaluate
the factors affecting evolution and emergence of a pandemic
influenza strain and identify existing monitoring systems, and (3)
identify modes of transmission and exposure sources for human
zoonotic influenza infection (including discussion of specific
exposure risks by affected countries). A final session was held to
discuss broadening the use of tools and systems to other emerging
zoonotic diseases. The meeting was structured as short technical

presentations with substantial time available for facilitated
discussion, to take advantage of the vast influenza knowledge and
experience available from the invited expert participants.
Particularly important was the identification of gaps in knowledge
that have not yet been filled by either sector. Technical discussions
focused on H5NI1, but included other potentially zoonotic avian
and animal influenza viruses whenever possible.

During the consultation, the significant threat posed by subtypes
other than H5N1 was continually emphasized in a variety of
contexts. It was stressed that epidemiological and virological
surveillance for these other viruses should be broadening and
strengthened. The important role of live bird markets (LBMs) in
amplifying and sustaining AIVs in some countries was also a
recurring topic, and the need for better understanding of the role of
LBMs in human zoonotic exposure and infection was noted. Much
is understood about the contribution of various virus mutations
and gene combinations to transmissibility, infectivity, and
pathogenicity, although it was agreed that the specific constellation
of gene types and mutations that would characterize a potentially
pandemic virus remains unclear.

The question of why only certain humans have become infected
with H5N1 in the face of massive exposure in some communities
was frequently raised during discussion of human exposure risks. It
was suggested that individual-level factors may play a role. More
research is needed to address this as well as questions of mode of
transmission, behaviors associated with increased risk, virological
and ecological aspects, and viral persistence in the environment in
order to better elucidate specific human exposure risks.

It became clear that great strides have been made in recent years
in collaboration between the animal health and public health
sectors, especially at the global level. In some countries outbreaks
of H5N1 are being investigated jointly. Even greater transparency,
cooperation, and information and materials exchange would allow
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more timely and effective responses in emergency situations, as
well as in assessment and planning phases.

Ensuring sustainability was also frequently emphasized, e.g. in
infrastructure and capacity development and in development of
tools and systems for surveillance, assessment and response. It was
suggested that one way for tools and systems built or planned to

address avian influenza to become more sustainable would be to
make them applicable for a broader array of existing and
emerging zoonotic diseases.
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1 Introduction

Although much has been learned over the past years, many
essential scientific questions about avian influenza, includ-
ing questions about the risk to humans and emergence of a
pandemic influenza strain, remain unanswered. Addressing
these questions requires analysis of all available information
on virological and epidemiological aspects of avian influ-
enza in animals and people. The animal health and public
health sectors have each generated data and expertise, yet
mechanisms for timely sharing of this information and for
collaborating more closely on generation and analysis of
data are urgently needed.

This joint technical consultation was a milestone towards
better global understanding of avian influenza risks at the
human-animal interface and for moving forward collabora-
tively. As other pathogens besides avian influenza H5N1
are also potential zoonotic and pandemic threats, this
meeting focused on H5N1 but included in the discussions
other animal influenza viruses and other zoonotic patho-
gens at the human—animal interface. It offered a forum for
sharing and discussing information and technical tools
from both the animal health and public health sectors, and
provided a valuable opportunity to discuss how tools and
systems might be developed and adapted for broader appli-
cation at the human—animal interface.

1.1 Objectives
The Food and Agriculture Organization of the United
Nations (FAO), the World Organization for Animal Health
(OIE) and the World Health Organization (WHO), in col-
laboration with the Istituto Zooprofilattico Sperimen-
tale delle Venezie (IZSVe), the European Commission (DG
RTD) and the OIE/FAO Influenza Network of expertise
(OFFLU), called this technical consultation to:
o Identify critical virological characteristics for zoonotic influ-
enza and for the emergence of a potentially pandemic strain.
e Evaluate external factors affecting the evolution and
emergence of a pandemic influenza strain, and identify
monitoring mechanisms for pandemic strain emergence.

e Identify likely modes of transmission and exposure
sources for zoonotic infection with avian influenza
viruses.

e Maximize outcome of ongoing research and preparedness
efforts and identify gaps in knowledge.

e Identify next steps for further collaborative data collec-

tion, data analysis and research.

1.2 Agenda and participants

The meeting was structured as a series of short presentations,
with substantial time designated for moderated panel discus-
sions and direct technical input from participants. Please see
Appendix D for the complete consultation agenda. Approxi-
mately 80 participants, representing five continents, were
invited as technical experts (Appendix E). At the end of the
consultation, general conclusions, gaps (Appendix B), and
proposed actions (Appendix A) were developed based on the
data presented and the technical discussions."

1.3 Opening remarks

In their opening remarks, Drs. Gaetana Ferri (Italian Min-
istry of Health), Isabel Minguez (European Commission),
Joseph Domenech (FAO), Bernard Vallat (OIE) and Keiji
Fukuda (WHO) stated their hopes that this joint technical
consultation would represent a milestone event in technical
collaboration between the animal and public health sectors,
and emphasized that the meeting was the first opportunity
for an international, multidisciplinary group of scientists to
discuss purely technical questions regarding avian influenza
viruses (AIVs) and their threat to animal and human
health. They noted that the results of the consultation
would provide a technical basis for governments, policy
makers, and donors to build and strengthen programs to
address avian influenza as well as other zoonotic, emerging,
and re-emerging infectious diseases. The participants were
charged to take stock of what is and is not known about
avian influenza (AI), highlight what does and does not

'Available at http://www.fao.org/avianflu/en/conferences/verona_
2008.html
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work regarding its prevention and control, and identify key
areas for future technical collaboration between the animal
and public health sectors. It was emphasized that both sec-
tors are jointly responsible for overcoming any barriers to
such collaboration.

It was noted that the ongoing H5N1 HPAI crisis has pre-
sented both challenges and opportunities to the global com-
munity, and has resulted in an unprecedented response, both
on the national and international levels. International organi-
zations such as FAO, OIE, and WHO have established and
improved tools and developed global strategies to respond
better to these challenges, have supported countries and
regions, and have strengthened links with each other. Member
countries have increased their internal and regional collabora-
tions, initiating integrated national preparedness programs,
joint task forces, and interministerial committees. Achieve-
ments in Al prevention and control were noted, including
improved disease awareness, elimination of outbreaks in most
affected countries and control of the disease in many others,
as well as better understanding of the importance of control-
ling pathogens at their source, of political commitment, of
strong veterinary and public health systems, of multidisciplin-
ary and multisectoral involvement, of public—private partner-
ships, of socio-economic analysis and advocacy, and of
effective communication among all stakeholders.

Given the international realities of globalization, climate
change, and other converging factors, it was further noted
that the risk of infectious disease outbreaks will always
remain and that the strategies and lessons learned from Al
should serve as the foundation of systems designed to pre-
vent and control other zoonotic diseases. It was stressed
that we must invest in the improvement of general tools
and methodologies related to early detection, active and
passive surveillance, preparedness, emergency response,
communication, and collaboration, including the funding
of collaborative activities to study infectious diseases at the
human-animal interface. It was also emphasized that steps
already taken by animal health and public health organiza-
tions in confronting H5N1 in a collaborative and integrated
manner must be made self-sustaining, so that progress can
continue even after short term funding flows cease or are
redirected to other areas of zoonotic disease.

2 Virological characteristics of influenza
viruses (Session 1)

The objective of this session was to identify virological
characteristics important for zoonotic and pandemic dis-
ease. Speakers presented data on the distribution and phy-
logeny of H5N1 and other zoonotic AIVs; the effects of
single mutations and virus-level factors on influenza trans-
missibility, infectivity, and pathogenicity in humans; recep-
tors and host specificity; the zoonotic potential of other

AlIVs; which specific virus characteristics are of interest for
public health; and the occurrence of these characteristics in
circulating animal viruses.

2.1 Epidemiology, distribution, and phylogeny of
currently circulating animal influenza viruses

H5N1 avian influenza in poultry and humans

The currently circulating H5N1 AIV was first identified in
animals in 1996 and first caused disease in humans in
1997. Since 2003, it has caused widespread animal out-
breaks and associated human cases, as it has spread in
poultry and wild birds across Asia, Africa, and Europe and
affected domestic poultry, wild birds, and several mamma-
lian species in more than 60 nations. The virus is now
endemic in poultry in several countries. The disease can be
effectively controlled in poultry when appropriate measures
are correctly applied,”> but such application requires a
strong veterinary infrastructure, investment of significant
resources, and cooperation among all stakeholders.

Introduction of H5NI into a country may occur through
importation of captive birds, movement of infected poultry
and products, indirect mechanical transmission via con-
taminated equipment and materials, and/or movement of
wild birds. It was generally agreed that in developed coun-
tries, legal movement of poultry (e.g., eggs and day old
chicks) poses negligible risk due to extensive industry regu-
lation, but illegal movement of poultry poses great risks.
While the role of wild birds has remained controversial, it
was agreed that wild bird migration has been responsible
for some instances of long distance virus spread (e.g., into
some European countries) but that the maintenance of
virus in poultry in many endemic regions is the result of
local poultry trade rather than re-introduction of viruses
via wild birds. It was agreed that the exact method of spe-
cific introductions into individual countries generally
remains undetermined.

From 2003 through October, 2008, 387 human cases of
H5N1 have been confirmed in 15 countries in Asia, Africa,
and Europe. Of these, 245 were fatal, giving a case fatality
rate (CFR) that ranges from 44 to 81% depending on the
country. Human CFR is likely influenced by time to pre-
sentation at a health care facility, appropriateness of clinical
management, surveillance bias in case detection, and popu-
Most human H5NI1 cases have
occurred where the disease is entrenched in the poultry

lation characteristics.

populations, and exposures have been to avian (rather than
human) virus sources, re-emphasizing the importance of
disease control in the avian reservoir. To date, virus clades

Guidelines are available from OIE
(http://www.oie.int/eng/normes/mcode/en_sommaire.htm) and FAO
(http://www.fao.org/avianflu/en/animalhealthdocs.html)
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identified in human cases reflect those circulating locally in
animals.

Participants discussed the likelihood that all human cases
are being detected. Clearly, some human cases have likely
gone unrecognized because of logistical and diagnostic con-
straints and limited access to health care, as well as differ-
ences in surveillance systems (i.e., influenza like illness/ILI
surveillance versus pneumonia surveillance), outbreak
investigation capabilities, and political willingness to inves-
tigate and report suspects. In some cases, H5N1 infection
may not be considered a differential diagnosis due to lack
of clinical experience or because no poultry exposure was
reported. It was mentioned that the number of “official”
WHO-reported cases is likely low for the above reasons,
and because samples from some true cases (especially sub-
clinical, mild, or acutely fatal cases) may not be submitted
for laboratory confirmation at a WHO-approved labora-
tory.” It is unknown what proportion of H5N1 cases may
be subclinical or mild. Some seroprevalence studies have
indicated that these cases do occur but at a low frequency
(see section 4.2 exposure).

The public health sector is frequently asked whether the
pandemic risk is increasing or decreasing, especially given
the decreased number of reported human H5N1 cases since
2006. To date, the H5N1 virus genes are entirely of avian
origin, human cases are sporadic, and there is no evidence
of sustained human-to-human transmission. The many
possible reasons for the decreasing number of reported
human cases were discussed, but there was general consen-
sus that the animal and public health sectors must remain
vigilant, because whenever AIVs (H5N1 or other subtypes)
are circulating and evolving, and whenever humans are
potentially exposed, a pandemic threat will remain.

Risks from other subtypes and co- circulation

Numerically, the majority of human infections with AIVs
since 1959 have been caused by the H5N1 subtype (due to
the current outbreak). It was noted that AIVs such as
HO9N2 and H7 viruses have also infected humans, and it
was agreed that it is likely that both animal and human
infections with AIVs are underreported (for humans, par-
ticularly those causing milder infections such as HON2 and
H7). As a variety of AIVs are both animal and public
health threats, knowledge of where these viruses are circu-
lating is critical to minimizing risk. However, very little is
known about the overall circulation of AIVs globally. To
increase data on the geographic distribution and prevalence
of other subtypes, it was discussed that H9, and possibly
additional AI subtypes, be made OIE-notifiable for animals

3List of WHO approved laboratories for human H5 diagnosis is
available at: http://www.who.int/csr/disease/avian_influenza/
guidelines/h5_labs/en/index.html

(as H5 and H7 AIVs are currently). However, it must be
considered that a lack of surveillance mechanisms for such
viruses in many countries could penalize those exporting
countries with good surveillance systems.

Whether different clades within a subtype or different Al
subtypes can outcompete each other was discussed. It was
noted that multiple viruses within the same subtype gener-
ally do not co-circulate in poultry. It is unclear whether
this is due to competition between different viruses of the
same subtype or because viruses have not been introduced
in poultry populations at the time when another virus of
the same subtype is circulating. It was agreed that the
mechanisms underlying the generation of clade diversity
and clade replacement within subtypes are not well under-
stood.

