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Executive summary
This report summarizes the results of a study undertaken in 2010 and 2011 to assess and map Influenza A (H5N1) virus transmission pathways in the poultry sector and critical control points along the poultry value chains in Egypt. In order
to focus specifically on the factors that either increase the risk of spread of H5N1
HPAI disease or are critical in disease risk management, a risk pathways diagram is
sketched to describe the pathways (transmission routes, carriers and mechanisms)
for transmitting virus from an infected node throughout the poultry value chain to
disease-free premises. To assess the risk, the probability of virus movement into and
from each point along the risk pathway and the impact of disease transmission from
an infected nodeϭ to the next node along the value chain were assessed separately.
Estimates of probability and impact were based on revision of quantitative epidemiological data and descriptive information from various sources, such as FAO study
reports, General Organization for Veterinary Services (GOVS) reports and scientific literature. To fully understand all factors that contribute to the risk of virus
transmission and to gather real-time information on control measures, activities,
and priorities and information about historical outbreaks of HPAI, meetings were
held with different key stakeholders which included GOVS, veterinary directorates, district veterinary services, Central Laboratory for Evaluation of Veterinary
Biologics (CLEVB), National Laboratory for Veterinary Quality Control on Poultry Production (NLQP), poultry association and private veterinary practitioners,
and visits made to sector 2 and 3 commercial farms,Ϯ small-scale household (HH)
poultry farms, slaughterhouses, live bird markets (LBMs) and poultry shops, modern and traditional hatcheries, feed mills, veterinary pharmacies, poultry Borsaϯ and
litter collection and composting points in eight high-risk governorates. The categories of risk involved were divided into very high, high, medium, low and very low.
Factors and actions involved in increase or decrease of risk were included.
Analysis of the results revealed that for commercial farms, risk associated with
the movement of people is considered highly significant due to weak farm gate
control and decontamination activities. The very high risk (with low uncertainty)
category includes vaccinators from outside the farm, day and part-time farm
workers, and visiting veterinary practitioners. The high risk category includes
drivers of feed delivery, and egg and litter collection vehicles, while the vehicles
themselves represent medium risk with high uncertainty. The medium risk category
includes medical representatives and drug suppliers. Equipment shared among
farms, such as egg cartons, vaccine atomizers and bird crates represent high risk
with medium uncertainty in the case of multi-age farms. Shared bird crates and gas
cylinders represent medium risk with medium uncertainty for one-age farms. The

1
2

3

Nodes are premises or fixed points in the risk pathway diagram.
According to FAO’s classification - Sector 1: Industrial and integrated poultry production system with high
biosecurity; Sector 2: Commercial poultry production system with high biosecurity; Sector 3: Commercial
poultry production system with low biosecurity; Sector 4: Village or backyard production with low
biosecurity.
In 2002, the Governor of Qalubeya, along with some dignitaries and poultry producers, decided to set up a
so-called “Borsa” (similar to a stock exchange) to introduce a more “open and scientific” price setting system
to break the exiting poultry brokers.

