The document you are trying to load requires Adobe Reader 8 or higher. Y ou may not have the
Adobe Reader installed or your viewing environment may not be properly configured to use
Adobe Reader.

For information on how to install Adobe Reader and configure your viewing environment please
see http://www.adobe.com/go/pdf_forms_configure.




Density of poultry holdings

10 to 50
5 to 10
2to 5
1to 2





AVIAN DISEASES 54:597-605, 2010

Redesigning the Serological Surveillance Program for Notifiable Avian Influenza in

Belgian Professional Poultry Holdings

Sarah Welby,*" Thierry van den Berg,” Sylvie Marché,® Philippe Houdart,“ Jozef Hooyberghs,” and Koen Mintiens™

ACoordination Centre for Veterinary Diagnostics, VAR, Groeselenberg, 99, 1180 Brussels, Belgium
BAvian Virology & Immunology, VAR, Groeselenberg, 99, 1180 Brussels, Belgium
CFederal Agency for the Safety of the Food Chain, Boulevard du Jardin botanique 55, 1000 Brussels, Belgium

Received 5 May 2009; Accepted and published ahead of print 22 October 2009

SUMMARY. This study was aimed at redesigning the Belgian active surveillance program for domestic birds in professional
poultry holdings based on a risk analysis approach. A stochastic quantitative analysis, combining all data sources, was run to obtain
sensitivity estimates for the detection of an infected bird in the different risk groups identified. An optimal number of holdings for
each risk group was then estimated on the basis of the different sensitivities obtained. This study proved to be a useful tool for
decision makers, providing insight on how to reallocate the total amount of samples to be taken in the coming year(s) in Belgium,
thus optimizing the field resources and improving efficiency of disease surveillance such as required by the international standards.

RESUMEN. Rediseio del programa de vigilancia seroldgica para la influenza aviar de notificacion obligatoria en explotaciones
avicolas profesionales en Bélgica.

Este estudio tiene como objetivo el redisefio del programa de vigilancia activa en Bélgica para aves de corral en instalaciones
avicolas profesionales basado en un enfoque de andlisis de riesgo. Se realizé un andlisis cuantitativo estocastico, que combina todas
las fuentes de datos para obtener estimaciones de sensibilidad para la deteccién de un ave infectada entre los diferentes grupos de
riesgo identificados. Se estimé un ndmero Optimo de explotaciones para cada grupo de riesgo sobre la base de las distintas
sensibilidades obtenidas. Este estudio fue una herramienta Gtil para los oficiales que toman decisiones, ya que proporciond una
vision sobre la forma de reasignar la cantidad total de muestras que deben recolectarse en los préximos anos en Bélgica, optimizando
asi los recursos en el campo y mejorando la eficiencia de la vigilancia de enfermedades, tal y como es requerida por las normas
internacionales.

Key words: avian influenza, active surveillance, scenario trees, risk base surveillance, optimum sampling

Abbreviations: Al = avian influenza; EPTH = effective probability of infection for holdings; EPIA = effective probability of
infection for animals; HPAI = highly pathogenic avian influenza; LPAI = low pathogenic avian influenza; PPr = population
proportion; RR = relative risk; SANITEL = animal identification and registration system; Se = sensitivity; SPr= sample

proportion; SS = sample size; TR = triangular distribution; U = uniform distribution