It was further suggested that the identification of multi-
ple subtypes in live bird markets (LBMs), some poultry
populations, and wild birds may indicate that virus sub-
types circulate in separate compartments within these pop-
ulations, rather than indicating true co-circulation. It was
commented that viruses will circulate most efficiently in
species to which they are adapted, and such adaptation
could affect host range and therefore limit spread. The
effects of immunity among clades within a subtype and
among subtypes on circulation and co-circulation in the
field were also discussed, but these effects, including the
effects of other mechanisms on virus circulation, require
further investigation. It was noted that, overall, there is
insufficient data to make conclusions on co-circulation of
AlVs in poultry.

2.2 Viral determinants of zoonotic infectivity and
pathogenicity in humans

Effects of virus mutations

The four critical steps of the viral life cycle for influenza
viruses are (i) virus binding, fusion, and entry (mediated
by the hemagglutinin/HA protein), (ii) transcription and
replication (mediated by the PB1, PB2, PA, and NP pro-
teins); (iii) modulation of innate immune responses (medi-
ated by the NSI1 protein); and (iv) virus particle release
(mediated by the neuraminidase/NA protein) and trans-
mission. Changes to these proteins therefore affect the
infectivity, pathogenicity, and transmissibility of AIVs in
animals and people. Although extensive and detailed data
exist describing specific genomic mutations and protein
changes which influence characteristics of avian and human
influenza viruses, it is currently not possible to predict
what specific combination or “constellation” of mutations
would be required to transform an AIV into a pandemic
virus. It is also not possible to predict whether H5N1
would retain its high mortality if it were to become easily
transmissible among humans.

| 4 © 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29
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Receptor specificity is considered a key factor that affects
infectivity, pathogenicity, and pandemic potential of avian
influenza viruses, and that influences the species barrier.
The viral HA protein specifically binds either Neu5Ac-22,3-
Gal (2,3) or Neu5Ac-02,6-Gal (2,6) sialic acid (SA) recep-
tors on host cells. Birds, horses, sea mammals, dogs, cats,
mice, and monkeys express predominantly SA2,3 receptors,
while humans, pigs, and ferrets express predominantly
SA2,6 receptors. In general, viruses tend to preferentially
bind the type of receptor predominantly expressed in the
upper airways of their typical host, so that avian viruses typ-
ically bind SA2,3 receptors and human viruses typically bind
SA2,6 receptors. However, this association is not exclusive
and recent studies (e.g., experimental infections in airway
epithelial cell cultures and animal models, lectin-binding
studies) show that the distribution of receptor type also var-
ies by tissue location, including in different levels of the
respiratory tract, as well as by cell type and species. Data are
not yet available on differential receptor distribution among
races/breeds or individuals within a host species.

Despite these uncertainties, a SA2,6 receptor binding
preference is considered essential for an influenza virus to
be easily transmissible to or among humans. Although
some H5N1 viruses have acquired the capacity to bind to
some SA2,6 receptors, clearly these changes have so far
been insufficient to allow easy transmission to or among
humans.

The HA protein also plays a role in AIV pathogenicity.
Systemic infections may develop when the HA contains a
polybasic cleavage site (as seen in the currently circulating
H5NI1 viruses) which may be cleaved by ubiquitous prote-
ases present in virtually every cell of the body. This is a key
feature of increased pathogenicity in birds.* Systemic infec-
tions may also develop when HA receptors that are able to
bind a specific virus are present in a wide variety of host
tissues. It has been suggested that although the presence of
few SA2,3 receptors in the human upper respiratory tract
may limit zoonotic transmission of AIVs (as mentioned
above), the higher concentration of SA2,3 type receptors in
the human lower respiratory tract may increase AIVs’ path-
ogenicity in human lungs. Furthermore, it was noted that
cats and dogs differ in receptor expression from pigs and
ferrets in a pattern that is not consistent with the patho-
physiology of their respective H5N1 infections, indicating
that susceptibility and pathogenicity are not just due to
receptor specificity of the HA protein and the role of other
viral components (such as the NA) should be further
studied.

“OIE definition of highly pathogenic avian influenza, Article 10.4.1.,
Provision l.a., http://www.oie.int/eng/normes/mcode/en_
chapitre_1.10.4.htm

It was agreed that receptor physiology is an area in great
need of future research. Further studies using natural gly-
can arrays and mass spectroscopy in various species would
help to unravel the complicated questions of receptor spec-
ificity of viruses, receptor structure and distribution in dif-
ferent tissues and species, and how receptors modulate
virus transmissibility and pathogenicity. The importance of
collecting appropriate specimens from human H5N1 cases
for evaluation of receptors was also stressed.

Mutations in the other seven influenza genes also influ-
ence host range and other characteristics of AIVs. Muta-
tions in the PB2 gene (including E627K and D701N) may
influence the optimal temperature of polymerase activity
and interaction with host cell factors, and thus replication
rate in the mammalian upper airway. Changes in the NSI
and PB1-F2 genes are thought to influence the host
immune response to AIVs. A 19-25 amino acid stalk dele-
tion in the NA protein may allow more efficient virus
release, and may be required for adaptation of viruses from
wild aquatic birds to domestic chickens. Moreover, it has
been postulated that the severe human infections seen with
H5N1 may be associated with cytokine dysregulation (i.e.,
severe pneumonia and multiple organ failure), also poten-
tially modulated by the NS1 and PB1-F2 genes.

Changes in the genetic structure of influenza viruses,
especially in the M and NA genes, may also indicate
decreased sensitivity or resistance to antiviral drugs. Resis-
tance to the adamatane group of antiviral drugs has been
widespread in H5N1 clade 1 and 2.1 viruses but is less
commonly seen in other H5N1 clades. Resistance to the
neuraminidase inhibitor group of antiviral drugs (e.g., osel-
tamivir) has also been found in some influenza viruses.
Recent experience with oseltamivir-resistant HIN1 human
seasonal influenza viruses has shown that such resistance in
the N1 subtype may occur without causing any loss of
virus infectivity or pathogenicity, raising the concern that a
similar situation could arise with H5NI. Certainly, more
research on antiviral drugs and their limitations is needed.

Species differences

Pathogenesis and transmissibility of AIVs have been studied
in animal models. In experimental H5N1 infections, respi-
ratory and systemic pathology and pathogenicity vary by
host species, and virus strain and dose-dependent differ-
ences exist in transmissibility, infectivity, pathogenicity, and
mode of transmission. Pathogenicity is linked to efficient
replication; however acute respiratory distress syndrome
and multiple organ dysfunction syndrome have been seen
in some animal models even when replication is limited to
the lungs, indicating that systemic pathogenicity does not
necessarily depend on systemic replication. Concerns were
raised about the applicability of results from animal models
in relation to human disease. The importance of obtaining
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data from humans and identifying the appropriate animal
model for addressing different research questions was
stressed (see also section 4.1, models, below).

The complicated epidemiology of swine influenza was
presented. Currently, HIN1, H3N2, and HIN2 subtypes
are endemic in some regions, and swine influenza viruses
(SIVs) in North America differ from those in Europe.
Modern SIVs are usually derived through reassortment of
human, avian, and swine viruses. Swine influenza viruses
have occasionally transmitted to humans, with at least 40
documented cases representing all SIV subtypes. The main
risk factor for humans is exposure to infected pigs, with
little evidence of human-to-human transmission, though
the total number of human SIV cases is small given the
number of swine workers worldwide. Many SIV infections
in people likely go undetected; however, it is difficult to
determine seroprevalence due to cross-reactivity between
human and swine viruses in the hemagglutination inhibi-
tion (HI) assay and the fact that recent human seasonal
influenza exposure or vaccination can boost antibody titers
to SIVs.

3 Evolution and emergence of a pandemic
virus strain (Session 2)

The objective of session 2 was to evaluate the factors affect-
ing evolution and emergence of a pandemic strain and dis-
cuss monitoring systems. The speakers presented data on
the evolution of human pandemic viruses; the evolution of
HS5NT1 in birds; characteristics of H5N1 influencing muta-
tion and reassortment; WHO and OFFLU monitoring
activities; and the role of antigenic cartography. Much dis-
cussion focused on surveillance, thus a separate surveillance
section was added to this summary.

3.1 Viral determinants and ecological conditions
affecting mutation rate and probability of
reassortment

Emergence of a pandemic strain

To date, only influenza subtypes H1, H2, and H3 have met
the three requirements for causing human pandemics,
namely, they (i) contained an HA to which the human
population was immunologically naive, (ii) were able to
replicate and cause disease in humans, and (iii) were able
to efficiently transmit between people. The role of pigs in
the past three pandemics is unclear and may have been
overestimated and that of domestic poultry underestimated.
However, no precursor avian/animal viruses to the previ-
ous H1, H2, and H3 pandemic strains are available, thus
we do not know the series of mutations that occurred dur-
ing their emergence and so can not learn from the past to
predict the course of emergence of the next pandemic.

However, it is likely that once AIVs have mutated suffi-
ciently to circulate widely in humans, they will no longer
circulate in poultry. They may, however, transmit to and
circulate in pigs.

In discussion, it was noted that the last three pandemic
subtypes arose from AIVs that had low pathogenicity in
poultry, thus the next pandemic virus may evolve from
either a low or high pathogenicity AIV. It also may evolve
from an influenza subtype other than H5NI. The current
concern about H5N1 reflects primarily the potential sever-
ity of an H5N1 pandemic, because even if acquisition of
pandemicity is associated with some loss of virulence for
humans, the multifactorial virulence properties of H5NI1
suggest that it would likely still remain a formidable cause
of human morbidity and mortality.

Co-circulation of viruses was discussed again in the con-
text of influenza pandemics (it was previously discussed in
the Risks from other subtypes and co-circulation subsection
of section 2.1). It was suggested that more influenza circu-
lation in human populations leads to more cross-protection
and increased overall immunity (perhaps through internal
genes) and reduces the risk for a pandemic. However, com-
petition among subtypes in humans was seen as unlikely to
decrease risk of emergence of a pandemic strain, as two
seasonal influenza A subtypes (H1 and H3) already co-cir-
culate in humans on an ongoing basis.

There was much discussion on how to prioritize poten-
tially pandemic subtypes and strains. The question of the
risk of avian Hls and H3s was raised, as both avian H1
and H3 viruses are circulating in avian populations, espe-
cially in LBMs. Current avian H3s are still cross-reacting
antigenically to some extent with human seasonal strains,
so that seasonal influenza infection and vaccination may
have boosted immunity to avian H3s in people. Thus, par-
ticipants agreed that H3 may be a minimal threat. How-
ever, seasonal Hls may not be boosting immunity to avian
HI strains, as avian and human Hls are antigenically dis-
tinct. Both H1 and H3 diversity in avian populations and
their antigenic cross-reactivity should be further assessed
using neutralization and HI test serology studies of human
sera from different sub populations against avian strains to
evaluate the risk from these subtypes. As H2s are not
included in human seasonal vaccines and those born after
1968 have no immunological memory to these viruses, and
because this subtype has proven pandemic potential, it was
suggested that H2 viruses still pose a pandemic risk. HON2
viruses and H7 viruses have repeatedly infected humans
and HON2 viruses in particular are geographically wide-
spread. Thus, they both remain pandemic candidates. It
was suggested that organizations prepare a repository of
vaccine seed strains for a variety of different subtypes,
based on viral surveillance in animal populations and zoo-
notic risk.
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Mutation and reassortment

The original low pathogenic virus progenitor of the cur-
rently circulating H5N1 is thought to have emerged from
the natural gene pool in wild ducks, then started to circu-
late in domestic ducks and geese, then moved to other
domestic poultry. The current virus emerged when reassor-
tant viruses were generated locally in domestic ducks (due
to the frequent gene flow from the wild bird reservoir),
and then, in 1997, spread through domestic ducks and
other poultry in farms and LBMs. Rapid HA evolution
occurred in 1999-2000, when most clades were generated,
perhaps due to circulation of virus among large, immuno-
logically naive populations of diverse species. This may
have allowed selection of H5N1 viruses adapted to multiple
hosts, accounting for the ecological success of this virus
strain.

In general, populations of influenza viruses are highly
diverse, and evolve rapidly. Substitution rates are generally
high for all influenza viruses (including this H5N1 and
human viruses) regardless of their host. The rates are sig-
nificantly higher in HA and NA genes compared with
internal genes, and there is negative selection for mutation
in genes other than HA and NA. Selection forces are
site-specific within the HA, generally affecting antigenic
receptor binding and glycosylation sites. Mechanisms for
evolution include neutral and selection-driven mutation,
reassortment, and possibly compensatory mutations that
maintain fitness of reassortant viruses. Forces that influence
the direction of viral evolution were discussed; the diversity
currently seen in H5 viruses in birds is probably due to
spatial heterogeneity and adaptation to a variety of avian
hosts.

