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Summary [ Resumen

Summary

Avian Influenza (Al), a highly contagious disease affecting the respiratory, digestive
and nervous systems of domestic and wild bird species, has become a major
veterinary and public health concern (due to its potential to infect humans). Al
occurs worldwide. There are numerous virus strains and aquatic birds are the
natural virus reservoirs of all of them.

Al can be transmitted from wild birds to poultry, but afterwards it is often
perpetuated in poultry by transmission via human-driven factors, i.e. direct contact
with infected poultry, or through fomites, i.e. people, vehicles, etc. Live bird
markets and unregulated backyard bird populations with low biosecurity play
critical roles in Al spread.

In poultry, Al can lead to a variety of clinical presentations, depending mostly on the
strain and species affected. Highly pathogenic avian influenza (HPAI) mortalities can
reach 100% in terrestrial poultry (e.g. chickens and turkeys), but often lead to no
signs in domestic waterfowl. Instead, low pathogenic avian influenza viruses
(LPAIVs) may result in inapparent infections or mild respiratory disease that often
go unnoticed. HPAI have to be reported and controlled according to all national and
international regulations, but the situation is not always so clear for LPAI. The
current H5N1 HPAI panzootic has attracted great attention due to its historically
unprecedented magnitude.

Since there is no effective treatment for Al, preventing it the entry into poultry
populations, and controlling it as soon as it is detected are the best ways to
minimise the impact of the disease. Both prevention and control largely rely on and
effective surveillance system to provide with early detection and to inform on the
disease status and the effectiveness of measures in place. Awareness raising and
training of all relevant stakeholders is a cross-cutting approach with direct impact in
the implementation of all three components, i.e. prevention, control and
surveillance activities.

Surveillance strategies for Al vary from country to country and over time,
depending on the infection and risk status of the country, and whether dealing with
HPAI, reportable LPAI or LPAL. In any case, surveillance strategies should include
activities to monitor wild bird populations and poultry using a combination of
passive and active approaches.
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Surveillance, particularly active approaches, can be very expensive. When dealing
with limited, often insufficient budgets, cost-effectiveness becomes the top
criterium in the design a surveillance program. The use of regular risk assessments
will help to prioritize the sites, populations and species to target. Costs can also be
reduced if surveillance tasks are combined with the implementation of other field
activities, e.g. biosecurity assessments and improvement.

Of all surveillance types, passive surveillance is the most cost-effective if
implemented effectively. However, for LPAI, where clinical signs may be inapparent
or very mild, conventional passive surveillance will not be efficient, and syndromic
surveillance, a very novel approach of passive surveillance, presents a promising
alternative.
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Resumen

La Influenza Aviar (IA) es una enfermedad altamente contagiosa que afecta a los
sistemas respiratorio, digestivo y nervioso de aves domésticas y silvestres. La IA se
ha convertido en un importante problema de salud veterinaria y publica (debido a
su potencial zoondtico). La IA tiene una distribucion mundial. Existen numerosas
cepas de virus y las aves acuaticas son los reservorios naturales de todos ellos.

La IA puede transmitirse de las aves silvestres a las aves de corral, pero después se
perpetla en las aves de corral debido a factores humanos, es decir, el contacto
directo con aves de corral infectadas, o por medio de fomites (personas, vehiculos,
etc.). Los mercados de aves vivas y las poblaciones de aves de traspatio no
reguladas juegan un papel critico en la propagacion de la IA.

La presentacion de la IA puede conducir a una variedad de presentaciones clinicas,
dependiendo principalmente de la cepa y las especies afectadas. La influenza aviar
de alta altamente patégena (IAAP) pueden alcanzar mortalidades de hasta el 100%
en las aves domésticas terrestres (pollos y pavos), pero a menudo no producen
ningun signo clinico en aves acuaticas domésticas. En cambio, la influenza aviar de
baja patogenicidad (IABP) se presenta a menudo como infecciones inaparentes o
enfermedad respiratoria leve, por lo que a menudo pasa desapercibida. La IAAP
tiene que ser notificada y controlada de acuerdo con todas las normas nacionales e
internacionales, pero la situacién no siempre es tan clara para la IABP. La epidemia
mundial de H5N1 IAAP ha atraido una gran atencidn por su magnitud sin
precedentes histdricos.

Dado que no existe un tratamiento eficaz para la IA, impedir su entrada en las
poblaciones de aves de corral, y controlarla tan pronto como se detecta son las
mejores formas de minimizar el impacto de la enfermedad. Tanto la prevencién
como el control dependen en gran medida de que el sistema de vigilancia
epidemioldgica sea eficaz, lo que permite la deteccién temprana y proporciona
informacion sobre el estado de la enfermedad y la eficacia de las medidas vigentes.
La sensibilizacién y la formacién de todos los involucrados es un enfoque
transversal con impacto directo en la ejecucidn de los tres componentes, es decir, la
prevencion, el control y las actividades de vigilancia epidemioldgica.

Estrategias de vigilancia para la IA varian de pais a pais y con el tiempo,
dependiendo del estado de la infeccién y el riesgo del pafs, y si se trata de la IAAP,
IABP notificable o IABP. En cualquier caso, las estrategias de vigilancia deben incluir
actividades para monitorear las poblaciones de aves silvestres y de corral utilizando
una combinacién de métodos pasivos y activos.

La vigilancia epidemioldgica, en particular los métodos activos, puede ser muy caro.
Cuando se trabaja con presupuestos limitados, a menudo insuficientes, la
rentabilidad se convierte en el criterio de mayor importancia en el disefio de un
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programa de vigilancia. El uso de evaluaciones de riesgo regulares ayudard a
identificar en qué localidades, poblaciones y especies enfocar la vigilancia
epidemioldgica. Los costos también pueden reducirse si las tareas de vigilancia se
combinan con la aplicacion de otras actividades sobre el terreno, como las
evaluaciones y mejoras de bioseguridad.

De todos los tipos de vigilancia epidemioldgica, la pasiva es la mas rentable si se
aplica de manera efectiva. Sin embargo, para la IABP, donde los signos clinicos
pueden ser inaparentes o muy leves, la vigilancia pasiva convencional no serd
eficiente. En estos casos, la vigilancia sindrémica, un enfoque muy novedoso de
vigilancia pasiva, presenta una alternativa muy prometedora.
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Justificacion
como compendio de publicaciones

La presente Tesis Doctoral se presenta como un compendio de trabajos de

investigaciéon ya publicados, de los cuales cuatro son en revistas cientificas

indexadas en ISI-JCR, tal y como se establece en la normativa de la Universidad de

Zaragoza.

A continuacidn se presentan las referencias bibliograficas de los cinco trabajos

publicados ordenadas cronoldgicamente, centrados todos ellos en el estudio de

diferentes estrategias para la deteccién temprana de influenza aviar en poblaciones

aviares domésticas:

1)

3)

4)

5)

Daniel Beltran-Alcrudo, David A. Bunn, Christian E. Sandrock, Carol J. Cardona.
Avian flu school: A training approach to prepare for H5N1 highly pathogenic
avian influenza. Public Health Reports 2008; 123(3): 323-332

Daniel Beltran-Alcrudo, Tim E. Carpenter, Carol Cardona. A flock-tailored early
warning system for low pathogenic avian influenza (LPAI) in commercial egg
laying flocks. Preventive Veterinary Medicine 2009; 92: 324-332

Daniel Beltran-Alcrudo, Sergei Khomenko, Sherrilyn Wainwright, Jan
Slingenbergh. Main animal disease threats in 2010: pathogen types, drivers
and challenges. EMPRES Transboundary Animal Diseases Bulletin 2011; 37: 2-13

David Bunn, Daniel Beltran-Alcrudo, Carol Cardona. Integrating surveillance
and biosecurity activities to achieve efficiencies in national avian influenza
programs. Preventive Veterinary Medicine 2011; 98: 292-294

Anke K. Wiethoelter, Daniel Beltran-Alcrudo, Richard Kock, Siobhan M. Mora.
Global trends in infectious diseases at the wildlife-livestock interface.
Proceedings of the National Academy of Sciences of the United States of
America (PNAS) 2015; 112(31): 9662-9667
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General introduction

Avian influenza (Al) spread is one the biggest threats to animal health, not just
because of the important damages to poultry production, local livelihoods and
trade, but also because of the public health implications due to its zoonotic
potential. Conventional veterinary approaches have failed to stop its spread and
bring it under control. Beltran-Alcrudo et al. (2011) lists the major threats to animal
health by geographical region, Al being one of the most critical. The paper also
stresses the importance to use a one health multidisciplinary approach that
confronts the root causes of disease emergence at the animal-human-environment
interface, as opposed to the traditional veterinary approach, which has been so far
unsuccessful in preventing avian influenza spread around the world.

Avian influenza viruses (AlV) originate in wild bird species. Wild birds have shown to
be able to spread the virus over large distances along migratory routes, which has
translated into wild bird outbreaks and poultry outbreaks in some instances, when
there are low biosecurity measures. Wiethoelter et al. (2015) proved that the wild
bird-poultry interface is quite well researched, in fact the most researched of all
wildlife-livestock interfaces. However, although the link between wild birds and
poultry cannot be denied, the role of wild birds in Al outbreaks in poultry is largely
outweighted by human driven factors, i.e. movements of poultry, poultry products
and fomites.

For the early detection of highly pathogenic avian influenza (HPAI), an effective
surveillance system is crucial to minimize the costs of control before the disease has
spread any further. For surveillance to be cost-effective and sustainable, it needs to
be mostly based on passive surveillance, which relies on reporting, and some limited
targeted active surveillance. Multidisciplinary training programs such as Avian Flu
School (Beltran-Alcrudo et al., 2008) are critical to increase awareness and reporting
from all stakeholders in the field, which is indispensable for passive surveillance, as
well as to ensure that veterinary services are knowledgeable on how to design and
implement targeted surveillance.

Implementing HPAI prevention, surveillance and response national programs is a
very expensive endeavour, which is often not affordable by the developing
countries mostly affected by Al. As shown by Bunn et al. (2011), costs can be
significantly reduced if some of the tasks are combined, particularly the
implementation of field activities like surveillance and biosecurity improvement.
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Low pathogenic avian influenza (LPAI) infections often go undetected by traditional
passive surveillance due to the very mild clinical signs. However the early detection
of LPAIV infections is still very important because it may cause significant losses for
commercial poultry producers if allowed to persist. In addition, LAIVs may become
zoonotic and contribute genetic material to HPAIVs. Moreover, H5 and H7 LPAIV
strains can mutate to HPAIVs. Since active surveillance for LPAI would be
economically unsustainable, it is necessary to develop cost-effective approaches like
syndromic surveillance based on monitoring production parameters (e.g. mortality
or egg production) like the one proposed by Beltran-Alcrudo et al. (2009). This can
be particularly powerful for the commercial poultry production, where these
parameters are recorded on a daily basis.
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Background

4.1. World avian production

Poultry farming is the raising of domesticated birds for the purpose of producing meat or
eggs for food, but also for their feathers, hunting or restocking purposes. This includes
chickens, ducks, turkeys and geese, but also some game birds (e.g. quails, pheasants, etc.)
and other minor species (e.g. ostriches, guinea fowls, pigeons, etc.). Poultry are farmed in
great numbers (almost 24 billion in 2013). In terms of species, production is widely
dominated by chickens (91%), followed by ducks (6%) (Table 1). Birds can also be farmed for

ornamental purposes.

Table 1. Poultry stocks at year 2013 (Source: FAOSTAT, 2015)

Type of bird x 1,000 head %
Chickens 21,744,361 90,7%
Ducks 1,335,312 5,6%
Geese and guinea fowls 389,457 1,6%
Pigeons, other birds 32,355 0,1%
Turkeys 459,419 1,9%
TOTAL 23,962,917 100%

Poultry meat represents over 30% of the meat produced and consumed worldwide, i.e. 88
million tons, with chickens and turkeys representing 87% and 7% of poultry production,
respectively. Similarly, hen eggs represent 92% of the egg production worldwide (FAO/EBRD
2010). Despite these impressive figures, the sector continues growing (Figure 1), getting
more and more industrialized in many parts of the world.

25000 -

20000 -

15000 -

10000 -

Thousands of heads

5000

Figure 1. Worldwide evolution of poultry heads in thousands of heads (1960-2013)

Background |

5



This has been largely driven by an increasing human population, greater purchasing power
and urbanization. Poultry production is characterized by a large reproductive ratio,
turnover rate and excellent feed conversion. In addition, poultry meat presents some
advantages when compared to other meats, namely value/price, good nutritional
profile/low in fat, convenience/ease of preparation, and versatility (FAO/EBRD, 2010). This
explains why the average per capita consumption of poultry meat has almost quadrupled
since the 1960s (FAO/EBRD, 2010).

The poultry sector is widely distributed worldwide, concentrating primarily in Asia (mostly
South, Southeast and East Asia) and the Americas (mainly North America, Mexico and
Brazil), as depicted in Figure 2. The top four producing countries are China (with almost
6 billion heads), the USA, Indonesia and Brazil (Figure 3).

Oceania
Europe 1

10%

Africa
2%

Americas
25%

Y

Asia
56%

Figure 2. Poultry heads by region (%) (Average 2010-13) (Source: FAOSTAT, 2015)

. 1000 Head
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e
Figure 3. Number of poultry heads by country (Average 2010-2013) (Source: FAOSTAT, 2015)

There is a clear division between large-size, industrialized production systems, and
extensive, usually small-scale, production systems. Industrialized production systems are
largely organized and integrated into value chains (i.e. about 74% of the world's poultry
meat and 68% of eggs) and use highly selected poultry breeds specialized for meat or egg
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production. The continuous advances in feed, slaughter, processing technologies and
health management have led to increased productivity, vertical integration and large-scale
units associated to the feed industry, which concentrate themselves around input sources
and final markets. On the other hand, extensive systems are traditional small-scale, rural,
family-based poultry systems that use indigenous breeds and mostly support rural and
periurban livelihoods and supply local markets in developing countries. This small-scale
poultry, although progressively reducing its relative market share, still help generating
(often secondary) income (particularly to women) and providing a high quality cheap
source of protein (FAO, 2014).

Diseases such as avian influenza (Al), Newcastle disease (ND), etc. depress production and
cause economic losses, particularly in developing countries. Many of these diseases also
affect wild birds, thus complicating the epidemiology, prevention and control. The fact that
some can also jump the species barrier into humans (i.e. zoonoses), raises public health
concerns.

Avian pathogens have often a transboundary nature. The capacity to rapidly detect,
diagnose and control diseases is crucial to minimize losses and spread. While commercial
poultry sites can exclude pathogens through biosecurity programmes, in developing
countries, the often weak or absent biosecurity at farm level, predisposes for emerging
pathogens to become endemic, as recently illustrated by the highly pathogenic avian
influenza (HPAI) H5N1 pandemic.

4.2. Avian influenza

Avian influenza (Al) is a highly contagious disease affecting the respiratory, digestive and
nervous systems of a variety of both domestic and wild bird species (Alexander, 2000). Al
occurs worldwide. There are a large number of virus strains and aquatic birds are the
natural virus reservoirs, representing a continuous source of infection. In poultry, Al can
lead to a variety of clinical presentations, which often cannot be differentiated from
endemic poultry diseases (Swayne and Suarez, 2000). The disease can spread to new
geographic regions both through the trade (legal and illegal) of poultry, poultry products,
and wild birds, and the movements of migratory wild birds.

Al has become a major concern for veterinary and public health due to its ability to infect
humans, amongst a variety of mammals. The H5N1 HPAI panzootic since 2003 has attracted
much attention over the past two decades, due to its historically unprecedented magnitude
in terms of the number of infected flocks, geographic spread, and economic consequences
for agriculture, trade and livelihoods, together with its human health implications (Sims et
al., 2005).

Disease emergence in general is triggered by multiple, interrelated factors: human and
animal demographics, climate change, increased mobility and globalization, urbanization,
land degradation, and mass animal rearing. The resulting changes to host environments,
and therefore to pathogen dynamics, can lead to adjustments such as expanding
geographic range, jumping host species and/or shifts in virulence (Beltran-Alcrudo et
al., 2011).
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From all major animal threats in recent years, H5N1 HPAI perhaps best illustrates the
complexity of the factors involved in the local, national, regional and even global spread of
a newly emerged animal pathogen. H5N1 HPAI has demonstrated what happens when a
new virus enters a new host population (chickens) from where it can jump to further
species (human infections, illustrating how the virulence of an agent can vary), and what
happens when a new virus can spread across very large distances to new susceptible
populations (Beltran-Alcrudo et al., 2011).

During the current fight against HPAI, it became clear that animal disease management has
to be viewed in the broader context of sustainable agriculture and rural development,
natural resource management and socio-economic development. Eastern Asia provides the
setting for the mixing of poultry, pig and human influenza A viruses, which together
constitute an expanding gene pool of diverse virus subtypes, clades and lineages circulating
in the avian, swine and human host reservoirs, and thus representing a serious risk of
emergence of new highly pathogenic transmissible viruses through recombination (Beltran-
Alcrudo et al., 2011).

This rapidly evolving situation highlights the urgent need for a new approach for disease
prevention and control. Current approaches to animal disease prevention and control are
based on the disruption of disease transmission (through stamping out, vaccination,
quarantine and other veterinary sanitary measures). While these have proved effective in
both short- and long-term disease control programmes, such as national responses to foot-
and-mouth disease outbreaks and global rinderpest eradication, they have been less
successful in some instances, as shown by the current persistence of H5N1 HPAI, despite
significant national and international efforts. This is because most current approaches apply
strong veterinary science and medicine disciplines in isolation from other relevant
disciplines, such as economics, sociology, anthropology, communication, and ecology and
land management. Such straightforward veterinary approaches do not confront the root
causes of disease emergence at the animal-human-environment interface. Beyond core
laboratory and epidemiological surveillance functions, veterinary services now need to
expand into an agro-ecological approach to control diseases better. This means focusing on
identification of the drivers of disease flare-ups, depicting disease behaviour in the context
of host availability and farming landscape dynamics, and investigating the role of
ecosystem dynamics and wildlife as the source of pathogens infecting domestic animals
and humans. The international community is increasingly converging on such a multi-
sectorial, multidisciplinary approach to addressing the increasing disease threats. This
approach, termed “One Health”, outlines a collaborative, international, cross-sectorial,
multidisciplinary mode of addressing threats and reducing risks of infectious diseases at the
animal-human-ecosystem interface, including the wildlife component. Again, HsN1 HPAI has
been perhaps the first time that the One Health concept has been applied for an
international threat (Beltran-Alcrudo et al., 2011).

4.2.1. Aetiology and strain classification

Avian influenza is caused by viruses belonging to the Orthomyxoviridae family, genus
Influenzavirus A. Of the three influenza genera (A, B and C), only influenza A viruses infect
birds. Influenza A is an enveloped virus containing eight segments of single stranded RNA,
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which encode ten structural viral proteins. Among these, haemagglutinin (HA) and
neuraminidase (NA) are used to classify the different AIV into subtypes. To date, 16 HA
subtypes (H1-H16) and 9 NA subtypes (N1-N9) are currently recognised in birds, which can
occur in any combination, plus two additional HA and NA types been identified, to date, just
in bats (Tong et al., 2013). There is usually little or no cross-protection between different HA
or NA types.

4.2.2. Official classification, i.e. notifiable Al; HPAI vs. LPAI

Avian influenza viruses (AIVs) can be pathotyped into two groups depending on the
severity of the disease they cause in naive chickens. The HA is considered to be the major
determinant of virulence (Senne et al., 1996). The virulent types, termed highly pathogenic
avian influenza viruses (HPAIVs) are associated with mortality approaching 100% and severe
decreases in egg production. To date, HPAI have been associated only with H5 and H7
subtypes. However, the majority of AlV isolates, including H5 and Hy7, are of low virulence,
i.e. low pathogenicity avian influenza (LPAI) viruses.

There is the risk of a H5 or H7 LPAI becoming virulent by mutation. Although it does not
always occur, the transmission of AlIVs from their natural reservoir to other species is
related to the acquisition of virulence, i.e. HPAIVs arise after a mutation of H5 or H7 LPAIVs
that have been introduced to poultry from wild birds (Capua and Marangon, 2006). The HA
of LPAIV is cleaved by enzymes present in epithelial cells and respiratory secretions
(Swayne, 2007). This explains why LPAI viruses, when entering the host by inhalation or
ingestion, remain in the respiratory and gastrointestinal tracts. Instead, the HA of HPAIV is
cleaved by enzymes found throughout the body, which translates in HPAI infections being
systemic and more severe (Swayne, 2007).

Although, the timing of a mutation is unpredictable, it can be assumed that the wider and
longer the circulation of LPAIVs in poultry, the more opportunities for the virus to mutate
into an HPAIV (Alexander, 2007). Examples of changes in virulence include the outbreaks
due to H7N3 in Canada (Bowes et al., 2004), H7N3 in Chile (Bean et al., 1985; Rojas et al.,
2002), H5N2 in USA (Bean et al., 1985), H5N2 in Mexico (Swayne et al., 1997), H5N2 in Italy
(Capua and Marangon, 2000) and H7N7 in the Netherlands (Elbers et al., 2004). Because of
the risk of a H5 or H7 LPAI becoming virulent by mutation, all H5 and H7 viruses have to be
reported to the World Organization for Animal Health (OIE) (OIE, 2015a).

According to the OIE definition, all infections of poultry caused by HPAIV or H5 or H7
viruses, regardless of their pathogenicity for chickens, have to be reported to the OIE (OIE,
2015a). These reportable avian influenzas can be HPAI and LPAI. HPAI include all HPAIV plus
those H5 or H7 isolates with a HAo0 cleavage site amino acid sequence similar to those of
HPAI viruses. Reportable LPAIVs are all H5 and H7 viruses that are not HPAIVs, i.e. H5 and
H7 isolates that are not pathogenic for chickens and do not have an HAo cleavage site
amino acid sequence similar to any of those observed in HPAIVs (OIE, 2015b).

4.2.3. Host range

All AlV subtypes and most HA/NA combinations have been found in birds (Olsen et al.,
2006). Although many wild bird species may harbour influenza viruses, aquatic birds are
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believed to be the source of most influenza A viruses (Webster et al., 1992). Anseriformes
(especially ducks, geese, and swans) and two families within the Charadriiformes (the
Laridae, i.e, gulls and terns, and Scolopacidae, i.e. shorebirds) harbour the widest variety of
antigenic subtypes, constituting the major natural LPAIV reservoir (Webster et al., 1992;
Olsen et al., 2006). Before the spread of Asian H5N1 HPAI, very few HPAI outbreaks had
been described in wild birds. Ever since, Asian H5N1 HPAIV has been isolated in over
150 different species of from 15 orders have been reported and are compiled by the US
Geological Survey (USGS) National Wildlife Health Centre at http://www.nwhc.usgs.gov/
disease_information/avian_influenza/affected_species_chart.jsp.

A wide array of domestic birds may also be affected by avian influenza viruses, including
domestic poultry (commercial Muscovy and mallard ducks, geese, quails, turkeys, guinea
fowl, ostriches, pheasants, chukars, partridges and psittacines) and caged pet birds
(Alexander, 2000).

Although mammals are considered atypical hosts for Al, respiratory infections have been
sporadically reported in minks, seals and whales, as well as some self-limiting sporadic
infections in swine and humans (Swayne and Swayne, 2008). The host range is continuously
expanding, and only the Asian H5N1 HPAI has been reported in 16 mammal species already,
as reported by the USGS, including humans. At the time of writing (4 September 2015), the
WHO reports 844 cases of H5N1 HPAI infection, including 449 fatalities (53% case fatality
rate) in 16 countries (WHO, 2015a). Also H7N9 has recently caused 662 human infections in
humans in China with a 40% case fatality rate (WHO, 2015b). In contrast with the severity of
H5N1 HPAI, other avian influenza A viruses - LPAI (H7N2, H7N3, H9N2, or H10N7) and HPAI
(H7N3 or H7N7 HPAI) - have caused sporadic human infections, usually after exposure to
poultry, causing a wide spectrum of clinical presentations, from conjunctivitis and upper
respiratory tract disease to pneumonia and multiorgan failure (Fouchier et al., 2004; Hirst et
al., 2004; Nguyen-Van-Tam et al., 2006; Arzey et al.,, 2012; WHO, 2015b). Fortunately,
persistent human-to-human transmission of these AIVs has not occurred. The most notable
examples of the zoonotic potential of Al are the human influenza pandemics of 1957 (H2N2)
and 1968 (H3N2), in which the HA genes probably originated from a reassortment of avian
and human viruses (Scholtissek et al., 1978; Kawaoka and Webster, 1985; Kawaoka et al.,
1989). A zoonotic virus can also be generated by mutation of an AIV.

4.2.4. Clinical presentation

Avian influenza viruses circulate naturally in wild bird populations, the natural reservoir,
where virus and host have reached an evolutionary equilibrium over time without usually
causing any clinical disease. However, infection may be followed by a deteriorated body
mass (Latorre-Margalef et al., 2009), and foraging and migratory performance can be
hampered due to LPAI (van Gils et al., 2007). In addition, HPAIVs such as the H5N1 can cause
massive mortalities.

Low pathogenic avian influenza viruses may result in inapparent infections, particularly
when the virus has recently been introduced from the wild to the domestic host (Swayne
and Suarez, 2000) or in some poultry species, e.g. domestic waterfowl (Shortridge, 1982;
Alexander, 2003). Other LPAIV infections may result in mild respiratory disease, depression,
moderate egg production decline in laying birds, and low mortality (Capua and Alexander,
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2004), which are easily mistaken for other disease syndromes and can cause substantial
losses if allowed to persist in poultry populations. Some LPAI outbreaks may under certain
circumstances lead to more severe symptoms similar to that of HPAI, especially in the
presence of secondary infections, stressors or environmental conditions (Capua et al., 2003;
OIE, 2015b).

HPAI clinical presentation in fully susceptible birds (i.e. non-immunized) can vary depending
on the species, age and type of bird, the AIV strain involved, and environmental factor (OIE,
2015a). According to the OIE Terrestrial Manual (2012), clinical signs “may vary from one of
sudden death with no overt clinical signs, to a more characteristic disease with variable clinical
presentations including respiratory signs, such as ocular and nasal discharges, coughing,
snicking and dyspnoea, swelling of the sinuses and/or head, apathy, reduced vocalisation,
marked reduction in feed and water intake, cyanosis of the unfeathered skin, wattles and
comb, incoordination and nervous signs and diarrhoea. In laying birds, additional clinical
features include a marked drop in egg production, usually accompanied by an increase in
numbers of poor quality eggs. Typically, high morbidity is accompanied by high and rapidly
escalating unexplained mortality. However, none of these signs can be considered
pathognomonic”. The clinical signs are usually more pronounced in chickens and turkeys,
while in waterfowl (both domestic and wild), birds usually do not show severe disease or
may no show disease at all (Koch and Elbers, 2006).

The incubation period in poultry can range from a few hours to a few days. Also in
mammals is short, e.g. as little as 1-2 days.

4.2.5. AlV geographic distribution

Avian influenza’s natural reservoirs, mostly Anseriformes and Charadriiformes, have a
global distribution, except for the most arid regions, thus translating to an almost global
coverage of AV (Webster et al., 1992; Olsen et al., 2006).

In terms of the distribution of Al in poultry (Figure 4), much more information is available
on reportable outbreaks (particularly HPAI) than on LPAI outbreaks. The first reliable
scientific report on HPAI outbreak in poultry took place around Torino, Italy, in 1877-1878
(Perroncito, 1878), but the first outbreak caused for sure by a HPAIV was reported in
Scotland, UK, in 1959. Since then, detailed compilations of HPAI outbreaks show their
presence in most of the world, but mostly in North America, Europe and, more recently,
Asia (Capua and Alexander, 2004; Alexander, 2007; OIE, 2015b). The most severe Al
outbreak ever is the ongoing Asian H5N1 HPAIV.

On the other hand, there is not such a wealth of information regarding LPAI outbreaks;
despite they occur rather frequently in poultry, particularly in some regions such as North
America. In fact, only between 2002 and 2006, Alexander (2007) lists sixty LPAIV strains
isolated from poultry and other captive birds. The real number will likely be higher, since
many outbreaks remain undetected or unreported (Alexander, 2007). Sometimes, when
LPAIVs circulate in poultry populations for long periods, this may lead to the formation of
stable virus lineages in poultry that can then spread considerably. Notorious examples
include the H7N1 LPAIV in Italy (1999), which is still regularly reported in Italy and other
European countries, H5N2 in Mexico (1993-present), which is circulating in Central America,
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or H7N3 in Pakistan (1995) and H9N2 (1998) (Marangon et al., 2003; Lee et al., 2004; Naeem
and Siddique, 2006; Cecchinato et al.,, 2010). The US has experienced multiple LPAI
outbreaks, e.g. Pennsylvania (H5N2 1985-1986; H7N2 1996-1998 and H7N2 2001-2002) and
California, US (H6N2 2000-2004) (Dunn et al., 2003; Henzler et al., 2003; Kinde et al., 2003).

Figure 4. Avian influenza outbreaks in domestic poultry in 2005-October 2015 (Source: EMPRES-i)

4.2.6. The impact of Al

Avian influenza outbreaks, like most other transboundary animal diseases, pose a serious
threat not only to the poultry industry, but also to food security and livelihoods. In addition,
with Al there is a public health component not to be forgotten. This section applies mostly
to HPAI, since the losses caused by non-reportable Al are not usually calculated.

The effects of HPAI on animal production can be divided into three main types: 1) direct
losses to producers and other actors of the poultry market chain due to morbidity and
mortality, risk mitigation (e.g. investment in animal housing), replacement birds, etc.;
2) cost of government intervention, e.g. public investment in animal health infrastructure
and epidemic preparedness; and 3) market reactions, which can be particularly severe when
there are public health implications (Otte et al., 2008).

The quantification of the above costs is complicated by numerous factors, e.g. control
measures affect even producers not infected by HPAI, and similarly, market reactions can
affect HPAI-free countries. Also, the direct impacts on farmers will spread through the
supply and distribution networks. However, losses to the poultry sector will be to some
extent compensated by gains in other livestock subsectors. Because of these ‘systemic’
reactions, the structure and flexibility of the poultry industry, its links with other sectors
and its integration with global markets have to be taken into account (Otte et al., 2008).

In terms of the costs related to the death and destruction of birds, the outbreaks of 2003
and 2004 in Asian countries are good examples of the magnitude of H5N1 HPAI. Direct
losses were highest in Vietnam (44 million birds, i.e. 17.5% of the poultry population, and a
cost estimated at 0.3%-1.8% of GDP), Thailand (29 million; 14.5%; 1.5% of GDP) and Indonesia
(16.2million) (McLeod et al., 2005). Thailand, at the time the world’s 5 exporter of poultry
meat, loss big part of the market for fresh poultry meat, also because of the international
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competition and high dynamism of the global poultry market allowed for other countries
(mostly Latin America) to quickly fill in the market lost by Thailand (McLeod et al., 2005).
Overall, export shortages due to HPAI and higher prices led to an unprecedented 8% drop in
global poultry trade, with Asian exports (particularly Thailand and China) declining from
1.8 million to less than 1 million tonnes. Based on some of these figures, it was estimated
that a single large outbreak could lead to a reduction of up to 1.5% of GDP growth
considering the effects on the poultry sector alone. The reality is that other associated
losses would arise, e.g. to tourism, as actually reported by both Thailand and Malaysia
(McLeod et al., 2005).