Avian influenza (Al) is caused by type A influenza viruses, RNA
viruses that belong to the Orthomyxoviridae family. Among type A
viruses, further subtyping is based on the characteristics of two viral
proteins, i.e., hemagglutinin and neuraminidase. Among all possible
combinations between the 16 different hemaglutinins and 9
neuraminidases, to date only H5 and H7 have been found to have
the potential to cause highly pathogenic avian influenza (HPAI).
Any HPALI isolate is classified as notifiable Al virus. Although all
virulent strains isolated up to now have been either of the H5 or H7
subtype, most H5 or H7 isolates have been of low virulence (2). Due
to the risk of a low virulent H5 or H7 becoming virulent by
mutation in poultry hosts, all H5 and H7 viruses are also classified as
notifiable Al viruses (30). Wild birds are a natural reservoir of LPAI,
which can be introduced into domestic poultry populations,
especially those held outdoors (26). Moreover, wild birds can
transport HPAI across borders when migrating and spread the
infection along their migratory routes (3,23). As a secondary route of
spread, human behavior is probably the main reason for the
infection within certain areas, through intensive farming and
inappropriate biosecurity measures, as well as trading and smuggling
(1,7,21,24). A worldwide pandemic of HPAI H5N1 in 2003-2004
had its origin in low-level but endemic circulation of the virus in
Chinese ducks that started in 1996. Following the devastating
economical and ethical repercussions of HPAI eradication in Italy, it
was suggested that the European Member States set up survey
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programs in order to detect LPAI before it actually spread from farm
to farm causing sanitary problems and carrying the risk of mutation
into HPAI (10). The outbreak of AI in the Netherlands also
contributed to the conclusion that serological monitoring of LPAI
was needed in addition of reporting of HPAI (15). Similarly in
Belgium, it was suggested that adaptive measures to detect the virus
must be set before it spreads in order to prevent the use of drastic
measures (35). In addition, the fear of a huge pandemic in humans
and animals along with its dramatic consequences in the poultry
industry underlined the need to detect the pathogen before it
actually spreads. Decision 2007/268 of the European Commission
(13) modifying the decision 2004/450/CE requires compulsory
surveillance programs be implemented in all European Member
States for the detection of Al. This decision also stipulates targeting
the surveillance on particular populations that are more at risk.
The Belgian surveillance program for Al is carried out in
accordance with the Commission Decisions 2005/734 and 2007/
268 (13,14). It concerns both domestic poultry (chickens, turkeys,
geese, ducks, ratites, and other poultry such as guinea fowl,
partridges, pheasants, meat pigeons) and wild birds and consists of
both passive and active surveillance. Commission Decisions 2005/
734 (EC) (14) aims at an early detection system in professional
poultry holdings to detect an infection with HPAI serotypes H5N1
or H7N7. Commission Decision 2007/268 (13) sets up guidelines
for active surveillance in professional poultry holdings: 1) detection
of subclinical infections of LPAI H5 and H7; 2) detection of LPAI
H5 and H7 in poultry populations that are more at risk due to their
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exposure, their rearing method, or due to their species susceptibility;
3) substantiation of freedom of disease status from a particular
region or zone, in the context of international trade. Commission
Decision 2007/268 (13) also implements standard guidelines for
implementing passive and active surveillance in wild birds. The
active surveillance in domesticated poultry aims at detecting LPAI
circulation through serological sampling except in ratites for which
the sample collection is cloacal and tracheal swabbing. The active
surveillance in wild birds consists of cloacal and tracheal swabbing
during the ringing of wild birds and during the hunting season.
Passive surveillance aims at early detection of HPAI in professional
poultry holdings and is based on any reported increase in mortality
or morbidity or any decrease in water consumption, feed intake, or
egg production. In wild birds passive surveillance consists of
reporting any suspicious increase of mortality in wild birds to the
Royal Belgian Institute of Natural Sciences.

The risk of a bird population becoming infected with Al is
influenced by numerous factors. The presence of migrating wild
birds (usually characterized by the presence of large water surfaces),
high population density, outdoor housing, regions with bird
movements, numerous external contacts with other farms, and
inappropriate biosecurity measures may all increase the risk for
infection. The response to infection also differs between birds’
species. Infected chickens and turkeys will most often show clear
clinical symptoms; whereas, geese and ducks will generally have
subclinical infections. Because the virus can circulate in the latter
species without notice and can thus be transmitted to poultry in
which mutation can produce a HPAI, they are a high-risk species
(1,5,10,11,17,19,26,34). All factors that influence the probability of
infection should be considered in the design of a risk-based
surveillance system in a country because the sampling should focus
on subpopulations with higher probability of infection.