Many inherent virus characteristics predispose influenza
viruses to mutation and reassortment. The influenza RNA
polymerase is not capable of proofreading the progeny
genomic RNA and therefore, nucleotide substitutions occur
with high frequency. The short viral generation time fur-
ther expands the supply of substitution mutants available
for selection. Genome partitioning into eight RNA mole-
cules allows easy reassortment, as demonstrated by frequent
field isolations of reassortant AIVs. In addition, avian—
human reassortant viruses have already emerged and
currently circulate in swine. The 16 HA and 9 NA AIV
subtypes currently known offers a broad array of host
range, viral tropism, viral shedding, and immune evasion
phenotypic characteristics that may confer selective advan-
tages under a variety of pressures. Reassortant genotypes
show that certain gene linkages do seem to occur based on
functional interactions, but these are not yet well under-
stood. Because influenza viruses are established in multiple
avian and mammalian hosts, including humans, dual infec-
tions are possible and can allow reassortment in a co-
infected individual, especially species expressing both SA2,3

and SA2,6 receptors in the upper airway (e.g., swine).
Influenza viruses cause a mucosal infection therefore lim-
ited immunologic memory favors evasion,
repeated infections, co-infection, reassortment, and muta-

immune

tion. These characteristics contribute to the plasticity and
overall evolutionary success of influenza viruses.

Interestingly, in contrast to human and avian viruses,
there was almost no antigenic change in classical SIV
strains between the time of their introduction at the begin-
ning of the previous century until the emergence of
human-avian-swine triple reassortant H3N2 viruses in the
late 1990s.

3.2 Monitoring for important viral changes

Monitoring by WHO and OFFLU

The WHO Global Influenza Surveillance Network (GISN)
was established in 1952 to monitor antigenic and genetic
evolution and mutations and spread of human seasonal
influenza virus variants, to decide on the composition of
human influenza virus vaccines. Resistance to antiviral
pharmaceuticals is also monitored. This information is
important for biannually recommending virus strains for
human seasonal and H5 vaccines, and for assessing changes
influencing the reliability of current diagnostic reagents,
increasing human zoonotic or pandemic risk, changing
clinical outcomes, or resulting in drug resistance. Some lab-
oratories in the network are monitoring swine and avian
viruses as well.

The OIE/FAO Network of Expertise on Avian Influenza
(OFFLU; now entitled ‘OIE/FAO Network of Expertise on
Animal Influenza’) was created in 2005 to facilitate
exchange of scientific data and biological materials, offer
technical advice and expertise, collaborate with the WHO
influenza network, and support Al research. Active collec-
tion and analysis of AIV strains allows the OFFLU network
to share information and material in support of global Al
prevention and control. Technical activities address gaps in
influenza diagnostic and epidemiological knowledge.

OFFLU and WHO are working to formalize communica-
tions and build upon current collaborations including
information sharing and technical projects. Activities to
improve virological and epidemiological monitoring and
joint analysis will be crucial to early detection and risk
assessment of public health-relevant AIVs circulating in
animal populations.

The example of Africa and the Middle East was used to
demonstrate how animal sector virological surveillance
might be used to identify public health-relevant viral muta-
tions. In these regions, H5N1 has been identified in both
poultry and wild birds since 2006, and the sequence data
from many isolated viruses has been made available to the
scientific community. The data (which suggest multiple
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introductions in some areas and ongoing circulation in oth-
ers) can be used to inform specific animal sector prevention
and control measures. As well, data can be used to inform
public health risk assessment. For example, mutations asso-
ciated with previous human pandemic isolates have been
identified in these viruses, and adamantane resistance has
also been identified. These findings were communicated to
the international public health sector immediately after
determination. Improved two-way communication between
the animal and public health sectors regarding which spe-
cific mutations are of public health interest, and which of
those mutations are circulating in animal populations,
would optimize early detection of emerging viruses with
increased zoonotic or pandemic potential.

The importance of systematic monitoring of AIVs for
antiviral resistance was stressed. When current antivirals
are no longer useful against circulating strains, new antivi-
rals need to be developed. Laboratories need to investigate
new resistance mutations by genotypic and phenotypic
screening, flag resistant viruses for tracking, and communi-
cate these findings readily between the animal and public
health sectors.

Development of a standard H5N1 nomenclature by the
joint WHO/OIE/FAO H5N1 evolution working group has
provided both the animal and public health sectors with a
phylogenetic classification system based on the HA gene.’
This system improves interpretation of sequence data from
different laboratories, removes subjective geographical ref-
erences, allows for expansion as new clades emerge, and
provides a basis for a more extensive system including anti-
genic variation and genotyping. Expansion of the system to
H9 and SIVs is being planned. It was mentioned that the
unified nomenclature further strengthens pandemic pre-
paredness activities related to vaccine, antiviral, and diag-
nostic test development and stockpiling by focusing efforts
on the most relevant emerging viruses.

Antigenic cartography

Antigenic cartography provides a way to visualize the anti-
genic evolution of influenza viruses using HI assay data. In
antigenic maps, antigenically similar viruses appear closer
together, allowing visualization of antigenic changes
through time and geographical space. The technique was
first applied to human H3 virus evolution, using ferret-
serum generated HI data from human seasonal viruses, and
since 2004 has been effectively used by WHO for selection
of human influenza vaccine strains. H5 antigenic cartogra-
phy is in the early stages of development for human vac-
cine strain selection, but is also being used for evaluating
avian viruses for animal health sector use. Different pat-

Shttp://www.who.int/csr/disease/avian_influenza/guidelines/nomen-
clature/en/index.html

terns are being seen using the animal health sector HI data,
which may be due to creation of HI sera in chickens
(rather than ferrets) or to using sera raised with adjuvanted
(rather than non-adjuvanted) antigens. It was suggested
that, ideally, the antigenic analyses of circulating strains by
the animal health and public health sectors should be inte-
grated.

Epidemiological and virological surveillance and information
sharing

In discussion, the importance of strengthening global viro-
logical and epidemiological surveillance for H5N1 and other
animal influenza viruses to ensure early detection of both
disease and virological changes was strongly emphasized.

It was agreed that both the animal and public heath sec-
tors would benefit from improved knowledge of the prop-
erties of H5N1 (or other AIVs) that are circulating in
animals to adequately assess which strains should be rec-
ommended for veterinary and human vaccines and to
update diagnostic reagents according to genetic and anti-
genic evolution. Having a full and broad picture of the dis-
tribution and prevalence of viruses and disease globally
would allow better assessments of animal and public health
risks, as well as the identification of mutations of public
health significance.

Surveillance in poultry and wild birds in Europe,
North America, Hong Kong, and other selected locations
is intensive, but in many areas of Al risk, surveillance is
weak or lacking and needs to be supported and
improved in a sustainable way. It was noted that in
Europe, existing surveillance has led to early detection of
H5N1 on several occasions. Currently, the extensive
European data is maintained in the DG-SANCO data-
base, and partly (for wild bird isolates) in the
EU-funded research project New-Flubird.” A common
global platform and linking of surveillance systems would
be ideal, with one constraint being the differences in
types of surveillance among countries. Improved commu-
nication between existing platforms would already be a
positive step forward.

It was recognized that when effective passive and active
surveillance leads to early disease detection, then disease
control is improved. However, effective animal sector sur-
veillance requires a complete and functional veterinary
infrastructure and supporting diagnostic laboratory capac-
ity. As well, effective use of resources requires appropriate
targeting (e.g., by species, sector) and implementation
according to differing disease patterns (e.g., for sporadic
versus endemic disease situations). It was recognized that

DG Sanco data available at http://ec.europa.eu/food/
animal/diseases/controlmeasures/avian/eu_resp_surveillance_en.htm
"New Flubird data available at http://www.new-flubird.eu/
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surveillance may not be implemented properly, even if the
system is appropriately written in the national legislation.
Surveillance systems in humans should also vary by the dis-
ease situation. For example, where AIVs are endemic and
sporadic human cases are occurring, it was suggested that
it would be most efficient to focus on the early identifica-
tion of clusters of human cases.

The social aspects of surveillance were discussed, for
example that passive surveillance fails when people feel
threatened by the consequences or when tools and systems
are impractical for the targeted community (e.g., broad
case definitions for Al in areas where poultry deaths are
common), and thus, that surveillance should be commu-
nity-based and customized for each setting. The use of
community-level incentives and disincentives was discussed,
and it was agreed that the differences between what may by
considered incentives and disincentives by the key players
in the human and animal health sectors may not be appre-
ciated.

It was agreed that overall, surveillance in human and
animal populations should be better coordinated. Coordi-
nation is working well in Indonesia, where there is active
human surveillance in areas of animal outbreaks and vice
versa. This has, for example, reduced average time to
human antiviral treatment from 4 to 2 days. It was sug-
gested that it would be more sustainable to coordinate Al
surveillance with surveillance for other zoonotic diseases.
It was agreed that any coordination requires good com-
munication between the animal and public health sectors,
which may vary on the local level and may be influenced
politically.

There was a generalized call for OIE, FAO, and WHO
to formalize the sharing of virus samples and associated
information for all AIVs. The importance of whole gen-
ome sequencing of an appropriate virus subset and ensur-
ing timely availability of information was also stressed.
The problem of information sharing with and among
countries who may have technological difficulties in “con-
necting” was discussed (as these are often the countries at
risk). It was noted that timely information sharing can
also allow individual countries to decrease their risk of
exposure.

4 Human transmission risks and exposure
source (Session 3)

The objective of session three was to identify likely modes
of transmission and exposure sources for zoonotic infection
with AIVs. During this session, speakers presented data on
possible modes of seasonal and zoonotic influenza trans-
mission; sources of exposure for human cases of H5NI1
(including the potential roles of exposure to poultry prod-
ucts and by-products, of culturally relevant poultry/human

interactions, of poultry management systems, of LBMs and
of contaminated environments); food safety issues; and
evidence to explain the low incidence of H5NI1 cases in
humans. The country representatives briefly outlined what
they considered the successes and challenges of their
national H5N1 experience, which are also summarized
here.

4.1 Modes of transmission for human infection
with avian influenza viruses

Modes of transmission

The modes of human seasonal influenza transmission have
not been completely elucidated. People shed influenza virus
from the respiratory tract, and potential modes of trans-
mission include contact spread, aerosol spread, and droplet
exposure. Influenza virus survives on hands for 5 minutes
but on other surfaces for 12-48 hours. It was suggested
that hand hygiene is important to decreasing risk. Viability
of virus in aerosols depends on initial concentration, tem-
perature, and humidity. Inhalable particles account for
<10% of the volume of a cough, but despite some animal
experiments and studies in humans the role of long dis-
tance aerosols is uncertain. It is unknown whether droplet
induced infection is the result of direct deposition of drop-
lets onto facial mucous membranes, deposition onto hands
with transfer to the face, or inhalation. Additional seasonal
influenza transmission studies, evaluating the effects of
masks, respirators, and hand hygiene on transmission, are
pending.

Potential modes of zoonotic AIV transmission to
humans also include contact (with oral or nasal mucus
membranes or conjunctiva) and inhalation (of contami-
nated dust from rearing or slaughter, or fine water drop-
lets generated during household or live bird market
slaughter). Mouse, non-human primate, domestic «cat,
guinea pig, ferret, and pig models each has its specific
applications for the study of influenza virus virulence
and transmission (also discussed in the species differences
subsection of section 2.2, above). For example mice are
susceptible to field strains of H5NI1 avian viruses, but
H3N2 human viruses require adaptation to the mouse
host through repeated passages. Ferrets are the best ani-
mal model for studying Dboth  virulence and
transmissibility of influenza viruses to humans, due at
least partly to similar respiratory tract distribution of
SA2,6 receptors. Guinea pigs may be a suitable model to
study human influenza virus transmission, but their
use for other influenza viruses remains unknown. Pigs
are also susceptible to infection with some avian and
human viruses, but have not shown clinical disease or
systemic infection in experimental studies with H5N1 to
date.

© 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29 9 |



[ Joint Writing Committee

Ferret studies suggest that contact and droplet transmis-
sion of H5N1 and other AIVs to mammals are generally
inefficient, although H5N1 has been transmitted to ferrets
housed in a room where asymptomatic infected chickens
were slaughtered. Overall, studies show that transmission
(as well as pathogenicity and virulence) depend not only
on animal host species but also on virus subtype and virus
strain, dose, and exposure route.