The impact of HPAI vary by the type of production system: industrial chains suffer mostly
from export loss, while large commercial producers serving domestic markets will be
penalized by the loss of consumer confidence. Small producers will lose most relative to
their assets and income, particularly backyard poultry farmers with no alternative livestock
production to which to switch to (McLeod et al., 2005).

Obayelu (2007) pointed out a number of socio-economic impacts in his analysis of the H5N1
HPAI impact in Nigeria, such as job losses, or the temporary loss of consumer confidence,
i.e. about 80% of regular poultry consumers shifted to other protein types, which lead to a
drop in prices of poultry products (and an increase in other livestock products). About 75%
of the poultry suppliers contemplated to change business. The cost of prevention and
control was estimated at 0.1-0.2% reduction in the GDP (Obayelu, 2007).

Moreover, avian influenza viruses pose a real zoonotic threat, which adds a whole public
health dimension to be considered. The H5N1 HPAI strain, despite its high case fatality rates,
has not fully adapted to humans, and human-to-human transmission is still anecdotal.
However, the risk that an AIV will adapt and cause a pandemic is a continuous threat, as
shown in previous human influenza pandemics of 1957 (H2N2) and 1968 (H3N2), probably
the result of reassortments of avian and human viruses.

4.2.7. Persistence of AlV in the environment

The successful transmission of AlVs to susceptible hosts is largely determined by the
persistence of the virus in the environment. This knowledge will allow the development of
prevention (e.g. effective biosecurity measures and cleaning and disinfection protocols),
surveillance and other interventions against Al.

Avian influenza viruses do not replicate outside the body of susceptible animals, but can
persist in the environment for substantial periods of time (i.e. up to several weeks under
the right conditions). Persistence is strongly influenced by the pH, temperature, and
salinity, with most stability observed at a mildly basic pH (7.4-8.2), low temperatures
(<17°C), and fresh to brackish salinities (0-20,000 parts per million (ppm)). On the other
hand, the viruses’ persistence was lower in acidic conditions (pH<6.6), warmer
temperatures (>32°C), and high salinity (>25,000 ppm) (Brown et al., 2007; Brown et
al., 2009). As a result, AlIV may persist in freshwater bodies for 2-3 months at 10°C and for over
6 months at a 0°C (Nazir et al., 2011) and will also survive well in faeces and lake sediments
(Chumpolbanchorn et al., 2006; Lang et al., 2008; Nazir et al., 2011). This ability of AlVs to
remain infective in water bodies is key for the disease transmission within aquatic birds.
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The transmission of AlVs may also occur through contaminated fomites. A study on twelve
different porous and non-porous materials and objects routinely found on poultry farms
showed that AIV survived on some of the surfaces for up to 6 days (e.g. in latex and
feathers) (Tiwari et al., 2006). Nasal secretions and faecal material protect AlVs, increasing
their resistance to chemical and physical deactivation, which is critical in farm conditions.
Survival of AlV in faeces is influenced by many variables, e.g. the viral strain, the host or the
temperature (De Benedictis et al., 2007). For example, the H5N2 HPAIV from the 1983-1985
Pennsylvania outbreak was shown experimentally to survive inwet faeces at 4°C for
35 days, but only 2 days at 25°C (Beard et al., 1984). The same virus under natural field
conditions was still detectable in wet manure after 44 and 105 days, as reported by
Utterback (1984) and Fichtner (2003), respectively, although the range of temperature was
not reported. On the other hand, H5N1 HPAIV was completely inactivated within just 30 min
of direct sunlight at 32-35°C, although the virus was still infective after 4 days in the shade at
25-32°C (Songserm et al., 2006). This information will be critical to determine how long to
keep premises vacant after an outbreak.

When looking at cleaning and disinfection protocols, it can be concluded that AlVs are
readily deactivated at temperatures of 56°C at 60 min (Muhammad et al., 2001; Lu et al.,
2003), ionizing radiation, extreme pH (pH 1-3 or pH 10-14), and by a wide range of
disinfectants, particularly in the absence of organic matter. The sensitivity of AlVs to
chemicals is explained by the lipid viral envelope, which makes the virus highly susceptible
to disinfectants (Benedictis et al., 2007). A comprehensive list of chemical product available
for disinfecting procedures and their main recommendations and limitations of use can be
found at De Benedictis et al. (2007).

4.2.8. Between-host transmission

The AIV strain, replication site and species involved will determine the presence,
concentration and duration of viral particles in each secretion and tissue, and thus the role
of each in disease transmission. In poultry, LPAI viruses replicate primarily in the epithelial
tissue of the respiratory and gastrointestinal tracts, with some viruses preferring one versus
the other (Perkins and Swayne, 2001; Swayne and Beck, 2005), which explains why LPAIV
mostly concentrate in faeces and/or secretions from the respiratory tract (Spickler et al.,
2008). Shedding can start as early as day 1 in respiratory secretions and day 2 in faeces
(Spickler et al., 2008). In its natural reservoir, i.e. waterfowl, LPAI results in large amounts
of virus excreted in faeces for 3 to 4 weeks, often without clinical signs.

Instead, HPAIVs, after initial replication in the same organs, follow a systemic spread,
meaning that the virus can be detected in numerous tissues including the muscle (meat),
blood, bone marrow, upper and lower respiratory tract, kidney, spleen, liver, thymus,
pancreas, bursa, adrenal gland, gastrointestinal tract, ovary, testis, comb, wattles, feather
follicles and brain (Spickler et al., 2008). Shedding typically occurs within a day or two, both
in faeces and respiratory secretions of chickens, but sometimes in just a few hours (Spickler
etal.,, 2008).

Transmission of LPAIVs occurs primarily via the faecal-oral route, as a result of waterfowl
suffering from asymptomatic enteric infections shedding the virus via faeces into the water
(Webster et al., 1992; Fouchier and Munster, 2009). Respiratory secretions and the faecal-
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cloacal transmission are also potential routes (Ellstrom et al., 2008). Since LPAIVs can
remain infectious in water for a long time (Brown et al., 2007), the virus can be transmitted
to other aquatic birds, including domestic waterfowl.

There is a seasonality attached to AIV transmission in their wild reservoirs, which depends
on the geographical location and species involved. Prevalence rates and shedding patterns
vary throughout the year. Aquatic birds tend to shed large amounts of virus when they are
immunologically naive juveniles (Webster et al., 1992). For example, AlV prevalence in North
American waterfowl ranges from <1% (during spring migration) to 30% and even 60% just
before and during fall migration, due to the large number juvenile birds (Hinshaw et al.,
1980; Krauss et al., 2004). In terms of the species, although geese and swans are less
frequently infected than ducks (Olsen et al., 2006), their tendency to congregate in large
groups on agricultural fields makes it more likely for them to infect domestic waterfowl.

The wild bird-poultry interface is quite well researched, in fact the most researched of all
wildlife-livestock interfaces ranking first in Asia, Europe, and North America and second in
Oceania, Africa, and South America. Of all publications citing a bird-poultry interface, 22%
were associated with avian influenza (Wiethoelter et al., 2015). Eventually, all AlVs
circulating in poultry were initially introduced from the wild reservoir. In areas where AlVs
are frequently isolated in chickens or turkeys, e.g. Missessotta, USA, the variation in virus
subtype and the seasonality observed suggest multiple primary introductions rather than
an endemic situation in poultry (Alexander, 2000). Between 1978 and 2000, Minnesota
turkey farms experienced 108 LPAIV introductions from migratory ducks (Halvorson, 2002).
However, although the link between wild birds and poultry cannot be denied, the role of
wild birds in Al outbreaks in the long time spread in poultry is largely outweighted by
human driven factors, i.e. movements of poultry, poultry products and fomites
(Wiethoelter et al., 2015).

Transmission of AlVs from the wild bird reservoir to poultry may occur as a result of direct
or indirect contact. By sharing the same water body, wild birds may transmit AlVs to
domestic waterfowl. Indeed, the presence of scavenging ducks and ducks raised in rice
fields has been shown to be an important risk factor for H5N1 HPAI in South East Asia
(Tiensin et al., 2005; Gilbert et al., 2006). A study using sentinel ducks placed on ponds in
turkey-rearing areas in Minnesota showed a direct correlation between the infection in
the sentinel ducks and the wild ducks at the monitoring sites. Moreover, AlVs were also
isolated in the water (Halvorson et al., 1983). Turkey flocks were also monitored in the
study. Surveillance results of a 4-year period showed that: 1) Al followed seasonal patterns
in both sentinel ducks and turkeys, but usually with a 6-8 week delay in turkeys; and 2) most
of the AlVs involved in the turkey outbreaks were also detected in the ducks and other
avian species. These results suggest the transmission chain from wild waterfowl to
domestic waterfowl via water bodies, and then to turkeys (Halvorson et al., 1983; Halvorson
et al.,, 1985). Domestic waterfowl can also transmit the disease to chickens and other
terrestrial poultry through commercial transportation and particularly at live bird markets
(Senne et al., 2003; Sims et al, 2003; Yee et al., 2008).

Direct transmission from wild birds to poultry can also occur, particularly in the case of
outdoor free-ranging poultry (e.g. turkeys, chickens or ostriches) (Koch and Elbers, 2006),
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and especially when these are situated on migratory waterfowl routes, near open storage
of drinking water or artificial ponds, or in the absence of bird-proof feed stores (Lang, 1981;
Alexander, 2000; Koch and Elbers, 2006). Also, because of the mixed backyard flocks that
often include domesticated geese and swans, which may attract wild related species
(Alexander, 2000). Feral birds are believed to play the role of a bridge species between wild
waterfowl and poultry, although of course, the opposite also occurs, with wild birds,
particularly feral birds, being affected following HPAI outbreaks in poultry (Alexander,
2000). Wild birds may also become infected from poultry by feeding on infected poultry
carcasses (Kwon et al., 2005) or, potentially, through the fertilization of fish ponds with
poultry manure, which is widespread in Asia (Melville and Shortridge, 2006).

Poultry and other land-based birds do not share water bodies, as oppose to aquatic wild
and domestic birds. Therefore, AlV transmission among them occurs via different routes,
i.e. direct contact with other infected poultry, or through fomites, i.e. people (e.g. farmers
themselves or service providers), vehicles, and other inanimate objects such as cages
moving from one farm to farm can vector the spread of AIV. Also contaminated feed or
water may be involved. Live bird markets (Senne et al., 2003; Sims et al., 2003; Yee et al.,
2008), and unregulated backyard bird populations with low biosecurity (Meleigy, 2007;
Chantong and Kaneene, 2011) play critical roles in Al spread.

4.2.9. Between country spread

A study by Kilpatrick et al. (2006) looking at the H5N1 HPAI introductions to countries
worldwide found that, in Asia, 9 out of 21 introductions were most likely through poultry
and 3 out of 21 through migratory birds. On the other hand, most introductions (20/23) in
Europe were attributed to migratory birds, while it was more balanced for Africa (2/8 by
poultry and 3/8 by migratory birds).

Outbreaks in poultry via infections from migratory birds, as already discussed in the
previous section, will be mostly related to farming in migratory routes, the farming of free-
ranging of domestic waterfowl, the presence of attractants in farms, and the existence of
live bird markets.

For the introduction via infected/contaminated poultry, poultry products or fomites, we
have to consider that, a priori, the whole world is at risk due to globalized trade.
Movements of infected poultry and their products can take place through both formal (van
den Berg, 2009) and informal trade (mostly between neighbouring countries) (Beato et
al., 2009).

There are few documented cases of legal shipments infected with HPAI, since it is
uncommon to import from high-risk countries. Still, an outbreak of H5N1 HPAI in Tibet was
traced to a legal shipment of live chickens from Lanzhou (1,500 km away) (Normile, 2005).
This may happen particularly if birds are moved during the pre-clinical phase of the
infection. The transboundary spread of HPAI through the movement of live birds was
reported in the Netherlands, Belgium and Germany in 2003 (Beato and Capua, 2011). H5N1
HPAI was also found during routine surveillance in duck meat legally imported from China
to Japan (Mase et al., 2005). In 2005, imported birds destined for the UK pet market tested
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positive for H5 HPAI at a quarantine station (DEFRA, 2005). In 2007, H5N1 HPAIV was also
reported in Houbara bustards after importation into Saudi Arabia (Monne et al., 2008).

The highest risk occurs through the informal trade of live birds, usually across the border of
neighbouring countries. Because of their nature, these informal movements are difficult to
trace. Sequencing of AIV has proven very useful in establishing links and tracing back
possible sources of introduction (van den Berg, 2009). Examples of informal trade of wild
birds include the finding of two mountain hawk eagles infected with H5N1 HPAI illegally
imported to Belgium from Thailand (van Borm et al., 2005). Similarly, the Taiwanese
authorities discovered a container from China with 1,037 exotic birds infected with H5N1
HPAIV (ProMED, 2005).

The trade of products represents a low risk. Although AlVs have been isolated following
field or experimental studies in almost any poultry product, the fact that they are generally
heat-processed before consumption decreases considerably the risk for poultry outbreaks
or zoonotic infections. Field studies have found HgN2 LPAIV in imported chicken carcasses
from China to Japan (Kishida et al., 2004), H5N1 HPAIV in duck meat from China to South
Korea (Tumpey et al., 2002) and from China to Japan (Mase et al., 2005), H5N2 HPAI in eggs
collected at an outbreak in Pennsylvania and Virginia, USA (Cappucci et al., 1985), and H5N1
HPAIV in shell washes of duck and goose eggs from Viet Nam to China (Li et al., 2006). In
addition, Yamamoto et al. (2007) showed experimentally the presence of H5N1 HPAIV in
duck feathers.

4.3. Prevention and control

There is no effective treatment for Al. Therefore, preventing the entry of AlVs into poultry
populations, and controlling and eradicating it as soon as it is detected are the best ways to
minimise the impact of the disease. The prevention and control activities/measures involved
can be implemented through either private or public initiatives, but reaching an optimal
level generally requires a combination of both (Beach et al., 2006). Farmers play a key role,
but they may need technical and financial support. Probably the most cost-effective
measure, common to both prevention and control, but also surveillance, is the creation of
awareness and the provision of information and technical assistance. This will help poultry
producers to make efficient decisions in the adoption of prevention and control measures.
Awareness raising and training of all relevant stakeholders is a cross-cutting approach that
will have a direct impact in the implementation on all disease prevention, control and
surveillance activities. Everyone in contact with birds should be made aware, not just those
taking care of the birds, but also further along the poultry market chain, i.e. those involved
in the transport, marketing and butchering of birds, as well as service providers (e.g. private
veterinarians, feed distributors, etc.).

Producers, particularly backyard farmers, need to be aware of the potential severity of Al,
as well as the clinical presentation and the need to report suspected outbreaks to the
authorities (i.e. passive surveillance), particularly since farmers may accept significant
poultry losses as “normal” in many developing countries (Rushton et al., 2005). Information
on measures to reduce the likelihood of infection (i.e. biosecurity), the importance of acting
quickly to contain outbreaks and the importance to protect themselves (i.e. the zoonotic
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risk), should also be provided. Even information on the control policy, e.g. stamping out,
vaccination, compensation and restocking will help farmers to understand their role in the
whole process and be more willing to cooperate.

The development and dissemination of this kind of information may be provided through
extension and outreach services, mostly by public authorities (sometimes also NGOs),
rather than by the private sector. This information will lower the private cost of prevention
and control measures for producers by reducing the time and human capital needed to
identify and adopt them (Beach et al., 2006).

A number of different approaches can be used for the delivery of this information, e.g.
leaflets, booklets, posters, TV and radio messages, meetings by religious leaders or village
chiefs, etc. In some cases, however, a more thorough training is needed. As for awareness
materials, there are multiple formats available, from distance learning on-line type of
courses, to face-to-face traditional capacity building. Based on the assessment that there is
a need to deliver information to large numbers of people, a train-the-trainer (TOT) model
might be the best approach in some cases. These are programs designed for training
people, who will in turn train others. Also known as “cascade training,” the TOT approach is
commonly used in the fields of animal health, public health, and agricultural extension.

The TOT approach has been used, in both developed and developing countries, for a whole
range of issues such as Newcastle Disease vaccination in chickens, acquired
immunodeficiency syndrome (AIDS), asthma, care for disaster survivors, health promotion
for childbearing, promotion and risk reduction in pregnancy, neonatal intensive care, and
the use of pesticides by farmers (Williams, 1978; Lowe, 1988; Anonymous, 1997,
Anonymous, 1994; Armstrong, 1999; Oswalt and Boyce, 2000; Burgess et al., 2001; Gennaro
et al., 2001; Slutsky and Bryant-Stephens, 2001; Alders et al., 2002; Gennaro et al., 2002;
Tetteh et al., 2005; Normile, 2007; Koffel and Reidt, 2015). There have been TOT programs
focusing on H5N1 HPAI, like Avian Flu School, which covered all aspects related to the
prevention and control of the disease and was implemented in several countries (Beltran-
Alcrudo et al., 2008), and a participatory surveillance TOT in Egypt (Rushton and
Rushton, 2009).

4.3.1. Prevention

The risk of introducing AIV (or any other avian pathogen) to poultry (or other birds) is
reduced by the adoption of good biosecurity practices, not just at farm, but at each and
every step of the poultry market chain. Special attention should be paid at small
commercial and backyard premises, which are characterized by low biosecurity standards,
and at live bird markets, which bring together domestic (and sometimes also wild birds) of
different species and multiple sources. Although the same biosecurity concepts apply to
them, specific sets of measures/manuals have been specifically developed for these
settings (Nyaga, 2007).

The purpose of biosecurity is two-fold. On the one hand, it is aimed at preventing any
contact with potentially infected domestic or wild birds, mechanical vectors and fomites
including feed and water sources (as described in the earlier section on between-host
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transmission). On the other hand, biosecurity will slow down or stop the spread of the
disease within the farm and to other premises or wild birds.

Avoiding the contact with wild birds can be achieved by keeping poultry in closed housing
and ensuring that wild birds cannot access poultry feed and water supplies. New poultry
introduced into the farm should be first isolated/quarantined, and the access of people,
vehicles or equipment should be limited and only allowed prior cleaning and disinfection or
changes of clothing. One critical activity for Al spread is the transportation and marketing
of poultry, especially at live bird markets. As a general rules, birds should not be returned to
the farm from live bird markets. Other recommended biosecurity measures include the
reduction of contamination by cleaning and disinfection, or the practice of all-in/all-out
production systems.

Biosecurity is also a concept that can be applied at the national level. Measures may include
trade regulations and quarantines restricting the importation of live birds and bird
products, and the implementation of government policies restricting outdoor rearing of
birds, or closure of live bird markets during high risk periods. These measures should be
dynamic according to the risk situation, as assessed via the risk analysis of all potential
routes of entry and spread (Zepeda and Salman, 2003; Murray, 2004). The OIE Terrestrial
Animal Health Code also provides detailed guidelines (OIE, 2015a). Regulatory and
quarantine services should be equipped to effectively intercept foodstuffs and other risk
materials at international airports, seaports and border crosses. Confiscated risk materials
should be destroyed or disposed, and never dumped where they can be accessed by
scavengers (wild birds or humans).

4.3.2. Control

While guidelines for HPAI control have been clearly described and established, the situation
with LPAI is often not that clear. However, there are four important reasons why LPAI
outbreaks should be controlled: 1) LPAIV infections may cause significant losses for
commercial poultry producers; 2) H5 and H7 LPAIV strains can mutate to HPAIV; 3) AlVs may
expand their host ranges to new species, including humans; and 4) LPAIV strains can
contribute genetic material to HPAIV (Chin, et al., 2002). Although there is no disagreement
that LPAI should be swiftly controlled, there are often no government policies (Halvorson,
2002). Therefore, control measures such as stamping out or vaccination are only sometimes
applied to non-H5/H7 LPAIVs outbreaks (Senne, 2007).

In any case, the control measures against Al can be classified as follows:

4.3.2.1. Depopulation and disposal

Stamping out consist on the culling of infected animals, plus usually also in contact
animals, and even neighbouring premises or dangerous contacts. The slaughter of
animals must be conducted in a humane way, i.e. respecting animal welfare. After
stamping out is completed (if possible on-site), carcasses must be disposed of also on-
site in a safe manner, i.e. burnt, buried or composted to prevent carcasses utilized for
consumption, and to avoid scavenging animals accessing them (Martin et al., 2006). The
disposal of very large numbers of birds in a short time presents major logistic, but also
environmental problems. The destruction of carcasses should be followed by the
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thorough cleaning and disinfection of all premises, vehicles and equipment. The manure,
feathers and feed should be removed and if the floor is earthen, the top of the soil
should be removed (OIE, 2009). Following cleaning and disinfection, depopulated
premises should not be restocked for 21 days at least (OIE, 2009), and it is advisable to
start with a small number of sentinel poultry first to be monitored daily before full
repopulation (Martin et al., 2006).

The single most important challenge arising from stamping out is that farmers will reject
to have their animals killed in the absence of timely and adequate forms of
compensation in place. The absence of compensation may lead to 1) outbreaks not being
reported; 2) emergency slaughter by farmers either for their own consumption or sale;
3) hiding of animals or their movement to other premises; or 4) inappropriate carcass
disposal in areas accessible to scavengers. Therefore, no stamping out should be applied
in the absence of a sound compensation program. For further information on how to
establish a good practice for compensation as part of HPAI stamping-out strategies,
there are guidelines available (Delgado et al., 2006).

While HPAI-infected poultry flocks are usually depopulated and disposed, the measures
taken with LPAl-infected flocks may vary with the virus and the country’s legislation.
Hs5 and H7 strains are sometimes dealt with as if they were HPAI, regardless of their
pathogenicity. For LPAI, rather than stamping out, controlled marketing of infected and
vaccinated flocks is applied as a means to reduce bird density in an area to limit disease
transmission (Halvorson, 2002).

4.3.2.2. Movement controls

Following an outbreak or suspected case, strict quarantines should be imposed on the
premises (both those infected and those under suspicion) as soon as possible, i.e. no
movement of birds, meat and potentially infected materials allowed off the property. No
one should leave the farm without changing (or disinfecting) clothes and footwear and
pets should be confined. The idea behind movement control is to prevent disease
spread. Its success depends on the early identification of the index flock and the tracing
of all movements off infected farms.

When applied to a whole area or territory, effective quarantine and movement control
requires continuous monitoring, patrolling, etc. by the police or military forces to ensure
that only authorised personnel are allowed to enter and supervise the movements of
residents. A type of movement control is the temporary closure of live bird markets,
which has been often used in the control of H5N1 HPAI in Asia, as well as any other bird
concentrations in the outbreak area, e.g. cockfighting, pigeon racing. etc. (Martin et
al., 2006).

4.3.2.3. Vaccination

Vaccination can be useful to prevent disease and death (by reducing the susceptibility of
the population), increase resistance to infection, and reduce (although not eliminate)
virus replication, shedding and transmission (Marangon et al., 2008). Emergency
vaccination can be an alternative to culling and to protect valuable species such as zoo
birds. Vaccination is a costly and logistically demanding endeavour. For a successful

20 | PhD Thesis Daniel Beltran Alcrudo



vaccination program, numerous factors should be taken into account: the bird density,
predominant production systems, virus strain, and the availability of vaccine, equipment
and personnel.

The decision to vaccinate has to be carefully analysed, because of the associated
implications in terms of 1) disease freedom declarations and re-establishment of trade
(since many countries will not import poultry products from countries that vaccinate);
2) the phenomenon known as silent spread related to the fact that even the best
vaccines do not provide sterilizing immunity and vaccinated birds continue to shed,
despite being protected from infection; 3) vaccine-resistant isolates can emerge; and
4) the difficulty to differentiate vaccinated birds from naturally infected birds. Regarding
the latter, it can be overcome by the use of DIVA strategies (differentiating infected
from vaccinated animals) (Marangon et al., 2008), although they are difficult to
implement. Vaccination has been used as part of control efforts in a number of LPAI and
HPAI outbreaks all over the world (Marangon et al., 2008).

4.3.2.4. Zoning and compartmentalization

Both concepts apply to the establishment of animal subpopulations defined on a
geographical basis (using natural, artificial or legal boundaries) in the case of zoning, or
by management and husbandry practices related to biosecurity in the case of
compartmentalization, e.g. to separate the high biosecurity commercial sector from the
low biosecurity backyard (OIE, 2015a). Where the disease is already present, but only in
part of a country, zoning becomes an important strategy towards progressive
elimination or eradication efforts. For zoning to be applied, it is key for the national
authorities to be able to establish infected and disease-free zones and enforce tight
controls on the movement of poultry and products between zones. Zoning and
compartmentalisation are aimed to facilitate the implementation of control measures
while maintaining trade to some level.

4.4. Surveillance

The Terrestrial Animal Health Code of the OIE defines surveillance as the systematic
ongoing collection, collation, and analysis of information related to animal health and the
timely dissemination of information so that action can be taken (OIE, 2015a). The objective
is to detect and monitor changes in health-related events in a defined animal population
with specific predetermined goalls, the most important being: 1) to detect disease
incursions; 2) to describe the spatio-temporal distribution of the disease to inform
prevention and control efforts; 3) to assess the progress of control or eradication efforts,
e.g. vaccination campaigns; 4) to demonstrate disease freedom (for trade purposes); or
5) to monitor antigenic drift.

Surveillance strategies for Al vary from country to country and over time, depending on the
infection and risk status of the country concerned, and whether dealing with HPAI,
reportable LPAI or LPAI. Because of their economic impact, all HPAIVs in poultry should be
reported to the OIE. The same goes for all H5 and H7 LPAIVs, due to the possibility they may
become HPAIVs through mutation. Surveillance in these cases must be closely linked with a

Background | 21



clear response, e.g. stamping out, movement restrictions, etc. This is not the case for non-
reportable LPAI, for which there is no mandatory international regulation.

In any case, surveillance strategies should include activities to monitor wild bird populations
and poultry using a combination of passive and active approaches. For example, for an
HPAI surveillance strategy, it may be appropriate to rely on passive (i.e. clinical)
surveillance for chickens or turkeys, which usually exhibit clear clinical signs, and use active
(virological and serological) surveillance to target species that may not show clinical signs
(e.g. ducks or geese) (OIE, 2015a). Regardless of the surveillance approach, the
characteristics of the diagnostic tests to be employed (e.g. sensitivity and specificity)
should be carefully considered in the design, sample size determination and interpretation
of results (OIE, 2012).

FAO has listed the minimum requirements for effective surveillance (FAO, 2004):
- HPAI must be notifiable;

- The official veterinary services must have a formal system for detecting, investigating and
reporting internationally, in accordance with OIE guidelines;

- To have the technical capability to diagnose;
- To have a system for recording, managing and analysing surveillance data;
- To participate in the regional surveillance and diagnostic network;

- A minimum frequency of surveillance of six months.

When considering HPAI, the main goal of the surveillance strategies of free countries will be
early detection that allows an early response. Passive surveillance will be paramount,
relying on the reporting of unusual mortalities in domestic poultry and wild birds. Countries
will need access to detailed and updated information on the risks of introduction through
different routes, in order to focus their surveillance efforts at the highest risk points (Martin
et al., 2006). Sites and populations were some active surveillance could be implemented at
times of high risk, depending on the most likely route of introduction, include borders and
international entry points (particularly next to infected countries), domestic waterfowl, and
live bird markets (FAO, 2004).

Infected countries will instead have some or all of the following surveillance goals:
1) description of the spatio-temporal distribution of the disease to inform prevention and
control efforts; 2) assessment of the efficacy of vaccination campaigns and other control
programmes; 3) monitoring of antigenic drift; and, eventually, 4) seeking free status.
Infected countries, while still mostly relying on passive surveillance, will need to step up
their active surveillance efforts, particularly following outbreaks (tracing back and forward
as part of outbreak investigation protocols). In addition to the high risk areas and
populations already mentioned for free countries (borders and international entry points,
domestic waterfowl and live bird markets), the monitoring of sentinel villages may also be
considered (FAO, 2004). Infected countries should perform the molecular characterization
of all isolates and molecular epidemiological studies, send isolates to international
reference laboratories, and upload molecular data to international gene sequence
databases (e.g. Genbank) (FAO, 2004). The Terrestrial Animal Health Code provides
information on the specific surveillance requirements when there are ongoing Al
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vaccination campaigns. The Code also provides specific guidelines related to possible
strategies to seek recognition of disease free status for a country, zone or compartment,
both for historically free countries and after an outbreak (OIE, 2015a).

Surveillance activities can be a very expensive endeavour (i.e. personnel, fuel, vehicles,
equipment and reagents), which can be extremely challenging for the developing countries
mostly affected by Al. When dealing with limited, often insufficient budgets, cost-
effectiveness has to be considered as a top criteria when designing a surveillance program.
Of all surveillance types, passive surveillance is the most cost-effective if implemented
effectively (i.e. with the active cooperation of all poultry-related stakeholders). In addition,
costs can be significantly reduced if surveillance tasks are combined with the
implementation of other field activities like biosecurity assessment and improvement (Bunn
etal., 201).

4.4.1. Surveillance in wild birds

Infection in wild birds, although not mandatory, can still be reported to the OIE on a
voluntary basis when detected with no impact on trade.

Where there is a risk is of Al introduction from migratory birds, the first step is to identify
the migratory patterns of different species (e.g. the origins, destinations and timing of
migration) (Martin, Forman et al., 2006). Wild bird surveillance can be considered an early
warning system and a way to estimate the risk of Al entry into poultry from infected wild
birds. Wild bird surveillance has three components: 1) sampling of wild birds found dead or
sick; 2) targeted capture and sampling of defined wild bird species during the period of
migration; and 3) sampling of hunter-killed birds.

The former refers to passive surveillance, which should be strengthened by alerting and
training wildlife personnel and others in contact with wildlife (e.g. hunters, hikers, etc.) in
designated (high risk) surveillance areas to report unusual deaths or sickness in wild birds,.
This applies specifically to some HPAIVs like the current H5N1 HPAI, since most AlVs in wild
birds do not cause disease or mortality. Reports should be investigated and wild birds
found dead or sick with influenza-like symptoms should be sampled, for the samples sent to
the national reference laboratory for virological diagnosis.

Active surveillance of wild birds involves the sampling of (apparently) healthy animals,
either captured or hunted. Oropharyngeal and cloacal swabs or fresh faecal samples are the
recommended methods for live birds. By finding out the prevalence of LPAIVs (particularly
those of the H5 and H7 subtypes) in wild birds, it becomes possible to estimate the
likelihood of transmission from infected wild birds into poultry. Active surveillance targets
those wild birds species most likely to harbour AlVs, i.e. Anseriformes and Charadriiformes.
Also, sampling juvenile birds will increase the number of viruses isolated (Stanislawek et al.,
2002). Virological assays only give positive results if the animal was sampled during an
active AlV-infection. On the other hand, serology, although not yet optimized for wild birds,
could be used to assess longer term past exposure to AlVs (Charlton et al., 2009). Although
results from these active surveillance programs can be very valuable from a scientific point
of view, the low rate of positive samples (rarely above 2%) and the high costs involved
means that it is not a very cost-efficient activity and resources may be best reallocated
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elsewhere when budgets are tight. In fact, active surveillance of wild birds is no longer
compulsory in the EU since 2011 onward s (AHVLA, 2013).