v

overall risk related to rodents, insects, dogs is very low , cats medium, but very high
for wild birds. Feed and water inputs represent low risk.
In the small-scale household production, the risk associated with introducing newly purchased adult waterfowl and Baladi chicken without quarantine, the
movement of non-resident commercial farm workers and wild birds with access to
the feed and water of poultry flocks is very high. The overall risk associated with
purchased young birds and exotic chicken is low and medium, respectively.
Litter collection points (litter is processed and used as fertilizer or fish feed in
aquacultures) and feed mills represent very low risk nodes along the poultry value
chain, and the former can be considered as an end point for the virus. However,
both could act as disease pathways to and from different commercial farms because
of the high frequency of movement of vehicle and drivers, and the poor application
of cleaning and disinfection (C&D) measures by either commercial farms or stakeholders working at litter collection points or feed mills.
Slaughterhouses do not facilitate virus replication or shedding because they apply the “live-in, dead-out” policy and could eliminate the virus from the poultry
value chain; as a result, they represent very low risk for the poultry value chain. The
risk they could impose is contamination of the environment due to lack of drainage
treatment system or absence of C&D for vehicles or crates.
Most sector 2 and 3 producers buy feed on credit until batch selling, and due to
fear of loss they may not notify any cases of infection, to illegally sell infected birds
and to hide and improperly dispose of dead birds. Some specialized traders actually profit from the disease by purchasing birds known to be infected at very low
prices and reselling them via door-to-door peddlers or to the slaughterhouse, which
in turn sells frozen birds to fast food outlets. Unsuspecting buyers, such as village
women, and/or some fast food retailers with no or little risk awareness can facilitate
this type of cheap trade and thus disease spread.
The absence of signs of overt clinical disease in some duck breeds has led some
to argue that ducks are the ‘‘Trojan horses’’ of H5N1 in their surreptitious spread
of the virus (Kim et al. 2009). In Egypt, many Trojan horses for H5N1 virus are
in place: weak application of farm-gate biosecurity measures, unregulated wide
use of variable vaccination protocols and programmes by commercial farms, cocirculation with H9N2, lack of awareness of small-scale household producers on the
importance of quarantine of newly purchased birds and keeping birds in a confined
environment, unregulated live bird trading, and weak movement control together
facilitate ‘‘silent spreading’’ of H5N1 HPAI viruses, continuing the circulation and
endemicity of the disease.
As long as birds are reared under management systems with poor biosecurity,
including free movement without inspection or traceability, and an inefficient
vaccination strategy, the spread and circulation of H5N1 HPAI will continue. Thus,
critical control points for prevention of AI virus transmission along the poultry
value chain include the quarantine of newly-purchased birds and keeping birds
in a confined environment by small-scale household producers, strict farm-gate
biosecurity by commercial producers, strict application of the “live in, slaughtered
out” policy by LBMs, restructuring of LBMs in such a way as to permit sound
decontamination and directional flow from dirty to clean zones, and efficient
movement control by regulatory authorities.
Due to the high density of commercial poultry farms and small-scale household
production in most governorates, there is a need for a national poultry production
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standards and guidelines to regulate and support good management. The system
should enhance the application of biosecurity measures by the poultry production
and trade sector and by the actors involved in the poultry value chain, with clear
critical limits that must be met. Programmes based on a range of clear, scientifically
justified principles suitable for the Egyptian situation and applicable to any level
of poultry production, and auditable measures intended to prevent disease-causing
agents from entering and/or leaving premises.
The formation or strengthening of grassroots producers’ associations could be
instrumental in improving the dialogue with the authorities on the development
of incentives for the improvement of biosecurity and in facilitating monitoring,
coordination, communication, transparency and agreement among poultry
producers, even among competitors in the same region, and make the poultry sector
work for all.
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Introduction
Risk is defined as the possibility (likelihood) of an adverse event occurring and of
the consequence of its occurrence (Murray et al. 2004; Zepeda 2007). Métras (2008)
classified avian influenza as a modern risk or even a global terrorism that may
change life significantly if considered uncontrollable and if it becomes omnipresent
as a threat.
Following the emergence of Influenza A (H5N1) Highly Pathogenic Avian
Influenza (HPAI) in Egypt in 2006, the authorities began culling birds and
organized massive vaccination to control the spread of the disease in poultry.
However, despite considerable attempts to control the disease, there have been a
large number of outbreaks (2 494 declared cases) both in small-scale household and
commercial poultry production units, as well as 167 human cases of Influenza A
(H5N1) infection with 60 fatalities by April 2012. The current endemic situation in
Egypt continues to constitute a major challenge to the country’s poultry industry
and regulatory authorities.
Understanding the epidemiology of the disease is a key element in HPAI control.
It is essential to link epidemiological knowledge with action to effectively limit the
spread of the virus. More effort should go into sharing and using epidemiological
information, including socio-economic and geo-spatial data, for planning animal
health programmes and decision making.
A critical risk point (CRP) is defined as a point, step, or procedure at which
control can be applied and a disease hazard can be prevented, eliminated or reduced.
CPR should be identified along production and marketing of the poultry value
chains, where the risk of virus spread is higher. Development of control measures
is essential to mitigate risk at these points. High-intensity of commercial and smallscale household poultry farming and high human density combined with weak
hygienic and regulatory measures make Egypt a potential site for viral mutation
and evolution. An understanding of the “usual” patterns of movements of animals,
products, materials, people, vehicles, etc., is useful to know how disease could
spread if introduced into different places along the poultry value chain. This in turn
allows for strategic planning to reduce risks, to set priorities for resource allocation
and its effective and efficient utilization, and to achieve higher benefit-cost ratios
with existing or reduced resources (Thornton 2004; Stärk et al. 2006; FAO 2011).