4.2 Exposure risk for human infection with avian
influenza viruses

Exposure data on human cases

Specific exposure risks for AI H5N1 infection in humans
are not well understood, and likely differ greatly by coun-
try. Along with direct contact with sick or infected poultry,
indirect contact with poultry, environmental contamina-
tion, and contact with healthy infected poultry are also
likely to be risks. Most humans infected to date were not
in “traditional” occupational risk groups, while subpopula-
tions such as children and housewives seem to be at greater
risk in some countries. As well, the risks posed by different
types of poultry, and household animals such as cats, are
not yet understood. It was agreed that it is not currently
possible to globally disentangle data and determine specific
risk activities, and that epidemiological data collection and
analysis should be improved. It was suggested that ecologi-
cal aspects, the species of birds or other animals, the vacci-
nation status of domestic poultry, and the type of poultry
production system® associated with human cases should
also be recorded and considered in analysis. It was stressed
that, although it is clear that control of Al in poultry is the
most important step in reducing zoonotic risk and pan-
demic threat, understanding specific zoonotic risks is
important to enable development of practical risk reduc-
tion measures for humans.

Representatives from affected countries reported that
human cases are usually located in areas of poultry cases, and
that exposure history has included household poultry raising
(especially poultry living inside the house), poor poultry vac-
cination coverage, exposure to sick or dead poultry, lack of
an indoor water source, visiting LBMs, having an underlying
medical condition, and in some cases occupational poultry
exposure. In many cases, a specific exposure was inconclusive
or unknown despite in-depth investigation.

The question of why human H5NI1 cases seem to be
occurring only in certain countries and communities was
discussed. It was agreed that this reflects primarily the pres-
ence of infected poultry and the amount of virus present,

8Poultry production sectors described in: FAO Recommendations on
the Prevention, Control and Eradication of Highly Pathogenic Avian
Influenza in Asia, Sept. 2004, available at http://www.fao.org/docs/
eims/upload/165186/FAOrecommendationsonHPAIL.pdf

but might also reflect the surveillance system or other as
yet unidentified local ecologic, cultural, genetic, virological,
or management factors.

Most studies have indicated a very low seroprevalence of
antibodies to AIVs among people in high risk occupations,
such as poultry cullers and LBM workers, in affected coun-
tries. The many difficulties with the serological tests were
mentioned, and it was noted that more sensitive and dis-
criminating subtype-specific tests need to be developed. It
was agreed that more seroprevalence studies for AIVs in
humans need to be done and the results from completed
studies need to be shared with the wider scientific commu-
nity in a more timely manner. It was noted that solutions
must be found to improve timely publishing and sharing
of study results with the animal and public health commu-
nities, to improve the availability of seroprevalence, case
control and attack rate data for zoonotic AIVs.

Consumption and inactivation

Avian influenza is not generally considered a food safety
issue, as complete cooking inactivates the virus and the risk
of infection from foods cross contaminated with virus is
negligible.

Virus is contained in meat, viscera, blood and eggs from
poultry infected with highly pathogenic AIVs. Consump-
tion studies of raw infected chicken meat in ferret and pig
models suggest that H5N1 viruses initiate infection via the
tonsil or pharynx with spread to the upper and lower respi-
ratory tract. However, experimental data in pigs and ferrets
suggest that foodborne infection by consumption of raw
infected meat would require higher viral doses than would
infection through respiratory tract exposure. Thus, risk
reduction measures for humans include pasteurization or
thorough cooking of meat and eggs, basic kitchen hygiene,
and consuming products derived from vaccinated poultry
(as poultry vaccination prevents viremia and localization of
virus in muscle tissue).

Freezing at —70°C preserves the virus, while inactivation
at —20°C is inconsistent and unpredictable, and refrigera-
tion (4°C) allows slow virus inactivation in meat due to
decreasing pH and enzymatic action. Infectious virus has
been detected in frozen raw poultry stored in a household
freezer.

Risk from live bird markets and virus in the environment

Multiple AIV subtypes, including H5N1, HON2 and H6NI,
have been obtained from birds in LBMs in Asia. Interest-
ingly, H7 subtype viruses are not commonly found in
LBMs. Isolation rates and virus subtypes differ by species
of poultry and location, with more frequent virus recovery
from aquatic poultry (ducks and geese) than chickens, and
higher isolation rates during the winter. Studies show that
LBMs can maintain, amplify, and allow dissemination of
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AlIVs to farms and are a source for human infection, and
are therefore a useful site for targeted surveillance. It was
noted that, in an affected country, virus concentration is
generally low at the farm or household level, increases at
wholesale markets, and is further amplified and sustained
at LBMs from where virus may be disseminated back to
farms and households.

Data from different countries was presented. Risk factors
for LBM contamination included housing of unsold poultry
overnight, presence of Muscovy ducks, presence of a large
duck population, and slaughtering in multipurpose areas
and in stalls. Human risk at LBMs was associated with the
presence of restaurants and food stalls in markets, having
family members in the market, and the use of traditional
slaughtering processes. Viral burden in LBMs was shown to
be decreased by implementing a rest day, removal of par-
ticular species (e.g., quail), improving market hygiene, and
not allowing live poultry to remain overnight. However,
LBMs must be specifically assessed as they vary greatly
among and within countries and therefore do not all have
the same risk factors.

It was discussed that in many countries LBMs play an
important role in people’s cultural and economic lives, and
thus appropriate and culturally sensitive ways to decrease
associated Al risks must be sought. Specific targeted assess-
ments of LBMs would allow understanding of the environ-
mental contamination of different areas within LBMs and
among LBMs in different settings, communities, and coun-
tries. Having decisive political support would allow the ani-
mal and public health sectors to develop appropriate
strategies, regulatory frameworks and guidance. Measures
to decrease risks could then be integrated into national sys-
tems to improve the general hygiene of LBMs and reduce
risks for AIV and other animal and zoonotic pathogens.

Contamination of environments can be heavy during
poultry outbreaks, with virus being isolated from house-
holds, wet feces, pond water, mud under animal cages, soil
(including that beneath houses on stilts), in poultry rang-
ing places, and on the feathers of dead poultry. In environ-
ments, AIVs survive in water, in feces, and on surfaces.
Temperature, porosity of the surface and water salinity all
affect survival time. More recent H5N1 viruses have been
shown to survive longer in chicken feces than those viruses
from 1997, but studies suggest this is due to longer decay
times because of higher virus titers within feces and is not
an intrinsic resistance of the virus strains to inactivation.

Cultural practices associated with risk

Some key cultural practices may increase risk to humans.
For example, traditional poultry production and people
sharing their living areas with poultry put humans in close
and prolonged contact with infected animals and contami-
nated environments, and cock fighting involves direct con-

tact with avian blood and respiratory secretions. Often
these practices are linked with economics (household poul-
try turning household waste into inexpensive protein, duck
farmers paying rice farmers to allow ducks to feed on left
over rice); practicality (food stalls and family members
helping in LBMs; eggs and poultry available in household
or village); necessity (LBM and household slaughter
required when no available cold chain; workers staying in
poultry house to protect poultry); cultures and beliefs
(entertainment and prestige of cock fighting; believing in
bad luck or karma as cause of outbreaks). It was suggested
that extensive public awareness campaigns and communi-
cation may improve public knowledge but not change
practices due to the considerations described above. It was
emphasized that cultural issues are complicated and take
time to change, requiring an integrated package of inter-
ventions, education, and work within the community.

Poultry systems and management practices associated with
risk

Much more is known about risk of spread of the virus in
animal populations than is known about human zoonotic
risk. Because exposure of humans mainly occurs directly or
indirectly through infected poultry, it is important to
understand the risk posed by different poultry populations.
As well, poultry raising and marketing systems differ
among countries and therefore pose different risks. In gen-
eral, risk of spread among birds is increased in countries
that have large poultry populations, and that produce a
variety of avian species in all four FAO-defined poultry sec-
tors,® especially when much of the production is in small
scale farms or in households. The H5N1 endemic countries
tend to have large domestic waterfowl and wild bird popu-
lations, although the limited available field data on the role
of wild birds in virus spread is difficult to interpret in the
context of reservoirs and infection dynamics. The disease
often has seasonal occurrence, with outbreaks generally
occurring in the winter, due to many factors including rice
harvests and holiday festivals as well as weather.

Risk of incursion onto a farm is determined by the
amount of outside contact and whether it involves possibly
infected or contaminated material, the local level of infec-
tion, and biosecurity measures taken. It was noted that
even in endemic countries most poultry and locations will
not be infected or contaminated (with the exception of
some LBMs), though each flock will have its own risk pro-
file based on multiple factors, especially biosecurity level.
Increasing human populations, food prices, and concerns
about ethical rearing could lead to more poultry raised
outdoors, which would increase risk for exposure and virus
spread.

There was some discussion on the effects of naturally
acquired influenza immunity on infection dynamics in
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poultry and wild birds. Some birds probably have immu-
nity to a variety of AIV strains, and this may influence
what subtypes are seen in the populations season to season.

Public health aspects of poultry vaccination

The topic of poultry vaccination in was raised several
times during the meeting, and the national vaccination
programs of China, Egypt, Indonesia, and Viet Nam were
described by representatives of the respective Ministries of
Agriculture. Countries consider vaccination of poultry
important for protecting public health as well as animal
health. The vaccination coverage varies among countries,
among locations in a country, and among poultry sectors
and avian species. Constraints to effective implementation
may include inability to achieve adequate coverage of
large, dispersed poultry populations, insufficient man-
power, inadequate post-vaccination monitoring, use of
different vaccines, variable vaccine quality and lack of
quality assurance, as well as weak regulatory support and
insufficient infrastructure of veterinary services in some
cases. Strategically targeting vaccination by species or sec-
tor may increase efficiency of national programs. It was
recognized that comprehensive recommendations for effec-
tive poultry vaccination are already available from OIE
and FAO.”

The possibility of harmonizing the selection of virus
strains for avian and human vaccines was raised, as the
updating processes are currently different. However, the
needs, processes, and vaccine development systems are also
different. Given the importance of poultry vaccination for
the protection of animal and public health, the need for
continued vaccine research was stressed, including working
towards developing a poultry vaccination platform that
elicits neutralizing antibody, works in multiple species, can
be given orally or is otherwise easy to administer, and pro-
vides good duration of protection. Monitoring of AIV
strains in the field, especially in the commercial production
sectors, is also important.

Other variables affecting risk of human disease
Discussions of human risk variables invariably raises the
question of why the number of human cases is relatively
small given the massive potential exposure of humans in
areas where H5N1 is circulating. It was suggested that there
are likely other inherent virus-related or individual host-
related variables that influence transmission to and infec-
tion of humans.

Virus-specific factors (described in depth in previous sec-
tions) do not seem to explain the observed pattern of

“HPAI Manual chapter, HPAI code chapter, output from Vaccina-
tion meeting 2007 (http://www.oie.int/eng/info_ev/Other%?20Files/
A_Guidelines%200n%20A1% 20vaccination.pdf)

human infections. Differences in virus dose and exposure
intensity also do not explain the infection pattern, because
there are very few cases in cullers and others potentially
exposed to very large virus doses and 25% of negative con-
trols report high levels of exposure to poultry, while 25—
30% of H5NI1 cases do not report any poultry exposure.
The mode of transmission also does not explain the
observed epidemiology as case control studies have not
identified unusual exposures (like swimming in rivers and
lakes, or eating raw duck blood) as explanations for the
majority of cases. It was therefore suggested that increased
risk must be associated with host factors, including immu-
nity or genetic or phenotypic susceptibility. Evidence for
some clustering of cases among blood relatives supports
the potential role of genetic susceptibility, although shared
environmental exposures must also be considered when
investigating human clusters.

How to evaluate these factors was discussed. It was
agreed that a more full assessment of the potential indi-
vidual variables (e.g., analyses of ILI/health history, co-
infection with other influenza viruses, assessment of anti-
body and cell mediated immunity (CMI), glycan arrays
for receptors, genetic evaluation, epidemiological studies
of families where some individuals are highly exposed
and some are not), as well as more extensive and consis-
tent data on exposures as described above (e.g., behav-
ioral factors, seasonality, climate, links with poultry
outbreaks, gender, age, occupation; behaviors/activities
including level of skill, species of animals present, virus
clade, and cultural aspects) would provide not only clues
to the true exposure risks but practical information for
more effective surveillance and monitoring and for
development of more effective control and prevention
strategies.