The aim of this study was to evaluate the sensitivity of the Belgian
serological active surveillance program for detecting LPAI in
professional poultry holdings; in other words, to test the capability
of the current active serological surveillance program to detect the
disease if it were present in the country. The sensitivity was estimated
for different risk groups (subpopulations) based on region (five
different regions were considered according to the relative risk zone
surface within each region), risk zone (defined as zones where in
between farm distance and likelihood of disease introduction was
higher), and holdings with or without outdoor facilities and species.
Secondly, we aimed to propose a targeted surveillance protocol to
allow an optimal probability of detecting an infection in the
different risk groups. This optimal sample size took into account the
sensitivities obtained for the current surveillance and the legal
requirements. An optimized sample scheme, redistributing the
samples foreseen to be taken in 2009, was proposed following the
optimal results obtained.

Martin et al. (27) have proposed methods for the analysis of
complex surveillance systems that are in place for substantiating
freedom from disease. These studies were conducted for different
discases and proved the methods’ efficiency (22,27,28,32). The
consecutive events that contribute to the detection of an infection in
a population are described as nodes in a scenario tree. Each node is
related to a risk for infection or the probability of detection, and
following their differential risks, respective reference population
proportions (PPr) and the number of animals processed through the
surveillance system component (SPr) are assigned to each category
node in the tree. PPr defines the population proportion within each
branch to the overall reference population in that category node,
while SPr defines the number of sampled population in that branch.
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Data from past experience, the literature, and expert elicitation can
be used to provide the input parameters in the tree.

MATERIALS AND METHODS

Active surveillance for LPAI in domesticated poultry. Domesti-
cated poultry over 13 wk of age and present in professional holdings
were considered to be the study population. The sampling frame
consisted of Belgian professional holdings as identified in the Animal
Identification and Registration System (SANITEL) with more than 200
birds or more than 15 ratites, excluding holdings with broilers. The
sampling is stratified by regions (18) to ensure representative sampling
of the total population. The number of holdings to sample per region
must be sufficient to ensure the detection of an infected holding with
95% confidence when 5% (design prevalence) of the holdings are
infected, except for turkey, geese and ducks for which a 99% confidence
level is required. The number of birds to be sampled per holding must
guarantee the detection of a 30% design prevalence with a 95% confidence
level for all poultry types, except for turkey, geese, and ducks for which a
fixed number of 40-50 animals must be sampled in each holding. These
requirements were set by the Community Reference Laboratory (VLA,
Weybridge, UK) for the Al monitoring program. All holdings are sampled
once per year, except holdings in risk zones or those with turkeys, geese,
and ducks at risk, which are sampled twice per year.

Scenario tree description. The methods proposed by Martin et 4.
(27) were adopted for estimating the probability of detecting LPAI if it
was introduced in one of the risk populations in Belgium. A scenario
tree was designed in Microsoft Visio; Redmond, WA) comprising nodes,
branches, and outcomes (Fig. 1). Three different types of nodes were
used: 1) category nodes distinguish different population proportions
homogeneous with regard to the risk of infection or detection; 2)
infection nodes involve steps in the process related to the introduction of
infection; 3) detection nodes involve steps in the process of detecting the
infection. The nodes characterize the different effective probability of
infection or detection (i.e., farm status, animal status, and lab
sensitivity). The tree starts with the country status as an infection node.
The region status is also an infection node, followed by a category node
with five branches representing the regions that were established for the
sampling stratification in Belgium. Then category nodes “risk zone” and
“outdoor facilities,” each with two branches, classify the different
holdings according to their probability of being in a risk zone or having
outdoor facilities, respectively. The farm status infection node indicates
the effective probability of a farm being infected within each branch.
From farm status, a category node “species” differentiates bird species
within farms according to the risk of infection represented by the
different species. At the end of each limb of the tree, different risk
groups are obtained according to risk zone, outdoor facilities, and type
of species, each having a specific effective probability of infection and a
probability of detection. A risk group is defined by the possible
combinations of the different categories. For instance a risk group
RiskZoneOutdoorChicken combines the categories chicken in category
farm with outdoor facilities in category risk zone. Separate trees were
developed for each region in Belgium and for the whole country.