1

Objectives
The objective of this study was to identify the risk pathways for the highly
pathogenic avian influenza (HPAI) along the poultry value chain where disease
transmission risks are higher, to determine the critical control points and the factors
that increase the risk and to provide feedback to industry regulators in order to
enable them establish intervention priorities at nodes with the highest risks as part
of a strategic plan to monitor, regulate and control the disease in Egypt.

2

Methodology
Risk assessment, like all predictive models, is dependent upon both factual
knowledge and assumptions. The greater the reliability on good data, the fewer
assumptions have to be made, and subsequently the more reliable the assessment,
if performed accurately. In few instances, where not all the facts known, it is
necessary to make some assumptions when assessing risk. Risk assessment provides
information for risk management and contains some or all of the following steps:
hazard identification, dose-response assessment, exposure assessment and risk
characterisation (Carver 2003).
In the present study, the focus was specifically on factors that either increase
disease risk or those that are critical in disease risk management. The assessment
included a review of the poultry value chain developed by animal production
specialists, veterinarians and socio-economists for studies conducted in Egypt
(Taylor 2007; Ibrahim et al. 2006; Ghonem 2007; Ibrahim 2007; Hosny 2008;
Wilsmore 2008; Hosny 2009; Engelen 2011; Geerlings 2011).
Risk assessment first involves assessing the probability or likelihood of virus
passing each step – identified in the poultry value chain – associated with different
carriers. Probability estimation is based on release (pathways necessary to introduce [release] H5N1 virus into a disease-free premises) and exposure (pathways
necessary for exposure of disease virus-free bird flocks to the disease) assessments
(Murray et al. 2004). For probability assessment, quantitative epidemiological data
and descriptive information from existing FAO study reports and documents, General Organization for Veterinary Services (GOVS) reports, current surveillance databases and published scientific literature were used.
Between May 2010 and April 2011, meetings were held with key stakeholders –
GOVS, veterinary directorates, district veterinary services, Central Laboratory for
Evaluation of Veterinary Biologics (CLEVB), National Laboratory for Veterinary
Quality Control on Poultry Production (NLQP), representatives of the Egyptian
Poultry Association and private veterinary practitioners. Visits were made to commercial sector 2 and 3 and small-scale household poultry farms, slaughterhouses,
LBMs and poultry shops, modern and traditional hatcheries, feed mills, veterinary
pharmacies, poultry Borsa and litter collection and composting points in eight highrisk governorates ((Dakahlia, Gharbia, Monufia, Sharkia, Qalyubia, Giza, Fayoum
and Minya) Fig. 1). The purpose was to formulate a comprehensive understanding
of all factors that contribute to the risk of disease transmission and gather data
HPAI prevalence and real-time information on control measures, activities and priorities. A risk pathways diagram was designed to describe and consistently assess
the pathways (transmission routes, carriers and mechanisms) for transmitting the
virus along the poultry value chain from an infected node into disease-free premises. In account of the prevailing information gaps, the qualitative analysis used by
Defra (2002) and described by FAO (2011) was taken as a guide for estimating different levels of probability for virus transmission routes (Table 1). A combination
of release and exposure risk categories using a matrix adapted from Métras (2008)
was also used to allow categorisation of qualitative probability (Table 2).
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Figure 1. Map of Egypt showing governorates (highlighted in pink) where HPAI
risk is high and the study was conducted
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Table 1. Description of levels of risk probabilities
Probability