National-level successes and challenges:

Invited representatives of selected Ministries of Health and

Ministries of Agriculture identified their national successes

and challenges regarding H5N1 at the human-poultry

interface, including:
Successes:

e Increased political commitment and coordination with
local authorities

e Increased cooperation between animal health and public
health sectors

e Increased collaboration with international reference labo-
ratories, and with international partners (FAO/OIE/
WHO) and funding agencies

e Increased public and professional awareness and avail-
ability of community-based information, education, and
communication activities

e Vaccination campaigns preventing disease spread among
poultry and reducing viral load
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e Implementation of government compensation promoting
rapid disease reporting and transparency

e Upgraded national laboratory diagnostic capacity and
infrastructure

Challenges:

¢ Inadequate virological and epidemiological surveillance
in domestic poultry including waterfowl, and in wild
birds

e Understanding the linkage between poultry outbreaks
and disease in humans, including understanding occur-
rence of human cases where no cases were reported in
poultry

e Risks from extensive backyard, household, and rooftop
poultry production

e Risks from LBMs

e Large populations of poultry to vaccinate and risks posed
by unvaccinated poultry in LBMs and household flocks

e Cultural practices such as cock fighting

e Ineffective (or unfunded) compensation programs for
culled poultry during outbreak control

e Ongoing tensions between levels of governments and
among sectors

5 Broadening the use of tools and
systems (Session 5)

During this session speakers briefly discussed emerging
infectious diseases (EIDs) at the human—animal interface,
tools and methods used to evaluate emergence of other
zoonotic diseases, and the OIE/FAO/WHO Global Early
Warning System for transboundary animal diseases
(GLEWS). There was recognition that some tools and sys-
tems were developed for, or strengthened by, the H5N1 sit-
uation over the past 10 years, but that these systems have
also been used effectively to address many other zoonotic
or emerging diseases.

Presenters emphasized that EIDs are the “new reality” as
up to 34 new EIDs are expected worldwide by 2015, and
noted that 61% of EIDs are zoonoses. Speakers reviewed the
factors influencing emergence including genetic, biological,
physical, environmental, ecological, social, political, and eco-
nomic factors, as well as the role of animal and public health
systems. Changes in host—pathogen ecology were considered
the most important single driver for emergence. The conver-
gence of these human, animal, and environmental health fac-
tors requires working collaboratively, in a multidisciplinary
way, and at local, national, and global levels to attain optimal
health of humans, animals, and the environment. In discus-
sion, it became clear that this concept was not new, however
the roles and strategies of all the players globally are not fully
understood nor effectively integrated.

“Wicked problems” (those that have no solution through
traditional processes) were discussed in the context of EIDs,

and it was noted that managing these problems requires
linking together separate problem-solving activities into inte-
grated strategies and systems. For example, all countries have
a stake in everyone else’s disease surveillance, however it is
not necessarily in a country’s best interest to share surveil-
lance information with their neighbors or the international
community. Managing such dilemmas requires working
across disciplines, professions, and animal and public health
communities and factoring in social, economical, and politi-
cal forces, as well as ensuring political will, prioritizing
research to support evidence-based policies and decisions,
adding value gained from avian influenza H5N1 experience
by applying it to other zoonoses, determining the potential
application of “big science” (e.g., global technology and bio-
informatics) and creating concurrent planning scenarios of
improving what exists and creating what doesn’t.

The animal and public health sectors have vast experience
in addressing EIDs, and recognize the importance of rapid
response, global collaboration, and multidisciplinary teams.
In the past, these activities have consistently been done sepa-
rately, but now the continuum between animal and human
pathogens, the need for integrated (meaning linked not nec-
essarily single) strategies, and the need for improved animal
and public health infrastructures is increasingly apparent.
Health is now recognized as an outcome shaped by a broad
range of social, economic, natural, ecological and political
environments that form an ever-changing dynamic. Thus,
new ways of working together need to be identified that
reflect this reality. Our work on avian influenza H5N1 has
given us valuable experience in how to effectively do risk
communication and messaging, and how to evaluate social
and cultural determinants of disease; however, we must build
on these experiences and become even better as we appreci-
ate the need to incorporate the social sciences into our strat-
egies to confront new emerging zoonoses.

Today’s technologies can help to better detect, manage,
and contain the international spread of EIDs. There have
been great improvements in global tools and systems, such
as surveillance and forecasting of emerging diseases through
intersectoral (animal, human, and environment) collabora-
tion such as GLEWS, formal collaboration with wildlife dis-
ease experts, support of EID vectorborne network, and
WHO global outbreak alert and response network
(GOARN), global public health information network
(GPHIN), and connection of different laboratory networks.
Technology and successful collaborations have allowed risk
mapping, forecasting and early detection of EID events
[e.g., Rift valley fever (RVF) and Ebola]. Working together
on each of the steps from forecasting through response at
the country-level builds trust, and therefore facilitates a
more efficient and coordinated response and improved pre-
vention and control. It was noted that standardization of
risk analysis and forecasting needs to be addressed, includ-
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ing identifying standard procedures, methodologies, and/or
platforms and training personnel in their use. It was further
emphasized that animal and public health authorities
should have a common and coordinated strategy to fore-
cast, detect, and control EID outbreaks, as well as common
Standard operating procedure (SOPs) for district surveil-
lance officers and veterinarians to control selected EIDs
using an FAO/OIE/WHO agreed strategy, as well as pre-
paredness and occupational health guidelines.

Issues around early detection of EIDs were discussed.
The current and future activities of the GLEWS early warn-
ing system were reviewed, and include bringing together
animal and public health systems to share information on
zoonotic disease outbreaks, conduct epidemiological and
risk analyses, and to deliver early warning messages to the
international community. The goal is to develop holistic
approaches to pathogen and disease understanding which
include ecological and socioeconomic factors, pursue out-
break probability modeling, and examine disease presence
or absence in relation to a variety of external factors. It is
also planned to expand the use of this system to share
many kinds of data (e.g., laboratory diagnostic capacities of
countries or regions, veterinary infrastructure, and training
available) and to provide a common platform for other
collaborative work (such as identifying risk factors for
endemic diseases). It was suggested that international agen-
cies could place interns in countries to conduct GLEWS
surveillance and build internal commitment for programs.

It was noted that to ensure early detection, surveillance
needs to be improved in wildlife, especially in situations
where wildlife come into contact with humans (e.g., via the
pet trade, bush-meat or live game markets), as well as in
domestic livestock. However, experience with the WHO
event management system has shown that, with increased
surveillance, it becomes challenging to determine which
identified events require a response. Work is ongoing to
boost the real signals against the background, look at more
reliable sources of information, and develop a gold standard
for a positive predictive value of information. It was men-
tioned that another large area of work is to link other tools
for information gathering and analysis (e.g., Google). Using
“big science” technologies to solve the surveillance question
was discussed, such as using deep amplicon sequencing to
pick up subclinical pathogens. Broad geographical sampling
would also decrease concerns about transparency by “even-
ing out the playing field.” It was mentioned that, in 2008, we
have the technology to not be surprised by every new out-
break, and should be applying it more appropriately.

6 General conclusions

The world faces continued threats from avian influenza
and other zoonotic diseases, which can only be effectively

minimized through new strategies of collaboration focused
at the human—animal interface.

Collaboration and coordination

Much has been learned about controlling avian influenza in
animals and people, and the world is better prepared to con-
front influenza threats. However, important gaps remain
both in scientific knowledge (e.g., modes of transmission,
occupational risk, baseline exposure rates, role of live bird
markets) and in the rational and sustainable implementation
of control measures. The animal and public health sectors
need to coordinate and complement their research as well as
their disease control and prevention activities in a more for-
malized manner and to the fullest extent possible.

Surveillance and use of data

The circulation and continuous evolution of potentially
zoonotic animal influenza viruses in birds, humans, and
other hosts poses an ongoing public and animal health
threat. Along with H5N1, other animal influenza viruses
also have or could develop the characteristics necessary to
infect humans and potentially become a pandemic strain.
The prevalence and distribution of all animal influenza
viruses have been insufficiently characterized on a global
level, and is likely to be underestimated. Some systems and
tools for virological and epidemiological surveillance and
monitoring of animal influenza viruses in animal and
human populations exist. However, influenza surveillance
needs to be expanded to integrate other relevant private
and public institutions so that circulation, evolution,
dynamics, and risks can be fully understood and analyzed,
sustainably and in real time.

Transdisciplinary research on zoonotic risk
Controlling avian influenza in poultry is the primary
method to reduce human risk from zoonotic infections.
Understanding the measures aimed at preventing and con-
trolling HPAT H5N1 in poultry has improved greatly over
the past 4 years. In many countries measures have been
effectively applied, decreasing the number of human cases
being reported. However, the specific human activities and
behaviors, as well as host, virus and ecologic and country-
level factors (e.g., the role of live bird markets), associated
with human zoonotic influenza have not been identified
sufficiently to support strategies to eliminate public health
risk. Further data collection, analysis, and research both
within and between the human and animal health sectors
are critical to fully understand the scientific basis for zoo-
notic risk.

Sharing of information and technical tools
There has been a dramatic improvement over the past few
years in both the collaboration between the animal and
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public health sectors and the availability of technical tools
for monitoring and understanding influenza (e.g., antigenic
cartography, shared databases). However, mechanisms for
facilitating broad and timely access to information and
tools are not adequately developed to ensure early detection
of, rapid assessment of, and response to threats from influ-
enza viruses. The implementation of more effective preven-
tion and control tools and strategies can only be achieved
through a more effective and timely exchange of genetic,
antigenic, and epidemiological data on these viruses.

Moving towards sustainability

Ensuring sustainability is crucial to maintaining infrastruc-
ture and capacity development and development of tools
and systems for assessment and response. One way for
tools and systems built or planned to address Al to become

more sustainable would be to make them applicable for a
broader array of existing and emerging diseases.

Addressing other emerging zoonoses

It is clear that avian influenza H5NI1 is just one of a num-
ber of emerging zoonoses, and that experience with H5N1
at the human—animal interface can be enormously instruc-
tive and insightful in meeting the challenges of future
emerging diseases. The development of effective best prac-
tices, tools, and systems to control and prevent H5N1 can
be leveraged and applied to other zoonoses.
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Appendix A: Recommended short to
medium term actions

Collaboration and coordination

1.

Promote and strengthen ongoing collaboration (e.g.,
joint evolution working group, technical exchange of
scientific information, national coordination of sectors)
and identify novel areas for additional technical collabo-
ration.

. Identify new strategic partners to better address gaps in

knowledge at the human—animal interface.

Surveillance and use of data

1.

Broaden the timely collection of both HPAI and LPAI
influenza viruses and associated epidemiological data to
ensure that the full scope of hosts, ecologies, and geo-
graphic areas are represented (e.g., including environ-
mental monitoring in markets, rice paddies, households,
and other areas of increased risk).

Expand partnerships with the private
improve capacity where necessary to ensure adequate
influenza surveillance.

Support research on diagnostic tests for influenza in
poultry and humans aimed at improving consistency,

sector and

sensitivity, rapidity, and cost-effectiveness.

Use virological surveillance data to inform continual re-
assessment of diagnostic reagents and vaccines, monitor
virus evolution and antiviral resistance, and assess risks of
emergence of potential zoonotic and pandemic strains.

Transdisciplinary research on zoonotic risk

10.

. Promote full genome sequencing of isolates and ensure

continual updating of information on all relevant influ-
enza virus mutations and reassortments.

. Determine the zoonotic potential of swine and other

animal influenza viruses of various subtypes.

. Develop and validate more sensitive and specific tests

for detecting antibodies to avian influenza viruses in
avian and non-avian species including humans.

. Incorporate experts in social sciences and communica-

tion to ensure that interventions and recommendations
to decrease public health risks take into account cul-
tural and socioeconomic aspects that will improve the
efficacy of implementation.

Monitor the impact on public health of measures
to reduce infections in poultry, such as poultry vacci-
nation, and strive to continually improve such mea-
sures.

Sharing of technical tools and information

1.

. Establish

Continue to strengthen and improve existing mecha-
nisms and systems for information collection, sharing,
and analysis maintained by OIE and FAO (including
OFFLU) and WHO (such as GLEWS) and facilitate
and promote interagency collaboration wherever possi-
ble.

real-time  communication  systems to
widely share and discuss technical information among
all global, regional, and national partners and stake-

holders.

. Find innovative solutions to improve technical collabo-

ration and effective information and material sharing.

1. Increase and improve data on zoonotic influenza in

humans through standardized data collection, and addi- . .
. . o Actions for broadening
tional case control and serological studies in the field. .o .

2. Develop tools and conduct integrated analysis of zoo- 1. Promote a more holistic and collaborative approach to
notic risks from animal influenza viruses, and translate 1r§pr(?ve both huma(rll and amm}jl health an.dubull(}il mor}_c;
technical knowledge gained into practical strategies and elfective t'eams al? . P a.rtne.rs ?ps, especially  throug
recommendations at the interface strengthening of existing institutions.