An interesting study evaluated a number of methods to detect H5N1 HPAI in wild
waterfowl: live bird trapping, hunter-killed birds, birds caught in fishing nets, dead birds
found by the public, catching live mute swans, and using sentinel flocks of mallards. Results
showed that sampling dead birds found by the public and sentinel surveillance were the
most sensitive approaches, while trapping live birds was least cost-effective (Knight-Jones
etal., 2010).

4.4.2. Surveillance in poultry

4.4.2.1. Passive surveillance

Passive surveillance in poultry is based on the obligatory reporting of Al suspicions to
the authorities, i.e. an official veterinarian or the competent authority, and is therefore
based on clinical surveillance, i.e. the detection of clinical signs at the flock level. In any
case, passive surveillance should be followed up by sampling for the laboratory
confirmation (i.e. virological analysis) of the clinical diagnosis. Recommended samples
include dead birds and tracheal/oropharyngeal and cloacal swabs focusing on sick birds.
Strict movement restrictions should be imposed upon any suspected premises until
avian influenza is ruled out (OIE, 2015a).

Raising awareness on avian influenza (e.g. on the risk, clinical signs, how to prevent its
entry, etc.) is critical to increase the reporting of suspected outbreaks, and thus the
effectiveness of passive surveillance. Everyone in contact with birds should be made
aware, not just those taking care of the birds, but also further along the poultry market
chain, i.e. those involved in the transport, marketing and butchering of birds, as well as
service providers (e.g. private veterinarians, feed distributors, etc.). Awareness
campaigns and trainings can be used to strengthen passive surveillance in areas where
poultry is perceived to be at a higher risk, e.g. where migrating birds congregate.

Having in place a fair and timely compensation plan (in the event the suspicion turns out
to be positive) will also be critical to encourage reporting, as discussed in the prevention
and control section above.

For HPAI, passive surveillance has been shown to work well due to the obvious clinical
signs (e.g. massive mortalities) that result from infection. Passive surveillance
constitutes the single most important and cost-effective approach both for HPAI-free
and infected countries. However, for LPAI, where clinical signs may be inapparent, very
mild, or nonspecific, conventional passive surveillance will not be efficient.

4.4.2.2. Syndromic surveillance

Syndromic surveillance, a very novel approach of passive surveillance, is defined as “the
(near) real-time collection, analysis, interpretation and dissemination of health-related data
to enable the early identification of the impact - or absence of impact - of potential threats”
(Triple-S, 2015). Syndromic surveillance is not based on laboratory-confirmed diagnosis,
but on non-specific clinical signs and proxy measures for health. Other characteristic of
syndromic surveillance is that the data are generally not collected for surveillance
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purposes, and are often automatically generated (Triple-S, 2015). An alert will be
prompted when the recommended trigger point or threshold is reached. If combined
with a rapid laboratory diagnosis, syndromic surveillance can be a very effective and fast
early detection system (Beltrdn-Alcrudo et al.,, 2009). Because of the innate
characteristics of syndromic surveillance (i.e. it does not rely on laboratory testing and
data are generated for a purpose other than surveillance), it can be a very cost-effective
approach (Beltran-Alcrudo et al., 2009; Rodriguez-Prieto et al., 2015; Triple-S, 2015). In
addition, it can cover multiple threats at once, i.e. changes in production parameters
may be indicative of multiple diseases.

Syndromic surveillance has been extensively used in human health (van den Wijngaard,
2010), and since around 2006, it is also being used for animal health purposes
(Rodriguez-Prieto et al., 2015). Only within Europe, 27 veterinary projects and systems
have been identified (Triple-S, 2015). Syndromic surveillance can use production data,
but also data from veterinary clinics, veterinary pharmacies, diagnostic laboratories, live
animal markets, or slaughterhouses (Gates et al., 2015). Production data have been
proven particularly useful to detect avian influenza outbreaks in commercial/intensified
poultry settings, where production parameters get systematically recorded on a very
regular and frequent basis. Mortality changes in poultry were used to detect H7N7 HPAI
in the Netherlands andother HPAI (Elbers et al., 2007; Malladi et al., 2011). However, it is
for LPAI, where syndromic surveillance becomes particularly useful. Slight changes of
production parameters, such as increased mortality, reduced feed and water
consumption, clinical (respiratory) signs or a drop in egg production or quality, may be
the only indication of LPAIV infection (Beltran-Alcrudo et al., 2009; OIE, 2015b). These
would not be picked up by conventional passive surveillance. However, syndromic
surveillance can build on them. In fact, a syndromic surveillance system based on the
monitoring of mortality and egg production changes, was shown to be effective in the
(retroactive) detection of H6N2 LPAI in layers (Beltran-Alcrudo et al., 2009).

4.4.2.3. Parameter monitoring

Parameter monitoring, although still very experimental, could also be an effective
approach for Al early detection, including LPAI. Also considered a type of passive
surveillance, parameter monitoring is defined as the screening of biological indicators,
e.g. animal termperature, animal activity, etc. (Rodriguez-Prieto et al., 2015). Promising
examples include the use of audio sensor technology to monitor the pecking sounds (i.e.
feeding behavior) of broilers (Aydin et al., 2014), or subcutaneously-implanted
radiotelemetry units to monitor the heart rate and body temperatura in poultry
(Kettlewell et al., 1997).

A whole range of other innovative data streams measuring production parameters have
been used to detect all sort of disease-related behaviours in other commercial livestock
species, e.g. audio sensors to detect coughing noises in swine, cattle and horses or to
monitor the feeding behavior of broilers, accelerometers to measure jaw movements as
an indication of resting, eating, and ruminating periods, passive transponder tags
attached to monitor feed intake in swine and cattle, electronic water flow meters to
detect outbreaks of diarrhea in swine, etc. (Gates et al., 2015).
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4.4.2.4. Active surveillance

Active surveillance can be a very expensive endeavour, since it involves continuous
sampling and testing, with the costs these activities involve in terms of personnel,
equipment and reagents. This is why early detection in HPAIl-free countries is mainly
based on passive surveillance, which has been shown to be very effective due to the
obvious clinical signs (e.g. massive mortalities). At periods of very high risk, such as
when migrating birds are arriving or when sharing borders with an infected country, it
might be useful to also undertake active serological and virological surveillance,
especially domestic ducks, which are most likely to be exposed and often show no
clinical signs (Martin et al., 2006). Infected countries will have to add outbreak
investigations and active surveillance at high risk sites, e.g. live bird markets, backyard
sector, etc. and perhaps the monitoring of sentinel villages or flocks. The frequency of
active surveillance should vary according to the epidemiological situation in the country
and/or the risk of introduction (OIE, 2015a). Therefore, to define the most appropriate
surveillance strategy, it is advisable that countries perform and update risk assessments
(Martin et al., 2006).

A specific scenario when active surveillance becomes indispensable to detect AlVs is in
the case of vaccinated flocks, when a DIVA surveillance strategy is required. There are
several DIVA methods available, all of which involve active surveillance. These include 1)
the placing and testing of marked and unvaccinated sentinel birds within vaccinated
flocks; 2) using an heterologous vaccine (same HA but different NA), like in Italy, where
they used a H7N3 heterologous vaccine against LPAI H7N1 (Capua et al., 2003); 3) using a
subunit vaccine targeted to the HA that allows serologic surveillance to the internal
proteins; and 4) measuring the serologic response to the non-structural protein 1 (NS1)
(Suarez, 2005).

For LPAI, clinical signs usually go unnoticed and thus undetected by passive surveillance,
so active regular surveys of poultry populations are often the only way to detect these
AlVs. Evidence of this was shown by an evaluation of different surveillance approaches
in a vaccination and densely populated poultry area in Italy from 2000 to 2005, which
showed active surveillance to be the most effective in detecting LPAIV infection,
especially when a vaccination programme is in place (Comin et al., 2011). In the EU,
member states must apply active surveillance programs that allow early detection and
prevention of the spread of reportable LPAIVs in poultry (European Commission, 2008),
before they have the chance of becoming widespread, transform into a highly
pathogenic form, or become zoonotic. Blood samples from different poultry species
have to be collected for serology and if antibodies are detected, the premises are visited
again for viral detection (OIE, 2012; AHVLA, 2013). Apart from detecting sub-clinical LPAI
infections, this surveillance plans contribute to the demonstration of a free status
according to OIE rules (European Commission, 2008).

The selection of farms may be done randomly (usually stratified), targeted (i.e. risk-
based) or a combination of both (e.g. sampling higher risk premises at a higher
frequency than others) (Gonzales et al., 2010). Random sampling needs to be consistent
with demonstrating the absence of infection at an acceptable level of confidence
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(OIE, 2015a). For targeted sampling, risk factors used include type of production (e.g.
outdoor), multi-age or multi-species flocks, lifepan, live bird markets, etc. (OIE, 2015a).
Targeted surveillance has shown to be more effective than random surveillance at
finding LPAIVs in the EU, particularly when targeting domestic waterfowl (Gonzales et
al., 2010). The same study found as well that EU countries that sampled more holdings
than required, as expected, also found more positive findings. Unlike for random
sampling, where only serology is recommended as a first step, when conducting
targeted sampling, it is advised to use concurrently a combination of both serology and
virology methods for detection (OIE, 2012).

4.4.2.5. Participatory epidemiology

Participatory epidemiology (PE) is the systematic use of participatory approaches and
methods to improve understanding of diseases and options for animal disease control
(Catley et al., 2012). When PE is applied to disease search, it is known as participatory
surveillance (PS), which is considered a type of active surveillance (Rodriguez-Prieto et
al., 2015). Early applications of PS focused on pastoral communities e.g. for the
Rinderpest eradication (Jost et al., 2007), but since then the approach has became
widely applied in response to the H5N1 HPAI panzootic in Asia and Africa.

In 2006, PS for HPAI was first implemented in Indonesia as a pilot programme in twelve
districts (Jost et al., 2007). It was was rapidly scaled-up covering 31 provinces and
2,000 staff by 2009 (Azhar et al., 2010), showing HPAI was endenic all over the country
(Mariner et al., 2014). The sensitivity and specificity of the diagnostic procedure (clinical
case definition followed by a rapid test) was 84% and 100%, respectively (Robyn et
al. 2012). With reducing donor funding, it became paramount to decrease costs and
increase efficiency. As a result, other livestock diseases were incorporated and the
system started focusing on responding to passive reports rather than actively searching
for outbreaks (Mariner et al., 2014). The latter could be done thanks to the improved
trust between communities and veterinary services that resulted from PS and
encouraged outbreak reporting (i.e. passive surveillance), meaning that it may not be
needed to carry PS as a routine (Mariner et al., 2014).

The Early Detection, Reporting and Surveillance for Avian Influenza in Africa Project
(EDRSAIA) started in 2008 in 11 countries in West and East Africa (Benin, Burkina Faso,
Cote d’lvoire, Kenya, Liberia, Nigeria, Sierra Leone, Tanzania, Togo and Uganda).
Although no HPAI outbreaks were detected (since the disease was not present in most
countries), countries found PS to be an important tool that increased confidence on the
absence of HPAI and that could be applied for other diseases (Mariner et al., 2014). Also
Sudan applied PS to look both into HPAI and Newcastle disease, finding that the latter
was be very common (Mariner et al., 2014).

In Egypt, the PS program started in 2008, with the first HPAI cases being reported in
2009 (57 out of 88 suspected cases in that year). The program was applied in 15 out of
28 governorates (those at high or medium HPAI risk) (Rushton and Rushton, 2009). The
program is now fully integrated into the veterinary services and has been used for foot
and mouth disease as well (Mariner et al., 2014).
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Since PS relies mostly on clinical signs being noticeable by the poultry keeper, it may not
be so useful for LPAI, given that clinical presentations are often very mild or unapparent.

4.4.2.6. Sentinel surveillance

Sentinel surveillance is defined as the repeated collection of information from the same
selected sites or groups of animals to identify changes in the health status of a specified
population over time (Rodriguez-Prieto et al., 2015). Sentinel flocks have been used for
both LPAI and HPAI.

In Victoria, Australia, for example, 10 sentinel free-range chicken flocks are maintained in
areas populated by large numbers of waterfowl (East et al., 2010). In California, backyard
flocks within one mile of 22 commercial turkey flocks were tested for avian diseases,
although no AIV was isolated (McBride et al., 1991). An interesting study during a 4-year
period in Minnesota used sentinel turkey flocks, but also sentinel ducks (isolation-reared
mallards) placed in ponds to monitor Al in wild birds sharing the same water bodies (
Halvorson et al., 1983; Halvorson et al., 1985). A similar field experiment, also using
domestic ducks, was performed with comparable results in an island in the Baltic Sea
(Sinnecker et al., 1982). The use of sentinel flocks of mallards to detect H5N1 HPAI in wild
waterfowl was more recently evaluated in Lake Constance (between Switzerland,
Germany and Austria) and turned out to be the most cost-effective of all methods tried
(Knight-Jones et al., 2010). General disadvantages of sentinel flocks include the expense
of rearing disease-free birds, pen construction and husbandry, and the fact that sentinel
flocks can be subject to predation and human disturbance (Deliberto et al., 2009).

Sentinel birds are useful when restocking, i.e. it is advisable to start with a small number
of poultry first to be monitored daily before full repopulation (Martin et al., 2006). The
use of sentinel birds for vaccination has already been discussed above. In addition,
sentinel birds placed in commercial poultry flocks infected with LPAI could be effective
in the detection of the potential mutation of the virus into a highly pathogenic form
(Verdugo et al., 2005).

4.4.3. Laboratory diagnosis (extracted from OIE Terrestrial Manual, Chapter 2.3.4)

Samples taken from dead birds should include faeces or cloacal and oropharyngeal swabs.

In the case of HPAI, samples from other organs may be collected and processed either
separately or as a pool. Samples from live birds should include both tracheal and cloacal
swabs. For small delicate birds, the collection of fresh faeces can be an alternative. The

samples should be placed in isotonic phosphate buffered saline (PBS), pH 7.0-7.4,
containing antibiotics. Similar swab samples can be pooled. When immediate processing is
impracticable, samples may be stored at 4°C for up to 4 days, or at -80°C (without PBS) for
more prolonged storage.

For agent identification, the following tests can be performed:

Virus isolation: It is performed by the inoculation of specific pathogen free (SPF)
embryonated chicken eggs, or specific antibody negative (SAN) eggs. Although it is
considered the “gold standard”, it is a laborious and time consuming technique, used
mostly to diagnose the first clinical case or to obtain virus for further laboratory analysis.

28 | PhD Thesis Daniel Beltran Alcrudo



Antigen detection: There are several commercially available AC-ELISA kits that can detect
the presence of any influenza A viruses in poultry within 15 min. However, they may lack
sensitivity, may not have been validated for all bird species, they cannot identify the
subtype, and the kits are expensive.

Direct RNA detection: RT-PCR techniques allow rapid detection and subtype
identification, including a cDNA product that can be used for sequencing. The real-time
RT-PCR is a modification to the RT-PCR that reduces the testing time and has a sensitivity
and specificity equivalent to virus isolation, but may lack sensitivity when using faecal
swabs, faeces and tissues in some bird species, because of the presence of PCR
inhibitors that result in false-negative result.

The following serological tests are used:

Enzyme-linked immunoassay (ELISA): Several commercial competitive ELISA (AIV C-ELISA)
and blocking ELISA (AIV B-ELISA) kits that detect antibodies against the nucleocapsid
protein have been developed and validated as a more sensitive alternative to the AGID
test. ELISA kits are of moderate cost and are suitable for high throughput screening, but
all positive results must be followed by HI test for subtyping. Lately, some subtype-
specific ELISA kits are becoming available.

Agar-gel immunodiffusion (AGID): AGID tests detect the presence of antibodies to any
influenza A virus. They have been widely and routinely used in chicken and turkey flocks,
but they are less reliable in other avian species. The AGID is a low cost serological
screening test for detection of generic influenza A infections, but must be followed by HI
tests for subtyping.

Haemagglutination (HA) and haemagglutination inhibition (HI) tests: Different
laboratories use variations in the procedures for HA and HI tests. The HI test is primarily
used to determine the subtype. While chicken sera rarely give nonspecific positive
agglutination reactions, sera from other species may do so, meaning that some prior
steps to prepare the sera are needed. The neuraminidase-inhibition test has been used
to identify the NA type of isolates as well as to characterize the antibody in infected
birds. This latter application is very valuable in DIVA strategies. Since it requires
specialized expertise and reagents, this testing is usually done in an OIE Reference
Laboratory.

To be kept in mind that positive AIV antibody test results can also result from

vaccination against avian influenza, maternal antibodies (up to four weeks of age), and
because of a lack of specificity of the test (OIE, 2012).

Apart from having the appropriate technology, a laboratory needs to ensure it has the

capacity to handle a large number of samples in the event of an emergency, as well as

access to international expertise to confirm any positive results and further

characterization of isolates (Martin et al., 2006).
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Objectives

5.1. General objective

The general objective of this PhD Thesis is to propose cost-effective tools and
strategies for the early detection of Avian Influenza in poultry.

5.2. Specific objectives

In order to achieve this general objective, the following specific objectives have
been proposed:

1.

To assess the importance of avian influenza as one of the most important global
threats of animal health.

To quantitatively characterize published literature on the infectious diseases at
the wildlife-livestock interface to identify where research on this topic has been
focused, analyzing more specifically the case of avian influenza.

To develop a comprehensive, multidisciplinary, expandible and sustainable
training approach for all stakeholders involved in the surveillance, prevention
and control of HPAI.

To define the benefits and suggest a stepwise approach for the integration of
the implementation of surveillance field activities with other field activities, like

biosecurity improvements.

To develop and evaluate an early warning system based on syndromic
surveillance for LPAI in commercial egg production farms.
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Material and methods

This PhD Thesis is a compilation of scientific papers. Therefore, the materials and
methods described below are those used specific for each of the papers.

6.1. Main animal disease threats in 2010: pathogen types, drivers and
challenges

EMPRES Transboundary Animal Diseases Bulletin 2011

The identification of the most important pathogens was done through the author’s
professional experience working at FAO, and more specifically with the Global Early
Warning System (GLEWS), which is a joint system that builds on the added value of
combining and coordinating the alert and disease intelligence mechanisms of OIE,
FAO and WHO, through sharing of information, epidemiological analysis and joint
risk assessment. In addition, the author consulted FAO colleagues in headquarters
and in the field for their validation.

6.2. Global trends in infectious diseases at the wildlife-livestock
interface

PNAS 2015

Standardized definitions and guidelines similar to ones available for systematic
reviews are lacking for scoping reviews. To ensure an objective and comprehensive
approach, this scoping study was largely based on a framework encompassing an
iterative rather than linear process. It was conducted in four main steps: defining
the research question, literature search, screening of search results, and analysis.

Defining the research question

The review question was structured according to a modified PICO principle
(population, interest; and context) and defined as: ‘What is the current global state
of knowledge based on published literature of infectious diseases at the wildlife-
livestock interface?” Livestock was broadly defined as all non-aquatic, vertebrate
animals (domestic as well as non-domestic) that are farmed in agricultural systems
and holdings. Depending on the degree of human influence and supervision, wildlife
can comprise feral domestic, captive wild as well as wild animals. All were included.
Search terms for wildlife and livestock were derived from standard nomenclature
volumes for mammals and birds and comprised the Latin genus or species name and
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the common genus name. In addition, generic terms like ‘livestock’ or ‘wildlife’ were
included to obtain publications that did not incorporate taxonomic nomenclature.

This review focused on terrestrial mammals and birds. Livestock diseases listed in
the 2013 OIE Code and diseases deemed important by the OIE Working Group on
Wildlife Diseases were included. Disease search terms comprised common and
scientific names of pathogens including abbreviations. Terms for geographic
regions were composed of United Nations’ sanctioned names of countries,
continents and geographical sub-regions as well as ecological regions and
transboundary protected areas.

Literature search

The search strategy consisted of compiling four search strings, one for each
category (wildlife, livestock, disease and geographic region) and combining these
by the Boolean operator, ‘AND’, to obtain only the intersection. Prior to
combination, all search strings were thoroughly tested and refined for each
category separately to decrease the risk that publications were missed due to
different spelling, notation, and nomenclature. The literature search was conducted
through the platform Web of Knowledge (version 5.12). All databases were
searched in English from their first entries to 2013, utilizing the topic search, which
scans titles, abstracts, and keywords of each publication. Final searches were
conducted between 9 and 10 January 2014.

Screening of search results

Obtained publication records were harmonized and merged into a Microsoft Access
2013 database for further data cleansing and analysis. To check for duplicates,
queries targeting identical digital object identifiers, database accession numbers,
titles, authors, or first 50 characters of the abstract were performed. Publications
without an abstract as well as publications clearly indexed either as review,
editorial, or errata were excluded.

With the aid of dynamic structured query language (SQL) statements and
connecting tables between publications and search terms, all publications were
automatically indexed with their corresponding search terms. In cases where no
search term could be allocated, the abstract, title, and keywords of the respective
record were checked manually. Publications without entries in each category
(wildlife, livestock, disease and geographical regions) were excluded, as they did
not meet the intersection criterion.

Analysis

Publications were analyzed by time according to year of publication as well as by
diseases, interfaces, and continents to which they referred, recognizing that each
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publication may refer to more than one search term within each category
(e.g.>1continents) and that percentages may therefore surmount 100%. Dynamic
intersection SQL queries were used to eliminate multiple counts (e.g. publications
referring to a country and its respective continent). Where possible, publications
were allocated to specific livestock groups or wildlife families; otherwise these
publications were summarized under the category ‘generic terms’ and excluded
from detailed analyses. For analysis of wildlife-livestock interfaces, only publications
mentioning one disease were included to avoid false attribution between species
and diseases. Results were visualized as maps and plotted using the lattice and
ggplot2 packages in RStudio (version 0.97.310. RStudio, Inc. Boston, MA, USA).

For each of the top-3 wildlife-livestock interfaces, piecewise models were fitted to
estimate long-term trends in publication rates (1912-2013). First, a standard Poisson
regression model was fitted to each series using the glm function in RStudio.
Following this the model was re-fitted using the segmented function in the
segmented package. This method takes into account potential piecewise linear
relationships and provides estimates of approximate changepoints, i.e. years
marked by abrupt changes in publication rates. Davies’ test was used to test for a
significant difference in slope before and after the estimated changepoint.

6.3. Avian flu school - a training approach to prepare for H5N1 highly
pathogenic avian influenza

Public Health Reports 2008

The pilot training courses

During the initial assessment period, three pilot courses were conducted: one in
Davis, USA (July 2006) with 17 participants (4 instructors, 13 trainees); one in
Morogoro, Tanzania (August 2006) with 37 participants (5 instructors, 13 observers,
1 coordinator, and 18 trainees); and one in College Station, USA (September 2006)
with 29 participants (4 instructors, 4 observers, 1 coordinator, and 20 trainees).
Additional courses were conducted in Djibouti (2), Tanzania (1), and USA (1), in
addition to courses taught by other organizations based on Avian Flu School (AFS)
materials.

Course evaluation

Participants were asked to complete pre- and post-course assessments of their
knowledge and to evaluate their perceived improvement in comprehension of the
subject matter. An additional evaluation form was completed by trainees at the end
of each module, ranking the effectiveness of each module on a scale of 1 to 5.
Moreover, at the end of each workshop there was a facilitated discussion about the
course’s effectiveness and how to improve it. Ten months after the first pilot
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workshop, an anonymous online survey was emailed to participants to report on
their training activities, behavioral changes, whether they would change anything in
the course, and their familiarity with the learning objectives.

Training model

A train-the-trainer model might be the best approach to deliver information to large
numbers of people worldwide. AFS materials are designed in tiers based on the
expertise of the audiences. In Tier |, professionals and national officials from public
health ministries and veterinary services are trained. Tier | trainees then conduct
Tier Il trainings, mainly within their districts or organizations, e.g. district
veterinarians, public health workers, etc. who will, at Tier Ill, reach their respective
communities. Tier | trainers apply for AFS and are admitted to the course based on
their qualifications and expertise (e.g., poultry health, public health, epidemiology),
language skills, and willingness to travel (and are classified in a dataset by these
characteristics). Tier Il trainers are identified by their job functions, and Tier IlI
trainees are identified by their interest and needs.

Flexibility, lucidity and interactivity of the material

The AFS curriculum was designed in a modular format so that it can be easily and
quickly adapted to an audience’s needs by adding or removing modules and/or
lessons.

The materials are written in simple language using short statements and formatted
as bulleted lists whenever possible. Technical jargon is avoided and complementary
diagrams are presented. Trainers are instructed to speak slowly and clearly,
stressing the most important concepts, and monitoring trainees for
comprehension. This approach facilitates the comprehension and the teaching, also
since many participants do not speak English as a first language, and the translation
of materials (so far into French, Kiswahili, and Spanish).

Lessons are highly interactive, mainly through the use of small group (3-5 people)
review exercises, which present participants with hypothetical scenarios to practice
the lessons’ main concepts. The groups discuss the exercise and then report back to
the full workshop group for further discussion. The exercise answers are recorded
and distributed by e-mail to all participants. Discussion is highly encouraged to help
understanding concepts and clarifying misunderstandings, while keeping
participants involved and interested.

Relevance

AFS courses usually include local guest speakers who present their own
experiences, i.e. a presentation on the poultry sector in the host country, and on the
implementation of the national HPAI Plan. Instructors are encouraged to use
examples from their own experience.
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Training materials

Using existing documents in the public domain, an outline was developed to
identify information gaps, and experts were enlisted to develop a text version of
the materials to fill those gaps. The materials were then organized into short,
highly interactive lessons by a commercial adult training firm (Info Pros,
Sacramento, CA, USA).

Content

The complete AFS course consists of 3 days divided into four modules with short
lectures and small group exercises, covering only information that is essential to
understand Al. Half-day is dedicated to a practical session covering the applied skills
related to the four modules. It is best taught in a location, such as a laboratory or
outdoors, that allows the manipulation of live birds. Each module is supplemented
with a list of the references, a feedback form, a short Microsoft PowerPoint
presentation, and appendices covering specific standard operating procedures,
exercises, case studies, and other complementary information.

Structure

All modules follow the same structure to aid in their ease of use. Instructors are
provided the module contents, a description of the target audience, a suggested
timeline, the module objectives, and the module preview, which stresses the key
points of the lessons. The curriculum follows in short segments that include highly
interactive review exercises.

The course manual is structured into two columns: the left containing the
instructors’ notes, and the right presenting the material for the participants. The
instructor column includes the information to be taught, plus instructions,
transitions and the course timeline. The participant column consists of highlighted
key information, exercises, diagrams and space to take notes. Tier | participants are
presented with both columns, while the manuals for Tiers Il and Il trainees show
only the participant’s column.

Each module has an accompanying slide show presentation with exercises, pictures,
diagrams, and simple animations to help explain the most confusing concepts.
Participants though focus on their manuals, so that the course can be taught in the
absence of projection equipment or in the event of a power outage.

Course schedule and setup

It is recommended that full 3.5-day AFS courses be taught by a minimum of two
instructors, one with a veterinary and poultry background and one other with a
public health background. A third instructor with expertise in communication or
national planning is helpful. The ideal number of trainees is between 10 and 15, with
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varied professional qualifications, which helps them bring different perspectives
during the interactive exercises. The AFS laboratory requires at least one instructor
per four participants.

Making the AFS materials available

To support course workshops domestically and internationally, the AFS Assessment
Project developed a website, (http://www.avianfluschool.org), which provides
guidance for organizing a training, for ordering AFS course materials, for locating
AFS instructors, etc.

6.4. Integrating surveillance and biosecurity activities to achieve
efficiencies in national avian influenza programs

Preventive Veterinary Medicine 2011

This was a letter to the editor. Therefore, no materials and methods were utilized.
Rather, the authors used their own professional experience working with national
authorities through Avian Flu School trainings and international work while working
at the Food and Agriculture Organization (FAO).

6.5. A flock-tailored early warning system for low pathogenic avian
influenza (LPAI) in commercial egg laying flocks

Preventive Veterinary Medicine 2009

Data

Daily mortality and egg production records from H6N2 LPAIV-infected flocks were
obtained from 27 flocks on one commercial premises in Southern California that
suffered an outbreak of H6N2 LPAI in 2002. Infection was confirmed by virus
isolation from five submissions from different flocks. Subsequently, additional flock
outbreaks were detected based on clinical signs (Woolcock, personal
communication, 2009). The daily data available covered two months (January and
February 2002), with the outbreak occurring during the second week of January. A
flock was defined as hens of a single strain and age housed in a discrete building or
structure. The hens were housed in cages on a multi-age egg production farm and
birds were not vaccinated against Al. Information about the strain and age of the
hens was also obtained. Seventeen flocks were affected during pre-molt production
(9 flocks at 63 weeks of age and 8 flocks at 37 weeks of age) and the remaining 10
between the first and the second molt, at 85 weeks of age. Mean flock size was
25,040 birds (range = 8754 - 107,261).

Because data from healthy flocks from the affected farm were not available,
records were obtained from another company in Southern California to estimate
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the baseline mortality and egg production trends for a standard flock. Data were
checked for normality using the chi-square goodness of fit test. The comparison
farm had no history of LPAIl or any major disease event, had similar management
practices, similar genetic strains, and was located in a similar environment in
Southern California at around the same time. Forty-four commercial layer flocks
housed between May 2002 and December 2004 in 20 poultry houses were selected.
The hens were producing eggs up to 100-103 weeks of age, with one molt at around
66 weeks of age. Mean flock size was 25,726 birds (range = 16,920-75,324).

Data analysis

Baseline mortality trends (when no LPAI is present) were calculated using data from
all 42 flocks for both the pre- and the post-molting periods. Mortality data over the
molting period were not included in the analysis. Because molting occurs at
different times in each flock, post-molt mortality data were aligned to day 1 of the
post-molt production. The calculation of the egg production trend required a
different approach because the slope changes depending on the stage in the
production cycle, first increasing steeply to a maximum, and then decreasing
gradually until the molting period. A spline regression model was used, which allows
the functional form of the relationship to change at one or more points along the
range of the predictor (splines). Spline models were used with five and two knots
for pre- and post-molt productions, respectively. Production data over the molting
period were also excluded. Microsoft Excel (Microsoft Corporation, Redmond, WA,
USA) was used to perform all calculations.

Outbreak mortality and production data

Mean daily mortality of the week prior the outbreak was used to estimate the initial
baseline daily mortality. The expected mortality (if there were no outbreaks) was
calculated by applying the mortality trend formulas (y = ax + b) shown in the results
section, where b is the initial baseline daily mortality, x is time (days in production
after the first week) and a is a trend coefficient. The daily mortality attributable to
the outbreak was obtained by deducting the expected daily mortality from the
observed daily mortality during the outbreak.

A similar process was used for egg production data. First, the initial baseline daily
egg production was calculated by averaging the records of the first week. Second,
depending on when in the production cycle the outbreak occurred, the
corresponding egg production trend was used to estimate the expected egg
production (if there were no outbreaks). Third, the expected daily egg production
was deducted from the observed daily egg production during the outbreak to
calculate the daily egg production loss attributable to the outbreak.
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Early Warning System (EWS)

The EWS was designed in a spreadsheet. Two EWS scenarios were set up: EWS1, an
alert threshold, which occurs when the observed mortality exceeds the expected
mortality by more than a factor x in a single day; and EWS2, an alert threshold,
which occurs when the observed mortality exceeds the expected mortality by more
than a factor y during each of 2 consecutive days. One reason for implementing the
EWS2 is to avoid a very common inaccuracy from poultry record keeping, which may
arise because daily mortality counts occur at different times during the day. This
anomaly will result in a higher number of false alerts from the EWS1. In addition, a
combination of both types of alerts was also evaluated, i.e. having an alert when
either of the two alert levels is exceeded. The same concept of 1- and 2-day EWSs
were used for the production data. The EWSs (each individually and their
combination) were tested with data from both LPAIV-infected and non-infected
flocks. Three outcome criteria were used to evaluate/optimize the threshold levels:
detection delay (DD) of an LPAI outbreak (in outbreak flocks), the percentage of
false alerts (FAs) triggered (in non-outbreak flocks), and the percentage of LPAI
outbreaks missed (in outbreak flocks).