Parameters in the different nodes. In order to estimate the sensitivity
of detecting an infection in the different risk groups, parameters were
allocated to the different categories in the tree. Population proportions
(PPr) of holdings or animals and the number of holdings or animals
sampled (SPr) were allocated to each category node or the different risk
groups, respectively. Population proportions (PPr) of holdings or animals
and the holdings or number of animals processed by the surveillance
component (SPr) were obtained from the SANITEL dataset.

To obtain the effective probability of infection for holdings (EPIH)
and animals (EPIA) in the different risk groups, the overall herd (PH)
and within-herd (PA) design prevalence as imposed by Commission
Decision 2007/268 (PH = 5% and PA = 30%) was weighted by a risk
group specific (adjusted) relative risk. The relative risks for infection
with regard to being in a risk zone, having outdoor facilities, species at
risk, and lab sensitivity were obtained from either past experience or
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literature. The adjusted risks (ARs; equation 1) were obtained by dividing
the relative risks (RRs) for infection by the sum of the relative risk in each
risk group multiplied by the PPr in each branch of the category.
RR,
AR= S (1)
Z RR, X PPr,-
i=1

For each risk group 7, the EPIH and EPIA were calculated as follows:
EPIH=AR; x PH

(2)
EPIA=AR; x PA
Per risk group, the sensitivity of detecting an infected holding (equation
3) and an infected animal within a holding (equation 4) was calculated
taking the EPIH and EPIA, the sensitivity of the laboratory diagnosis
(Lab Se), the number of animals sampled (7,), and the number of
holdings sampled (7,) into account.

Holding Se;=1—(1—EPIA, x Lab Se)™ (3)
Risk Group Se;=1—(1—EPIH, x Holding Se;)™ (4)

The Lab Se was derived from the test Se, obtained from a study done in
the Netherlands on the inhibition of hemagglutination (25). The
specificity is assumed to be 1, which is supported by the fact that each
positive result will be further investigated until it truly shows positive.

Rationale and methods for obtaining sensitivities. The scenario
trees were modeled in Microsoft Excel. Separate trees were constructed
in different spreadsheets for each region and for the whole of Belgium.
Within each spreadsheet, different worksheets were created to facilitate
the modeling exercise. All the inputs of the population proportion,
relative risk, and design prevalence were introduced in an “Input/
Output” worksheet to calculate the adjusted risks, effective probabilities
of infection, and detection (equations 1 and 2). In a “Proportion
Calculation” worksheet, the actual SANITEL dataset was worked
through in order to obtain the different populations (representative and
sampled) counts in different categories with the help of pivot tables. In a
“Tree” worksheet the effective probabilities of infection obtained from
the Input/Output sheet was recalled to calculate the sensitivities for the
different risk groups, taking the sampling fraction in the different risk
groups into account (equations 3 and 4).

The outputs were computed using @risk software (31), taking the
uncertainty and variability of parameters into account by fitting
appropriate parameter distributions. The sensitivity estimates for the
different risk groups were obtained by separate hypergeometric
simulation for each region with 10,000 iterations in each simulation.
This offers the opportunity to consider all the possible pathways in the
scenario by sampling from the parameter distributions.