Description

VL

Very low

L

Low

Possible (the risky event may occur in the next three years)

M

Medium

Likely (the risky event is likely to occur more than once in the
next three years)

H

High

Almost certain (the risky event is likely to occur the current year
or at frequent intervals)

Source: FAO 2011

4

Rare (risky event may occur in exceptional circumstances)
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Table 2. Qualitative measures of release and exposure likelihoods
Likelihood of exposure

Release
likelihood

Very low

Low

Medium

High

Very low

VL

VL

VL

VL

Low

VL

VL

VL

L

Medium

VL

VL

L

M

High

VL

L

M

H

Medium

High

Source: FAO 2011

Table 3. Qualitative risk analysis matrix: risk levels
Impact

Probability

Very low

Low

Very low

VL

VL

L

M

Low

VL

L

M

M

Medium

L

M

M

H

High

M

M

H

VH

Source: FAO 2011

The consequence or impact of virus transmission from one node to another was
estimated, and impact of risky events ranked on a scale similar to that used for probability (Table 1) from very low to high. The criteria used to assess impact were the
potential for:
r amplification of infection (size of any resulting outbreak);
r spatial spread to new geographic areas;
r spread across species e.g., from duck to chicken or from poultry to human;
r losses (economic and livelihood losses) as a result of HPAI outbreak itself and
of the control measures; and
r loss of human lives and welfare.
Due to the endemic situation of HPAI in Egypt4, partly associated with high
densities of human and poultry populations, the possibilities for virus amplification
and mutation in adjacent flocks, loss of human lives and livelihoods, and economic
losses are high. The impact of disease transmission from one node to another is
therefore categorized at a high level.
Likelihood and impact using the matrices described by FAO (2011) and Defra
(2002) were integrated to permit categorization of qualitative risk (Table 3).
According to the qualitative risk assessment scheme used by Defra in the United
Kingdom, very high (VH) risks, had both a high probability of occurrence and high
impact, demand immediate attention. Each risk category included the associated
level of uncertainty (lack of precise knowledge on input data which could be due to
data quality or lack of knowledge). Level of uncertainty was determined based on
criteria summarized in Table 4.
Qualitative categories for expressing uncertainty in relation to qualitative risk
estimates were adapted from Métras (2008). To avoid possible confusion, the steps
in risk estimation are summarized in Fig. 2.
4

At the time of writing this report, 25 out of 27 governorates had been affected by HPAI.
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Table 4. Qualitative measures of uncertainty levels
Uncertainty category
L

M

H

Descriptor

Low

Solid and complete data are available; strong evidence is provided
in multiple references; authors report similar conclusions

Medium

Some but no complete data are available; evidence is provided in
small number of references; authors report conclusions that vary
from one to another
Facts that can be seen/touched, e.g., the presence or absence of
building, facility, etc.

High

Scarce or no data are available; evidence is not provided in
references but rather in unpublished reports or based on
personal communication; authors report conclusions that vary
considerably from one to another

Source: Métras (2008)

Figure 2. Summary of risk estimation steps
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Results and discussions
Poultry shed infectious A H5N1 virus into the environment in both nasal secretions
and faeces. Previous studies on HPAI outbreaks have demonstrated that the most
important mode of transmission in domestic poultry is related to the movement
of humans, birds, contaminated materials and vehicles (Stegeman et al. 2004;
McQuiston, et al. 2005; MoALR 2005; Thomas et al. 2005; Capua and Marangon
2006 and 2007; Bos et al. 2007; FAO 2007, Nishiguchi et al. 2007; Sharkey et al.
2008; Dorea et al. 2010; Spekreijse et al. 2011a). It has been demonstrated that the
H5N1 virus survives from 4 to 23 days in wet chicken manure (Lu et al. 2003;
Songserm et al. 2006), many months in cool water (Stallknecht et al. 1990; Zhang
and Rogers 2006) and 72 hours on plastic, steel and rubber materials (Tiwari et al.
2006).