To evaluate/compare the EWS against fixed EWSs, and since no LPAlI EWS was
found in the literature, three EWS described by Elbers et al. (2007) to control the
H7N7 HPAI epidemic in the Netherlands were adapted for LPAI by setting stricter
alert levels.

40 | PhD Thesis Daniel Beltran Alcrudo



Publicaciones

7-1. EMPRES Transboundary Animal Diseases Bulletin 2011

Daniel Beltran-Alcrudo, Sergei Khomenko, Sherrilyn Wainwright, Jan
Slingenbergh. Main animal disease threats in 2010: pathogen types, drivers and
challenges. EMPRES Transboundary Animal Diseases Bulletin 2011; 37: 2-13

Resumen del articulo en castellano

Principales amenazas de enfermedades animales en 2010: tipos de patégenos,
transmisores y desafios.

Las enfermedades infecciosas animales pueden tener un gran impacto en la
salud pulbica, la economia nacional y la cabafia ganadera. La emergencia de
enfermedades estd desencadenada por mdltiples factores interrelacionados,
que los servicios veterinarios necesitan tener en cuenta para asegurar un mejor
control de las enfermedades a través de la incorporacién de otras disciplinas
relevantes como la economia y la sociologia. Este articulo describe las
principales amenazas de enfermedades animales descritas durante 2010, su
transmisores y los desafios que presentan.
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Diisases don't
reipoect borders

AND...

FRAD in hongoliain 2010 FAC
response (page 18)

PRRS: wirulence jurmps and
persistent dradlationin China
and Southeast Asia (page 30)

WORKSHOPS:

Prevention and Contral of
Transkboundary Anirmal Diseases
in the Maghreb and Egypt
page 38)

Cne Health Workshop in
Sauthern Africa (page 40)

MEETINGS:
African swine fever (page 47

Information Systems and
surveillance for Major Anirral
Diseases and Zoonoses (page 43)

Auian influenza (page 447

Mewes (page 46)

Contributions from FAD
Reference Centres (page 49

Stop the press(page 513

Main animal disease threats in 2010:
pathogen types, drivers and challenges

Infectious animal diseases can have a major impact on public health, national econ-
omies and lvelihoods, Disease emergence is Tiggered by multiple, interrelated fac-
tors, which veterinary services need to take into account to ensure better control
of diseases through incorporating other relevant disciplines such as economics and
sociology. This artide describes the main animal disease treats reported during
2010, their drivers and challenges (page 2).

FAO/EUFMD miission to Turkey conceming FMD
outbreaks in Bulgaria

The Food and Agriculture Crganization of the United Mations (FACH and the Euro-
pean Commission for the Control of Foot-and-Mouth Disease EUFMDY senta team
to the Cemirkoy District of Kirklareli Province in Turkey to evaluate whatwould be
the most likely immediate source if spread had been through local wild boar or lve-
stock. The team sisited villages dose to the recent foot-and-mouth disease (FrIC)
detection locations in Bulgaria to conductinterviews
and provide acvice on sunieillance fpage 14).

H5N1 HPAI worldwide in 2010

Following three vears of progressive
retraction, geographic expansion of
the HSM1 highly pathogenic avian
influenza (HREAL virus was again ob-
served in 20100 1t is interesting to
note thatinlate 2010 clade 2.3 2 be-
came the most common dade in the
spread of HSM 1 HRFA] and its irvasion
into new territories (page 21).

Worlkd free from rinderpest:

FADQ and the World Qrganisation for Animal Health (OIE} are
about to declare that rinderpest has been eradicated from the
planet {page 36).

FAD Animal Production and Health Division
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There are three main

Main animal disease threats in 2010:
pathogen types, drivers and challenges

pathways for pathogens

to adjust host exploitation

Infectious animal diseases can have a major irmpact on public health (zoonoses), na-
tional economies (high-impact diseases), household livelihoods (enzootic diseases) and,
in very serious cases, global societal stability and security (pandemics, bioterrorismj.
Disease emergence is triggered by multiple, interrelated factors: hurnan and animal
demographics, climate change, increased mobility and globalization, urbanization,
land degradation, drug resistance, and mass animal rearing. The booming dermand
for animal-source protein has driven large increases in livestock production and trade
during the past few decades. The resulting changes to host environments, and there-
fore to pathogen dynamics, can lead to adjustments such as expanding geographic
range, jumping host species and/or shifts in virulence. The most common and least
complicated pathogen adjustment concerns slight changes in virulence, usually follow-
ing changes in susceptible host availability. Infectious diseases of animals and humans
show some variability in virulence, thus accormmodating local and seasonal fluctuations
in susceptible host availability and consequent contact rates. For ermerging disease
pathogens there are three rain pathways for pathogens to adjust host exploitation.

Pathogens as invaders into new territories

This scenario occurs when a pathogen finds access to new areas and host populations.
These invasions are typically triggered by globalization, climate change and changes in
land use. Invasion ray take the form of a travelling wave, saltation or a mix of hoth.
Vector-borne diseases are prominent in this group, as are pathogens that are food-
borne or environmentally robust enough to be transported by fomites across wider
areas. Invading pathogens may adapt to new arthropod vector species and/or different
host types. More often, however, there are no dramatic changes in host range or in
the infection process in the individual host but, rather, a modest change in the overall
transmission pattern. The incursions of West Nile virus in North America, bluetongue
in temperate climate zones of Europe, African swine fever (ASF) in the Caucasus and
eastern Europe, lapanese encephalitis in southern Asia, and Rift Valley fever (RVF) in
the Arabian Peninsula are among the more prominent invasions of pathogens into new
locations in recent years.

Pathogens performing virulence jumps

This event typically associates with the mass rearing of host species, which first be-
came evident during the green revolution in crop agriculture. More aggressive pest
agents showed up in plant monocultures, requiring vast amounts of pesticides and
triggering the development of pesticide resistance. This development was eventually
contained when integrated pest management concepts were introduced. There is
a parallel developrment in animal production; the livestock revolution translates into
sharp increases in livestock numbers, particularly of poultry and pigs, with mass rear-
ing in confined holdings. In situations where pathogens find access to rearing units

FAO Animal Production and Health Division _
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of tens of thousands of animals — most of which are of the same age and sex, ge-
netically near-clones and often immuno-compromised — there is a filness premium for
pathogens thatare capable of a virulence jump and of becoming more host-aggressive
and transmitting faster than competing pathogens. In situations where fraditional and
industrial farming systems coincide, and share distribution and marketing channels,
there is oppartunity for virulent pathogens to exploit the mix of production settings.
Highly pathogenic avian influenza (HPAR viruses are an example of this phenomenon
in the poultry sector. Other examplesin poultry are hyperairulentGumboro disease or
infectious bursal disease virus, velogenic Mewcastle disease virus and infectious bron-
chitis wiruses, in pigs, examples indude the viruses causing pordne reproductie and
respiratory syndrome (FRRS) (see article on p. 200, With the livestock rewolution ad-
wancing from Morth to South and irvolving emerging economies in particular, the con-
ditions are present for other hyperwirulent pathogens to evole and emerge as serious
production problems. The appearance of antimicrobial-resistant bacteria can also be
classified within the virulence jump category. Multi-drug resistance is on the increase
because of the massiie scale and erroneous application of antibiotics for medical freat-
ments, and the use of drugs as growth promoters Although animal- and human-
related drug resistances usually evolve separately, drug resistance genes may traverse
the bacterium spedes barrier, opening the door for drug resistance to pass between
animal- and human-related species.

Pathogens performing species jumps

Withere there are changes in the host community composition and#
of the inter-host contactrate, pathogens capable of a speciesjump
may be selected for. Many of today's human diseases passed from
newly domesticated animals to humans during the early days of
the agriculture revolution, starting about 10 000years ago, A simi-
lar event started during the second half of the twentieth century,
with the still ongoing livestock revolution. Increases in the animal-
human contact rate and the pathogen exposure of humans also
result from the bushmeat and exotic wildlife offered for sale in
wiet markets, while recreational activities and tourism bring hu-
mans into contact with pathogens circulating in forest and game
reserves. The human immunodeficdenay viris (HW) emerged in humans following
increases in the consumption of chimpanzee and other bushmeat. The severe acute
respiratory syndrome {SARS) coronavirus found its way to the human host via peo-
ples encounters with civet cats on sale for consumption in wet markets. Influenza
Aoiruses, abundantin wild water bird reservoirs, increasingly find their way into pig
and poultry production systems, occasionally followed by animal-to-human spill-ower
of species jumps. Of the total of about4 00 mammal spedes found on the planet,
43 percent are rodent and 24 percent bat species. Rodent-borne emerging zoonoses
include hantaviruses, arenaviruses, plague, Lyme disease, scrub typhus and a number
of rickettsial diseases. Bats harbour SARS-ike wiruses, Hendra, Mipah, lyssavirus (ra-

_ FACQ Animal Production and Health Division
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The One Health approach

outlines a collaborative,

international, cross-sectoral,

multidisciplinary mode

of addressing threats

and reducing risks of

infectious diseases

hies), Ebola and other less well characterized ribonucleic acid (RNA) viruses. Wildlife
and natural ecosystemn health form part of responsible health management. The in-
terfaces between wildlife and livestock and between animal-source food and hurmans
are receiving increasing attention.

A new approach is needed for disease prevention and control

Current approaches to animal disease prevention and control are based on the disrup-
tion of disease transmission (through stamping out, vaccination, quarantine and other
veterinary sanitary measures). While these have proved effective in both short- and
long-term disease control prograrnmes, such as national responses to foot-and-mouth
disease (FMD) outbreaks and global rinderpest eradication, they have been less suc-
cessful in some instances, as shown by the current persistence of H5N 1 HPAI, despite
significant national and international efforts. This is because most current approaches
apply strong veterinary science and medicine disciplines in isolation from other rel-
evant disciplines, such as economics, sociology, anthropology, communication, and
ecology and land rmanagernent. Such straightforward veterinary approaches do not
confront the root causes of disease emergence at the animal-human-environment in-
terface. Beyond core laboratory and epidemiological surveillance functions, veterinary
services now need to expand into an agro-ecological approach to control diseases bet-
ter. This means focusing on identification of the drivers of disease flare-ups, depicting
disease behaviour in the context of host availability and farming landscape dynamics,
and investigating the role of ecosystern dynamics and wildlife as the source of patho-
gens infecting domestic animals and humans. The international cornmunity is increas-
ingly converging on such a multi-sectoral, multidisciplinary approach to addressing
the increasing disease threats. This approach, termed ”One Health”, outlines a col-
laborative, international, cross-sectoral, multidisciplinary mode of addressing threats
and reducing risks of infectious diseases at the animal-human-ecosystemn interface,
including the wildlife component.

Global animal disease situation
The following sections describe the main animal disease threats reported during 2010,
by geographic region.

Africa
Emerging zoonotic diseases caused by viruses circulating in non-hurnan primates, bats
and rodents in sub-Saharan Africa are becoming the centre of attention in the region,
particularly because of their pandemic potential. The fauna-livestock interface is also of
growing importance, as pathogens that used to circulate in large garne have gained a
foothold in domestic ruminants, which have generally been present in greater numbers
since the twentieth century. This has implications for animal and human health, and
for general rural development. One example is African trypanosomosis and the impact
where livestock have becorne infected with Trypanosoma brucei rhodesiense. Where
the pathogen was once dependent on a tsetse fly-wildlife-hurnan cycle there is now a
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tsetse-livestock-human cycle that greatly increases human exposure and the incidence
of disease. Interaction of domestic livestock and wildlife is also important in the epide-
miology of some animal diseases, such as FMD.

Peste des petits ruminants (PPR) distribution in Africa traditionally included the sub-
Saharan countries that lie between the Atlantic Ocean and the Red Sea, where the
disease has been recorded in almost every country. In recent years, PPR is rapidly ex-
panding beyond its traditional boundaries and now poses a major threat to northern
and southern Africa and Europe. On its spread south, PPR has already becorme endermic
over recent years, first in Kenya and then in the United Republic of Tanzania, sometimes
without the presence of overt disease. An incursion of PPR in 2008/2009 in Morocco
was successfully contained through rigorous blanket vaccination of the entire national
small ruminant flock, suggesting that PPR control presents a viable technical target.
These incursions into northern Africa have been followed by the very recent finding
of PPR sero-positive animals in Algeria in early 2011, Trade, transport, tourism and
migration of PPR-susceptible animals may all contribute to the spread of the disease.
Basic questions about the epidemiology of the disease remain unanswered, such as
why the virus seems suddenly to invade and spread across PPR-free regions, sometimes
in an apparently subclinical way. It is not known what modulates the virus virulence
that seems to allow it to switch from virulent to non-virulent and back. The exact roles

Figure 1: Historical distribution and spread of PPR
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RVF is unique in that

its emergence is closely

linked to climate events

of wildlife, cattle and camels in the epidemiology of PPR also remain unknown. Some
cattle herds show high rates of sero-conversion but no clinical signs, and uncertainty
rermains as to whether they are dead-end hosts or have ever shed the virus. PPR virus is
closely related to the now extinct rinderpest. Both diseases shared similar clinical signs,
and their geographic distribution was identical. For this reason, clinical surveillance of-
ten confused the two diseases, to the extent that the full global distribution of PPR has
been unclear. With the last known outbreak of rinderpest reported in 2001, the world
stands at the threshold of eradication of this disease. To some extent, PPR has become
more apparent in the absence of rinderpest, with which it may often have been con-
fused in sheep and goats. After the hugely successful Global Rinderpest Eradication
Programme (GREP), perhaps the international community should move on to PPR as
the next target disease for control/eradication. Such as initiative could build on the
infrastructure, lessons learned and momentum created by GREP.

Rift Valley fever (RVF) is uniqgue in that its emergence is closely linked to climate
events. This allows the use of forecasting models that combine near-real-time meas-
urements of sea surface ternperatures, precipitation and vegetation cover to predict
when and where an outbreak might occur. However, there are still unexpected events,
such as the recent outbreak in northern Mauritania that affected camels, small rumi-
nants and humans. In September to October 2010, unprecedented rainfall created
large ponds of water in the oases of the Saharan region of Adrar, northern Maurita-
nia. These ponds were rapidly colonized by high densities of several species of mos-
guito, including cornpetent vectors for major arboviruses. A few weeks after the rains,
these areas experienced severe outbreaks of malaria and RVE For RVF alone, a total of
63 human cases, including 13 deaths, were officially reported at the end of December
2010. RVF also caused severe abortion storms in small ruminants and high rates of
mortality in camels. The current hypothesis is that the virus was probably introduced
rapidly through viraemic animals from RVF-endemic regions, which were transported
by truck to take advantage of grazing opportunities.

As an example of changing agricultural practices influencing disease distribution, east-
ern and southern African ruminant populations are no longer disconnected. Important
pathways for the spread of mainly ruminant diseases have opened up, facilitated by the
movermnent of people and their stock from areas of high land pressure, such as the Lake
Victoria basin, towards the agriculturally productive southern highlands, traversing the
inhabitable tsetse belt that used to form a barrier for livestock and, with it, the spread of
disease. The Sukuma tribe, the largest ethnic group in the United Republic of Tanzania,
with an estimated population of 5.5 million people (16 percent of the country’s total), tra-
ditionally lived on the southern shores of Lake Victoria in northwestern United Republic
of Tanzania, but Sukuma families and their livestock have now migrated southwards into
the Lake Rukwa area. This may explain the recent southwards spread of PPR to southern
United Republic of Tanzania and of FMD type O to the Zambia border area. There has
also been a northwards spread of contagious bovine pleuropneurmonia (CBPP) and ASE,
again facilitated by livestock trade or exchange along these movement pathways.

FAO Animal Production and Health Division _

48 | PhD Thesis Daniel Beltran Alcrudo



EMPRES Transboundary Animal Diseases Bulletin 37

of the Sukuma tribe in the United Republic of Tanzania

Figure 2: Migration
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Eastarn and southeastern Asia

Eastern and southeastern Asia is the geographic seting for a relatively high number
of franshoundary animal diseases (TADs) in ruminants, poultry and pigs. Demographic
processes, induding strong economic growth and a rising demand for animal protein
products, are the basis of a rapid intensification of the livestock sector, particularly poul-
iy and pigs, in a farming landscape where fraditional systems continue to play a major
role in food production for the rural population. The mix of smallhalder farming and
intensive production results in indeased wulnerability to livestock disease epidemics in
eastern Asia, and poses a risk to agriaalture’s sustainability, ermironmental protection and
public health, Geographic and trade corridors inking different ivestock subpopulatons
pose increasing epidemiological challenges, and explain how highly wirulent PRRS and
other diseases, incduding FRC and dassical swine fever (CSF, spread in eastern Asia.

H5M1 highly pathogenic avian influenza (HPAI) perhaps bestillustrates the complex-
ity of the factorsinvobred in the local, national, regional and even global spread of a newdy
emerged animal pathogen. HEM1 HPAI has demonstrated what happens when a new
wirs enters a nevs host population {chickens) from where it can jump to further species
thuman infections, ilustrating how the virulence of anagent canvary), andwhat happens
when a new virus can spread across very large distances to new susceptible populations.

HEM1 HPR) persists in areas with rice-duck agriculture, causes outbreaks in both in-
dustrial and backyard poultry, infects humans in Ihve-bird markets, and can spread over
short and long distances through wild birds and by poultry trade. During the recent
fight against HPAI it became clear that animal disease managementhas to be viewed in
the broader context of sustainable agriculture and rural development, natural resource
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management and socio-economic development. Eastern Asia provides
the setting for the mixing of poultry, pig and human influenza & wiruses,
which together constitute an expanding gene pool of diverse virus sub-
types, dades and lineages drculatng in the avian, swine and human host
reservoirs, and thus representing a grave risk of emergence of new highly
pathogenic fransmissible viruses trough recombination. The progressive
control of avian influenza in eastern Asia and elsewhere confinues to pose
a formidable challenge. 1tis also recognized that HSM1 HPAI represents
a threat for the rest of the world outside eastern and southeastern Asia,
a5 demonstrated by the endemic situations in Egypt and Bangladesh, and
the incursions into southern Asian and eastern European countries.

Footand-mouth disease (FMD) is regarded as endemic in most mainland countriesin
easternand southeastern Asia, but a pattern of increased movement ofwiruses emerged
in 2010. The drivers for this greater penetration of the FRD virus FRCVY in the region are
not clear; they may relate to the virus or they may be related more to human activity such
as trade or smuggling. Since the beginning of 2010, confimed FMEG outbreaks hawve
been reported in seven eastern Asian counfries. FMD serotypes O and A wiere identified
in these outbreaks, with serotype O predominating: Taiwan Province of China (FMDW O
in February 2010, the People's Republic of China (FRAD A0 January 2010, and AWDyY
O in February and March 20100, China, Hong Kong Spedal Administrative Region (SAR)
(PN O in March 20100, Japan (FRDW O in April 2010, the first outhreak since 2000),
i ongolia (FRACY Sinhday 20100, the Republicof Korea MDY A inJanuary 2010, ADy
0 in March 2010, and FDY O in Movember 2010, the first outbreaks since 2002}, Viet
ham and the Democratic Peoples Republic of Korea FrDV O in December 2010, the
first outhreak since 2002). This suggests that there is continued movement of virlses
across international borders in Asia, and highlights the persistent threat posed by FMD as
a TAD in the region. Lvestodk movements fhoth formal and informal) play an important
role in the epidemiclogy of FMD worldwide and in mainland eastern and southeastern
Asia. Livestock trade in this region is dynamic and can show marked seasonal variations,
bt it is predominantly driven by demand for meat and the price differentials this gener-
ates for vestock and livestock products. Of great concern has been the incursion of FvID
into the Republic of Korea and Japan, where strict quarantine requlations govern animal
imports. Both countries are continuing to imvestigate the route of introduction {possibly
through contaminated fomites; and to review their risk management procedures. The
occurrence of FMID in Mongolia, where ruminants and kMongolian gazelle populations
wiere affected, also suggests aregional spread, mostlikely through livestock mosern ents,
It also shows an additional dimension of the disease; susceptible wild animals and their
still unclear epidemiological role. (See article on p. 18 for more about FRD in Mongo-
lia.) ncreased coordination and sharing of data on FMD survelllance among Ccountriesin
the warious Asian agro-ecological zones are urgently required to identify Tansboundary
transmission routes and ensure that suitable vacdnes are available for protection against
the disease Sumptionatal, 2010).
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Porcine reproductive and respiratory syndrome (PRRS): Starting in 2006, the pig
sector of China, Wiet Nam, the Philippines and Thailand has been continuoushy hit by
atypical highlywirulent strains of PRRS wirus. During 2010, the disease affected additional
countriesin Southeast Asia, including Lao People’s emocdratic Republic and Cambodia,
wehile causing a higher than expected epidemic wave in Thailand. These developments
are described in greater detail in the article on p. 30,

Other pathogens: This region has also seen a number of viruses emerge and jump
spedes, with serious consequences for animal and human health. In general, these out
breaks have been related to viruses drossing the interface between wildlife (espedally
bats) and livestock andfor humans. The known examples are SARS, Hendra and Mipah
wirlises and, more recently, the Reston Ebola virus. Given the structure of the lhestock
sector and the increasing incursions of humans into wildife habitats, additional patho-
gens may follow

Southern Asia
Southern Asia faces particular challenges because of the huge populations of small and
large ruminants, the human population’s great dependence on milk and meat asa food
source, the trade that takes place across the region, and the presence of impaortant live-
stock diseases. India has the largest ruminant population and the second largest dairy
production in the wiorld. Losses due to infectious ruminant diseases are of such magni-
tude that progressive control presents a viable economic target, provided activities are
coordinated with neightrouring countries. kany additional challenges remain, howewver
Wiith rapid gr owing urban agglomerations and poar sanitation, India faces major veteri-
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Anthrax is a somewhat

neglected zoonotic disease

10

nary public health challenges, including rabies and a high prevalence of food- and water-
borne diseases. HPAlis a significant threat in the region, and emerging zoonotic diseases
that flared up during 2010 in southern Asia were Japanese encephalitis virus (JEV) and
Chikungunya virus. India, Bhutan, Nepal, Pakistan and Bangladesh have very porous
country boundaries, facilitating irmportant exchange of trade comrmodities, including live
animals. Livestock pathogens are shared in the process. The progressive control of TADs
such as FMD and PPR across the Indian subcontinent, on an area-wide basis, is long over-
due given the high density of livestock-based incomes, generated mostly by smallholder
producers. India has requested FAC to contribute by facilitating a cohesive approach.

Anthrax is a somewhat neglected zoonotic disease. Control tools are available, but
anthrax presents a challenge owing to the longevity of the spores in the soil in endernic
areas. During 2010, FAO responded to a request frorm the Government of Bangladesh
to review a flare-up of anthrax in ruminant livestock that led to human infections. Within
a few weeks from mid-August 2010, Bangladesh had reported more than 500 human
cases suffering from the cutaneous form of anthrax, in 11 out of 64 districts. The source
of infection in most of the cases was infected cattle, which had been slaughtered, proc-
essed and sold without being inspected by a veterinary inspection authority. Anthrax
is endemic in Bangladesh and outbreaks in livestock are reported every year. A large
outbreak affected both livestock and humans in 2009. The Bangladesh public veterinary
service is experiencing increasing difficulties in addressing a growing list of high-impact
livestock and zoonotic diseases. The country is endernic for HSN1 HPAI, and confronts
recurrent FMD outbreaks, PPR, brucellosis and haemorrhagic septicaemia.

Other pathogens: During 2010, in Pakistan, FAO focused mainly on the flood
impact on rural livelihoods. In conjunction with this, the FAO Crisis Management
Centre — Animal Health (CMC-AH) fielded a mission to draw up a strategy against
FMD. The FMD virus strains found in Pakistan have much in common with viruses
encountered in central Asia and the Near Fast, and are distinct from those circulating
in India. At the time of the floods, Pakistan also experienced unusual episodes of
Crimean Congo haemorrhagic fever (CCHF) and requested the World Health
Organization (WHO) and FAO to investigate. A tick-borne arbovirus, CCHF virus may
flare up in areas where there is unusual movement of people and animals.

Latin America
In Latin America, although the progressive control of FMD is becoming a viable target,
major international animal health challenges rermain, sorme of which are not yet ade-
guately addressed. These include the upsurges of mainly bat-transmitted rabies in many
countries, the rise of porcine cysticercosis in rural areas of central and South America,
and the flare-up of mosquito-borne viruses such as bluetongue, West Nile fever, vesicu-
lar stomatitis, equine encephalitis (Venezuelan, Eastern and Western) and New World
screwworm. Higher susceptibility to insect vector-borne disease incursions is a global
phenomenon, triggered by the greater mobility of people, increases in trade and traf-
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fic, dimate change and land utilization patterns. The control of vector-borne diseases
requires confributions from experts in multiple disciplines, induding meteorologists, epi-
demiologists, biologists and ecologists, and from local communities. Global warming
frends predicted in the 2007 Inter governmental Panel on Climatic Change §PCC) report
for South America are likely to change the temporal and geographical distribution of
infectious diseases, including those that are vector-borne Changes in distibution will
be parfially modulated by El Nifio Southern Gsdllation events, whidh will become more
frequent and lead to more drought and flood events Pinto ef af, 2008),

VWest Nile feveris a zoonoticwector-borne disease thatwas detected for the first ime in
the Western hemisphere in Mew York in 1923, and subsequently spread throughout the
United States of America to cenfral and parts of South America; it continues to spread.
The status of the disease in some counfries of South America remains uncertain, because
animal disease surveillance systems and vector surveillance are deficient in most of these
countries WWild birds are known to be reservairs, serve as amplifying hosts and can spread
the wirus when migrating. The migration of birds is driven in part by seasonal dimatic fac-
tors, and ary change in dimatic conditions may modify the direction and intensity of the
spread of diseases Finto gt af, 2008).

Porcine teschovirus (PTYY. Since February 2009, Haiti veterinary senices have
been confronting PTY encephalomyelitiz, a lethal pig disease in smallholder pig
holdings that has spread progresshiely in the country. Infection with the causa-
tive FTV serofype 1 results in an acute disease that affects swine of all ages
and is characterized by nervous dinical signs and mortality Wiral circulation and
spread are fadlitated through mowvement of infected pigs and contaminated
fomites, such as ransportvehides, feed or people. Smallhaolder pig production
isimportantin Haiti, for food and income security and the livelihood of, particu-
larhy, the lower strata of sodiety Howiever, scavenging pigs are assodated with
waste disposal and sanitation challenges, so pig disease control and prevention
forms part of a broader development equation requiring a coherent approach.
The presence of highly transmissible FTV is also affedting the control efforts for
other diseases, and the CSFvacdnation campaign had to be postponed to awoid
the spreading of PTW by vaccination teams (Finto etal, 20100, Circoviruses and
PRRS wirus also co-draulate with PTV in Haiti pig populations today adding to
the disease burden; C5F and A5F have brought severe |osses in the past

B Eastern Europe

Adrican swine fever (ASF) entered Georgia in 2007, presumably arriving in the Black
Sea coastal port of Poti with a shipment from southeastern Africa. This represented a
significant geographic leap for a wirus that has awildlife resenoir and for which infection
of domestic pigs is a species jump. As is the case for many large shifts of animal viruses,
this was probably the result of some form of illegal actiity, in this case swill feeding of ship
waste without any previous thermal treatment As the veterinary services of Georgiawere
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il-prepared, A5F spread freely. affecting mainky backyard pigs along the main frade routes,
and moved to Armenia, Azerbaijan and the Islamic Republic of Iran dwild boar). By the end
of 2007, A5F had crossed to the Russian Federation and continued to spread uncontrolled,
arriving just a few kilometres from the Ukraine border. The disease also drculates in areas
where Civil strife and military action complicate its containment. Spread is linked mainly to
the mavermnent of infected pork products, where the wirus canresist for long periods.

The disease has jumped thousands of kilometres on several occasions, with repeated
introductions into Leningrad Cblast {dose to the Estonian and Finnish borders), Crenburg
Chblast {dose to northern Kazakhstan, Mizhniy Movgorod Oblast and, most recenthy, k-
mansk Chlast fnorth of the Arctic Cirdle) and Arkhangelsk Oblast, Most of these jumps
hawe beenrelated to military premises, suggesting that military food supply chains play
a prominent role in disease spread in the Russian Federation. The exact epidemiological
role of wild boar, which have been extensively affected, and the presence of Ormithodor
us soft ticks in the region will need to be carefully addressedin the design of A5F preven-
tion and control plans. FAD assistance started in 2007, and has concentrated on the op-
tions available not only to halt the progresshe spread of the disease, but also to address
wirls amplification at source. The main prospects for effective prevention and control
are strengthening the first ine of defence at the wvillage level, through the engagement
of pig keepers, private weterinarians, wild boar hunters, butchers, animal traders and
other intermediaries. In the presence of wieakened official veterinary services, empoer-

Figure & Spread of ASF in the Caucas

the Russian Federation, 2007 to September 2010
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ing these stakeholders to take preventive and control measures against the disease may
be the only viable short to medium-term solution. Again, the complexity of the situation
demonstrates that disease control and prevention cannot be viewed in isolation, but need
1o be part of a broader sustainable agriculture and rural development agenda (Beltran-
Alcrudo, Khomenko and Dietze, 2010).