Rationale and methods for sample size calculations. An optimal
sample size was calculated per risk group using the methods proposed by
Cameron and Baldock (9) using the Freecalc software (Survey Tool box)
(4) based on the effective probabilities of infection and the sensitivities
that were obtained from the scenario trees. The optimal sample sizes
were estimated for both the number of samples within holdings as well
as the number of holdings.

Here again the specificity was assumed to be 100%. For determining
the Type I and Type II error (for falsely rejecting or accepting the null
hypothesis of presence of infection) the desired confidence levels in
Commission Decision 2007/268 (12) were used, i.e., 95% for all bird
species except turkeys, geese, and ducks for which a 99% confidence
level was required.

Based on the optimal sample sizes, the 10,000 samples planned to be
taken in 2009 in Belgium were then proportionally redistributed over the
different risk groups in order to achieve a risk-based surveillance program.

RESULTS

Descriptive statistics study population. Population proportions
(PPr) and sampled population proportions were obtained from the

S. Welby ez al.

Table 1.
each category.

Proportion of total domesticated bird population in

Population  Proportion of total domesticated
Risk category size bird population

Risk zone population 3,589,154 0.076
Nonrisk zone

population 43,806,673 0.924
Outdoor facilities

population 9,252,265 0.195
Indoor facilities

population 38,143,562 0.805
Chicken 46,355,175 0.978
Turkey 317,371 0.007
Geese and ducks 79,628 0.002
Ratites 0 0
Other poultry 643,653 0.013

SANITEL dataset. A total of 47,395,827 birds present on 2097
professional holdings were considered in this study and 13,450
birds in 2016 holdings were sampled. Population proportions were
allocated to category nodes, while numbers of animals processed
were mainly assigned to risk group nodes, which enabled the
sensitivity calculation of the given risk group. Table 1 shows
population total and relative proportions to each category node in
Belgium; whereas, Table 2 shows the number of birds and holdings
sampled in each risk group. Holdings were allocated to risk groups
with higher risk if a mixture of risk groups were present on the
holding; e.g., if a holding had a minor number of birds reared in
outdoor facilities next to a majority of birds raised inside then it
was classified as holding with outdoor facilities.

Input parameters. For estimating the relative risk of being in a
risk zone compared to a nonrisk zone, the between-farm distance
was estimated to be influential. Therefore, the spatial transmission
characteristics  (representing the different transmission ratios
according to the in between farm distance) of the 2003 Al
epidemic in the Netherlands as presented by Boender ez al. (6),
were used to obtain the RR for the risk zone compared to the nonrisk
zone. The choice of appropriate distributions was estimated
following Vose (36). A triangular distribution TR(0.46; 12; 16)
was used to express the RR in the risk zone; whereas, a uniform
distribution U(1, 1) was used for the RR in the nonrisk zone. The
RR for having outdoor facilities was derived from data presented by
Elbers ez al. (15), who investigated the evolution of the 2003 Dutch
Al epidemic on five different farms and found the housing system to
be an explanatory factor for differences in the mortality rate between
farms. Out of the different mortality rates, a RR was approximated
with this explanatory variable and was introduced as a triangular
distribution TR(0.1; 1; 5) in our model. Again, a uniform
distribution U(1,1) was used for the RR in farms with no outdoor
facilities. The RRs associated with the different birds species were
derived from proportional mortality rates in the different species
holdings of the EU Member States that were affected by the 2003 Al
epidemic (8). Chickens were considered the reference group and,
therefore, the RR was expressed as a uniform distribution U(1; 1).
For the other species the RRs were again expressed as triangular
distributions:

Turkeys: TR(0.3-0.7-8);
Geese and ducks: TR(1; 1.6; 7);
Ratites: TR(0.8; 1.1; 1.4);
Other poultry: TR(1.1; 1.5; 3.1).
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Table 2. Number of birds and holdings sampled in each risk group.
No. of holdings sampled No. of birds sampled per No. of holdings sampled No. of birds sampled per
Category in risk zone holding in risk zone in nonrisk zone holding in nonrisk zone
Outdoor chickens 6 10 x 2* 140 10
Outdoor turkeys 2 10 x 24 9 10 x 24
Outdoor geese and ducks 0 50 x 22 8 50 x 2*
Outdoor ratites 2 10 x 28 38 10
Outdoor other poultry 0 10 x 2% 16 10
Indoor chickens 46 10 x 24 564 10
Indoor turkeys 4 10 x 2% 36 10 x 2*
Indoor geese and ducks 0 50 x 2* 26 50 x 2*
Indoor ratites 0 10 x 2° 20 10
Indoor other poultry 4 10 x 24 30 10

Animals within the risk zone and risk species are sampled twice yearly.

The resulting adjusted risks and effective probabilities of infection
for all risk groups are summarized in Table 3.

The input parameter for lab sensitivity of the inhibition of
hemagglutination was expressed as a beta distribution, beta(0.46;
0.03), based on the sensitivity with a 95% confidence interval that
was estimated by Koch (25).

Estimated category effective probabilities of infection, sensi-
tivities, and sample sizes per risk group. In Table 3, the results of
the different relative risk, adjusted risk, and effective probabilities of
infection are shown. The initial sample sizes, the optimal sample
sizes based on our model, and the risk-based redistribution of the
10,000 samples forescen for 2009 in Belgium (optimized sample
size) are stated in Table 4. We noticed that the effective probability
of infection was higher in risk zones with outdoor facilities and the
species more at risk were geese and ducks.

Information for the different regions can be found in Tables 6, 7,
8,9, and 10 in the Appendix. From Table 4 it can be observed that
undersampling occurred in risk zones and species at risk but
oversampling occurred in nonrisk zones.

Table 5 is a summary of the actual optimized total sample size in
each category group redistributed according to the number of

holdings, and birds per holding to be sampled.

DISCUSSION

Modeling the active surveillance of LPAI in domestic birds by
using scenario trees is a useful tool to estimate the sensitivity of
detection in the different risk groups (22,27,28,32). Based on the
risk-group specific effective probabilities of infection and Se values
that resulted from the model a risk-based reallocation of the current
sampling protocol was possible. This increases the confidence in
detecting a probable new infection with the same total number of
samples to be taken. This corroborated what was expected. In certain
risk groups the estimated ideal sampling size decreased drastically,

such as in chicken farms without outdoor facilities in nonrisk zones.
This can be easily understood because if the virus is present in those
high-density populated holdings, it would spread fairly quickly, and
the chance of detection would be enhanced. In other risk groups the
initial sample size was underestimated, such as chickens raised in risk
zones with outdoor facilities. Thus, it is important to increase the
sampling in those populations. The larger sample size required in
ratites reflects the low probability of infection in that population
together with the very low initial sample size in those populations.
This must be interpreted cautiously. Because those populations are
so small, it might actually be unnecessary to sample in those
categories because they probably do not constitute a high risk.

The Commission Decision 2007/268 (13) requires having an
active surveillance system in domesticated birds to substantiate
freedom of disease, as well as an early detection system and
prevalence estimation of circulating LPAI. The sampling design
imposed by this decision can only substantiate freedom of disease
with a certain confidence level. Therefore, this study is aimed at
evaluating the efficacy of the surveillance system in substantiating
freedom of disease, with a statistical confidence level based on risk
quantification. The sampling design disregards sampling in time and
the likelihood of disease introduction between different sampling
periods. The actual surveillance system substantiates freedom from
H5 or H7 LPAI strains with yearly intervals. Using Bayes theorem,
the results of the surveillance program of previous years can be used
to enhance its confidence during the following years (27).
Accounting for disease introduction from year to year would also
be interesting to consider in a future study.