3. Determine the public health risks from live poultry mar- 2. Promote study 9f the eC(?logy of emerging .zoonoses afld
kets and assess the impact of interventions at different construct new interventions and prevention strategies
levels of the market chain based on scientific understanding of the effects of ecol-

4. Improve understanding of the pathogenesis and modes ogy on diseases at the 1nterfac§.
of intra- and inter- species transmission of zoonotic 3. Encourage the further expansion and refinement of the
influenza viruses through more detailed studies in GIf“EWS 'system and t}}lle GLEWS Platform for shailing
humans and better animal models, including improving m (l)r?atloil bamong t ed orga;nzalt(lo.ns (e..g., _consider
understanding of the tissue distributions of virus recep- 1nc. u, mng sdoratloryl an. out hr.ea Investigation team
tors and their role as barriers to transmission, and use training and deve opu.lg internships). . .
knowledge to enhance animal and public health risk 4. Move towards coordinated development of diagnostics
mitigation strategies and reagents for use across animal and public

5. Improve understanding of the factors that drive the evo- health laboratorles‘ V\iherever apprqprlate, to ensure
lution of animal influenza viruses in poultry, other improved standardization, comparability, and accuracy
birds, and mammals. of results.
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6. Devise and apply tools to monitor the efficacy of imple-
mented strategies towards a better response capability
for emerging diseases of importance.

5. Recognizing the fact that many infectious diseases of
humans have emerged from previously unrecognized
pathogens in wildlife, leverage the concept of “Big Sci-
ence” by using novel approaches to pathogen discov-
ery, the use of new informatics tools, and open sharing

of information.
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Appendix B: Gaps at the human-animal
interface

Surveillance

1.

Enhanced and sustainable epidemiological and viro-
logical surveillance in animals and humans (with
improved scope and quality of data collected) for
H5N1, H9N2, and H7 viruses as well as other
potentially zoonotic animal influenza viruses, including
swine influenza viruses (leading to closer estimates
of the global prevalence and distribution of these
viruses).

. Solution to achieve better reporting of potentially zoo-

notic non-H5 and H7 subtypes.

. Enhanced surveillance specifically among ducks, other

silent reservoirs of avian influenza, and wild birds to
evaluate prevalence and persistence.

. Improved surveillance in human populations potentially

Valid baseline data, including serosurvey data, for
exposure to H5N1 and other potentially zoonotic
influenza subtypes, including serological investigation
of people living near poultry outbreaks, working in
high risk populations, and in contact with confirmed
human cases.

. Determination of risk factors for human zoonotic influ-

enza infections within and among countries, including
virus, host, and ecological factors (including under-
standing of risk associated with indirect contact with
poultry and contaminated environments and posed by
different avian and mammalian species).

. Further investigations of the link between poultry out-

breaks and human cases (especially when no apparent
link exists), including joint investigations and analysis
of national/community level factors contributing to
risk.

. . . . . 7. Understanding which production and slaughter prac-
exposed to animal influenza viruses, including sero-sur- . . .
veillance and serological studies tices or procedures have increased risk for human
5. Increased support of virological surveillance, especially exposure and infection. .. .
. ; . 8. Analysis of role of case definition (e.g., contact with
the use of screening tests, with confirmatory testing and -k and | - identificati fh
more frequent and representative genetic characteriza- sickcand pou try) il enti catlo.n Of fuman cases.
tion, antigenic characterization, and full genome 9. Comparative analysis of the epidemiology of different
sequ,encing of selected strains ’ zoonotic influenza viruses in humans.
' 10. Expanded knowledge of host range of animal influenza
Virology subtypes and strains.
o . . . 11. Understanding of competition among and within circu-
1. Phylogenetic information on other potentially zoonotic ) .
influenza subtypes lating virus subtypes.
. i _— . . 12. Understanding of viral persistence in the environment.
2. Understanding the contribution of avian virus reassort- o . ) . .
ment to host range expansion, virulence, and transmissi- 13. Availability of rationales for developing practical public
bility ’ ’ health measures and messages to optimize impact.
3. Understanding determinants of fitness, and of the fitness . ]
. . . Live bird markets
loss/gain by reassortment among influenza viruses. L Und di £ vi 1 d L.
4. Efficient and reliable methods for virus isolation from - un erst.an mg_ 0 erus prevalence an . transml.sswn n
environmental samples, including air LBMs, including impact of market interventions on
> . . . .
5. Understanding of factors affecting cross-protection of virus c1rcula.1t1on. . .
poultry and human vaccines 2. Understanding LBMs as a risk factor for human disease.
6. Understanding of the effect of vaccination on influenza . N . . .
virus evolution Virus transmission/infectivity/pathogenesis
1. Understanding of receptor structural diversity, distribu-
Epidemiology tion, and binding, including virus, host species and indi-
1. Expanded and consistent capture of epidemiological data vidual binding d1fferer.1ces, using new technologws s‘?Ch
on human zoonotic influenza infections (including use as glycan arrays and virus histochemistry, and including
of standard data collection tools and standard defini- hypothesis testing using virus infectivity studies in vari-
tions) ous species.
2. Estimate of the baseline level of potential risk variables 2 Unde.rsta.ndmg Of the HA mutations required t.o change
for populations in general the binding affinity of H5N1 and other potentially zoo-
3. Estimate of the true incidence and numbers exposed notic animal influenza viruses to allow the virus to pass
for H5N1 and other potentially zoonotic influenza sub- more easﬂ}l t9/among humans, and of selection forces
. . . affecting binding affinity.
types in humans (e.g., by systematic review and meta- i i L ) )
analysis) 3. Understanding of the species barrier, including determi-
nants of species barriers strength for different viruses.
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. Understanding the transmission/infectivity/pathogenesis

of human seasonal and potentially zoonotic animal
influenza viruses in various animal species, as well as
humans, including understanding of viral determinants
of these characteristics and identification of appropriate
animal models for associated research.

. Comparison of characteristics of avian viruses that

remain in the avian reservoir to those that spill over to
the mammalian host.

. Understanding of host-specific factors that affect the

polymerase complex, and therefore replication.

. Understanding homosubtypic and heterosubtypic immu-

nity to human seasonal and potentially zoonotic animal
influenza viruses and its effect on transmission/infectiv-
ity/pathogenesis and serological responses, including
understanding of non-HA gene immunity.

. Better understanding of role of heterogeneity in shed-

ding and thus transmission from infected hosts.

. Additional assessment of the impacts of virus genotype

on phenotype.

Analysis and sharing

1.

Mechanisms for timely and open sharing of information,
viruses, reagents, sequence information, technology, and
tools within and among sectors.

. Mechanisms for joint data collection and analysis among

sectors.

. Mechanisms for timely sharing of information from

international or regional epidemiological and virological
analyses back to countries from which the data came
and neighboring countries at risk.

. More complete analysis on available virus isolates (e.g.,

genetic, antigenic, and genotypic).

. Better understanding of antiviral resistance, including

how it is acquired, and its effects on fitness.

. Solutions to maximize use of the available information.
. Expanded use of new technologies (e.g., antigenic car-

tography) to analyze other virus subtypes.

Pandemic potential

1.

Determination of the pandemic potential of various
influenza subtypes and strains, including receptor reper-
toire, geographical distribution, and human expo-
sure/seroprevalence/immunity.

. Model to assess human infection/transmission potential

of viruses.

. Understanding of pathways if virus adaptation to

humans, including investigations using reverse adapta-
tion of human strains.

. System to track mutations and evolution to ensure

understanding of development of a pandemic strain
(retrospectively, if necessary).

Behavior change and assessment

1.

Determination of costs and benefits of household, vil-
lage, and community poultry management practices,
including cultural relevance.

Behavior change communication that is targeted at
stakeholders at each critical point along the chain.

Risk reduction measures focused at the community
level, and implemented by the community.

Impact assessments for proposed and implemented mea-
sures.

Focus on biosecurity at all levels of the human—animal
interface.

Diagnostics

1.

Standardization/harmonization of laboratory test-
ing/diagnostic procedures with respect to reference anti-
gens and antisera for human sera, poultry sera, wild
bird sera, and reference materials.

Antigen detection tests that are as sensitive and specific
but not as expensive as RT-PCR.

Serological tests that show significant difference between
homologous and heterologous local strain antigens, and
a better understanding of what is the protective HI titer.
Sensitive and specific serologic tests to identify previous
human infection with AIVs.

Updated best-practice assay manuals, implementation of
proficiency testing in laboratories, and training of diag-

nosticians and epidemiologists.

Optimizing the human health-animal health inter-
face

1.

Optimized, coordinated surveillance and disease report-
ing system for influenza and other zoonotic diseases.
Joint meta-leadership training and skill development.
Better understanding of the difference between incen-
tives and disincentives of animal and public health to
create win—-win situations and build trust and respect
between sectors.

Shift from capacity building to capacity effectiveness
and sustainability.

Optimized roles and responsibilities of PPP and Non-
governmental organization (NGOs).

Research and development centers to work holistically
and ecologically for emerging zoonoses, beginning with
H5NI1.

Participation of business communities as effective and
equitable players in controlling, responding, and pre-
venting EIDs.

An integrated collaborative mindset and action plan to
better understand infectious disease ecology and ensure
applicability for other zoonotic diseases.

Global agenda for action.
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10. More surveillance of animal outbreaks that precede 12. More ecological studies.
human cases in collaboration with Ministries of Agri- 13. Mechanism for joint analysis of gaps and research pri-
culture, Veterinary Services, and NGOs working in orities.
conservation.
11. Improved technologies for forecasting and outbreak
prediction.
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Appendix C: Abbreviations and acronyms

Al Avian influenza

AlV Avian influenza virus

ARDS Acute respiratory distress syndrome

CFR Case fatality rate

DG-SANCO EU Directorate General for Health and Consumer Affairs
EC European Commission

EU European Union

EID Emerging infectious disease

FAO Food and Agriculture Organization

GIS Geographic information system

GLEWS Global Early Warning System

HA Hemagglutinin (gene or protein)

HI Hemagglutinin-inhibition testing

ILl Influenza-like illness

HPAI Highly pathogenic avian influenza

IZSVe Istituto Zooprofilattico Sperimentale delle Venezie
LBM Live bird market

LPAI Low pathogenic avian influenza

MODS Multiple organ dysfunction syndrome

NA Neuraminidase (gene or protein)

NGO Non-governmental organization

NS Non-structural (gene or protein)

OIE World Organization for Animal Health

OFFLU The OIE/FAO Network of Expertise on Avian Influenza*
RVF Rift valley fever

SA Sialic acid

SARS Severe acute respiratory syndrome

SIV Swine influenza virus

SOP Standard operating procedure

WHO World Health Organization

*QOFFLU has recently changed its name to The OIE/FAO Network of Expertise on Animal Influenza to reflect its broader scope.
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Appendix D: Agenda

oraanizepy ()i

FAO - OIE - WHO Joint Technical Consultation on

vian Influenza

at the human-animal interface

Palazzo Verita Poeta, Verona, Italy | 7-9 October 2008

The Food and Agriculture Organization of
the United Nations (FAO), the World
Organisation for Animal Health (OIE) and
the World Health Organization (WHO), with
support from the Istituto Zooprofilattico
Sperimentale delle Venezie (IZSVe) and the
EC funded project FLUTRAIN, have called
this technical consultation to

identify critical virological characteristics

for the emergence of zoonotic and

pandemic viruses

evaluate external factors affecting the

evolution and emergence of a pandemic

strain, and identify monitoring

mechanisms for pandemic strain

emergence

identify likely modes of transmission and

exposure sources for zoonotic infection

with avian influenza viruses

maximise outcome of ongoing research

and preparedness efforts and identify

gaps in knowledge

identify next steps for further integrated

data collection, analysis and research
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FAO/OIE/WHO JOINT TECHNICAL CONSULTATION ON
AVIAN INFLUENZA AT THE HUMAN-ANIMAL INTERFACE

Welcomes
9.00-9.10
9.10-9.15
9.15-9.35
9.35-9.55
9.55-10.15

10.15-10.25

10.25-10.50

agenda

VERONA, ITALY | 7-9 OCTOBER 2008

Tuesday 7 October

WELCOMES AND MEETING OBJECTIVES/METHODS OF WORK
MODERATOR: ILARIA CAPUA

Romano Marabelli
Isabel Minguez
Joseph Domenech
Bernard Vallat
Keiji Fukuda

Objectives of the meeting and methods of work

llaria Capua

Coffee

SESSION 1: VIROLOGICAL CHARACTERISTICS OF INFLUENZA VIRUSES
OBJECTIVE: TO IDENTIFY VIROLOGICAL CHARACTERISTICS IMPORTANT FOR ZOONOTIC AND
PANDEMIC DISEASE

MODERATORS: RUBEN DONIS, GIOVANNI CATTOLI

RAPPORTEUR: TARA ANDERSON

Session 1.a: Epidemiology, distribution, and phylogeny of currently circulating animal influenza viruses

10.50-11.10

11.10-11.30

11.30-11.45

11.45-12.00

Overview of human cases of Al HSN1 since 1997

Sylvie Briand

Overview of animal outbreaks of Al H5N1 globally since 1997
lan Brown

Phylogeny of avian H5N1 viruses infecting humans

Mike Perdue

Circulation of other zoonotic avian influenza viruses

llaria Capua

Session 1.b: Viral determinants of zoonotic infectivity and pathogenicity in humans