Other pathogens: The upsurge of ASF in the Caucasus and eastern Europe is only one of
the many disease challenges in this region. Countries of the former Soviet Union feature
the collapse, or at least weakening, of their veterinary services, together with national shifts
from vertical command systems to less efficient sub-national disease management struc-
tures. At the same time, there has been an exodus of young people, particularly into the cit-
ies. Land abandonment triggers the regrowth of undergrowth, favouring rodents and other
forms of wildlife, which in turn attract wild carnivores and influence the pathogens associ-
ated with rodent-wild carnivore cycles. Disease dynamics respond to changes in land use,
agricultural policies and access to public services. Progressive rabies flare-up is now seen in
many former Soviet Union countries, with red foxes playing a key role. Disease emergences
at the animal-human-environment interface also include tick-borne encephalitis, hanta vi-
ruses, CCHF, Lyme disease and alveolar echinoccocosis, in addition to the existing TADs:
brucellosis, anthrax, CSFE, FMD, avian influenza and sheep and goat pox. Progressive control
pathways in the form of regional roadmaps are to be pursued for FMD and brucellosis.
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Resumen del articulo en castellano

Tendencias globales en enfermedades infecciosas en la interaccién entre
poblaciones silvestres y producciones ganaderas

El papel y la significaciéon de la ecologia de la interaccién entre poblaciones
silvestres y las producciones ganaderas han sido enormemente descuidados, a
pesar del interés reciente en los animales como origen de enfermedades
emergentes en humanos. La determinacidon del alcance de los métodos de
revision para evaluar objetivamente el interés relativo de la comunidad
cientifica en las enfermedades infecciosas a nivel de la interaccidon entre
animales silvestres y ganaderia, para caracterizar las especies animales y las
regiones implicadas, asi como para identificar tendencias a lo largo del tiempo.
Una extensa busqueda bibliografica combinando los términos fauna silvestre,
ganaderia, enfermedad y geografia permitieron localizar 78.861 publicaciones
de las cuales 15.998 han sido incluidas en el andlisis. Las publicaciones van de
1912 a 2013 y muestran una tendencia creciente y continua, incluyendo un
cambio desde las enfermedades parasitarias a las viricas a lo largo del tiempo.
En particular hay un incremento significativo en las publicaciones sobre Ila
interaccién entre artiodactilos-bovinos y pajaros-aves de corral desde 2002 y
2003 respectivamente. Estas tendencias pueden ser atribuidas a eventos clave
de enfermedades que han estimulado el interés publico y la financiacién para la
investigacion. Entre las 10 enfermedades mds importantes identificadas en esta
revisién la mayoria son zoonosis. La relacién entre fauna silvestre y ganaderia
conlleva importantes interacciones entre grupos filogenéticamente préximos
y/o simpdtricos. La relacidn entre pdjaros y aves de corral fue la citada con mas
frecuencia a nivel mundial con particularidades regionales. Esta revision
proporciona la vision mas amplia de la investigacién de las enfermedades
infecciosas en el contexto de la relacién entre fauna silvestre y ganaderia
realizada hasta la fecha.
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The role and significance of wildlife-livestock interfaces in disease
ecology has largely been neglected, despite recent interest in ani-
mals as origins of emerging diseases in humans. Scoping review
methods were applied to objectively assess the relative interest by
the scientific community in infectious diseases at interfaces between
wildlife and livestock, to characterize animal spedes and regions
involved, as well as to identify trends over time. An extensive liter-
ature seardh combining wildlife, livestock, disease, and geographical
search terms yielded 78,861 publications, of which 15,998 were in-
duded in the analysis. Publications dated from 1912 to 2013 and
showed a continuous increasing trend, including a shift from para-
sitic to viral diseases over time. In particular there was a significant
increase in publications on the artiodactyls—cattle and bird-poultry
interface after 2002 and 2003, respectively. These trends could be
traced to key disease events that stimulated public interest and re-
search funding. Among the top 10 diseases identified by this review,
the majority were zoonoses. Prominent wil dlife-livestodk interfaces
resulted largely from interaction between phylogenetically dosely
related and/or sympatric species. The bird-poultry interface was the
most frequently cited wildlife-livestock interface worldwide with
other interfaces reflecting regional circumstances. This review pro-
vides the most comprehensive overview of research on infectious
diseases at the wildlifelivestodk interface to date.

wildlife-livestock interface | infectious diseases | zoonoses | scoping review

athogen maintenance within wildlife populations and spill-

over to livestock has been reported as a precursor to disease
emergence in humans (1-3). As such, there has been growing
interest In applying knowledge synthesis methods to trace and
quantify the zoonotic origing of human diseases (2-6). Though
zoonoses can and do impact directly on human health (7), com-
paratively less research has been directed toward understanding
the origing of animal diseases, particularly at the wildlife—livestock
interface, as well as the associated impacts on each sector (3-10).

Globally, livestock constitutes on average 37% of the agricul-
tural gross domestic product (11) and is one of the most important
and rapidly expanding commercial agricultural sectors worldwide
(12). Infectious diseases canse direct losses to this sector through
increased mortality and reduced livestock productivity, as well as
indirect losses associated with cost of control, loss of trade, de-
creased market values, and food insecurity (13). Diiseases that are
shared between species also represent a potentizl burden to the
whole ecosystern, affecting biodiversity, changing behavior or
cotnposition of animal populations, and even relegating species to
the fringe of extinction (14, 15).

Wildlife-livestock interfaces have traditionally been character-
ized according to the epidemiological role of wildlife—narmely, as
spilloverfspillback, maintenance, or dead-end hosts (16, 17). This
focus and categorization reflects to some extent the human bias
placed on the importance of livestock, overemphasizing the role of
wildlife In transmission while neglecting the manifold values of
wildlife (18). More accurate in 2 biological sense, wildlife-livestock
interfaces are dynamic and bidirectional with pathogens transmitted
freely within and between wildlife and livestock species (16) as they
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come into mostly indirect contact i a commmumal enwironrment,
through use of shared resources (e.g., pasture, water) and via vectors.
Viewed this way, it can be seen that humen-induced dyifts in farming
practices and land use changes—agricvltnral intensification, defor-
estation, and encroachment into pristine habitats, for instance—also
influence observed epidemiological patterns (6, 19, 20).

Previous research on diseases at the wildlife-livestock in-
terface has provided some insights. An inventory of known
livestock pathogens revealed that 77% are capable of infecting
multiple host species, including wildlife (5). Studies on certain
wildlife-livestock interfaces have also identified several impor-
tant diseases (16, 17, 21-25). However, no studies have charac-
terized diseases and animal species involved on a global level.

The Integration of findings from individual research studies on a
given topic or question into the global knowledge base is referred
0 as “knowledge synthesis” (26). Of the different methodologies,
scoping studies are most appropriate for mapping existing knowl-
edge In research areas where comprehensive reviews are lacking
(27). In this study, knowledge synthesis methodologies were refined
to provide an overview of published research on infectious diseases
at the wildlife-livestock mterface. Specifically, the aim was to
quantitatively characterize published literature with respect to the
types of diseases, amimal species nvolved, and temporal and regional
patterns to identify where research on this topic has been focused.

Results

Gverall, 15,998 publications were induded in the analysis (Fig.
1), covering 113 of 118 diseases of interest. Approximately 17%
of publications referred to more than one disease. Publications

Significance

Infectious diseases at the wildlife-livestock interface threaten
the health and well-being of wildlife, livestock, and human
populations, and contribute to significant economic losses to
each sector. No studies have sought to characterize the diseases
and animals involved on a global level. Using a scoping review
framework we show that 10 diseases—mostly zoonoses—have
accounted for half of the published research in this area over the
past century. We show that relatively few interfaces can he
considered important from a disease ecology perspective. These
findings suggest that surveillance and research strategies that
target specific wildlife-livestodk interfaces may yield the great-
est return in investment.
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quantitative analysis

Fig. 1. Scoping review flowchart. All search categories {wildlife, livestock,
disease, geographic region) were joined by the Boolean expression "AND,”
resulting in the intersection used for analysis.

dated from 1912 to 2013 and showed a contimious increase over
time (Fig. 2). Diseases dted were cansed by viruses (609%),
bacteria (407%), parasites (29%), and prions (2%). Fungal dis-
eases were not represented. Whereas early publications pre-
dominantly described parasitic diseases, the majority from 1977
onward referred to viral diseases. The Top 10 diseases are shown
in Table 1 (for full list, see Table S1). Together, these diseases
constituted almost 50% of published research. This trend be-
came apparent around 1960 and has remained relatively stable
since (Fig. S1).

Fig. 3 shows the prominent wildlifelivestock interfaces reported
in the scientific literature. Among wildlife, birds and members of
the orders Carnivora (carnivorans), Artiodactyla (artiodactyls),
Rodentia (rodents), and Chiroptera (bats) were the most frequently
mentioned. Poultry, cattle, small rurninants, pigs, and equines
formed the most cited livestock groups. Together the matrix com-
bination of these five wildlife and five livestock groups acconnted
for /4% of all publications. In addition, only a few diseases were
highlighted at each interface (Tzble 2). For example, 22% of all
publications citing a bird-poultry interface were associated with only
one disease [avian influenza (AI)], whereas 16% and 24% of all
publications citing an artiodactyls—cattle or carnivorans-cattle in-
terface, respectively, referred to bovine tnberculosis (bTB).

Table 3 shows the long-term publication trends on diseases at
the top three wildlife-livestock interfaces. Between 2003 and
2013, publications referring to diseases at the bird—poultry in-
terface increased at a rate of 10.8% per year (95% CL: 8.5, 13.1),
compared with only 3.9% per year between 1912 and 2002 (95%
CI: 3.6, 4.2; Davies” test for slope change: P < 0.001). Similarly,
publications on diseases at the artiodactyls-cattle interface in-
creased significantly after 2002 (4.3% vs. 9.2% before and after
2002, respectively; P < 0.001). Time-series analysis of publica-
tions on Al and bTB revealed that the number of publications
was highly positively correlated with media coverage and re-
search funding for these specific diseases (Fig. 4).

Fig. 5 shows the geographic trends in diseases at the wildlife—
livestock interface. The majority of publications were spatialized
to Burope (38%), followed by Asia (30%), North America, in-
cluding Caribbean and Central America (24%), Africa (18%),
South America (§8%), and Cceania (6%). The distribution of
disease agents was similar across all continents, with viral dis-
eases representing the largest fraction all over the world (Fig.
54). The bird—pounltry Interface was the most frequently cited
wildlife-livestock imterface worldwide, ranking first in Asia,
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EBurope, and North America and second in Geeanta, Africa, and
South America (Fig. 5B8). Other interfaces reflected regiomal
circumstances, as dlnstrated by the marsupial-cattle interface in
Geeania (mostly attributable to publications on transmission of
bTE between brushtail possums (Trichaswms vulpecudz) and
cattle in New Zealand) as well as the artiodactyls—cattle interface
in Africa (associated with thefleriosis, foot and mounth disease,
and malignant catarrhal fever).

Discussien

This study is, to our knowledge, the first to apply a scoping re-
view framework to identfy infections diseases at the wildlife—
livestock Interface. Results suggest a growing Interest by the
scientific comtmunity in this area. In some cases (such as Al and
bTB) these trends could be traced to key disease events that
stimvlated public interest and research funding. The findings
indicate that animal disease dynamics at this interface are driven
by Interactions between only a few wildlife and livestock groups,
differing to same extent based on geographic region; they also
show that relatively few diseases are transmitted at these in-
terfaces. Scientific interest appears to have been driven largely by
the zoonotic aspects of some of these diseases, with compara-
tively less research directed to exclugive anfmal diseases that
itnpact on livestock and/or wildlife health.

Ten diseases accounted for almost 50% of the published re-
search on diseases at the wildlife-livestock interface. The fact that
the majority of these were zoonoses reflects the importance of
these diseases in human health (V) and/or how funding for in-
fections disease research Is driven by Inunan health. It is perhaps
notable that rinderpest, the only animal disease to have been
globally eradicated and which affected cattle and wild artiodactyls,
only ranked 29 (Table S1) despite significant scientific and political
investment in this disease within the agriculmral sector. Although
vetermary communities have long recognized that wildlife and
livestock share diseases, the importance of wildlife hezlth only
came to prominence following work by Jones et al. (3) and others
(5, 8) that implicated wildlife asthe origins of more than half of the
diseases that emerged in nmans. Recent analysis showed, how-
ever, that disease emergence in wildlife is largely driven by expo-
sure to domestic animals and/or human-induced activities (28).

The overall increase in publications referring to diseases at the
wildlife-livestock interface since 1912 is congruent with findings of
bibliometric studies on other infections diseases (29-31). These
studies attributed the growth to an increased production of research
data and rising demand for publication over time—in particular,
during the last decades driven by China, India, and Brazl—as well
a8 to the introduction of new jonrnals. Nevertheless, we note that
rates of publication on diseases at the bird—poultry and artiodactyls—
cattle interfaces have more than doubled in the past decade, and far
exceed the average ammual increase for all publications n Web of
Knowledge (4.5% from 1951 to 2013). In particular, we observed
significant surge in publications on diseases at the bird—ponltry in-
terface from 2003 onward, consistent with widespread transmission
of highly pathogenic Al (HSNL) in Southeast Asia during 2003/2004
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Fig. 2. Temporal trend of publlications on diseases at the wildlife-livestock
interface {n = 15,998).
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Table 1. Top 10 diseases at the wildlife-livestock interface
based on number of publications obtained

Publications (%) Disease

1,590 {3.9%)
1,502 {9.4%)
893 {6.2%)

Avian influenza {low and highly pathoaenic)

Rabies

Salmaonellosis (Salmoneila enterica
excluding Salmonefta abortusavis)*

913 {5.7%) Bovine tuberculosis

795 (5%) Trichinelloss
767 (4.8%) Newcastle disease
BBB (4.2%) Brucellosis

651 {4.1%)
609 (3.8%)
549 {3.4%)

Leptospirosis*
Echinococcosis
Toxoplasmosis*

Cverall, 118 diseases and 15,998 publications were included; for full
presentation of all diseases, see Table §1.
*Only listed by the OIE Working Group on Wildlife Diseases.

and resulting public interest and research investment in this disease.
The decline i overall publications in 2013 probably relates to the
fact that the final literature research was performed in early January
2014, when not all published literature of 2013 had been added to
literature databages. However, other factors such as declines In re-
gearch funding cannot be ruled out.

In our review, temporal trends i publication on Al and bTR
correlated strongly with media interest in and research fimding
for these diseases, highlighting the influence of specific disease
events and sociopolitical-economic drivers of research in this
area. Although pandemic human influenza cannot be denied as a
serions threat, many would argue that the international response
to HSNT (including wild bird surveillance) was not commensu-
rate with the threat or scale of the problem (32) and has failed
to be effective In some regions of the world (33). In fact, in-
ternational interest and funding for HSNT has now fallen despite
ongoing outbreaks in poultry and sporadic spillover to humans
(34), underscoring the transfent influence of public nterest on
research on this interface. In the case of bTB, decades of iimding
has been largely ineffective in reducing the disease burden in the
United Kingdom, which may explain to some extent the research
focus on badgers (Meles meles) as the problem rather than any
intherent changes in the livestock systems (35). These examples
show that investments have largely been proportionate to the
perceptions of disease at the wildlifelivestock interface, rather
than actual costs associated with, e.g., animal and human mor-
bidity, livestock production losses, and conservation impacts.

Interfaces between phylogenetically closely related and/or po-
tentizlly cohabitant species (e.g., bird—poultry, artiodactyls—cattle)
were most frequently identified in this review, consistent with the
view that disease dynamics are determined by interaction between
sympatric species (23). However, just becanse a certain wildlife—
livestock interface is prominently reported in the scientific literature
does not necessarily mean that actual transmission is frequently
oceurring at this interface. For most diseases, research into true
interaction, contact networks, habitat overlap, and impacts of in-
fection (e.g., clinical vs. subclinical) in animals is limited (9, 36).
Ayian influenza is an example where transmission at the wildlife—
livestock interface is often Implied, but 2 functional interface is
seldom documented and proven (37, 38). In fact, global spread of
HSNT was facilitated by poultry movemnent and trade without any
proximal role of wild birds in some countries (39).

Prominent livestock groups identified by this review represent
the most frequent types of livestock worldwide (40). In biologic
terms, the sheer abundance of these species may contribute to
contact and therefore disease transmission. The finding that cattle
appear in two of the top three interfaces may reflect the historical
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and present day Importance of the beef and dairy industries, with
more substantial research and development funding in this sector
(41). In recent decades, monogastric animals have risen to prom-
mence, particularly in China (12, 41). Only 18% of the publications
in this review addressed diseases at the wildlifepig interface (vs.
33% and 25% for wildlife—cattle and wildlife-pouttty interfaces,
respectively), which may be an important knowledge gap consid-
ering the current trend in pig production.

Given the perceived importance of the order Chiroptera in
emerging infections diseases (42-44), we hypothesized that there
would be an increase in publications exploring the bat-livestock
interface. However, a relatively small number of publications re-
ferred to diseases at this interface. Emergence of virses of proven/
suspected bat origin, including Nipah (45) and Ebola Reston virus
(46) in pigs and Middle East respiratory syndrome (MERS)
coronavirns in camels (47), do however illustrate the potential im-
portance of bat-livestock interfaces in emerging zoonotic diseases.
The trend in agricoltural expansion and Intensification of the
wildlife interface is particularly strong in recent decades in tropical
systems, associated with external economic and development pres-
sures and may drive spilloverfemergence (48). These new diseases
did not manifest strongly in findings presented here, most likely due
t0 alag in research and subsequent publication. Filovirns infections
(2.g., Bbola) were included, but ranked 58 in this review (Table S1);
coronavirusges were not considered becaunse they are not listed dis-
eases according to the World Organization for Animal Health
(OIE), which represents an impaortant gap in animal health sur-
veillance, and likely reflects the limited understanding of the role of
coronavirnses in wildlife and livestock disease.

There are several limitations to this study. Becavse this review is
based on scientific publications, it is prone to publication bias
influenced by country, langnage, mstitution, anthor career stage,
study outcome, research topic, research sponsor, and timeline (49).
Spatial bias also plays an Important role as research and publica-
tion are linked to economic indices and therefore concentrate in
developed countries, particularly in Burope and Northern America
(31). As experience with H3NT has shown (34), efficacy of disease
surveillance and control measures are also largely dependent on
resources available, which conld be another reason for the spatial
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Fig. 3. Prominent wildlife-livestock interfaces reported in scientific litera-
ture. Shown are the five most frequently cited wildlife and livestock groups
{Dataset 51)% only publications with one disease {n = 13,203) were included.
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Table 2. Top three wildlife-livestock interfaces including the five predominant diseases

Publications {%) Wildlife Livestack Diseases

2,378 (17.9%) Birds Poultry Avian influenza, Newcastle disease, salmonellosis, avian chlamydiosis, pexvirus infections
1,570 {11.8%) Artiodactyls Cattle Bovine tuberculosis, brucellosis, malignant catarrhal fever, foot and mouth disease, theileriosis
1,324 (10%) Carmivorans Cattle Rabies, bovine tuberculosis, echinacoccosis, leptaspirosis, salmonellosis

Only publications with one disease {p = 13,293} were included in analysis; diseases are listed in descending order. For full presentation of all interfaces

depicted in Fig. 3, see Table 52.

pattern observed here. Geographical biases stermming from un-
derrepresentation of research on emerging diseases of wildlife,
particularly in Africa and South America, have been noted pre-
viougly (28); this may reflect limited regional capacity for wildlife
surveillance in these areas. The fact that early literature primarily
addressed parasitic diseases, whereas more contemporary publi-
cations focused on viral pathogens, is presumably a result of the
availability of methods to study viral systems.

To keep the scope feasible, constraints related to diseases in-
cuded in this review were inevitable. No attempt was made by the
anthors to quantify the importance of these diseases, In terms of
health, economic, or conservation Impacts; rather, we deferred to
lists of livestock and wildlife diseases deemed important by the
OIE and OIE Working Group on Wildlife Diseases, respectively.
The latter inchides all OIEdisted (notifiable) diseases that affect
wild animals, as well as sorme nonlisted diseases that have particular
relevance to wildlife health and conservation (e.g., filoviruses).
Becanse admission to the OIE disease list is subject to several
criteria, snch as international spread and zoonotic potential, nse of
this list may have biased the findings toward diseases already known
to be important. However, no other comprehensive lists for live-
stock or wildlife diseases exist. To keep this scoping review broad,
all diseases listed in the 2013 OLE Terrestrizl Animal Health Code
were Included regardless of whether any wildlifelivestock mterface
was known or suspected a priori Not surprisingly, five diseases did
not yield any publications following database extraction; these dis-
eases are not known io involve a livestock (white-nose syndrome,
elephant herpes virus, feline lenkemia, immumodeficiency virus in-
fections) or wildlife host (bovine genital/venereal campylobacter-
insis) in their transmission cycle. Since its establishment in 1924, the
CHE list has undergone major changes in 1963/1964 (raised from 9
to 49 diseases) and 1985/1986 (from 47 to 86 diseases). These
changes were not temporally associated with a surge in publications
in this review (Fig. 2).

The antomatic search and indexing approach used here was
advantageons in processing a large number of publications. How-
ever, identified interfaces may not necessarily ocour in situ. For
example, experimental work like infection trials, as well as seros-
urveys with negative results would return the same index pattern.
Likewise, cell lines or laboratory reagents incorparating species
names wonld result in findings. Additionally, the categorfzation of
species into livestock and wildlife is already to some extent arbi-
trary and not straightforward. Given the constraints of the meth-
odology, we could not distingnish between free-ranging, captive
and sernicaptive wildlife. In reality, this distinction can have pro-
found Implications on the interface and transmission (25).

In the light of these limitations, it shonld be ernphasized that
findings presented here reflect perceived interest by the scientific

cormmunity and should not be confused with incidence of diseases
or absolute ocowrrence of mterfaces. Likewise, high mumbers
should not be taken to mean high frequency of actual transmission
at these interfaces as noted earlier for Al Indeed, a good un-
derstanding of ecosystern dynamics for most multihost infections
diseases is still widely lacking (50). More basic research into these
areas Is needed, mcluding specific quantitative research at the
interface itself, to further elncidate the transmission pathways and
specific role of wildlife and livestock species.

Cur scoping review shows where research in this area has been
focused over the past centiry. In the future, more detafled analyses
using this database will focus on specific diseases, affected animal
species, and geographic regions to deepen the knowledge of these
interfaces and identify gaps as well as areas of knowledge satura-
tion, These results will be useful to policymakers, donors, and other
stakeholders, who require an wnderstanding of global disease and
research priorities to make informed investments in animal health
programs. Combined with comprehensive field studies, more spe-
cific knowledge will help refine and adapt surveillance strategies to
better monitor diseases at the wildlife-livestock interface.

Methods

Standardized definitions and guidelines—similar to ones available for sys-
tematic reviews (51, 52)—are lacking for scoping reviews (53). To ensure an
objective and comprehensive approach, this scoping study was largely based
on a framework encompassing an iterative rather than linear process {27); it
was conducted in four main steps: defining the research question, literature
search, screening of search results, and analysis.

Defining the Research Question. The review question was structured according
to a modified population, interest, and context (PICO) arinciple and defined as
“What is the current glohal state of knowledge hased on published literature
of infectious diseases at the wildlife-livestock interface?” Livestock was broadly
defined as all nonaquatic, vertebrate animals {domestic as well as non-
domestic) that are farmed in agricuttural systems and holdings (40} Depending
on the degree of human influance and supervision, wildlife can comprise feral
domestic, captive wild, and wild animals (34). We did not differentiate be-
tween these groups; all feral and nondomestic animak—whether free-rang-
ing, cagtive, or semicaptive—were included. Search terms for wildlife and
livestock were derived from standard nomenclature wolurmes for marmmals {59}
and hirds (36} and comprised the Latin genus or spedes nameand the common
genus name. In addition, generic terms such as “livestock” or “wildlife” were
induded to obtain pubklications that did not incorporate taxonomic nomen-
clature. This review focused on terrestrial mammalks and hirds; hence, fish,
armphibians, reptiles, and invertebrates as well as infectious diseases thareof
were excuded. Livestock diseases listed in the 2013 CIE Terrestrial Code {34}
and diseases deemed important by the OIE Working Group on Wildlife Dis-
eases (57) were induded. Disease search terms comprised commeon and scien-
tific names of pathogens including abbreviations. Terms for geographic
regions were composed of United Nations’ sanctioned names of countries {58),
continents, and geographical subregions (59) as well as ecological regions and

Table 3. Long-term trends in rates of publication on diseases at the top three wildlife-livestock interfaces

Interface Changepoint year + 5E Intercept (45% <) B1{45% CI) B2 (45% CI) P value for slope change
Bird-poultry 2003 +1.28 —72.24 {-72.53, —57.05) 0.04 (0.04, 0.04) 0.10 {0.08, 0.12) <0.001
Artiodactyls—cattle 2002 £ 2.22 —81.41 {-88.23, —74.59) 0.04 (0.04, 0.05) 0.04 {0.08, 0.11) <0.001
Carnivorans—cattle 1980 + 15.59 —74.91 {-86.53, —53.29) 0.04 (0.03, 0.05) 0.03 {0.03, 0.04) 0121

Exponentiation of 1 and 2 yields the annual growth rate in publication before and after the changepoint, respectively. Cl, confidence interval.
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transhoundary protected areas (60). No geographic restrictions were applied to
provide a worldwide overview. Complete search strings are available upon request.

Literature Search. The search strategy consisted of compiling four search strings,
one for each category (wildlife, livestock, disease, and geographic region) and
combining these by the Boolean operator "AND"™ to obtain only the in-
tersection. Before combination, all search strings were thoroughly tested and
refined for each category separately to decrease the risk that publications
were missed due to different spelling, notation, and nomenclature. The liter-
ature search was conducted through the platform Web of Knowledge {version
5.12), which provided combined access to the following six databases: BIOSIS
Preview, CAB Abstracts, Current Contents Connect, MEDLINE, Web of Science,
and Zoological Record, which represent the most comprenensive databases in
the field of life science and biomedical research {e.g., MEDLINE accounts for
rmore than 90% of PubMed references). All databases were searched in English
from their first entries to 2013 using the topic search, which scans titles, ab-
stracts, and keywords of each publication. Hence, non-English publications
were only obtained if they included a translated title or abstract, Final searches
were conducted January 8-10, 2014,

Screening of Search Results. Obtained publication records were harmonized
and merged into a Microsoft Access 2013 database for further data cleansing
and analysis. To chedk for duplicates, queries targeting identical digital object
identifiers, database accession numbers, titles, authors, or first 50 characters
of the abstract were performed. All query results were verified manually
before excluding duplicates. In addition, publications without an abstract as
well as publications clearly indexed either as review, editorial, ar errata were
excluded. With the aid of dynamic structured query language (S0L) state-
ments and connecting tables between publications and search terms, all
publications were automatically indexed with their corresponding search
terms. In cases where no search term could be allocated, the abstract, title,
and keywords of the respective record were checked manually. Publications
witheut entries in each category {wildlife, livestock, disease, and geo-
graphical regions) were excluded, because they did not meet the intersection
criterion. This deviation of query results {search in literature databasesvs. SQL
statements in Access) may be attributed to lemmatization causing conjunc-
tion of search terms with terms of similar meaning, varying truncation rules,
different search algorithms, and other settings incorporated in the literature
databases that are not under the user's control.

Analysis. Publicationswere analyred by time according to year of publication as
well as by diseases, interfaces, and continents to which they referred, recog-
nizing that each publication may refer to more than one search term within
each category {e.g, =1 continent) and that percentages may therefore sur-
mount 100%., Dynamic intersection SQL queries were used to eliminate
multiple counts {e.g., publications referring to a country and its respective
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Fig. 4. Temporal trend of publications on avian influenza (4) and bovine
tuberculosis {B) at the wildlifelivestock interface. The number of publica-
tions is shown in blue. For comparison, media reports and research funding
directed at each disease is shown in purple and brown, respectively. Cor,
maximum value of the cross-correlation (and associated time lag) between
publication and media coveragefunding.
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5. Geographic distribution of disease agents (4) and prominent wild-
life-livestock interfaces (B). {4) Size of cirdes is commensurate with the
number of publications obtained for the corresponding continent. () Top
three reported wildlife-livestock interfaces per continent {shown in pairs);
only publications with one disease {n = 13,293) were included.

continent), Where possible, publications were allocated to specific livestock
groups or wildlife families; othenwise, these publications were summarized
under the category "generic terms” and exduded from detailed analyses. For
analysis of wildlife-livestack interfaces, only publications mentioning ane
disease were included to avoid false attribution between species and diseases.
Results were visualized as maps and plotted using the lattice {(61) and ggplot2
{62) packages in RStudio {version 0.97.310; RStudio, Inc).

For each of the top three wildlife-livestock interfaces, piecewise models
were fitted to estimate long-term trends in publication rates {1912-2013).
First, a standard Poisson regression model was fitted to each series using the
glm function in RS$tudio; following this, the model was refitted using the
segmented function in the segmented package {63). This method takes into
account potential piecewise linear relationships and provides estimates of
approximate changepoints, i.e, years marked by abrupt changes in publi-
cation rates. Davies’ test was used to test for a significant difference in slope
before and after the estimated changepoint. To explore potential drivers for
increased publication on particular wildlife-livestock interfaces, we exam-
ined time series for two well-characterized diseases (Al and bTB) in relation
to media coverage and research funding. The number of news reports on
each disease by year (1991-2012) was extracted from the news service da-
tabase Factiva. Search strings for indicative species of wildlife {e.g., badger,
deer, ¢lk), livestock {e.g., cattle, cow), and disease {e.g., bovine tuberculosis)
were combined using the Boolean operator “AND." Major news and busi-
ness circulations {as defined by Factiva) were included as the source. News
reports were limited to English language; no restrictions were placed on
region. Data on global research funding for Al and bTE was not available,
Because the United States was by far the largest donor for global pre-
paredness activities for Al (64), we used data from the US National Institutes
for Health {65) as an indicator of timelines for research investment on Al For
bTB, we used data from the UK Department for Environment Food and Rural
Adffairs (66), noting that the United Kingdom and Ireland constituted 87% of
the publications on bTB at the carnivorans—cattle interface. Cross-correlation
analysis was applied to assess the degree to which media coverage and
funding correlated with the number of publications over time,
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diseases not included in top 10 {arown).
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Table 51. Diseases at the wildlife-livestodk interface based on number of publications obtained

Rank No. of publications % Disease

1 1,550 4.94 Avian influenza {low and highly pathogenic)

2 1,502 9.3% Rabies

3 993 6.21 salmonellosis (5. enterica exduding $. Abartusawis)

4 913 571 Bovine tuberculosis

5 745 4.97 Trichinellosis

& 767 4.7% Mewrastle disease

7 666 4.16 Brucellosis

8 651 4.07 Leptospirosis

g 609 3.81 Echinococcosis

10 549 343 Toxoplasmosis

11 482 3.08 Pasteurellosis

12 443 277 Cysticercosis

13 423 2.64 Foot and mouth disease

14 385 2.1 West Nile fever

15 356 2.23 Babesiosis

16 347 217 Classical swine fever

17 330 2.06 Poxvirus infections

18 325 2.03 Avian chlamydiosis

1% 303 1.8% Theileriosis

20 3m 1.88 Bovine anaplasmosis

21 281 1.82 Fasciolosis

22 287 1.7% Tsetse-transmitted trypanosomaosis

23 278 1.74 Bluetongue

24 271 1.69 Paratuberculosis

25 270 1.69 Q fever

26 254 1.5% surra (Trypanasoma evansi)

27 226 141 Leishmaniosis

28 223 1.3% Aujeszky’s disease

28 222 1.3% Rinderpest

30 209 1.31 Anthrax

31 186 1.16 Lyme disease

32 178 1.1 Vesicular stomatitis

33 175 1.0% Malignant catarrhal fever

34 163 1.02 Yersiniosis

35 163 1.02 Infection with Sarcaptes scablef

36 163 1.02 lapanese encephalitis

37 151 0.94 Myxomatosis

38 144 0.93 Western equine encephalomyelitis

35 146 0.1 Tularemia

40 142 0.8% Avian mycoplasmosis

41 142 0.8% African swine fever

42 139 0.87 Bovine viral diarrhea

43 134 0.87 Equine influenza

44 137 0.86 Scrapie

45 135 0.84 Eastern equine encephalomyelitis

46 132 0.83 Circovirus infections

47 126 0.7% Listeriosis

48 124 0.78 Bovine spongiform encephalopathy

4% 124 0.78 Rift Valley fever

50 114 0.71 Rabbit hemorrhagic disease

51 13 0.71 Heartwater

52 104 0.68 Infectious bovine rhinotracheitisAnfectious
pustular vulvovaginitis

53 108 0.68 Tick borne encephalitis

54 47 0.61 Chronic wasting disease

55 46 0.6 African horse sickness

56 44 0.5% Parvovirus infections

57 8% 0.56 Avian infectious bronchitis

58 86 0.54 Filovirus infections

5% LE] 0.53 Nipah virus encephalitis

60 82 0.51 Epizootic hemorrhagic disease

&1 78 0.4% Pullorum disease

62 76 0.48 Infectious bursal disease

63 76 0.48 Morbillivirus infections
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Table 51. Cont.