For an early detection system of circulating LPAI, a different
sampling design is required. First, sampling would need to be
repeated frequently, taking the time between incubation and
seroconversion for LPAI into account. Moreover, sampling would
need to be intensified or could even be restricted during certain
periods or in subpopulations with higher risk for introduction of

Table 3. Relative risk, adjusted risk, and effective probabilities of infection.
Risk category Relative risk Adjusted risk Effective probabilities of infection
Holding in risk zone with outdoor facilities RiskTR (0.46, 12, 16) 5.775 0.49
Holding in risk zone with indoor facilities RiskU (1,1) 0.609 0.24
Holding in non risk with outdoor facilities RiskTR (0.1, 1, 5) 1.692 0.05
Holding in non risk with indoor facilities RiskU (1, 1) 0.832 0.02
Chicken RiskU (1, 1) 0.972 0.29
Turkey RiskTR (0.3, 0.7, 8) 2.915 0.87
Geese and ducks RiskTR (1, 1.6, 7) 3.109 0.93
Ratites RiskTR (0.8, 1.1, 1.4) 1.069 0.32
Other poultry RiskTR (1.1, 1.5, 3.1) 1.846 0.55






602

S. Welby ez al.

Table 4. Summary for Belgium of the sensitivities, previous sample sizes, as well as optimal and optimized sample sizes estimation obtained in

each risk group.

Risk zone Nonrisk zone
RG Se Initial SS Optimal SS Optimized SS Se Initial SS Optimal SS Optimized SS
Out chicken 0.99 120 70 450 0.99 1400 90 580
Out turkey 0.93 40 30 200 0.61 180 60 380
Out GD 0 0 0 0 0.57 800 300 2000
Out ratites 0.93 40 50* 250" 0.86 380 90 580
Out OtherP 0 0 0 0 0.57 160 80 500
In chicken 0.99 920 90 580 0.99 5640 90 580
In turkey 0.89 80 30 200 0.84 720 40 260
In GD 0 0 0 0 0.74 2600 200 1300
In ratites 0 0 0 0 0.39 200 200 1300
In otherP 0.88 80 40 260 0.54 300 90 580

Alt was impossible to achieve the desired accuracy by sampling every unit in that category, therefore, the optimal number of samples to be taken
was given, but it could be considered to spread this number of samples over the year to reach the goal.

infection. For example, sampling could be intensified during
migration of wild birds, within migration zone (risk zones), in
densely populated areas, in holdings with outdoor facilites, or in
areas where more poultry transport occurs. The results of this study
provide insight on risk groups for which more intensive sampling
would be appropriate. In Belgium concentrating the sampling from
mid-September to the end of October and from the beginning of
March to the end of April (29) in risk zones and more specifically in
holdings with outdoor facilities, and in species at risk, such as
turkeys, geese, and ducks, would constitute an optimal early
detection system. Also intensified sampling during cold winters
may be advisable because those periods are considered to have higher
risk due to southward migration of geese from Siberia and Denmark.
Those birds are susceptible to carrying Al. The proposed
methodology can be extended to evaluate the efficiency of the early
detection system by taking the repeated sampling and probability of
introduction into account from on-going surveillance results. This
would require a dynamic approach. Alternatively, a node season
could be incorporated into the static approach, thus representing the
sampling during migration periods, which could constitute a way to
account for early detection.

For early detection of HPAI, passive surveillance based on clinical
findings is more relevant as stipulated in the Commission Decision
2005/734 (14).

The objective of Commission Decision 2007/268 (13) is also to
estimate the design prevalence in order to estimate a target prevalence
to reach in each member state. When estimating prevalence in a
population, diagnostic test sensitivity and specificity are two crucial
parameters. The set guidelines of the commission are mainly aimed at
detecting the infection, thus focusing on the minimum sample

required for detecting the disease if it is present. In order to estimate
prevalence of disease the sample size would be different (12,33).