12.00-12.30

12.30-13.30

13.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-15.30

15.30-16.00

16.00-16.30
16.30-17.00

17.30-20.00

Effects of single mutations and virus-level factors on
influenza transmissibility/infectivity/pathogenicity in humans
Ron Fouchier

Lunch

Receptors and host specificity

Mikhail Matrosovich

Zoonotic potential of other animal influenza viruses

Kristien Van Reeth

Specific characteristics of interest for public health

Masato Tashiro

Occurrence in animal viruses of mutations with potential human health implications in Africa
Giovanni Cattoli

Panel discussion for Session 1
Thread leaders: Ron Fouchier, Malik Peiris
Panel: speakers and moderators from session 1

Coffee

Panel discussion for Session 1 (continued)
Major points for inclusion in final recommendations

Welcome cocktail (at venue)
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FAO/OIE/WHO JOINT TECHNICAL CONSULTATION ON
AVIAN INFLUENZA AT THE HUMAN-ANIMAL INTERFACE

VERONA, ITALY | 7-9 OCTOBER 2008

Wednesday 8 October

SESSION 2: EVOLUTION AND EMERGENCE OF A PANDEMIC STRAIN

OBJECTIVE: TO EVALUATE THE FACTORS AFFECTING EVOLUTION AND EMERGENCE OF A PANDEMIC STRAIN
AND IDENTIFY MONITORING FOR EMERGENCE OF A PANDEMIC STRAIN

MODERATORS: ILARIA CAPUA, MIKE PERDUE

RAPPORTEUR: TARA ANDERSON

Session 2.a: Viral determinants and ecological conditions affecting mutation rate/probability of reassortment
08.30-08.45 Evolution of human pandemic viruses w
Richard Webby
08.45-9.00 Evolution of H5N1 in birds
Gavin Smith m
09.00-09.15  Viral characteristics of H5N1 influencing mutation/reassortment events with pandemic potential
Ruben Donis
09.15-09.30 External factors influencing HSN1 mutation/reassortment events with pandemic potential m
Ab Osterhaus
Session 2.b: Monitoring for important viral changes
09.30-09.45 The WHO process for monitoring of novel influenza strains
Alan Hay
09.45-10.00 Role of antigenic cartography in monitoring
Derek Smith
10.00-10.15  OFFLU activities at the Human-Animal interface
Gwenaelle Dauphin

10.15-10.45 Coffee (30 min)

10.45-11.45 Panel discussion for Session 2
Thread leaders: Ab Osterhaus, Alan Hay
Panel: speakers and moderators from session 2

11.45-12.15 Major points for inclusion in final recommendations (30 minutes)

12.15-13.15 Lunch (60 min)

SESSION 3: HUMAN TRANSMISSION RISKS & EXPOSURE SOURCE

OBJECTIVE: TO IDENTIFY LIKELY MODES OF TRANSMISSION AND EXPOSURE SOURCES FOR ZOONOTIC
INFECTION WITH AVIAN INFLUENZA VIRUSES

MODERATORS: MALIK PEIRIS, STEFANO MARANGON

RAPPORTEUR: TARA ANDERSON

Session 3.a: Modes of transmission for human infection with avian influenza viruses
13.15-13.30 Modes of transmission for human seasonal influenza virus

Allison McGeer
13.30-13.45 Possible modes of transmission of avian viruses to people

David Swayne

Session 3.b: Exposure risk for human infection with avian influenza viruses
13.45-14.00 Potential sources of exposure to H5N1 for WHO confirmed human cases

Liz Mumford

14.00-14.15 Potential role of exposure to poultry products and by-products in human H5N1 infections
David Swayne

14.15-14.30 Potential role of live animal markets and the environment in human exposure to avian influenza viruses
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National data: Summary of animal health information relevant to human exposure to H5N1 in China
Hualan Chen
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National data: Summary of exposure in Egyptian human cases

(TBA)*
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Panel: speakers and moderators from session 3
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Overview Committee: Pierre Formenty, Wantanee Kalpravidh, Juan Lubroth, JC Manuguerra,
Stefano Marangon, Vincent Martin, Angela Merianos, Marguerite Pappianou,

Alex Thiermann, Boubacar Seck
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End of the meeting

*Presentation given by Mona Ali.

© 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29

25 |



[ Joint Writing Committee

Appendix E: Participants

oraanizepsy ()i Fvgo

@

FAO - OIE - WHO Joint Technical Consultation on

vian Influenza

at the human-animal interface

Palazzo Verita Poeta, Verona, Italy | 7 -9 October 2008

TP Y
S .-.'- g

IN COLLABORATION WITH PATRONAGE AND FINANCIAL CONTRIBUTION

| 26 © 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29



list of participants

FAO-OIE-WHO Joint Technical Consultation on Avian Influenza at the Human-Animal Interface |

FAO/OIE/WHO JOINT TECHNICAL CONSULTATION ON
AVIAN INFLUENZA AT THE HUMAN-ANIMAL INTERFACE

ALFONSO PASTOR

National Center of Animal and Plant Health
PO BOX 10, San Jose Lajas

32700, La Habana, Cuba

Tel.: +47 863014/Fax: +47 861104

E-mail: pastor.alfonso@infomed.sld.cu

ALY MONA MEHREZ

Animal Health Research Institute

Nadi elsied street, DoKKI Giza, Egypt

Tel. +202 338 0121/Mobile: +20122342373
E-mail: monaaly5@yahoo.com

ALLWRIGHT DAVID

Eikenhof Poultry Farms

PO Box 6072 Uniedal 7612, South Africa
Tel.: +27 21 975 0150/Fax: +27 21 975 0153
Mobile: +27 82 789 2969

E-mail: David.Allwright@Eikenhof.co.za

ANDERSON TARA C.

University of Florida

College of Veterinary Medicine

Depart. of Infectious Diseases and Pathology
P.O. Box 110880

Gainesville, FL 32611, USA

Tel.: +1 352 392 2239 ext. 5852

Fax: +1 352 392 9704

Email: AndersonT@vetmed.ufl.edu

BEN EMBAREK PETER
WHOQ' - Food Safety Programme
E-mail: benembarekp@who.int

BRIAND SYLVIE
WHO' — Global Influenza Programme
E-mail: briands@who.int

BROWN IAN H.

OIE/FAO/EC Ref. Lab. for Avian Virology
Veterinary Laboratories Agency
Addlestone, Surrey. KT15 3NB, UK

Tel.: +44 1932 341 111

Fax: +44 1932 357 339

E-mail: i.h.brown@vla.defra.gsi.gov.uk;

BRUSCHKE CHRISTIANNE

Min. of Agriculture, Nature and Food Quality
PO Box 20401

2500 EK The Hague, The Netherlands

Tel.: +31 70 3784683/Fax: +31 70 3786134
Email: c.bruschke@minlinv.nl

' World Health Organization of the United
Nations (WHO)

Food Safety Programme

20 Avenue Appia

CH-1211 Geneva 27 - Switzerland

Tel. 44122 791 2111

Food and Agriculture Organization of the
United Nations (FAO)

Animal Health Service

Animal Production and Health Division (AGAH)
Via delle Terme di Caracalla

00153 Rome, Italy

Tel. 439 6 57051

World Organisation for Animal Health (OIE)
12 rue de Prony, 75017 Paris, France

Tel.: +33 1 44151888

~

w

VERONA, ITALY | 7-9 OCTOBER 2008

CAPUA ILARIA

OIE/FAO and National Ref. Lab. for AI/ND
Istituto Zooprofilattico Sperimentale delle
Venezie (IZSVe)

Viale dell'Universita, 10

35020 Legnaro, Padova, Italy

Tel.: +39 049 8084369/Fax: +39 049 8084360
E-mail: icapua@izsvenezie.it

CATTOLI GIOVANNI

OIE/FAO and National Ref. Lab. for AIND
Istituto Zooprofilattico Sperimentale delle
Venezie

Viale dell’Universita, 10

35020 Legnaro, Padova, Italy

E-mail: gcattoli@izsvenezie.it

CHANACHAI KAROON

Bureau of Disease Control and Veterinary
Services

Depart. of Livestock Development
Phayathai Road, Bangkok, Thailand 10400
Tel.: +66 2 6534444 ext 1005

Fax: +66 2 6534900

E-mail: kchanachai@hotmail.com

CHEN HUALAN

National Avian Influenza Ref. Lab.

Harbin Veterinary Research Institute (CAAS)
427 Maduan Street,

Harbin 150001, P. R. China

Tel.: +86 451 85935079

Fax: +86 451 82733132

E-mail: hichen1@yahoo.com

CHOUDHURY BHUDIPA

OIE/FAO/EC Ref. Lab. for Avian Virology
Veterinary Laboratories Agency,

Addlestone, Surrey. KT15 3NB, UK

Tel.: +44 1932 357 559

E-mail: b.choudhury@vla.defra.gsi.gov.uk

CLEMENTS ANDREW

USAID

1300 Pennsylvania Ave., N.W.
Washington, DC 20523-4900, USA
Tel.: 202 712 4218/Fax: 202 216 3171
E-mail: aclements@usaid.gov

DANIELS PETER

OIE/FAO and National Ref. Lab. for Al
Australian Animal Health Laboratory (AAHL)
CSIRO Livestock Industries

Private Bag 24. Geelong, Victoria Australia
3220

Tel.: +613 5227 5272/Fax: +613 5227 5250
E-mail: Peter.Daniels@csiro.au

DAUPHIN GWENAELLE
FAO?

Tel.: +39 06 57056027

E-mail: Gwenaelle.Dauphin@fao.org

DOMENECH JOSEPH

FAQ?

Tel.: +39 06 57053531

E-mail: joseph.domenech@fao.org

DONIS RUBEN

WHO CC for the Surveillance, Epidemiology
and Control of Influenza

CDC, Influenza Branch

1600 Clifton Road, G16

Atlanta, Georgia 30333, USA

E-mail: rvd6@cdc.gov

DUBEY SHIV CHANDRA

High Security Animal Disease Laboratory,
HSADL, IVRI

Bhopal, India

Tel.: +91 755 2759204 (0), 2754676 (R)
Mobile: 09425606992

E-mail: scd_11@yahoo.in

FORMENTY PIERRE

WHQ' - Epidemic and Pandemic Alert and
Response Depart. (HSE/EPR)

Tel. (direct): +41 22 791 25 50

Mobile: +41 79 475557 1/Fax: +41 22 7914198
E-mail: formentyp@who.int

FOUCHIER RON A.M.

Erasmus Universiteit, National Influenza Centre,
Dr Molewaterplein 50, P. O. Box 1738,

3000 DR Rotterdam, The Netherlands

Tel.: +31 10 7044066/Fax: +31 10 7044760
E-mail: r.fouchier@erasmusmc.nl

FUKUDA KEUI
WHO' - Global Influenza Programme
E-mail: fukudak@who.int

GILBERT NICOLAS

Canadian International Development Agency
200 Promenade du Portage

Gatineau, Quebec K1A 0G4, Canada

Tel.: +1 819 953 2640/Fax: +1 819 956 9107
E-mail: nicolas.gilbert@acdi-cida.gc.ca

GOLDEN NEAL J.

U.S. Depart. of Agriculture

Food Safety Inspection Service

1400 Independence Ave., S.W.
Washington, D.C. 20250-3700, USA
Tel.: (202) 690 6419/Fax: (202) 690 6337
E-mail: Neal.Golden@fsis.usda.gov

GRAY GREGORY C.

Center for Emerging Infectious Diseases
College of Public Health University of lowa
200 Hawkins Dr, Room C21K-GH

lowa City, IA 52242, USA

Tel.: 319 384 5008/Fax:319 384 5004
E-mail: gregory-gray@uiowa.edu

HAMILTON KEITH

OIE?

Tel.: +33(0) 144151964
E-mail: k.hamilton@oie.int

HARDER TIMM

OIE and National Ref. Lab. for Al
Friedrich-Loeffler Institute (FLI)
Suedufer 10, D-17493
Greifswald-Insel Riems, Germany

Tel.: 038351 7152/Fax: 038351 7275
E-mail: harder@bvrhp03.rie.bfav.de

© 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29

27 |



[ Joint Writing Committee

FAO/OIE/WHO JOINT TECHNICAL CONSULTATION ON
AVIAN INFLUENZA AT THE HUMAN-ANIMAL INTERFACE

HAY ALAN

WHO CC for Reference and Research on
Influenza

National Institute for Medical Research
Mill Hill London NW7 1AA, UK

Tel.: +44 208 816 2141

Fax: +44 208 906 4477

E-mail: ahay@nimr.mrc.ac.uk

HORBY PETER

Oxford University Clinical Research Unit
National Institute of Infectious and Tropical
Diseases

78 Giai Phong Road Dong Da district
Hanoi, Viet Nam

E-mail: Peter.Horby@gmail.com

IRZA VICTOR

Federal Governmental Institute
Centre for Animal Health

600900 Vladimir, Yur'evets, Russia
Tel.: +7 4922 263877

E-mail: irza@arriah.ru

JOANNIS TONY

National Veterinary Research Institute
Vom, Plateau State, Nigeria

Tel: 2348037024280, 2348052734204,
23473281453/Fax: 23473281452
E-mail: tmjoannis@yahoo.com

KALPRAVIDH WANTANEE

FAO Regional Office for Asia and the Pacific
39 Maliwan Mansion, Pra Athit Road

Pra Nakorn, Bangkok 10200, Thailand

Tel.: +66 2 6974000

E-mail: Wantanee.Kalpravidh@fao.org

KHALIFA HASSAN MOHAMED
Central Laboratory for Quality control on
poultry Production (CLQP)

Cairo, Egypt

E-mail: shereengalal@yahoo.com

KIM MIA

FAQ?