Rank No. of publications 84 Disease

64 75 0.47 Hendra

65 71 D.44 Porcine reproductive and respiratory syndrome
66 70 0.44 Venezuelan equine encephalomyelitis
67 69 0.43 Infection with Psaraptes spp.

68 62 D.3% Crimean Congo hemorrhagic fever
649 62 0.3% Louping ill

70 57 0.38 Plague

71 55 D.34 Infection with Fasdialoides magna

72 55 0.34 Equine piroplasmosis

73 55 0.34 Avian trichomoniasis

74 53 0.33 Fowl typhoid

75 51 0.32 Histomoniasis

76 51 0.32 Encephalomyacarditis virus infections
77 43 0.31 Enzootic bovine leucosis

78 48 0.3 Enzootic abortion of ewes

79 48 0.3 Dourine

80 458 0.3 Avian infectious laryngotracheitis

81 43 0.27 Hantavirus infections

82 42 0.26 Peste des petits ruminants

83 41 D.26 Turkey rhinotracheitis

84 41 0.26 Equine infectious anemia

85 37 0.23 Glanders

86 36 0.23 Sheep pox and goat pox

87 33 0.21 Avian paramyxovirus infections

88 24 0.18 Contagious agalactia

84 24 018 Equine rhinopneumonitis

40 28 0.18 Swine vesicular disease

23| 28 0.18 New world screwwerm

42 25 0.18 Contagious bovine pleuropneumonia
83 24 0.15 Cvine epididymitis

44 24 0D.15 Transmissible gastroenteritis

45 24 0.15 Yellow fever

46 22 0.14 Marine calicivirus infections

87 21 0.13 Trichemonosis

48 21 0.13 Duck virus hepatitis

k] 20 0.13 Contagious equine metritis

100 17 0.11 Lumpy skin disease

101 16 0.1 Infection with Plasmadium spp.

102 15 0.0% Caprine arthritis-encephalitis

103 13 D.08 Equine viral arteritis

104 13 0D.08 European brown hare syndrome

105 12 0.08 Maedi-visna

106 12 D.08 Mairobi sheep disease

107 10 0.08 Contagious caprine pleuropneumonia
108 £} 0.06 Bayiisascaris pragranis infections

109 g 0.08 Old world screwworm

110 7 0.04 Camelpox

1 |3 0.04 Tyzzer's disease

112 4 0.03 Salmonellosis due to 5. Abartusovis
113 3 0.02 Hemorrhagic septicemia

114 0 o] Bovine genital campylobacteriosis/Bovine

venereal campylobacteriosis

115 s] 4] Elephant herpes virus

116 0 4] Feline leukemia

117 s] 4] Immunodeficdency virus infections
118 0 o] White nose syndrome

Gverall, 118 diseases and 15998 publications were included.
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Table 52. Prominent reported wildlife-livestock interfaces, including the five most frequently associated diseases

Wildlife Livestock group  Publications Diseases
Birds Poultry 2378 Avign influenza, Newcastle disease, salmonellosis, avian chlamydiosis, pexvins infections
Cattle 697 Salmonellosis, leptospirosis, babesiosis, brucellesis, bovine tuberculasis
Small ruminants 454 Salmonellosis, avian chlamydiosis, fasciolosis, avian influenza, louping ill
Pigs 370 Salmonellosis, avian influenza, trichinellosis, cysticercasis, leptospirosis
Equinas 401 Wast Nlle fever, esastem equine ancephalomyalltls, salmanellosls, equine plroplasmosks, rables
Artlodactyls Poultry 140 Salmonallosls, toxoplasmosls, trichinellosls, bovine tubarculosls, pastaurellosls
Cattle 1,570 Bovine tuberculosk, brucellcsls, mallgnant catarrhal fever, foot and mouth dissase, thellarlosls
Small ruminants 910 Mallgnant catarrhal fever, paratuberculosls, rables, echinococcosls, brucellosis
Pigs 852 Trichinellosis, dassical swine fever, African swine fever, brucellosis, toxoplesmosis
Equines 253 Rabies, trichinellosis, bovine anaplasmosis, echinococcosis, toxaplasmosis
Camiverans  Poultry 380 Avian influenza, rabies, salmonellosis, toxoplasmasis, trichinellosis
Cattle 1,324 Rabies, bovine tuberculosis, echinococcosis, leptospirosis, salmonellosis
Small ruminants 817 Rabies, echinococcosis, leptospirosis, toxoplasmosis, cysticercasis
Pigs 793 Trichinellosis, rabies, echinococcosis, leptospirosis, toxoplasmasis
Equines 538 Rabies, trichinellosis, leptospirosis, echinococcosis, salmonellosis
Rodents Poultry 658 Salmonellosis, avian influenza, toxoplasmosis, Newcastle disease, rabies
Cattle 1,103 Leptospirosis, rabies, tsetse-trarsmitted trypanosomosis, salmonellosis, surra (Trypanosoma evansi),
Small ruminants 761 Rabies, toxoplasmosis, leptospirosis, trypanosomosis, Q fever
Pigs 732 Trichinellasis, leptospirosis, ¢ ] is, salmonellasis, rabies
Equines 499 Rables, surra (7. evansd), leptosplrosls, Venezuelan equine encephalomyelltls, lelshmanlosks
Bats Poultry 49 Rables, avian Influenza, Japanese encephalltls, Newcastle disease, toxoplasmosis
Cattle 248 Rables, surra (7. evans/), leptosplrosls, bovine viral dlarrhea, foot and mouth disease
Small ruminamnts 119 Rabies, Q fever, surra {T. evans/), leptospirosis, toxoplasmosis
Pigs 97 Rabies, Nipah virus encephalitis, Japanese encephalitis, surra (T. evanss), toxoplasmosis
Equines 134 Rabies, Hendra, surra (T. evansi), leishmaniosis, Venezuelan equine encephalomyelitis

Interfaces hetween wildlife and livestock groups belonging to the same taxonomic order are shaded; diseases are listed in descending order; only gubli-
cations with one disease {n = 13,293) were included.

Dataset 51. Overview of wildlife-livestock interfaces. Stated are frequencies of respective interfaces in publications; only publications
with one disease (n = 13,293) were included

Dataset 51
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7.3. Public Health Reports 2008

Daniel Beltran-Alcrudo, David A. Bunn, Christian E. Sandrock, Carol J. Cardona.
Avian flu school: A training approach to prepare for H5N1 highly pathogenic avian
influenza. Public Health Reports 2008; 123(3): 323-332

Resumen del articulo en castellano

Escuela de Gripe Aviar: Una aproximacién formativa para prepararse frente a la
influenza aviar altamente patégena H5N1

Desde la reemergencia de la influenza aviar altamente patégena (H5N1 HPAI)
en 2003, se ha desarrollado una pandemia que no tiene precedentes histéricos
en el nimero de explotaciones infectadas, la dispersidon geogrdfica y as
consecuencias econdmicas para la agricultura. La epidemia ha afectado a un
amplio rango de aves y mamiferos, incluyendo humanos. La gestidn ineficaz de
los brotes, principalmente debida a la falta de conocimientos de los implicados
en la deteccidn, prevencién y respuesta, apunta a la necesidad de realizar una
formacién especifica sobre H5N1 HPAI. Los principales desafios son el
requerimiento de un enfoque multidisciplinar, la falta de expertos, la necesidad
de formacién a todos los niveles y la diversidad de posibles escenarios. La
Escuela de Gripe Aviar (Avian Flu School ) afronta estos desafios a través de un
programa de tres niveles de formar al formador que intenta minimizar el
impacto sanitario y econémico de la H5N1 HPAI mediante la mejora de la
capacidad de la comunidad para prevenir y responder, mientras se protegen a
si mismos y a los demas. El curso ensefia los hechos que se necesitan conocer
utilizando materiales flexibles, interactivos y relevantes.
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PRACTICE ARTICLES

Avian Flu School: A Training Approach
to Prepare for HSN1 Highly
Pathogenic Avian Influenza

DANTEL BRELTRAN-ALCRUDO,
DVM, MSc*®

Davip A. Bunn, MS®

CHRrISTIAN E. SANDROCK, MDY

CaroL |. Carpona, DVM, PaDP

SYNOPSIS

Since the reemergence of highly pathogenic avian influenza (HSN1 HPAI) in
2003, a panzootic that is historically unprecedented in the number of infected
flocks, geographic spread, and economic consequences for agriculture has
developed. The epidemic has affected a wide range of birds and mammals,
including humans. The ineffective management of outhreaks, mainly due

to a lack of knowledge among those involved in detection, prevention, and
response, points to the need for training on HSN1T HPAIL The main challenges
are the multidisciplinary approach required, the lack of experts, the need to
train at all levels, and the diversity of outbreak scenarios.

Avian Flu School addresses these challenges through a three-level train-the-
trainer program intended to minimize the health and economic impacts of
H5N1T HPAI by improving a community's ability to prevent and respond, while
protecting themselves and others. The course teaches need-to-know facts
using highly flexible, interactive, and relevant materials.
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Since the reemergence of a highly pathogenic avian
influenza (H5N1 HPAI) strain in 2003, the world has
been experiencing a global panzootic that is histori-
cally unprecedented in the number of infected flocks,
geographic spread, and economic consequences for
agriculture and livelihoods.! The disease is believed to
have spread to new geographic regions both through
the movements of migratory wild birds and the trade
{legal and illegal} of poultry, poultry products, and
wild birds. Millions of commercial birds have died or
been destroyed as a result of outbreaks in dozens of
countries across three continents.” The epidemic has
also affected a wide range of wild bird species and
mamimnals.’

Moreover, HPAT HB6NI has important implications
for human health: 307 cases had been detected in nine
countries as of May 2007, with a lethality of 61%." Most
human cases have been associated with clirect or close
contact with infected poultry or surfaces contaminated
with their feces or secretions. In addition to the cur-
rent panzootic, the world now fears a pandemic similar
to the one in 19187 This pandemic may happen if
the virus changes such that it can spread easily from
person Lo person.

The importance of HSNI HPAI to animal and human
health has drawn attention to the sometimes ineffec-
tive management of recent outhreaks, mainly due to
a general lack of practical and applied knowledge
among the people involved in detection, prevention,
and response. For example, confirmatory diagnosis has
been delayed in some cases because of a lack of exper-
tise and experience in packing and shipping samples
for international delivery.” Also, many human infections
to date have been caused by the unsafe handling of
infected birds during preparation for consumption,
which could have been prevented by the application
of simple hygiene and personal protection practices.
There is clearly an information gap that an applied
training course on H5NT HPAI could fll.

The nature of the current panzootic challenges
the design and implementation of training programs
that address knowledge gaps and needed skills. One
of the key difficulties is that diverse species have been
impacted by H5N1 HPAI and that increases the profes-
sional disciplines whose input is required in prevention
and response discussions. The needed multdisciplinary
approach is mace more ditficult by the lack of collabo-
ration between professions and the failure of health
professionals to see beyond the confines of their own
expertise and experience.

Additionally, the current number of qualified
experts in some disciplines is inadequate to respond
effectively in many parts of the world, particularly

in developing countries. For example, in Tanzania
there are no field veterinarians who specialize in
poultry medicine or public health; only at the uni-
versity level are there three or four specialists in each
of these fields (Personal communication, Dr. Peter
L. Msoffe, Department of Veterinary Medicine and
Public Health, Sokeine University of Agriculture,
December 2006). Even in a developed country the
size of the .S, there are only 275 qualified poultry
veterinarians, and approximately 600 veterinarians
have demonstrated expertise in preventive veterinary
medicine.” Presumably, very few of them have both
qualifications. Moreover, these few experts are fully
employed and committed to full-time jobs; therefore,
they lack the time to travel to the countries that need
their advice on the prevention and control of H5N1
HPAIL

On one level, there is a need w provide detailed
training to professionals already working in a particular
discipline; however, it is the people who will directly
encounter avian flu who can benefit the most from
training and will have the greatest impact on the
outcome of a disease outhreak. In the case of HEN1
HPAI, those individuals include poultry producers,
dlistrict-level veterinarians, agricultural extension staff,
medical doctors, public health workers, wildlife health
experts, and, most importantly, those raising poultry
at the village level. All of these individuals need to
know how to detect, prevent, and respond to an IH5N1
HPAI outbreak, as well as how to protect themselves
and others from becoming infected. The delivery of
information to all levels requires numerous trainers,
and materials that can be delivered hoth to educated
professionals and the general public.

Another training challenge is that there is no one
solutiom that will fit all discase outbreak situations.
Because of its global spread and the range of species
that may be infected, an HPAI H5N1 outbreak may
occur in an enormous diversity of scenarios. Fach
scenario is characterized by a number of factors and
circumstances that may be unique to a region. For
example, the poultry sector is defined in terms of
production systems, species raised, distribution chains,
and marketing, all of which impact how the disease is
spread and, therefore, controlled. Other less obvious
factors may include the geography of a region, its cli-
mate, the susceptible wildlife species in the area, the
culture(s), the country’s trading partners, the political /
economical environs, transportation networks, and the
animal and human health infrastructures. All of these
factors and their complex interactions will determine
the best strategy to respond to an outhreak or case in
a specific setting.
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AVIAN FLU SCHOOL

Avian Flu School (AFS) was created to address these
training challenges and needs through a train-the-
trainer program that was intended to build local
capacity. The AFS development project was completed
between May and December 2006. AFS, a project of
the Global Livestock Collaborative Research Support
Program, is based on a cooperative extension model
for the delivery of information and skills, and was
developed by experts from the Schools of Veterinary
Medicine and Medicine at the University of California,
Davis (UC Davis).

MATERIALS AND METHODS

The pilot training courses

During the initial assessment period, three pilot
courses were conducted—one at UC Davis (July 1-4,
2006) with 17 domestic and international participants
(4 instructors, 13 trainees); one at Sokoine University
of Agriculture, Morogoro, Tanzania (August 21-24,
2006) with 37 participants (5 instructors, 13 observ-
ers, 1 coordinator, and 18 trainees); and one at Texas
A&M University (September 11-14, 2006) with 29
domestic and international participants (4 instructors,
4 observers, 1 coordinator, and 20 trainees). Four

additional courses have been conducted in Djibouti
(two), Tanzania (one), and Davis, California (one),
in addition to courses taught by other organizations
based on the AFS materials. The cadre of trainers is
of 17 nationalities and comprises a core of 50 quali-
fied AFS instructors. Of these, by summer 2007, 10
had conducted additonal AFS courses. The location
of the courses and the participants’ nationalities are
shown in Figure 1.

Course evaluation
Assessment of the training model’s effectiveness is
based on evaluations of the pilot courses only. Par-
ticipants were asked to complete pre- and post-course
assessments of their knowledge and to evaluate their
perceived improvement in comprehension of the
subject matter. An additional evaluation form was com-
pleted by trainees at the end of each module, ranking
the effectiveness of each module on a scale of 1 to 5,
with 5 being the highest level. Moreover, at the end of
each workshop there was a facilitated discussion about
the course’s effectiveness and how to improve it. Most
adjustments in course content were made based on
feedback gathered at the pilot courses.

Ten months after the first pilot workshop, an invita-
tion to complete an anonymous online survey was e-
mailed to participants of the pilot courses. Participants

Figure 1. Locations of workshops conducted and nationalities of Avian Flu School trainers

July 06 &
June 07:

California
Tier |

- Participants’ nationalities

Workshops organized
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were asked to report on their training activities, behav-
ioral changes since the workshop, whether they would
change anything in the course, and their familiarity
with the main learning objectives for each module.

Training model

Based on the assessment that there is a need to deliver
information to large numbers of people worldwide, it
was concluded that a train-the-trainer model might be
the best approach. “Train-the-trainer” is a term used
to describe programs designed for training people
who will in turn train others. Also known as “cascade
training,” the train-the-trainer approach is commonly
used in the felds of animal health, public health, and
agricultural extension. It has been used in the past to
approach issues in both developed and developing
countries, such as Newcastle Disease vaccination in
chickens,” human immunodeficiency virus (HIV)/
acquired immunodeficiency syndrome (AIDS),*4
asthma,” care for disaster survivors, health promo-
tion for childbearing,'® promotion and risk reduction
in pregnancy,’® neonatal intensive care,’” and the use
of pesticides by farmers."®

AVS materials are designed in tiers based on the
expertise of the intended audiences. In Tier I, profes-
sionals as well as national officials from public health
ministries and veterinary service departments are
trained. Tier I trainees then conduct Tier II train-
ings, mainly within their districts or organizations; the
intended audiences are zonal and district veterinarians,
agricultural extension staff, wildlife managers, and
public health workers who will, at Tier III, reach their
Tespective communities.

Tier I trainers apply for AFS and are admitted to
the course based on their qualifications as health
professionals with relevant expertise (e.g., poultry
health, public health, epidemiology), language skills,
and willingness to travel. Trainers are classified in a
dataset by these characteristics so that they can be easily
identified and matched to the specific requirements of
requested trainings. Tier II trainers are identified by
their job functions, and Tier III trainees are identified
by their interest and needs.

Flexihility

The AFS curriculum is adaptable because of its interac-
tive structure. In addition, the course was designed in
a modular format so that it can be easily and quickly
adapted to an audience’s needs by adding or remov-
ing modules and/or lessons. Figure 2 presents a list of
the modules and their content. Customizing the AFS
course usually means teaching the whole or most of the
Overview module and selecting only some lessons of the

Figure 2. Topical outline and timeline
of the Avian Flu School course

Module 1: Qverview (1 day)
e Introcluction
*  Avian flu viruses
History of H5N1 HPAI
H5N1 HFAI transmission
H5N1 HPAI risk to humans
Impacts of H5N1 HPAI
Virus surveillance, testing, and reporting
Coordination and management of an H5N1 HPAI
emergency
¢  Communications planning

Module 2: Surveillance (4 hours)
* Introduction
* Surveillance of HSN1 HPAI: steps, methods, types, and
objectives
* Sample-size calculation
* Surveillance in poultry and captive populations
* Surveillance in wild birds
* Developing an HSN1 HPAI surveillance plan
Module 3: Public Health and Worker Safety (2.5 hours)
* Introduction
e General public education and protection
¢ Poultry farm worker protection
¢ Backyard/small holder poultry owner protection
Live-bird market worker protection
Medical worker protection and patient protocol
* Public health team protection
* First respondler protection
® Health-care worker protection

Module 4: Prevention and Response (1 day)
e Introduction
Prevention
Response
Recovery
Scenarios (smallholder poultry operations, wet markets,
commercial poultry facilities, zoo and aviary collections,
wildlife refuges, parks)
¢ Developing prevention plans
* Developing response plans

Practical Session (3 hours)
* Packaging a virus sample for shipping
* Putting on and removing personal protective equipment
* Cloacal and oral cavity swabbing for samples (1 person, 2
people)
Vaccinating a chicken
Bleeding a chicken
Safe slaughter and cleaning of a chicken or duck
Use of a rapid diagnostic test

HSN'1 HPAI = highly pathogenic avian influenza

other four modules. While the Overview module serves
as the basic background information for all audiences,
the Surveillance module is not always taught because
it is aimed only at individuals involved in the develop-
ment and/or implementation of surveillance activities.
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As an additional option, lessons in sample-size calcula-
tion, for example, can be shortened to include only
the importance of adequate sample sizes, and covered
with a job aid like a laminated card with a sample-size
table, which can be used as a reference.

Lucidity of the material

The materials are written in simple language using short
statements and formatted as bulleted lists whenever pos-
sible. Technical jargon is avoided and complementary
diagrams are presented along with the text to explain
some of the more complex and confusing concepts.
This approach facilitates not only comprehension, but
also the teaching of the materials. Moreover, many par-
ticipants do not speak English as a first langnage, and
a more complicated writing style would compromise
their understanding. The simple language structure
and straightforward points also facilitate the transla-
tion of the materials into other languages. To date, the
curriculum has been translated into French, Kiswahili,
and Spanish. Trainers are also instructed to speak slowly
and clearly, stressing the most important concepts, and
monitoring trainees frequently for comprehension.

Interactivity

Lessons are highly interactive, mainly through the use
of small group review exercises. The exercises generally
present participants with hypothetical scenarios with
which they can practice the lessons’ main concepts.
Most of the exercises are conducted in small groups
of three to five people, who discuss the exercise and
then report back to the full workshop group for further
review and discussion. The main exercise answers are
then recorded on a flip chart and later distributed by
e-mail to all participants.

Open discussion is highly encouraged, not just dur-
ing the exercises but also at any time during the les-
sons. Discussions help in understanding concepts and
clarifying common misunderstandings, while keeping
participants involved and interested in the subject. If
the discussion goes off track, the trainer can note the
issue or question on a chart so that it can be clarified
and/or discussed at a more relevant time later on in the
course. This helps to keep the modules on topic and
on schedule, yet allows the curriculum to be adjusted
to the audience’s specific needs.

Relevance

AFS courses usually include local guest speakers who
present their own experiences, especially as they relate
to situations that may impact HEN1 HPAI detection,
prevention, response, or recovery. Examples of such
information offered during the pilot courses included

presentations about the response to the first HPAI
HBNI outbreak in Nigeria, a talk on the Tanzanian
National Plan, and open discussions on the diagnostic
capabilities both in the U.S. and Tanzania. Instructors
are also encouraged to use real-life examples and case
scenarios from their own experience to illustrate the
different concepts being taught. At a minimum, a pre-
sentation on the poultrysector in the host countryand
another one on the implementation of the national
HPAI Plan are important topics to be included with
the Overview (Module 1).

To encourage immediate action based on knowledge
gained in the course, participants are asked after each
module to identify one action that they plan to take
based on what they just learned, when they plan to
implement the action, what other immediate applica-
tions they may see, and with whom they will share the
information.

Training materials

AFS materials were compiled and developed from
existing documents in the public domain as well as
from new materials. To locate appropriate background
and documents, the websites of the main organiza-
tions involved in outreach, education, and messaging
on avian influenza were visited to identify relevant
brochures, fact sheets, slide shows, and books. These
documents were collected, read, and categorized by
topic. An outline was then developed to identify gaps
in the publicly available information, and experts were
enlisted to develop material to fill those gaps.

A text version of the materials was developed with
the input of experts in relevant fields. Once the content
was developed, the materials were organized into short,
highly interactive lessons by a commercial adult train-
ing firm (Info Pros, Sacramento, California), which
provided guidance on the course module format and
structure.

Content

The complete AFS course consists of three days of work-
shops divided into four modules with short lectures
and small group exercises, plus a half-day of practical
exercises (Figure 2). The practical session covers the
applied skills related to the four modules. It is best
taught in a lecation, such as a laboratory or outdoors,
that allows the manipulation of live birds. Each module
is supplemented with a list of the references used, a
feedback form, and a short Microsoft® PowerPoint®
presentation. In addition, a series of appendices cov-
ers specific standard operating procedures, exercises,
diagrams, case studies, and other complementary infor-
mation. Each module covers only information essential
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to understanding avian influenza. For example, only
general concepts in virology necessary for understand-
ing the prevention and control of avian influenza are
presented. Any extra information that the participants
may want to know in an individual training is directed
as questions to the instructors. Because the material
is used in a variety of settings, every group of trainees
will have specific questions related to their own experi-
ences, interests, or needs.

Structure

All modules follow the same structure to aid in their
case of use. Instructors are provided the module
contents, a description of the target audience, a sug-
gested timeline, the module objectives, and the module
preview, which stresses the key points of the lessons
to come. The curriculum follows in short segments
that include highly interactive review exercises. The
module preview and the objectives are repeated at the
end of the module to ensure that all basic concepts
are clear.

The course manual is structured into two columns:
the left column contains the instructors’ notes, and the
right column presents the material for the participants
(Figure 3). The instructor column includes the infor-
mation to be taught, plus instructions, transitions, and
the course timeline. The participant column consists of
highlighted key information, exercises, diagrams, and
space for participants to take notes. Tier I participants
are presented with both columns, while the manuals
for Tiers ITand III trainees show only the participant’s
column,

Fach module has an accompanying slide show
presentation with exercises, pictures, diagrams, and
simple animations to help explain the most confusing
concepts. It was decided not to include in the slide
shows detailed text or information covered in the
manual. Initially, some instructors in the pilot courses
used slide show presentations that either represented
the curriculum using new pictures and graphics or
added illustrative material. Participants’ feedback was
nearly unanimous in that they wanted instructors to use
the exact material in the manual to make it easier to
learn in a short period of time. The current iteration
of AFS keeps participants focused on their manuals,
which means that the course can be taught in the
absence of projection equipment, or in the event of a
power outage, which is common in some developing
countries.

Course schedule and setup
It is recommended that full 3.5-day AI'S courses be
taught by a minimum of two instructors, preferably

three. Ideally, one instructor should have a veterinary
and poultry background and one other should have
a public health background. A third instructor with
expertise in communication or national planning is
helpful. The ideal number of trainees to optimize the
learning process is between 10 and 15, with varied
professional qualifications. The interactive exercises are
most effective when trainees can bring public health
and veterinary health perspectives together. Although
several points of view are presented in the workshop, a
more complete integration of ideas is achieved when
the participants have diverse backgrounds.

The recommended room layout for the workshop
is illustrated in Figure 4. The AFS laboratory requires
at least one instructor per four participants, and the
suggested room or facility setup is also shown in Fig-
ure 4.

Making the AFS materials available

To support course workshops domestically and inter-
nationally, the AFS Assessment Project developed a
weDbsite, www.avianfluschool.org, which provides guid-
ance for organizing a training workshop, directions for
ordering AFS course materials or a custom course, guid-
ance for locating AI'S instructors, and recommended
resources for instructors.

RESULTS

Pilot course evaluation
Each pilot course received higher evaluations than the
preceding one, indicating that the modifications made
between courses effectively improved the course’s per-
ceived quality. Figure 5 shows how the overall course
evaluation score improved from 4 out of 5 during the
first pilot course at UG Davis to more than 4.4 out of
5 for the last pilot course at Texas A&M; both were
attended by similar audiences. Similar results were
obtained for each of the modules individually. Module
2 was changed the most from the first to the third
pilot course. The improvement in evaluation scores is
reflective of those changes.

The online survey conducted after the pilot courses
had a 66.1% response rate and showed the following
about the participants:

e 80.6% were confident in their ability to use
the materials to train others as a result of the
course.

* 36.1% trained someone using the AFS course
materials. The trainees included marine biolo-
gists, poultry producers in the U.S., national park
rangers, medical officers, government leaders and
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Figure 3. Avian Flu School training manual®

AVIAN FLU SCHOOL

COURSE GUIDE

LESSON |

H5NI| HPAI SURVEILLANCE

Instructor Notes

Course Material

TIME:30 MINUTES

START TIME:
END:

TRANSITION

As discussed in the overview, it is optimal to
survey both poultry and wild birds, since HSN |
HPAI may spread into uninfected areas through
their movements.

Successful surveillance planning includes
specific strategies for each the following:

* Locating susceptible populations.

+ Efficient detection, reporting and
assessment of morbidity and mortality
events.

IMPORTANT POINT

To have effective HSNI HPAI emergency
management, it is critical to be ready to
respond to an outbreak. Surveillance is vital
for early detection.

A surveillance plan should be ready to
be applied before, during and after an
outbreak.

Successful surveillance planning includes specific strategies
for each the following:

I. Locate:

IMPORTANT POINT

Keeping an accurate and up to date
database of all commercial premises,
backyard poultry, wild bird congregations,
zoos, and pet shops is vital to allow the
quick identification and surveillance of

at risk populations within an area after
infection is detected.

2. Detect:

Wildlife Health Center and Cooperative Extension

UC Davis School of Veterinary Medicine

Global Livestock CRSP
Module 2: Surveillance 7

“The course manual is structured into two columns: the left column has instructor notes and the right column has material for the participants.
The participant column has key information highlighted, notes, exercises, diagrams, and space for taking notes. Tier | participants are presented
with both columns, while the manuals for Tier Il and [l trainees show only the participant’s column.

HS5N1 HPAI = highly pathogenic avian influenza
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Figure 4. Suggested table setup for Avian Flu School®

R

*Setup for the workshop (A) and the laboratory (B):

A) The room should be set up with 4 to 5 tables of 4 to 5 trainees each. The tables should be angled toward the instructor so that participants
can easily look forward, but also turn back to their tables for group discussions.

B) Participants should all face the instructor and have enough space to perform the bird manipulation (2 to 3 per table depending on the size of

the table).

field officers in Tanzania, government veterinar- With regard to the AFS content, trainees were asked
ians in Vietnam, and a virologist in Libya. to assess their knowledge of the course’s learning

* 52.8% gave the entire manual or part of it to objectives. The responses of the survey participants
someone, for a total of 119 additional individuals are summarized in the Table.

who received the materials.

Project

One of the unanticipated outcomes of the AFS train-
ing courses has been the development of a village
Newcastle vaccination project through collaboration
by trainees from the Tanzanian pilot course. During
the exercise in the Surveillance module (Module 2),

e 38.9% implemented some behavioral change
based on what they learned.

¢ 52.9% would not modify, add, or eliminate any
part of the training materials, both in terms of
content and presentation.

Figure 5. Overall and individual module average scores given by participants in evaluations
conducted at each of the three Avian Flu School pilot courses?

5.0

4.8 | Davis [l Tanzania M Texas
46

score (3-5
Aon
N A
L 1

§ 40| —

Average

oON MO ®
| I [ E—

Overall Overview Surveillance Public health Prevention
and response

*Average scores were calculated from individual scores, with 5 representing the best possible score and 1 the worst.
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two groups of participants suggested a novel strategy.
They proposed implementation of a Newcastle disease
vaccination program in selected villages to prevent
clinical disease associated with viscerotropic velogenic
Newecastle disease (VVND). VVND is endemic in Tanza-
nia and many other parts of the developing world, and
is clinically indistinguishable from any HPAI including
HB5EN1 HPAL The cost of the laboratory testing needed
to differentiate these diseases is prohibitive, and is thus
a limiting step in achieving adequate surveillance for
HPAI in rural Tanzania.

The groups of trainees proposed using sentinel
villages in which chickens would be vaccinated for
Newcastle disease and enrolled in a reporting system
for mortality events. A chicken die-off in Newcastle-
vaccinated chickens is much more likely to be caused
by HPAI than a mortality event in nonvaccinated
chickens. If a mortality event occurs, veterinarians in
the region who have been equipped with rapid flu
detection kits can confirm a presumptive diagnosis.
This system optimizes the use of influenza tests that
are expensive and in short supply in Tanzania, as they
are in many countries.

DISCUSSION

Challenges

Although the AFS was effective, it did raise some
issues. There is a general need for practical training of
this type. Additionally, the immediacy of those needs
changes as HBN1 HPAI spreads. Although the train-
the-trainer model has worked well in a short period of
time, and there are more than 50 trainers with a variety
of language skills, this number is equivalent to fewer
than two per nation with reported H5N1 HPAI cases.

Furthermore, most are fully employed and often cannot
travel on short notice when an outbreak occurs.