All these figures must be cautiously interpreted, as the model was
built on assumptions that were not scaled. The distributions for the
input parameters were obtained from available information and not
from empirical data. This might have biased the imputations at
times. Laboratory sensitivity was derived from studies aimed at
evaluating detection of antibody directed against the HPAI virus and
not the LPAI virus for which the sensitivity might be very different
(25). Similarly, the estimation of transmission ratio was based on
spatio-temporal characteristics of the HPAI epidemic in the
Netherlands, but those characteristics were mainly based on farm
density and not really on disease introduction or migratory
pathways, and does not reflect the strengthened biosecurity measures
in place following these epidemics (6). Also, the housing systems
characterizing the farm type node was estimated from differences
observed between five farms with different housing systems (26).
This provided a good estimation of disparities in disease evolution
within different holdings but did not truly reflect the pattern of
disease for LPAI evolution specifically for farm type as defined in the
tree. Finally, species at risk were estimated from infected holding
proportions in each member state. These differences were assumed
to be linked to species sensitivity, but other hidden factors could
have potentially influenced those results. For example, the housing
systems and contact pattern for the different species holdings might
have been very different. Nevertheless, all these inaccurate estimates
provide valuable data. Taking this uncertainty around our
estimates into account by fitting appropriate distributions to
represent the range of possible outcomes reinforces the value of
these data. They remain the most objective data to estimate the

Table 5. Summary for Belgium of the number of holdings to sample in each risk group and the number of samples/holding in each risk group.
Risk zone Nonrisk zone
RG Holdings SS Animal/holding SS Holdings SS Animal/holding SS
Out chicken 45 10 58 10
Out turkey 20 10 38 10
Out GD 0 50 40 50
Out ratites 25 10 58 10
Out otherP 0 10 50 10
In chicken 58 10 58 10
In turkey 20 10 26 10
In GD 0 50 130 10
In ratites 0 10 130 50
In otherP 26 10 58 10
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relative risk from one species to another. In the future, studies
purposely designed to obtain those figures would strengthen the
power of such a model.

Taking the risk of introduction into account, different pathways
(import, wild birds, migration period) should be investigated
(17,20,37). Emphasizing the surveillance programs for LPAI in
backyard poultry and the proper application of biosecurity measures is
important to consider too (5,11). Human behavior constitutes the
secondary route of spread, therefore respecting proper biosecurity
measures is important (5,7,17). The fear of repressive measures or
negative consequences can cause farmers to be more reluctant to report
or accept sampling of their poultry. The relationship between farmers
and authorities as well as official vets is important to consider, too. It is
important to integrate this aspect into the surveillance program
because this will further enhance the sensitivity evaluation and,
therefore, reorient efforts in a more efficient surveillance program (16).

Another important issue is how confident we are in substantiating
disease freedom with the set requirements by the EU Decision 2007/
268 (13). The sampling scheme proposed by the decision is directed
to ensuring the identification of an infection when 5% of the
holdings are infected, which in Belgium would mean 105 holdings.
Because decreasing the design prevalences would involve further cost,
targeting a risk group for which disease is more likely to cluster due
to biological or farming system reasons would be an alternative to
enhance the efficacy of detection while keeping the cost and field
work at a feasible level.

This study has enabled the identification of risk groups in which
disease tends to cluster according to biological, ecological, or housing
system differences. Even though data used for the quantification of
these differential risk were not based on empirical data, accounting
for this inaccuracy by fitting appropriate distributions and taking
this uncertainty into account actually enhances the value of the risk
estimate at the first stage and the sensitivity in a later stage. Being
able to quantify this sensitivity, accounting for the complexity of the
surveillance system, provides great advantage to such models.
Furthermore, the more accurate sensitivity obtained through this
model enables us to then conduct a more efficient target sampling.
For assessing a surveillance system in a country, this model is a
valuable tool because it not only provides sensitivity but also a
distribution around this sensitivity, thus substantiating freedom
from disease with set statistical confidence level as required by the
international standard guidelines.
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