POULTRY VALUE CHAIN
Engelen (2011) categorised the stakeholders engaged in the nodes of the poultry
value chain in Egypt and identified 11 vertical stakeholders (poultry breeding companies, grandparent and parent stock companies, hatcheries, nurseries, layer and
broiler grower farms, traders, slaughterhouses, processing plants, wholesale and
retail outlets, and consumers), nine horizontal stakeholders (stock feed producers, veterinary services, vaccinators, brokers and Borsa, credit providers, extension,
consultancy and training providers, transport, litter collection points, and branch
organisations) and the interrelationships among them (see Fig. 3).

RISK PATHWAY DIAGRAM ΈRPWDΉ
The degree of connectedness of animal networks, which is the frequency with which
links between different production premises and LBMs are made via people, animal movement and/or sharing of equipment, can determine the potential for widespread epidemics of disease (Kao et al. 2007). Fig. 4 shows the major nodes involved
in the poultry industry, trading and transmission routes (pathways), and how they
relate to each other and facilitate virus transmissions over the poultry value chain.
The diagram shows the possible pathways for virus transmission from and into
a farm and/or household indicated by lines beginning with an assumed infected
commercial farm/household and ending in arrows. The RPWD includes 10 fixed
nodes, infected and clean farms, infected and clean houses, LBM/poultry shops,
slaughterhouses and hatcheries, feed mills, litter collection points, fish farms and
cultivated land. The movable carriers are people (part-time farm workers, vaccinators, de-beakers, feed suppliers, medicine suppliers, egg and bird collectors, poultry
shop retailers, traders and visiting poultry consultants), live birds and animals, vehicles and equipment. To assess the risk, the probability of virus movement into and
from each point along a risk pathway was assessed separately.
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Figure 3. Poultry value chain in Egypt (Engelen 2011)
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RISK ASSESSMENT
AI viruses are not highly airborne and their introduction in poultry farms mainly
occurs through direct or indirect contact with infected birds, resulting from the
movement of live poultry, people, vehicles, equipment or contaminated materials
(Stegeman et al. 2004; Capua and Marangon 2006, 2007; FAO 2007; Spekreijes et
al. 2011a).
Studies have shown that in the United States, Australia and the Netherlands,
farms with most human movement, in particular farms that employed more outside
workers or had vehicles come onto the farm and pick up dead birds, were more
likely to be infected than others (Selleck 2003; McQuiston et al. 2005; Thomas et
al. 2005).

Commercial farms
Egypt has a large poultry sector; and about 26 720 commercial farms (both
registered and unregistered) that constitute the commercial poultry production
industry and produce exotic broilers, indigenous (in Egypt referred to as Baladi)
chickens, Peking, Muscovy, Mule and Sudani ducks, turkeys, ostriches, quails and
eggs. About 81 percent of the broiler, 64 percent of the layer, 79 percent of the duck
8
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Figure 4. HPAI Risk pathway diagram showing nodes,
trading and transmission routes
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and 39 percent of the turkey farms are in Lower Egypt; representing the major
share of the industry. Middle Egypt is the second largest with 13 percent of the
broiler, 29 percent of the layer, 14 percent of the duck and 49 percent of the turkey
farms. The rest are found in Upper Egypt (Jones 2008).
Commercial poultry farms provide about 90 percent of chicken produced in
Egypt, with the remaining 10 percent provided by the small-scale householdpoultry
farms that are abundant in villages and cities. About 74 percent of the broilers are
produced on farms with less than 15 000 birds per cycle (Hosny 2006) (Fig. 5),
while small-scale farms are the primary source for 70 percent of other poultry
meats (principally ducks and turkeys). Total daily exotic broiler production varies
between 1.6 and 2.0 million birds in the summer and winter seasons, respectively
(AbdelGaid and Bakri 2009). All Baladi chicken and about 80 percent of the exotic
broiler chicken are marketed alive via LBMs, poultry shops or door-to-door
peddlers.
Egypt is considered an important “duck country”. There is an estimated 35–
55 million duck population in the small-scale household sector and approximately
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Production Type