In addition to the difficulty in developing a network
of trainers, there are three main challenges for the
implementation of AFS: time constraints, logistics, and
funding. Generally, six weeks are required to organize
an AFSworkshop, although a series or regional cluster
of courses may require less time to organize. Most of
that time is spent organizing speakers and their visas,
transportation, lodging, and meals; selecting the par-
ticipants and the venue; and preparing and shipping
the materials. All of these tasks are time-consuming
and logistically challenging. Many laboratory materials
considered common in developed countries may not be
easily accessible in developing nations, so almost every-
thing has to be packed and shipped from elsewhere.
However, every effort is made to find local products
that can be used effectively. For example, if a recom-
mended disinfectant is only available in the U.S., then
international trainees have no ready supply. It is then
necessary to investigate locally available disinfectants
and determine which ones are effective yet nontoxic
to animals or people.

‘Workshops can also be expensive. There are substan-
tial costs for travel, accommodations, and meals for par-
ticipants and instructors, and for laboratory supplies,
venue rental, and staff time. Initial workshops were
more expensive than current courses. This is partly
because there are trainers located in more parts of the
world, with many who are located closer to workshop
sites, which reduces travel expenses. Additionally, the
materials have been translated into key languages, thus
reducing the expense of any given workshop. Training
funds are available to conduct Tier Iworkshops in many
countries, but may be inadequate to support Tier II

Table. Results of a survey of Avian Flu School participants and their comprehension
of the learning objectives for the material before and after the course

Participant responses

Knew before AFS Learned in AFS

Learning objectives for AFS (percent) (percent)
Are familiar with HSN1 HPAI virus transmission pathways 54.8 96.8
Are prepared to communicate about an avian influenza emergency 12.¢ 87.1
Could design a surveillance plan and modify it based on status of the disease 16.1 80.6
Know how to protect themselves and others from exposure 38.7 96.8
Could give biosecurity advice for poultry flocks in various settings 22.6 96.8
Are familiar with response and recovery procedures 16.1 77.4
Can properly don and doff personal protective equipment 16.1 93.5

HEN1 HPAI = highly pathogenic avian influenza
AFS = Avian Flu School
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workshops or village-level training. Within three weeks
of the Tanzania course, a participating zonal veterinar-
ian conducted a Tier Il course for district veterinarians
in the Arusha area. This is one indication of the need
for the information and how little extra input would
be needed to implement Tier II trainings.

The AFS course materials have not yet been fully
adapted for education programs at the local community
or village level. These Tier III trainings may be best
facilitated by nongovernmental organizations and agen-
cies that already have an existing network of field staff.
There are numerous networks of people working at the
village level, including agricultural extension advisors,
agricultural associations, faith-based organizations,
local volunteer organizations, microfinance networks,
and public health field program staff (in areas such
as HIV/AIDS, tuberculosis, and rabies projects). The
AFS team is currently seeking to establish collaborative
relationships with organizations that have the interest
and necessary networks to deliver Tier III trainings.

Future of AFS

AFS is now a part of the Stop Al effort of Development
Alternatives International funded by the U.S. Agency
for International Development. Through the Stop
Al effort, AFS will be combined with other training
programs and delivered worldwide.

Avian Flu School California is another iteration of
the course. The goal of this project is to educate exist-
ing networks of state cooperative extension advisors and
specialists aboutavian influenza. California cooperative
extension has lost most of its poultry specialists and
advisors, although the state remains a major poultry
producer. Therefore, there are few resources to address
poultry disease threats like HSN1 HPAI. Through AFS,
county farm advisors, youth development advisors, and
nutrition, family, and consumer sciences advisors can
be educated about avian influenza. After training with a
shortened version of AFS that covers the basics of HEN1
HPAI and topics of special interest, they will deliver
the program in their communities to audiences such as
ethnic groups, health-care workers, children, hunters,
backyard poultry owners, and hobby farmers.

Now that the training model, materials, and meth-
ods have been fully developed and repeatedly tested,
the AFS approach can be used to develop educational

programs for other diseases that threaten the sustain-
ability of agriculture.

The authors thank Sandra Shanks, Senior Writer, Veterinary
Medicine Extension, at the University of California, Davis in
Davis, California.
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David Bunn, Daniel Beltran-Alcrudo, Carol Cardona. Integrating surveillance and
biosecurity activities to achieve efficiencies in national avian influenza programs.
Preventive Veterinary Medicine 2011; 98: 292294

Resumen del articulo en castellano

Integrando vigilancia epidemiolégica y actividades de bioseguridad para
alcanzar la eficiencia en programas nacionales de influenza aviar

Basandose en la experiencia con la HPAI (Influenza Aviar Altamente Patdégena),
los esfuerzos para mejorar la capacidad global para prevenir y controlar
enfermedades zoondticas deberfan considerar modelos nuevos y mds
eficientes para integrar las actividades de prevencién y vigilancia.
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Based on the HPAI experience, efforts to improve global capacity to prevent and control
zoonotic diseases should consider new and more efficient models for integrating prevention
and surveillance activities.

© 2010 Elsevier B.V. All rights reserved.

Integrating surveillance and biosecurity activities to
achieve efficiencies in mational avian influenza pro-
grams

While training and consulting on highly pathogenic
avianinfluenza (HPAI)in Africa over the past four years, we
have observed opportunities for improving the efficiency
of HPAI prevention, surveillance and response programs.
Implementing these national programs is a very expensive
endeavor, typically far exceeding a developing country’s
budgeted funds and thus requiring substantial donor sup-
port. Costs could be significantly reduced if some of the
tasks within the various components were combined, par-
ticularly in the implementation of field activities. One of
the most obvious synergies is between surveillance and
biosecurity improvernent activities.

Integrating biosecurity improvement training into
surveillance programs would be an efficient way to
improve the field implementation of both functions,
because:

a. Biosecurity and surveillance professionals must engage
and train the same groups such as poultry keepers, live-
bird market managers, and poultry service providers.
These groups must be trained on how to apply biose-
curity, and on detection and notification of suspicious
morbidity and mortality events.

b. Professionals implementing surveillance and biose-
curity programs would benefit from cross training.
Surveillance supervisors, usually epidemiologists work-
ing with laboratory scientists, would learn how to better
prioritize high-risk sites, how to implement personal

0167-5877/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.prevetmed.2010.12.002

biosecurity, and how to assist with biosecurity training.
Similarly, biosecurity personnel, usually poultry veteri-
narians, would learn how to better integrate passive
surveillance into their biosecurity improvement field
activities.

c. Biosecurity and surveillance professionals have overlap-
ping tasks—both must gather information, evaluate risk,
prioritize poultry sites and practices, and manage actions
at high-tisk poultry farms and live-bird markets.

d. Assessing biosecurity measures and gaps at surveillance
sites provides key information for focusing surveillance.

e. Implementing biosecurity measures at surveillance
sites, which includes placing limitations on the move-
ment of poultry materials that may transmit potential
pathogens, makes surveillance data more valid over a
longer period of time. The pathogens are likely to have
spread less since the surveillance datawas collected and
then confirmed.

A surveillance program (applying both passive surveil-
lance and targeted active surveillance) for the early
detection of HPAI incorporates the principle of dis-
tributing surveillance resources and efforts based on a
ranking of high-risk sites and practices. These are the
same sites and practices that should be targeted for
biosecurity training and improvements. Thus, surveil-
lance and biosecurity may be integrated as follows (see
Fig. 1):

1. Identify poultry populations and poultry-related sites
and practices and gather information about the produc-
tion systems, their value, and the connection of those
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Integrating Highly Pathogenic Avian Influenza
Surveillance and Biosecurity Functions

Prevention Tasks
(Improving Biosecurity)

Integrated Tasks

GATHER RISK INFORMATION

Sites and activities on poultry
farms, live bird markets, poultry
facilities, poultry products, farms
near waterfowl areas and waste
transportation corridors

\/
EVALUATE

> Biosecurity risks of these sites and

activities

v
PRIORITIZE

Rank highest risk sites and
activities to be focus of
surveillance efforts for early
detection and improving
biosecurity

v
TRAIN

IMPLEMENT

Train managers of high-risk
sites and activities to improve

Surveillance for
Early Detection Tasks

IMPLEMENT

biosecurity and to participate in
passive surveillance efforts

e

Y

Biosecurity
improvements
« Isolation measures
= Traffic control
+ Sanitation measures

¥

Surveillance program

that includes:

+ Record-keeping of
poultry mortality

+ Reporting

+ Sample collection

+ Diagnostics

« Data analysis

Fig. 1. Integrating highly pathogenic avian influenza surveillance and biosecurity activities.

poultry operations to poultry input and product net-
works.

. Evaluate the risk of HPAI introduction and further
transmission at each of these sites or poultry-related
activities.

. Rank these sites and practices based on their disease
outbreak risk.
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4. Train district-level officials, site managers (farm and

market managers, village leaders) and service man-
agers [transport managers, border agents, etc.) on
passive surveillance procedures (detection, notification
and investigation) and on how to improve biosecurity.

. Monitor the implementation of biosecurity improve-

ments and disease reporting, and periodically re-
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evaluate and prioritize the high-risk sites and activities
(see feedback loop in Fig. 1).

The H5N1 HPAI panzootic has highlighted the need
to build capacity for disease prevention, detection and
response preparedness. These efforts have encountered
the enormous expenses of training, communication, per-
sonnel and equipment. Cross-training among professional
field staff, linking activities that require similar knowledge
and engage the same groups, and integrating surveillance,
biosecurity and other field activities will build more effi-
cient disease prevention and surveillance programs. We
have used HPAI as an example, but of course the same prin-
ciples could be applied to national prevention and control
programs for other poultry and livestock diseases.

Thank you for sharing this with your readers.
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Daniel Beltran-Alcrudo, Tim E. Carpenter, Carol Cardona. A flock-tailored early
warning system for low pathogenic avian influenza (LPAI) in commercial egg
laying flocks. Preventive Veterinary Medicine 2009; 92: 324-332

Resumen del articulo en castellano

Un sistema de alerta temprana a nivel de explotacion para Influenza Aviar de
Baja Patogenicidad (LPAI) en epxlotaciones comerciales de ponedoras.

El objetivo de este estudio fue desarrollar y evaluar un sistema de alerta
temprana (EWS) para explotaciones comerciales de ponedoras para detectar
mortalidades leves y cambios en la produccién de huevos que caracterizan las
infecciones por virus de influenza aviar de baja patogenicidad (LPAIV). Un EWS
generara una alerta cuando un punto de alerta recomendado se alcanza o se
exceda. Anteriormente los EWS utilizados se basan en niveles fijos de alerta,
mientras que el que proponemos personaliza el nivel de alerta para cada
explotacion. A pesar de que un enfoque fijo puede ser vdlido para
enfermedades de alta patogenicidad, conlleva una baja probabilidad de
deteccién en enfermedades de baja patogenicidad. El EWS se basd en la
recogida diaria de datos de explotaciones afectadas por la epidemia de LPAI
H6N2 ocurrida en California entre 2000 y 2004. Se evaluaron tres sistemas:
EWS1 que alertaba cuando la mortalidad aumentaba o la produccién disminuia
mas de x veces los valores diarios esperados (2.75-3.50 veces la mortalidad
esperada), (2) EWS2, que alertaba cuando mortalidad aumentaba o la
produccién disminuia mas de y veces los valores diarios esperados durante 2
dias consecutivos (1.75-2.15 veces la mortalidad esperada), y una combinacién
de ambos. Los EWS fueron evaluados de acuerdo a tres parametros: demora en
la detecciéon de un brote de LPAI (en dias), falsas alertas (%) y brotes no
detectados (%). Los resultados mostraron que en un sistema basado en la
produccion de huevos no afiade beneficios sobre uns sistema basado en la
mortalidad, principalmente porque la disminucién de la produccién de huevos
relacionada con H6N2 LPAI se produce siempre después de un incremento de la
mortalidad.

(Continua)
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Combinando ambos sistemas se consiguid reducir el tiempo de deteccién y se
detectaron todos los brotes, pero a costa de un ligero incremento del nimero
de falsas alertas. El sistema presentado en este estudio también llevé a cabo
alertas basadas en valores fijos para los tres pardmetros evaluados. El sistema
propuesto, si se utilizara como parte de un programa de crianza cooperativo y
se combinara con un diagndstico laboratorial rdpido, podria ser una
herramienta util para detectar y controlar los brotes de LPAIl y otras
enfermedades que afectan a las aves de corral. Construido sobre una hoja de
calculo, el sistema podria ser barato, sencillo y rdpidamente incorporado en el
sistema de toma de decisiones de granjas comerciales de produccién de
huevos. Ademds, el sistema propuesto puede ajustarse rdpidamente a
situaciones epidémicas cambiantes, y facilmente personalizado para cada
explotacidn.
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A flock-tailored early warning system for low pathogenic avian influenza
(LPAI) in commercial egg laying flocks
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ARTICLE INFO ABSTRACT

Article history: The aim of this study was to develop and evaluate an early warning system {EWS) for
Received 16 September 2008 . : . :
. h commercial egg laying flocks to detect the subtle mortality and egg production changes

Received in revised form 23 July 2009 ' . o R . . .
that characterize low pathogenic avian influenza virus (LPAIV) infections. An EWS will

Accepted 24 July 2009 s oy .
create an alert when the recommended “trigger point’ is reached or exceeded. Previously

used EWSs are based on fixed alert levels, while the proposed EWS customizes the alert

If;ywwgﬁli}}genic avian influenza level to each flock. While a fixed approach may be valid for highly pathogenic diseases, it
LPAL results in a lower detection probability for low pathogenic diseases. The EWS was based on
Early warning system daily data collected from flocks affected by the 2000-2004 H6N2 LPAI epidemic in
EWS California. Three EWSs were evaluated: (1) EWS1, which is triggered when the observed
HEN2 mortality increase or production decrease exceeds more than “x” times the expected daily

value (2.75-3.50 times the expected mortality), (2) EWS2, which is triggered when the
observed mortality increase or production decrease exceeds more than “y” times during
each of 2 consecutive days the expected daily values (1.75-2.15 times the expected
mortality), and (3) a combination of the two. The EWSs were evaluated according to three
parameters: detection delay (days) of a LPAI outbreak, false alerts (%) and outbreaks
missed (%). Results showed that an egg production-based EWS added no benefit to a
mortality-based system, mainly because HEN2 LPAl-related egg production decrease
always occurred after increase in mortality. Combining the two EWSs resulted in areduced
detection delay and no missed outbreaks, but at the expense of a slight increase in the
number of false alerts triggered. The system presented in this study also outperformed
fixed EWSs in all three evaluated parameters. The proposed EWS, if used as part of a
poultry cooperative program and combined with a rapid laboratory diagnosis, could be a
useful tool in the detection and control of LPAI outbreaks and other poultry diseases. Built
in a spreadsheet, the system could be inexpensively, easily and quickly incorporated into a
commercial egg production farm decision support system. In addition, the proposed
systern could be quickly adjusted to changing epidemic situations, and easily custornized
to individual flocks.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

. . . . 1.1. The virus
* Corresponding auther at: Infecticus Disease Group/EMPRES, Animal

Health Service, Animal Production and Health Divisien, Foed and Avi infl AD i f th £ tant
Agriculture Organizaticn (FAQ), Viale delle Terme di Caracalla, 00100 vian mfluenza ( ) 15 one o € most 1mportan

Reme, Italy. Tel: +39 0331 610 7330. diseases of poultry. Avian influenza viruses {(AIVs) can be
E-mail address: dbeliran76@yahoo.co.uk (D. Beliran-Alcrudo). pathotyped into two groups depending on the severity of

0167-5877/5 — see front matter @ 2009 Elsevier B.V. All rights reserved.
dei:10.1016/j.prevetmed.2009.07.013

Publications | 89



D. Beltrdn-Alcrudo et al. /Preventive Veterinary Medicine 82 (2009) 324-332 325

the disease they cause in naive chickens. The virulent
types, termed highly pathogenic avian influenza viruses
(HPAIVs) are associated with severe decreases in egg
production and mortality approaching 100%; while low
pathogenic avian influenza viruses (LPAIVs) may result in
inapparent infections, particularly when the virus has
recently been introduced from the wild to the domestic
host (Swayne et al.,, 2000) or in some species, e.g. domestic
waterfowl (Shortridge, 1982; Alexander, 2003). The lack of
clinical signs can result in spread within and between
premises, before farmers realize that the birds are infected.
Other LPAIV infections may result in mild respiratory
disease, depression, moderate egg production decline in
laying birds, and low mortality {(Capua and Alexander,
2004), which are easily mistaken for other disease
syndromes.

Although LPAIVs, other than the H5 and H7 subtypes,
are not notifiable to the World Organization for Animal
Health (OIE), they can cause substantial losses if allowed to
persist in poultry populations (Cardena, 2005). Moreover,
secondary infections, stressors or environmental condi-
tions can cause an exacerbation of LPAIV infections leading
to a much more serious disease (Capua et al., 2003). In the
last two decades there have been economically important
LPAI outbreaks in Italy {H7N1 2000-2001}, Mexico {(H5N2
1993 -present} and Pakistan (H7N3 1995 and H9N2 1998}
(Marangon et al, 2003; Lee et al, 2004; Naeem and
Siddique, 2006}. In recent years, the U.S. poultry industry
hasbeen affected by LPAI outbreaks in Pennsylvania (H5N2
1983-1986; H7N2 1996-1998 and H7N2 2001-2002) and
California (H6N2 2000-2004) (Kradel, 1987; Dunn et al.,
2003; Henzler et al,, 2003; Kinde et al., 2003).

There is strong evidence supporting the hypothesis that
HPAIVs arise after a mutation of H3 or H7 LPAIVs that have
been introduced to poultry from wild birds (Capua and
Marangen, 2006). Although, the timing of a mutation is
unpredictable, it can be assumed that the wider the
circulation of LPAIVs in poultry, the more opportunities the
virus has to mutate into an HPAIV (Alexander, 2007).

Avian influenza viruses have demonstrated zoonotic
potential. The most notable examples are the human
influenza pandemics of 1957 (H2N2) and 1968 (H3N2}, in
which the hemagglutinin genes probably originated from
AlV generated by reassortment of avian and human viruses
(Scholtissek et al, 1978; Kawaoka and Webster, 1985;
Kawacka et al, 1989). A zoonotic virus can also be
generated by mutation of an AIV.

1.2. Egrly warning system (EWS)

There are four reasons why early detection of LPAIVs
circulating in poultry flocks is important: {1} LPAIV
infections may cause significant losses for commercial
poultry producers {(Cardona, 2005), (2} H5 and H7 LPAIV
strains can mutate to HPAIVs, {3} AlVs may expand their
host ranges tc new species, including humans, and (4}
LPAIV strains can contribute genetic material to HPAIVs
{Chin et al,, 2002).

Since prevention of Al is not always possible, once the
virus has been introduced, its early detection becomes the
key to a successful control strategy. In the case of LPAI
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where clinical signs may be inapparent, very mild, or non-
specific, an EWS that detects subtle changes in the daily
mortality, egg production or both, especially if combined
with a rapid laboratory diagnosis, will allow the quick
implementation of control actions, such as isolation and
sanitation, thus preventing further spread of the virus and
reducing the economic impact. An EWS will create an alert
when the recommended ‘trigger point’ or ‘threshold’ is
reached. In order for an EWS to be justified, it is necessary
to balance the potential benefit of the early detection of an
outhreak, with the cost of responding to an alert and the
probability and cost of false alerts. A highly sensitive EWS
will detect an outbreak very quickly, but at the cost of
having an increased number of false alerts, while a less
sensitive EWS that reduces the number of false alerts, will
detect an outbreak later and be more likely to miss it.

Such systems have already been used to detect several
animal diseases (Carpenter et al, 2007). In 2000, a
temporary EWS was put in place by the Dutch veterinary
authorities because of the threat of the HPAI epidemic in
[taly (1999-2000). Every poultry farmer had to notify the
government when daily flock mortality was >0.5% {alert
level}. When the first H7N7 HPAI cuthreak was reported in
The Netherlands in 2003, a different EWS was reinstated
until June 2005, when the alert threshold was weekly
mortality of 3% or a 20% reduction in either feed or water
consumption. The 1-week mortality threshold was criti-
cized, because it implicitly delayed a response for up to 1
week after the onset of disease (Elbers et al., 2007). After
eradication of the disease, Elbers et al. {2007} suggested
stricter naotification thresholds, based on an analysis of
daily within-flock mortality data. Different recommenda-
tions were made for each poultry type, e.g. a threshold of
>0.25% daily mortality for 2 consecutive days for caged
layers. In addition, it was recommended that a poultry
farmer sheuld consult the veterinarian in the event of a
reduction of 5% for 2 consecutive days in (1) feed or water
intake or (2} daily egg production in layers.

1.3. The H6N2 epidemic in California

This study uses data collected from the 2000-2004
H6N2 AIV epidemic in California. In February 2000, a LPAIV
subtype H6N2Z was isclated from a backyard flock in
Southern California (Kinde et al., 2003}. During the next 2
years, infection was detected on 16 commercial premises
(Kinde et al., 2003}. The flocks presented with respiratory
distress, a substantial decrease in total egg production {10-
40%) and a slight increase in total mertality over baseline
(0.25-3%) (Kinde et al., 2003). In early 2002, the epidemic
spread to the Central Valley in Northern California. The
associated pathology was more severe (fibrinous yolk
periteonitis, and occasionally salpingitis, cophoritis and
misshapen ovules). In a few cases, decreased feed
consumption was also cbserved. It was also noted that
pullets did not develop the disease until they started laying
eggs (>20 weeks of age) (Kinde et al, 2003). Genetic
studies on the different isolates suggest adaptation of the
virus to its chicken host {Webby et al., 2002 ). Not being an
H5 or H7 strain, there were no control plans in place and it
was only through the application of a voluntary plan
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developed by the California poultry industry that the
epidemic was controlled (Cardona, 2003).

The purpose of this study was to develop and evaluate
an EWS for LPAI for commercial egg producticn farms,
which could be best used as part of the alert system in a
cooperative control program, such as those implemented
by turkey producers in Minnesota or by egg producers in
California (Halvorsen, 1984; Poss, 2003; Cardona, 2005).
Such cocoperative control programs ensure that appro-
priate and pre-defined preventive and control actions are
taken promptly when the system is triggered, and are
particularly useful for non-notifiable diseases such as
(non-HS or H7) LPAI, where governments may not take
action and it is up to the producers to respond.

2. Materials and methods
2.1. Data

Daily mortality and egg production records from HGN2
LPAIV-infected flocks were ebtained from 27 flocks on one
commercial premises in Southern California that suffered
an outbreak of HGN2 LPAI in 2002. Infection was confirmed
by virus isolation from five submissions from different
flocks. Subsequently, additional flock outbreaks were
detected based on clinical signs (Woolcock, personal
communication, 2009}. The daily data available covered
2 months {January and February 2002}, with the outbreak
occurring during the second week of January. A flock was
defined as hens of a single strain and age housed in a
discrete building or structure. The hens were housed in
cages on a multi-age egg production farm and birds were
not vaccinated against Al Information about the strain and
age of the hens was also obtained. Seventeen flocks were
affected during pre-molt production (9 flocks at 63 weeks
of age and 8 flocks at 37 weeks of age) and the remaining
10 between the first and the second molt, at 85 weeks of
age. Mean flock size was 25,040 birds (range=8754-
107,261).

Because data from healthy flocks from the affected farm
were not available, records were obtained from another
company in Southern California to estimate the baseline
mortality and egg production trends for a standard flock.
Data were checked for normality using the chi-square
goodness of fit test. The comparison farm had no history of
LPAl or any major disease event (according to farm
records), had similar management practices, similar
genetic strains, and was located in a similar environment
in Southern California at around the same time. Forty-four

commercial layer flocks housed between May 2002 and
December 2004 in 20 poultry houses were selected. The
hens were producing eggs up to 100-103 weeks of age,
with cne molt at around 66 weeks of age. Mean flock size
was 25,726 birds (range =16,920-75,324).

2.2, Data analysis

Baseline mortality trends (when no LPAI is present}
were calculated using data from all 42 flocks for both the
pre- and the post-molting periods. Mortality data over the
molting period were not included in the analysis, because
of the extremely high variability during molting between
and within flocks. Because molting occurs at different
times in each flock, depending on egg production and the
market price for eggs, post-molt mortality data were
aligned to day 1 of the post-molt production. The
calculation of the egg production trend required a different
approach because the slope changes depending on the
stage in the production cycle, first increasing steeply to a
maximum, and then decreasing gradually until the molting
period. A spline regression model was used, which allows
the functional form of the relationship to change at cne or
more points along the range of the predictor (splines).
Locations of these shifts are called knot points or knots. If
knot points are fixed by the analyst, like in this case, splines
can be easily fitted {Dohoo et al,, 2003). Egg production
models for the pre- and post-molting periods were defined
by the parameters shown in Table 1. Spline models were
used with five and two knots for pre- and post-molt
productions, respectively. Production data over the molt-
ing period were also excluded. Excel® {Microsoft Corpora-
tion, Redmond, WA} was used to perform all calculations.

2.2.1. Outbreak mortality and production data

No outbreak occurred until the second week of January,
so mean daily mortality of the previous week was used to
estimate the initial baseline daily mortality. This was
considered a sufficient period of time, since daily mortality
does not fluctuate substantially when a flock is in
production {(around week 20). The expected mortality (if
there were no outbreaks) was calculated by applying the
mortality trend formulas (y =ax + b) shown in the results
section, where “b" is the initial baseline daily mortality, “x"
is time {days in production after the first week}and “a" is a
trend coefficient. The daily mortality attributable to the
outbreak was obtained by deducting the expected daily
mortality from the observed daily mortality during the
outbreak.

Table 1

Spline medel for the pre- and post-melt egg production in a commercial layer flock.
Knot no. (pre- or post-melt) Pesition (time in days) Trend after each knot {x = days) R?
1 (pre) 1 y=0x 1.00
2 (pre) 11 y=0.13412x — 1.50211 0.97
3 (pre) 18 y=0.19154x* — 7.32565x + 72.51697 1.00
4 (pre) 35 y=0.00237x% — 0.43692x* + 26.81577x — 454.59275 0.97
5 {pre} 74 y = —0.06609x + 99.82599 0.89
1 (post) 1 y=0.0203x> — 0.5165x% + 3.6533x — 5.4509 0.96
2 {post) 22 y=0.0256x> — 2.606x% + 87.99x — 900.31 0.94
3 (post) 41 y=—0.0879x+93.44 0.80
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A similar process was used for egg production data.
First, the initial baseline daily egg production was
calculated by averaging the records of the first week.
Second, depending on when in the production cycle the
outbreak occurred, the corresponding egg production
trend (from the spline model shown in Table 1) was used
to estimate the expected egg production (if there were no
outhreaks). Third, the expected daily egg production was
deducted from the observed daily egg production during
the outbreak to calculate the daily egg production loss
attributable to the outhreak.

2.3. Eorly warning system (EWS)

The EWS was designed in a spreadsheet. Two EWS
scenarios were set up: EWS1, an alert threshold, which
occurs when the observed mortality exceeds the
expected mortality {as defined by the mortality trend}
by more than a factor “x” in a single day, and EWS2, an
alert threshold, which occurs when the observed
mortality exceeds the expected mortality by more than
afactor *y" during each of 2 consecutive days. One reason
for implementing the EWS2 is to avoid a very common
inaccuracy from poultry record keeping, which may arise
because daily mortality counts occur at different times
during the day, resulting in high counts recorded late in
the day and lower counts the following day (and vice
versa). This anomaly will result in a higher number of
false alerts from the EWS1. In addition, a combination of
both types of alerts was also evaluated, i.e. having an
alert when either of the two alert levels is exceeded. The
same concept of 1- and 2-day EWSs were used for the
production data: EWS1 is an alert threshold, which
occurs when the cbserved decrease in egg production is
lower than the expected egg production (as defined by
the egg production trend} by more than a facter “x” in a
single day, and EWS2 is an alert threshold, which occurs
when the cbserved decrease in egg production is lower
than the expected egg production by more than a factor
“y" during each of 2 consecutive days.

The EWSs (each individually and their combination}
were tested with data from both LPAIV-infected and non-

infected flocks. For the non-infected flocks, data were
obtained for a total of 82 two-month periods starting at the
same weeks of age as the LPAIV-infected flocks (37, 63 and
85 weeks of age). Three outcome criteria were used to
evaluate/optimize the threshold levels: detection delay
(DD) of an LPAI outbreak (in outbreak flocks), the
percentage of false alerts (FAs) triggered {in non-outbreak
flocks), and the percentage of LPAI outbreaks missed (in
outbreak flocks}.

To evaluatejcompare the EWS against fixed EWSs, and
since no LPAI EWS was found in the literature, the three
EWS described in the introduction that were usedf
recommended to control the H7N7 HPAI epidemic in the
Netherlands {Elbers et al., 2007), were adapted for LPAI by
setting stricter alert levels. The same daily data from the
H6N2 affected and healthy flocks were used to evaluate
these adapted fixed EWSs according to the same perfor-
mance indicators (detection delay, percentage of false
alerts and percentage of cutbreaks missed).

3. Results

3.1. No LPAI outbreak {baseline) mortality and production
data

Daily mortality (%} was estimated as

y =0.00010882x + 0.00971850 (1
and
y=0.00011851x+ 0.02163608 (2)

where x=days in production, for pre- and post-molt,
respectively {(Eqs. (1) and (2) and Figs. 1 and 2). Data
conformed to generalized linear model assumptions.
Regarding the normality assumption, the error terms were
not significantly different from the normal distribution,
with p values of 0.41 and 0.54 for pre- and post-molt error
terms, respectively.

The comparisons between the predicted and the
observed egg production curves are illustrated in Figs. 3
and 4, and the production trends are shown in Table 1.

Mortality (%)

0 50 100 150

200 250 300 350

Time (days in production)

Fig. 1. Mean and predicted daily pre-molt percent mortality in a commercial layer flock (R? = fit of the model). The mean is based on data obtained from 44
healthy commercial layer flocks housed between May 2002 and December 2004 in California.
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Mortality (%)
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Fig. 2. Mean and predicted daily post-molt percent mortality in a commercial layer flock (R? = fit of the model). The mean is based on data obtained from 44
healthy commercial layer flocks housed between May 2002 and December 2004 in Califernia.
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Fig. 3. Mean and predicted daily pre-melt percent egg production in a commercial layer flock The mean is based on data cbtained from 44 healthy
cemmercial layer flocks housed between May 2002 and December 2004 in California.

3.2, LPA! outbreak mortality and production (descriptive
statistics)

The mean total mortality attributable to the outbreak
during the 18-day period in which LPAl-associated mortal-
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Fig. 4. Mean and predicted daily post-molt percent egg preduction in a
cemmercial layer flock. The mean is based on data cbtained frem 44
healthy commercial layer flocks housed between May 2002 and
December 2004 in California.

ity exceeded the expected values (Fig. 5} was 1.73%
(range =0.18-5.27). Pre- and post-molt data were poocled
for the calculations since no statistically significant differ-
ence was found between the two groups {(p=0.6}. The peak
daily mortality attributable to the outbreak was 0.40%
(range =0.09-2.30%). Egg production was substantially
below expected for approximately 6 weeks after the onset,
and remained steady at 8% below expected for the
remaining period for which data were available. During
the 7-week period, the LPAI-associated egg loss was 17.18%
(range = 3.13-28.49%). The maximum drop in egg produc-
tion (35.66%; range=22.45-60.95%) occurred 4 days
(range = 2-7 days) after the LPAl-associated mortality peak.