Tel.: +39 06 57054027
Fax: +39 06 57053023
E-mail: Mia.Kim@fao.org

KING LONNIE

CDC, National Center for Zoonotic
Vector-borne and Enteric Diseases
1600 Cliffon Road MSD-76
Atlanta, GA 30333, USA

E-mail: kj8@cdc.gov

KNOPF LEA
OIE?
E-mail: l.knopf@oie.int

KOCH GUUS

Central Veterinary Institute
Postbox 65, NL-8222 AG Lelystad
The Netherlands

Tel.: +31 320 238800

Fax: +31 320 238668

E-mail: Guus.Koch@wur.nl

VERONA, ITALY | 7-9 OCTOBER 2008

LEl ZHOU

China CDC

Office for Disease Control and Emergency
Response

27 Nanwei Road, Xuanwu District, Beijing,
100050, PR.China

Tel.: +86 10 6313 2071

Fax: +86 10 6313 1229

E-mail: zhouleibetty@chinacdc.cn

LUBROTH JUAN

FAO?

Tel.: +39 06 570 54798

Fax: +39 06 57053023

E-mail: Juan.Lubroth@fao.org

MAINA JUNAIDU A.

Depart. of Livestock & Pest Control Services
New Secretariat, Area 11, PMB no. 135
Garki, Abuja, FCT, Nigeria

E-mail: nadis@fedlivestock.gov.ng
junaidumaina@yahoo.com

MANUGUERRA JEAN CLAUDE

Institut Pasteur

25 rue du Docteur Roux

Paris, France

Tel.: +33 1 40 613808/ Fax: +33 1 40 613241
Mobile: +33 6 76160476

E-mail: jmanugu@pasteur.fr

MARANGON STEFANO

Istituto Zooprofilattico Sperimentale
delle Venezie (IZSVe)

Viale dell’Universita, 10

35020 Legnaro (PD) Italy

Tel.: +39 049 8084391

Fax: +39 049 8830046

E-mail: smarangon@izsvenezie.it

MARTIN VINCENT

FAO representation in China

Jiangoumenwai 4-2-151

Beijing, 100600 China

Tel.: +8610 6532 2835/Fax: +8610 6532 5042
E-mail: Vincent.Martin@fao.org

MATHIEU CHRISTIAN

Servicio Agricola y Ganadero

Ayquina 1561, Las Condes

Santiago de Chile, Chile

Tel.: +56 2 3451920/Fax: +56 2 3451928
E-mail: christian.mathieu@sag.gob.cl.

MATROSOVICH MIKHAIL

Institute of Virology, Philipps University
Hans-Meerwein-Str. 2

D-35043 Marburg, Germany

Tel.: +49 6421 286 5166

Fax: +49 6421 286 8962

E-mail: M.Matrosovich@gmail.com

McGEER ALLISON

Mount Sinai Hospital

600 University Avenue

Toronto, Ontario, Canada M5G 1X5

Tel.: +1 416 586 3118/Fax: +1 416 586 8358
E-mail: amcgeer@mtsinai.on.ca

MERIANOS ANGELA

WHO' - Alert and Response Operations
Tel.: +41 22 791 3018

Fax: +41 22 791 1397

E-mail: merianosa@who.int

MINGUEZ ISABEL

EU Commission/DG SANCO

101 Rue Froissard

B1049 Brussels, Belgium

Tel.: +32°2299 2109

E-mail: Isabel. MINGUEZ-TUDELA@
ec.europa.eu

MUMFORD ELIZABETH

WHQO' - Global Influenza Programme

Tel.: +41 22 791 2174/Fax: +41 22 791 4878
E-mail: mumforde@who.int

NAEEM KHALID

National Ref. Lab. for Poultry Diseases
Park Road, Islamabad-45500, Pakistan
Tel.: +92 51 9255536

Fax: 492 51 9255420

E-mail: naeem22@comsats.net.pk

NGUYEN TRAN HIEN

National Institute of Hygiene and Epidemiology
1 Yersin, Hanoi, Viet Nam

Tel: +84 48212416/ Fax: +84 49723130
Mobile: +84 913352524

Email: nthiennihe@vnn.vn

NGUYEN TUNG

National Centrer for Veterinary Diagnosis
11-78th lane - Giai Phong str

Phuong Mai - Dong Da - Hanoi, Viet Nam
Tel: +84 48685202/Fax: +84 48686813
Mobile: +84 912525012

E-mail: nguyentungncvd@hotmail.com

ONG BEE LEE

WHO — Communicable Disease Surveillance
and Response

Regional Office for the Western Pacific
United Nations Avenue

1000 Manila, Philippines

Tel.: 4632 528 9914

Fax: +632 5289075

E-mail: ongb@wpro.who.int

list of participants

OSTERHAUS AB

Erasmus Universiteit, National Influenza Centre,
Dr Molewaterplein 50, P. O. Box 1738,

3000 DR Rotterdam, The Netherlands

Tel.: +31 10 4088066/Fax: +31 10 4089485
E-mail: a.osterhaus@erasmusmc.nl

PAPPAIOANOU MARGUERITE
Association of American Veterinary College
1101 Vermont Avenue NW

Suite 301, Washington DC 20005, USA
Tel.: +1 202 371 9195 Ext.15

E-mail: MPappa@aavmc.org

| 28

© 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29



list of participants

FAO-OIE-WHO Joint Technical Consultation on Avian Influenza at the Human-Animal Interface |

FAO/OIE/WHO JOINT TECHNICAL CONSULTATION ON
AVIAN INFLUENZA AT THE HUMAN-ANIMAL INTERFACE

PEIRIS MALIK

Depart. of Microbiology

University of Hong Kong, Faculty of Medicine,
Queen Mary Hospital, University Pathology
Building Hong Kong, PR China

Tel.: +852 2855 4888/Fax: +852 2855 1241

E-mail: malik@hkucc.hku.hk

PERDUE MIKE

US Depart. of Health and Human Services
Office of the Assistant Secretary for
Preparedness and Response (ASPR)

330 Independence Ave, SW RM G640
Washington DC 20201, USA

Tel.: +1 202 260 0966/Fax: +1 202 205 0613
E-mail: Michael.Perdue@hhs.gov

PURBA WILFRIED H

Directorate of Vector Borne Disease Control
and Environmental Health

Min. of Health, Jakarta, Indonesia

Tel. +6221 4201255/Fax: +6221 4266270
E-mail: widarsohs@yahoo.com

SAAD MAGDI D.

Virology Research Program

U.S. NAMRU-3, Cairo, Egypt

Tel.: +2 022 348 0369/Fax: +2 022 342 7121
E-mail: Magdi.Saad.eg@med.navy.mil

SAMAAN GINA

WHO Indonesia

CSR Team - Influenza

Jakarta, Indonesia

Tel.: +62 21 520 4349/Fax: +62 21 520 1164
E-mail: samaang@who.or.id

SAMAD MOHAMMED ABDUS

National Ref. Lab. for Avian Influenza
Bangladesh Livestock Research Institute
Savar, Dhaka-1341, Bangladesh

Tel.: +88 02 7791677/Fax: + 88 02 7791675
Mobile: +88 01717 047877

E-mail: Samad_blri@yahoo.co.nz

SAWITRI SIREGAR ELLY

HPAI Campaign Management Unit (CMU)
Directorate General of Livestock Services
Min. of Agriculture

Jalan Harsono RM No 3, Ragunan, Jakarta
Selatan, Indonesia

Tel.:/Fax: 62 21 7812624

E-mail: ellysawitri@yahoo.com

SECK BOUBACAR

FAO Regional Animal Health Center

BP 1317, Bamako, Mali

Tel.: +223 696 7000/Fax: +223 224 0578
E-mail: boubacar.seck@fao.org

SIMS LES

FAO Consultant

Asia Pacific Veterinary Information Services
PO Box 344, Palm Cove, Qld 4879, Australia
Tel.: +61 7 4059 1152

E-mail: apvis@bigpond.net.au

VERONA, ITALY | 7-9 OCTOBER 2008

SLINGENBERG JAN

FAO?

Tel.: +39 06 57054102

E-mail: Jan.Slingenbergh@fao.org

SMITH DEREK

University of Cambridge, Depart. of Zoology
Downing Street, Cambridge CB2 3EJ, UK
Tel.: +44 1223330933/Fax: +34 93 2681684
E-mail: d.smith@zoo.cam.ac.uk

SMITH GAVIN

University of Hong Kong, Faculty of Medicine,
Depart. of Microbiology

Queen Mary Hospital, University Pathology
Building, Hong Kong, PR China

Tel.: +852 2819 9828/Fax: +852 2819 9827
E-mail: gjsmith@hku.hk

STEGEMAN ARJAN

University Utrecht

Depart. of Farm Animal Health
Marburglaan 2, 3584 CN Utrecht

The Netherlands

Tel.: +31 302531248/Fax: +31 302521887
E-mail: A.G.vanderbiezen@uu.nl

SWAYNE DAVID

OIE CC for Emerging Avian disease/

FAO Reference Centre for AI/ND (SEPRL)
Southeast Poultry Research Laboratory
USDA/Agricultural Research Service

934 College Station Road

Athens, Georgia 30605, USA

Tel.: +1 706 546 3433/Fax: +1 706 546 3161
E-mail: David.Swayne@ars.usda.gov

TAM JOHN SIU LUN

WHO GIP consultant

137 Geiger Driver

River Vale, New Jersey 07675, USA

Tel.: +1 201 4978118/ Fax: +1 201 6661837
Mobile: +1 201 6742769

E-mail: jsltam@yshoo.com.hk

TASHIRO MASATO

WHO CC for Reference and Research on
Influenza

National Institute of Infectious Diseases
Depart. of Virology Il

4-7-1 Gakuen Musashi-Murayama-shi
Tokyo 208-0011, Japan

Fax: +81 42 561 0812

Email: mtashiro@nih.go.jp

THIERMANN ALEX

OIE?

Tel.: +33 1 4415 1888
E-mail: a.thiermann@oie.int

VALLAT BERNARD
OIE®
E-mail: b.vallat@oie.int

VAN DEN BERG THIERRY

Avian Virology & Immunology

Veterinary and Agrochemical Research Centre
Groeselenberg 99 B-1180 Brussels, Belgium
Tel.: +32 2 379 06 30/Fax: +32 2 379 13 37
E-mail: Thierry.vandenBerg@var.fgov.be

VAN NAM HOANG

Deputy Director General of DAH
Tel.: +84 4 8685691

Fax: +84 4 8691311/8685961
E-mail: hvnamdah@yahoo.com

VAN REETH KRISTIEN

Ghent University

Faculty of Veterinary Medicine

Salisburylaan 133, 9820 Merelbeke, Belgium
Tel. +32 9 2647369/Fax: +32 9 2647495
E-mail: Kristien.VanReeth@ugent.be

VONG SIRENDA

Institut Pasteur du Cambodge

5 Bld Monivong - POB 983
Phnom Penh, Cambodia

Tel.: +855 23 426 009 ext. 206
Mobile: +855 12 333 650

Fax: +855 23 725 606

E-mail: svong@pasteur-kh.org

WEAVER JOHN

Viet Nam Animal and Human Influenza
Control and Preparedness Project (VAHIP)
27 Doan Ke Thien Street

Cau Giay District, Hanoi, Viet Nam

Tel.: +84 47632 146

Mobile: +84 9 4350 9592

Fax: +84 4 7632 145

E-mail: john.weaver@fao.org

WEBBY RICHARD

WHO CC for Studies on the Ecology of
Influenza in Animals

Depart. of Infectious Disease

St. Jude Children’s Research Hospital
332 North Lauderdale Street

Memphis TN 38105-2794, USA

Fax: +1 901 523 2622

E-mail: richard.webby@stjude.org

© 2010 FAO, OIE and WHO, Influenza and Other Respiratory Viruses, 4 (Suppl. 1), 1-29

29 |