Figure 5. Contributions of the different production and farming systems to
national poultry meat production in Egypt
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5 million ducks in commercial farms (Hogerwerf and Siddig 2007). Around 280 000
day-old female Mule ducklings are imported from France on a weekly basis, nursed
on commercial farms for 1–2 weeks, and then sold to small-scale household producers. On festive occasions such as Ramadan, commercial farms fatten ducks for
about two months in time for markets. Annual turkey production in Egypt is estimated at 900 000 birds, of which 89 percent are imported mainly from France for
fattening purposes.

People
Human movement among poultry farms was shown to be an important risk factor
for avian influenza infection during the Virginia avian influenza outbreak in 2003
(Akey 2003; McQuiston et al. 2005). For the purpose of the assessment reported
here, most actors who visit a farm have been categorised according to the risk level
they contribute.
After an onset of signs of clinical illness in a flock, farm owners usually consult
an external veterinarian seeking to know the cause of illness (diagnosis) and prescription of medicine. Widespread vaccination against H5N1 disease may mask the
disease and render the clinical signs ambiguous (e.g., HPAI may be confused with
fowl cholera or Newcastle Disease). In most sector 2 and 3 farms, this often leads
to either injection of antibiotics or emergency Newcastle Disease vaccine spraying by external crews. The result is that veterinarians and external crews and their
equipment/vehicles may carry the infection to clean farms. About 95 percent and 80
percent of short- (broilers) and long- (layers) cycle commercial farms, respectively
assign external crews for vaccination and/or administration of antibiotics (FAO
2009b; Peyre 2011). A survey conducted by FAO (2009) on 147 commercial farms
in Qalyubia governorate reported the use of 57 different external paraprofessionals,
locally referred to as “injectors’’. In the presence of a weak biosecurity system, such
practices pose greatest risk to the poultry industry.
While people may act as short-term mechanical carriers (Bean et al. 1985; te Beest
et al. 2011), external injectors represent a very high risk of disease transmission because of high levels of release and exposure and high impact with low uncertainty,
based on high frequency of their movements on a daily basis between farms in
10
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different locations, species, ages and types of production, close contact with infected and non-infected birds, and the use of the same clothing and footwear on
different farms (FAO 2009a). According to producers, many of the outbreaks of
H5N1 HPAI that occurred in Egypt in 2006 were as the result of visits by external
injectors.
Farms visited often give very minimal or no attention to personal hygienic measures. Ali et al. (2013a) found that 84 percent of the 304 farms studied did not provide clean clothes for workers or visitors and 71 percent had no showering facility.
H5N1 HPAI viruses would normally be detected by higher than normal mortality
during production or shipment of poultry, but not in vaccine-protected poultry
which sometimes still shed the virus (Savill et al. 2006). The wide spread AI vaccination in commercial poultry sector in Egypt could promote enzootic transmission and spread of the disease by masking the presence of highly pathogenic H5N1
viruses. Suboptimal dosage may also facilitate evolution of increased virulence (Lee
et al. 2004; Taha et al. 2008; Iwami et al. 2009). Thus, despite the fact that AI vaccinations being a useful tool in HPAI control, it brings additional risk enabling silent
transmission, encouraging evolution of the virus and complicating disease recognition (Hinshaw et al. 1991). The risk raised by vaccinators will be higher in the Delta
region due to the high density of poultry flocks in limited geographic areas. The
same could hold true for paraprofessionals engaged in undertaking routine farm
husbandry practices such as de-beaking.
In addition to daily part-time farm workers, bird catchers constitute a high risk
for disease transmission between households and commercial farm production locations. Bird catchers are boys who live in nearby villages and are often assigned by
farm owners to assist injectors/vaccinators and de-beakers. Sector 2 and 3 layer and