3.3. Early warning system (EWS)

Results assuming different alert levels for EWS1 and
EWS2 are presented in Figs. 6 and 7. Only alert levels that
resulted in no missed outbreaks were selected (with the
exception of ESW1 mortality alert levels 3.5 and 3.25 that
missed 3.7% of outbreaks ). As expected, stricter alert levels
resulted in more false alerts and shorter detection delays.
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Fig. 5. Mean changes in daily percent mortality and percent egg preduction attributed toe a H6N2 low pathogenic avian influenza (LPAI) cutbreak. The mean
values are based on data obtained from 27 commercial layer flocks that experienced HEN2 LPAI cutbreaks in January and February 2002 in Califernia.

The EWSs based on increased mortality were preferred
over those based on decreased egg production. For EWS1,
when using egg production-based alert levels, the percen-
tage of false alerts and the detection delay were
consistently at least 70% higher and 4 days longer,
respectively, than for mortality-based alert levels
(Fig. 6). For EWS2, when mortality and egg production
alert levels that resulted in similar percentages of false
alerts were compared, the detection delay was consistently
approximately 4 days longer when using egg production-
based alert levels (Fig. 7). Based on these findings, there
was no benefit in using egg production vs. mortality as a
trigger of the EWS.

For the mortality-based system, increasing the EWS1
alert level from 2.25 to 2.75 times the baseline mortality
resulted in a substantial decrease in the number of false
alerts from 29.3% to 2.4%, and a minor increase in detection
delay from 6.0 to 7.4 days (Fig. 6). Similarly, increasing the
EWS2 alert level from 1.75 to 1.85 times the baseline

Alert level (times baseline egg production)
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Fig. 6. Performance results of an early warning systemn for HEN2 low
pathegenic avian influenza (LPAI) outbreaks in commercial layer flocks
for an early warning system (EWS1) based on changes in egg production/
mortality for 1 day. Parameters measured are detecticn delay (DD) (days)
and false alerts (FAs) (%). Only alert levels that resulted in no missed
outhreaks (with the exception of mortality alert levels 3.5 and 3.25 that
missed 3.7% of outbreaks) are represented. The egg production alert level
0.6 is not represented, because it missed 40.7% of cutbreaks.
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mortality resulted in a decrease in the number of false
alerts from 8.5% to 3.7%, and an increased detection delay
from 7.6 to 7.8 days (Fig. 7). Further increases in alert levels
resulted in minor decreases in false alerts and minor
increases in detection delays in both EWS1 and EWS2
(Figs. 6 and 7).

Combining EWS1 and EWS2, i.e. assuming an alert
occurred when the trigger was exceeded in either system,
as expected, resulted in reduced detection delays and
increased false alerts compared with using either system
individually (Table 2). Exceptions were when the alert
levels for the combined EWSs were high: 2.15 and 3.50 for
EWS2 and EWS1, respectively, which produced the same
level of false alerts as when the EWSs were used on their
own. In addition, no outbreaks were missed for any of the
EWS1 and EWS2 combinations.

When comparing the performance of this study’s EWSs
with the three adapted {fixed} EWSs usedjrecommended
in the Netherlands, results for the latter were worse for the
three evaluated criteria as shown in Table 3. Particularly,
the detection delay associated with the Dutch system

Times baseline egg production
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Fig. 7. Perfoermance results of an early warning system for HEN2 low
pathogenic avian influenza (LPAI) outbreaks in commercial layer flocks
for an early warning system (EWS52) based on changes in egg production/
mortality for each of 2 censecutive days. Parameters measured are
detectiondelay (DD} (days) and false alerts (FAs) (%). Only alert levels that
resulted in no missed outbreaks are represented.
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Table 2

Performance results of an early warning system (EWS) for HGN2 low pathegenic avian influenza (LPAI) cutbreaks in commercial layer flocks based on
increased mortality for 1 day (EWS1), each of 2 consecutive days (EWS2), and the cembination of EWS1 and EWS2, Parameters measured are detection delay

(DD) (days), false alerts (FAs) (%), and cutbreaks missed (%).

EWS 1 (times baseline mortality) EWS2 alene
2.75 3.00 3.25 3.50
DD FAs DD FAs DD FAs DD FAs DD FAs
(days) (%) (days) (%) (days) (%) (days) (%) (days} (%)
EWS 2 (times baseline mortality) 1.75 6.9 11.0 7.0 11.0 7.3 938 7.4 8.5 7.6 8.5
1.80 6.9 85 7.0 85 7.3 73 7.4 6.1 7.6 6.1
1.85 6.9 6.1 7.0 6.1 7.3 49 7.4 37 7.8 3.7
1.90 6.9 6.1 7.0 6.1 7.3 49 7.4 37 7.9 3.7
1.95 7.0 6.1 7.2 6.1 7.7 49 7.7 37 8.3 3.7
2.00 72 49 74 49 7.9 37 7.9 2.4 8.6 24
2.05 7.2 3.7 74 3.7 7.9 24 8.0 12 8.6 1.2
2.15 72 24 74 24 7.9 12 8.0 0.0 8.7 0.0
EWS 1 alone 74 24 7.9 2.4 8.6% 1.2 8.7* 0.0

@ All 27 simulated cuthreaks were detected except in the case of when EWS1 alone was used (for 3.25 and 3.50 times the baseline mertality, EWS1 failed
tedetect 1 cutbreak=3.7% of LPAl cutbreaks missed); EWS1: an alert threshold whenthe observed daily mortality exceeded more than x times the expected
mortality; EWS2: an alert thresheld, which has to be exceeded during 2 consecutive days before an alert cccurs. This analysis is based on data obtained from

twe commercial farms in Califernia.

always exceeded 8 days, consistently higher than the EWS
alternatives presented in this study.

4. Discussion

This study demonstrates that non-notifiable LPAIVs can
cause considerablelosses to the poultry industry: associated

Table 3

Performance results of three early warning systems (EWS) with fixed
alert levels to detect H6N2 low pathogenic avian influenza (LPAI)
cutbreaks in commercial layer flocks. These are EWSs used/recom-
mended in the Netherlands criginally intended to detect highly
pathogenic avian influenza cutbreaks that have been adapted to detect
LPAI cutbreaks. Parameters measured are detection delay (DD) (days),
false alerts (FAs) (%), and cutbreaks missed (%).

Mort (%) DD FAs (%) Outbreaks missed (%)
The Netherlands EWS during the outbreak in Italy (2000): 0.5% mort
per day

=0.100 83 26.8 0

=0.113 8.6 8.5 3.7

=0.125 8.8 37 37

=0.150 04 1.2 3.7

=0.200 10.3 1.2 7.4

=0.500 10.5 1.2 63

The Netherlands EWS during the outbreak (2003-05): >3% mort per
week

=0.60 100 232 37
=0.65 105 1.2 37
=0.70 10.7 0 37
=075 106 0 3.7
=1.00 11.9 0 18.5
=2.00 11.6 0 70.4
=3% 13.7 0 88.9

The Netherlands recommended EWS after the outbreak (2007):
>0.25% mort for 2 days

=0.090 9.4 12.2 0
=0.095 9.7 4.9 0
=0.100 019 1.2 0
=0.125 103 0 37
=0.150 10.6 0 7.4
=0.200 11.4 0 29.6
=0.250 11.7 0 40.7

Mort: mortality; FA: false alert; DD: detection delay. Actual notification
values used/recommended appear in gray (Elbers et al., 2007).

mortalities of nearly 2% in just over 2 weeks and egg losses
close to 20%. The egg production loss may have been much
higher if data after the seventh week had been available.
After the sixth week, egg production stabilized at 8% below
expected, indicating that depressed production may con-
tinue for the remaining of the production cycle. This may be
explained by the severe reproductive disorders described by
Kinde et al. {2003 }in H6N2 LPAl-infected flocks, from which
some hens may never recover.

The proposed EWS differs from previously used EWSs in
that the latter are based on trigger values that are not
adjusted to the individual flock, but fixed. While a fixed
approach may be valid for very pathogenic diseases, such
as HPAI, it will result in a lower detection probability for
less pathogenic diseases, such LPAL An alert level (such as
the ones used/recommended in the Netherlands) that is
fixed for all commercial egg production flocks in the
country does not take into account that flocks with poorer
standards will systematically trigger false alerts. Similarly,
management factors, strain of bird used, whether the flock
is pre- or post-moelt or season of the year are also ignored.
However, all these factors will affect both mortality and
egg production. The advantage of the EWS described in this
study is that it can incorporate these confounders, by using
observed values for each monitored flock. The proposed
EWS allows setting up tighter and, therefore, much more
sensitive and realistic trigger values, resulting in consis-
tently favorable results for the three criteria examined
(detection delay, percentage of false alerts and percentage
of outbreaks missed}, when compared to fixed EWS.

The chosen EWS scenario and alert levels will depend
on the situation: what is a satisfactory detection delay, the
number of false alerts that can be eccnomically justified, or
whether it is acceptable to miss an outbreak. This is an
additional advantage compared with a fixed EWS, since it
allows adjusting the alert levels to a changing situation. For
example, at times when the risk of infection may be higher,
a farmer/poultry association may want to set stricter alert
levels to increase the sensitivity of the system, e.g. during
an epidemic in the region, during waterfowl migration or
during breeding seasons (Halvorson, 1984). Alert levels
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could also be stricter for situations when an Al outbreak
would imply higher losses, such as in multi-age premises,
for valuable birds (breeders and layers vs. broilers), or in
areas with very high poultry density, where control of the
disease would be difficult. Other factors to be considered
include existing biosecurity level, structure of the affected
poultry industry, size of flocks and farms, existing legalf
regulatory framework, past experiences with disease
outbreaks, egg prices, AlV strain, whether compensation
programs are present, and outbreak costs {culling, disposal
or vaccination). Fewer outhreaks missed and shorter
detection delays are inversely related to the number of
false alerts, which cost money in the form of laboratory
diagnosis expenditures. A cost-benefit analysis should be
performed before setting alert levels. It is key to know (1}
the costof an outbreak and how much of that cost could be
saved by detecting the outbreak earlier, thus reducing the
spread within and among farms; and (2} the cost of
sampling, shipping and laboratory testing, which will
depend on the number of samples per flock, the pathogens
tested, the types of tests used, and whether testing is paid
{or subsidized) by the government or by the industry.

It was coencluded that the monitoring of egg production
was not appropriate for an EWS, at least for this particular
scenario, because it was always triggered after mortality
(see Fig. 5}, while not decreasing {and sometimes actually
increasing) the number of false alerts. However, it could
still be used as a confirmation of a disease process in the
flock. In fact, LPAI signs may differ by strain and, in some
cases, decreases in egg production may precede mortality
changes (Elbers et al., 2004). Since we do not always know
which LPAIV strain will enter the farm next, keeping egg
production as a supplemental trigger parameter may help
in the early detection of other LPAIVs. The fact that signs of
LPAI are non-specific and therefore similar to those of
other important poultry diseases, means that this EWS will
have an additional externality benefit in that it will also
improve the early detection and control of other important
poultry diseases such as Newcastle disease (ND}, infectious
bronchitis (1B}, mycoplasmosis, infectious laryngotrachei-
tis (ILT), metapneumovirus infections and infectious
coryza. In the event of an alert, samples will have to be
tested for other pathogens. It would be useful to test this
EWS against daily data from flocks affected by other LPAIVs
and other avian diseases. Moreover, this EWS could also be
easily adapted to other production settings, e.g. broilers or
breeders, or species, e.g. turkeys, ducks, or quails. The EWS
could be further improved by adding other usual daily
parameters that are usually recorded at farm level, such as
egg size and egg quality, water and feed intake, or looking
for clinical signs.

Applying this EWS on commercial egg production farms
should present minimal additional work. Baseline mor-
tality and production estimates required for the EWS
would be based on historic data collected for the specific
premises. Many of the already existing programs for data
entry, record keeping and analysis of production and
mortality data already utilize spreadsheets for data entry.
Therefore, once expected mortality and egg production
patterns were estimated, adding this EWS application
would require no extra input from the farmer other than

the daily data entry, which is already deone at most
commercial and semi-commercial farms. In addition,
trigger values are easily changed in an input cell, so the
system could be tailored to each farming environment.
Trigger values could be dynamic, and quickly modified
throughout one production cycle according to a changing
situation.

In conclusicn, we believe results presented here
demonstrate how a custom-tailored EWS could be easily
adapted by the poultry industry to detect LPAI and other
diseases of low pathogenicity.

Acknowledgements

The authors acknowledge the help and insight of the
California poultry producers who aided in the completion
of this project and without whose help this work would
have not been possible. Additionally, we would like to
thank the Fulbright Commission in Spain and the
University of California Davis for the scholarships they
granted to Dr. Beltran-Alcrudo to fund the Master in
Preventive Veterinary Medicine program. We would also
like to thank Jennifer Siembieda for her assistance on data
analysis.

References

Alexander, D.J., 2003. Report on avian influenza in the Eastern Hemi-
sphere during 1997-2002. Avian Dis. 47, 792-797.

Alexander, D.J., 2007. An cverview of the epidemiclegy of avian influenza.
Vaccine 25, 5637-5644.

Capua, I, Alexander, D.J., 2004. Avian influenza: recent developments.
Avian Pathel. 33, 393-404.

Capua, I, Marangon, 5., 2006. Control of avian influenza in poultry. Emerg.
Infect. Dis. [serial on the Internet].

Capua, L, Marangon, 5., dalla Pezza, M., Terregino, C.G.C., 2003. Avian
influenza in Italy 1997-2001. Avian Dis. 47, 839-843.

Cardena, C., 2005. Low-pathogenicity Avian Influenza Virus Outbreaks in
Comrmnercial Poultry in California. The Threat of Pandemic Influenza:
Are We Ready? National Academies Press, Washington, pp. 243-253.

Carpenter, T.E.,, Chriél, M., Greiner, M., 2007. An analysis of an early-
warning system tc reduce abortions in dairy cattle in Denmark
incerporating both financial and epidemiclogic aspects. Prev. Vet
Med. 78, 1-11.

Chin, P., Heffman, E., Webby, R, Webster, R., Guan, Y., Peiris, M., Short-
ridge, K., 2002. Mclecular evolution of HE influenza viruses frem
poultry in southeastern China: prevalence ¢f HGN1 influenza viruses
possessing seven A/Hong Kong/156/97 (H5N1)-like genes in poultry.
J. Virel. 76, 507-516.

Dohoo, 1, Martin, W., Stryhn, H., 2003. In: McPike, S.M. (Ed.), Logistic
Regressicn. Veterinary Epidemiclogic Research AVC Inc,
Charlottetown, pp. 335-369.

Dunn, P.A., Wallner-Pendleton, E.A., Lu, H., Shaw, D.P., Kradel, D., Henzler,
D.J., Miller, P, Key, DW,, Ruanc, M., Davison, S., 2003. Summary of the
2001-02 Pennsylvania H7N2 low pathogenicity avian influenza out-
break in meat type chickens. Avian Dis. 47, §12-816.

Elbers, A.R, Holtslag, |.B,, Bouma, A., Koch, G., 2007. Within-flock mor-
tality during the high-pathogenicity avian influenza (H7N7) epidemic
in The Netherlands in 2003: implications for an early detection
system. Avian Dis. 51, 304-308.

Elbers, A.RW., Fabri, T.H.F,, de Vries, T.5., de Wi, |.]., Pijpers, A., Koch, G,
2004. The highly pathegenic avian influenza A (H7N7) virus epidemic
in the Netherlands in 2003. Lessens learned from the first five out-
breaks. Avian Dis. 48, 691-705.

Halverson, D.A, 1984, Avian Influenza A Minnesota Cooperative Control
Program. University of Minnesota Extension, AG-FO-2342.

Henzler, D.J., Kradel, D.C., Daviscn, $., Ziegler, AF., Singletary, D.,DeBok, P.,
Castro, AE, Lu, H, Eckreade, R, Swayne, D., Lagoda, W., Schmucker, B.,
Messelredt, A., 2003. Epidemioclogy, preduction lesses, and control
measures asscciated with an outbreak of avian influenza subtype
H7N2 in Pennsylvania (1996-98 ). Avian Dis. 47, 1022-1036.



332 D. Beltrdn-Alcrudo et al./ Preventive Veteringry Medicine 92 (2009) 324-332

Kawaoka, Y., Krauss, S., Webster, R.G., 1989. Avian-to-human transmis-
sion of the PB1 gene of influenza A viruses in the 1957 and 1968
pandemics. ]. Viral. 63, 4603-4608.

Kawaoka, Y., Webster, R.G., 1985. Eveluticn of the A/Chicken/Pennsylva-
niaf83 (H5N2) influenza virus. Virology 146, 130-137.

Kinde, H., Read, D.H., Daft, B.M., Hammarlund, M., Mcore, ], Uzal, F.,
Mukai, J., Woclcock, P., 2003. The occurrence of avian influenza A
subtype H6N2 in cocmmercial layer flecks in Southern California
(2000-02): clinicopathelegic findings. Avian Dis. 47, 1214-1218.

Kradel, D.C., 1987. Epidemiclogy of avian influenza. In: Jensen, N.S.
(Ed.), Proceedings of 36th Western Poultry Disease Conference.
University of California, Davis, CA, pp. 18-20.

Lee, CW., Senne, D.A, Suarez, D.L., 2004. Effect of vaccine use in the
evclution of Mexican lineage HSN2 avian influenza virus. J. Virol. 78,
§372-8381.

Marangon, S., Bortolotti, L., Capua, L, Bettic, M., Dalla Pezza, M., 2003.
Low-pathegenicity avian influenza (LPAI) in Italy (2000-01): epide-
mioclogy and centrol. Avian Dis. 47, 1006-1009.

Maeem, K, Siddique, N., 2006. Use of strategic vaccination fer the
contrel of avian influenza in Pakistan. Dev. Biol. (Basel} 124,
145-150.

Pess, P.E., 2003. Avian influenza in the turkey industry: the Minnescta
model. Avian Dis. 47, 335-340.

Scheltissek, C, Rehde, W., Von Hoyningen, V., Rott, R., 1978. On the origin
of the human influenza virus subtypes H2N2 and H3N2. Virology 87,
13-20.

Shortridge, K.F.,, 1982. Avian influenza A viruses of scuthern China and
Heng Keng: ecological aspects and implications for man. Bull. World
Health Organ 60, 129-135.

Swayne, D.E., Perdue, M.L, Beck, |.R., Garcia, M., Suarez, D.L., 2000.
Vaccines protect chickens against H5 highly pathegenic avian influ-
enza in the face of genetic changes in field viruses over multiple years.
Vet. Microb. 74, 165-172.

Webby, RJ., Woolcock, P.R, Krauss, 5.L., Webster, R.G., 2002. Reassort-
ment and interspecies transmission of North American H6N2 influ-
enza viruses. Virclogy 295, 44-53.



98 | PhD Thesis Daniel Beltrdn Alcrudo



General discussion

8.1. Main animal disease threats in 2010: pathogen types, drivers and
challenges

EMPRES Transboundary Animal Diseases Bulletin 2011

Infectious animal diseases can have a major impact on public health (zoonoses),
national economies (high-impact diseases), household livelihoods (enzootic
diseases) and, in very serious cases, global societal stability and security
(pandemics, bioterrorism...). Disease emergence is triggered by multiple,
interrelated factors: human and animal demographics, climate change, increased
mobility and globalization, urbanization, land degradation, drug resistance, and
mass animal rearing. There are three main pathways for emerging disease
pathogens to adjust host exploitation: pathogens as invaders into new territories;
pathogens performing virulence jumps; and pathogens performing species jumps.

Because of this complexity, a new approach is needed for disease prevention and
control. Current approaches to animal disease prevention and control are based on
the disruption of disease transmission. While these have proved effective in both
short- and long-term disease control programmes, they have been less successful in
some instances, as shown by the current persistence of H5N1 HPAI, despite
significant national and international efforts. This is because most current
approaches apply strong veterinary science and medicine disciplines in isolation
from other relevant disciplines, without confronting the root causes of disease
emergence at the animal-human-environment interface. Veterinary services need to
expand into an agro-ecological approach. Also the international community is
increasingly converging on such a multi-sectoral, multidisciplinary approach to
addressing the increasing disease threats. This approach, termed “One World, One
Health”, outlines a collaborative, international, cross-sectoral, multidisciplinary
mode of addressing threats and reducing risks of infectious diseases at the animal-
human-ecosystem interface, including the wildlife component.

The major disease threats are then analysed by geographical region (i.e. continent).
One of the most worrying and expanding threats is avian influenza, particularly in
south east and East Asia. H5N1 HPAI perhaps best illustrates the complexity of the
factors involved in the local, national, regional and even global spread of a newly
emerged animal pathogen. H5N1 HPAI has demonstrated what happens when a
new virus enters a new host population (chickens) from where it can jump to
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further species (human infections, illustrating how the virulence of an agent can
vary), and what happens when a new virus can spread across very large distances to
new susceptible populations.

8.2. Global trends in infectious diseases at the wildlife-livestock
interface

PNAS 2015

The role and significance of wildlife-livestock interfaces in disease ecology has
largely been neglected, despite recent interest in animals as origins of emerging
diseases in humans. However, no studies have sought to characterize the diseases
and animals involved on a global level. An extensive literature search combining
wildlife, livestock, disease, and geographical search terms yielded 78,861
publications, of which 15,998 were included in the analysis, providing the most
comprehensive overview of research on infectious diseases at the wildlife-livestock
interface to date. Publications dated from 1912 to 2013 and showed a continuous
increasing trend, including a shift from parasitic to viral diseases over time. Ten
diseases, mostly zoonoses, have accounted for half of the published research in this
area over the past century. Relatively few interfaces can be considered important
from a disease ecology perspective. These findings suggest that surveillance and
research strategies that target specific wildlife-livestock interfaces may yield the
greatest return in investment.

The bird-poultry interface was the most frequently cited wildlife-livestock interface
worldwide, ranking first in Asia, Europe, and North America and second in Oceania,
Africa, and South America. Of all publications citing a bird—poultry interface, avian
influenza (Al) constituted the 22%. The magnitude of this result highlights the
importance of the wildlife poultry interface for Al. However, time-series analysis
revealed that the number of publications on Al was highly positively correlated with
media coverage and research funding, highlighting the influence of specific disease
events and sociopolitical-economic drivers of research in this area. Just because a
certain wildlife-livestock interface is prominently reported in the scientific literature
does not necessarily mean that actual transmission is frequently occurring at this
interface. Avian influenza is an example where transmission at the wildlife-livestock
interface is often implied, but a functional interface is seldom documented and
proven. In fact, global spread of H5N1 was facilitated by poultry movement and
trade without any proximal role of wild birds in some countries.
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8.3. Avian flu school: A training approach to prepare for H5N1 highly
pathogenic avian influenza

Public Health Reports 2008

Since the reemergence of H5N1 HPAI in 2003, a panzootic that is historically
unprecedented in the number of infected flocks, geographic spread, and economic
consequences for agriculture has developed. The epidemic has affected a wide
range of birds and mammals, including humans. The ineffective management of
outbreaks, mainly due to a lack of knowledge among those involved in detection,
prevention, and response, points to the need for training on H5N1 HPAI. The main
challenges are the multidisciplinary approach required, the lack of experts, the need
to train at all levels, and the diversity of outbreak scenarios.

Avian Flu School aimed to address these challenges through a three-level train-the-
trainer program intended to minimize the health and economic impacts of H5N1
HPAI by improving a community’s ability to prevent and respond, while protecting
themselves and others. The course teaches need-to-know facts using highly flexible,
interactive, and relevant materials.

8.4. Integrating surveillance and biosecurity activities to achieve
efficiencies in national avian influenza programs

Preventive Veterinary Medicine 2011

Implementing HPAI prevention, surveillance and response national programs is a
very expensive endeavour, typically far exceeding a developing country’s budgeted
funds and thus requiring substantial donor support. Costs could be significantly
reduced if some of the tasks within the various components were combined,
particularly in the implementation of field activities.

One of the most obvious synergies is between surveillance and biosecurity
improvement activities, because: 1) Biosecurity and surveillance professionals must
engage and train the same groups such as poultry keepers, live bird market
managers, and poultry service providers; 2) Professionals implementing surveillance
and biosecurity programs would benefit from cross training; 3) Biosecurity and
surveillance professionals have overlapping tasks; and 4) Assessing biosecurity
measures and gaps at surveillance sites provides key information for
focusing/targeting surveillance.

The H5N1 HPAI panzootic has highlighted the need to build capacity for disease
prevention, detection and response preparedness. These efforts have encountered
the enormous expenses of training, communication, personnel and equipment.
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Cross-training among professional field staff, linking activities that require similar
knowledge and engage the same groups, and integrating surveillance, biosecurity
and other field activities will build more efficient disease prevention and
surveillance programs.

8.5. A flock-tailored early warning system for low pathogenic avian
influenza (LPAI) in commercial egg laying flocks

Preventive Veterinary Medicine 2009

The aim of this study was to develop and evaluate an early warning system (EWS)
for commercial egg laying flocks to detect the subtle mortality and egg production
changes that characterize LPAI infections. An EWS will create an alert when the
recommended trigger point is reached or exceeded. Previously used EWSs are
based on fixed alert levels, while the proposed EWS customizes the alert level to
each flock. While a fixed approach may be valid for highly pathogenic diseases, it
results in a lower detection probability for low pathogenic diseases.

The EWS was based on daily data collected from flocks affected by the 2000-2004
H6N2 LPAI epidemic in California. Three EWSs were evaluated: (1) EWS1 is triggered
when the observed mortality increase or production decrease exceeds more than X
times the expected daily value, (2) EWS2 is triggered when the observed mortality
increase or production decrease exceeds more than Y times during each of
2 consecutive days the expected daily values, and (3) a combination of the two. The
EWSs were evaluated according to three parameters: detection delay (days) of a
LPAI outbreak, false alerts (%) and outbreaks missed (%).

Results showed that an egg production-based EWS added no benefit to a mortality-
based system, mainly because H6N2 LPAIl-related egg production decrease always
occurred after increase in mortality. Combining the two EWSs resulted in a reduced
detection delay and no missed outbreaks, but at the expense of a slight increase in
the number of false alerts triggered. The system presented in this study also
outperformed fixed EWSs in all three evaluated parameters. The proposed EWS, if
used as part of a poultry cooperative program and combined with a rapid laboratory
diagnosis, could be a useful tool in the detection and control of LPAI outbreaks and
other poultry diseases. Built in a spreadsheet, the system could be inexpensively,
easily and quickly incorporated into a commercial egg production farm decision
support system. In addition, the proposed system could be quickly adjusted to
changing epidemic situations, and easily customized to individual flocks.
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Based

Conclusions [ Conclusiones

Conclusions

on the results and the conditions of the present study the following

conclusions are drawn:

FIRST:

Avian influenza spread, which is mostly human-driven, is one the biggest
threats to animal health, not just because of the important damages to
poultry production, local livelihoods and trade, but also because of the public
health implications.

SECOND: The wild bird-poultry interface is the most researched of all wildlife

THIRD:

livestock interfaces. However, although the interface exists, the role of wild
birds in Avian Influenza outbreaks in poultry has been exaggerated, since
they are mostly human driven, i.e. due to movements of poultry, poultry
products and fomites.

For an effective surveillance, prevention and control of H5N1 HPAI, it is
critical that all responders (i.e. farmers and others along the poultry chain,
veterinary services and public health services) are effectively trained in
multidisciplinary approach. In order to reach stakeholders at all levels, a
train-the-trainer approach is the most sustainable and effective.

FORTH: Implementing HPAI prevention, surveillance and response national

FIFTH:

programs is a very expensive endeavour. Costs can be significantly reduced if
some of the tasks are combined, particularly the implementation of field
activities like surveillance and biosecurity improvement.

Syndromic surveillance base on monitoring production parameters (e.g.
mortality or egg production) can be the most cost-effective way to detect
the subtle changes that characterize LPAI infections, particularly in
commercial farms.
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Conclusiones

En base a las condiciones del presente estudio y a los resultados obtenidos, se ha
llegado a las siguientes conclusiones:

PRIMERA: La diseminacidn de la Influenza Aviar, que normalmente es diseminada
por humanos, es una de las mayores amenazas a la sanidad animal, no sdlo
por los importantes perjuicios en la produccion de aves de corral, las
condiciones de vida de los productores y el comercio, sino también por las
implicaciones que tiene en la Salud Publica.

SEGUNDA: La interaccidn entre aves silvestres y aves de corral es la mas investigada
de todas las interacciones de la fauna silvestre y las producciones animals.
Sin embargo, a pesar de que esta interaccion existe, el papel de las aves
silvestres en los brotes de Influenza Aviar en naves de corral ha sido
excesiva, ya que en la mayoria han sido transmitidas por los humanos,
fundamentalmente debido a movimientos de aves, sus productos y fomites.

TERCERA: Para una vigilancia epidemioldgica, prevencion y control efectivos de las
cepas altamente patdgenas de Influenza Aviar (HPAI) H5N1, es fundamental
que todos los implicados (granjeros y otros implicados en la cadena
productiva, servicios veterinarios y servicios de salud publica) estén
entrenados debidamente con un enfoque multidisciplinar. Con el fin de
alcanzar a los participantes de todos los niveles, un enfoque de formar-al-
formador es la mas sostenible y efectiva.

CUARTA: La implementacidon de programas nacionales de prevencion, vigilancia
epidemioldgica y control de las cepas altamente patdgenas de Influenza
Aviar (HPAI) supone un importante esfuerzo econémico. Los costes pueden
reducirse significativamente si alguna de las tareas se combinan,
particularmente la implementacion de actividades de campo como la
vigilancia epidemioldgica y mejora de la bioseguridad.

QUINTA: La vigilancia sindrémica basada en la monitorizacion de parametros
productivos (mortalidad o produccién de huevos) puede ser la forma mas
econdmica para detectar los cambios sutiles que caracterizan las infecciones
por cepas de baja patogenicidad de Influenza Aviar (LPAI), en especial en
explotaciones comerciales.
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Apéndices

11.1. Caracteristicas de las revistas

En el presente apéndice se indican el factor de impacto (JIF) y las areas tematicas
correspondientes a las revistas donde se han publicado los trabajos incluidos en la
presente Tesis Doctoral. Todos los valores se han obtenido del Journal Citation
Reports® disponible en ISI Web of Knowledge.

En cada una de las areas tematicas sefaladas se indica el cuartil y entre paréntesis la
posicion de la revista indicada sobre el total de revistas incluidas en el drea de
estudio.

Revista Public Health Reports

JIF 1.299 Afo 2008

Areas tematicas Public, Environmental & Occupational Health: Q3 (70 /105)

Revista Preventive Veterinary Medicine

JIF  2.121 ARo 2009

Areas tematicas Veterinary Sciences: Q1 (10 / 142)

Revista EMPRES Transboundary Animal Diseases Bulletin

JIF - Ano 2011

Publicada por FAO Animal Production and Health Division

Revista Preventive Veterinary Medicine

JIF 2.046 Ano 2011

Areas temdticas Veterinary Sciences: Q1 (11/145)

Revista Proceedings of the National Academy of Sciences of the United
States of America (PNAS)
JIF 9.674 Afo 2014*

Areas tematicas Mutidisciplinary Sciences: Q1(4 / 56)
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11.2. Contribucion del doctorando y renuncia de coautores no Doctores

El doctorando es el primer o segundo autor de todos los trabajos presentados en
esta Tesis Doctoral, lo que justifica plenamente su contribucién. Ademas, debemos
indicar que todos los coautores son doctores.
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