breeder farms employ young women as part-time workers from neighboring villages to collect and rank eggs. The risk they contribute increases during the production period and depends on the number of collectors which is directly proportional
to the production capacity.
The number of temporary workers involved in poultry production is about one
million, representing 40 percent of the total labor force in the poultry industry
(ElNagar and Ibrahim 2007; Freiji 2008). assuming that approximately one-quarter
of those temporary workers are engaged directly in commercial production farms,
then this figure divided by the total number of commercial poultry farms (26 720)
and after excluding five percent of the farms that are at low risk (as estimated by Ali
et al. 2013a), there are approximately 9.8 workers per farm who could potentially
carry the A/H5N1 virus between commercial and small-scale household production
sectors. This is particularly true in areas with high flock densities, such as Qaluybia,
Sharkia and Giza governorates, where the mean flock density is more than 8
flocks/km2 (Kaoud 2007). Thus, temporary workers represent a very high risk due
to their movement between farms and close contact with vaccinated commercial
and unvaccinated small-scale household bird flocks characterized by high release,
exposure and impact, low uncertainty attributed to information from different
producers owed their flock infection to those people.
Many private veterinarians and poultry consultants are assigned by sector 2 and
3 farm owners to visit their flocks on a regular basis for routine flock health inspection and early disease diagnosis. It is possible that visits to infected farms may not
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result in diagnosis of infection at the time of visit if clinical signs have been masked
due to flock AI vaccination or birds still in the incubation period of the disease.
Consequently, visiting veterinarians or consultants may fail to take the necessary
precautionary measures before visiting other farms5. Thus, they are considered as
very high risk due to their movements between different farms within short periods
of time, and the level of uncertainty was categorised as low on the basis of information from flock owners. Farm visits by traders are considered to be one of the main
risk factors for introduction of the H5N1 HPAI virus to poultry flocks. This means
that the end of the poultry batch production cycle is a risk period for the introduction of diseases into a farm due to potential contact with contaminated crates or
contamination associated with traders/drivers. The risk is further increased in largescale or multi-age farms because it can take several days to sell an entire batch. Thus,
if the virus is introduced into the flock during this period, it may spread silently
within the batch and birds.
In Vietnam, Devaux et al. (2011) reported that the presence of at least one poultry trader in a village could be associated with the risk of HPAI transmission in the
village. Further work in Hong Kong determined that the contact between the retail
market and chicken farms via humans was a significant risk factor among chicken
farms (Kung et al. 2007). Movement of egg collectors and truck drivers transporting feed and litter between different farms and locations increases the probability of
release, exposure and impact to high, medium and high levels, respectively6.
The risk associated with bird and egg collectors is high as they move between different farms, markets and locations and come into contact with potentially infected
birds, or contaminated eggs, bird crates or egg flats. On the other hand, medical
representatives and suppliers are considered a medium risk with high uncertainty
because, although they move from farm to farm and other locations over long distances, they do not come into direct contact with infected flocks (Table 5).

Vehicles
Ali et al. (2009) showed that H5N1 HPAI virus had been transmitted over a long
distance (over 700 kilometres) in a short time in Egypt. Balish et al. (2010) also
showed that a new variant H5N1 virus had spread in a short period to at least seven
governorates. Several types of vehicles that transport inputs or products are linked
to different nodes of the poultry value chain. Service crew, egg and bird collecting
and feed delivery vehicles are the ones that most frequently move among different
farms. The frequency that a poultry consultant, an injector or an egg collecting
vehicle visit a farm may vary from 1–6 days, but each one of them visits different
farms each day. Feed trucks visit a farm every 5–30 days. In the case of litter collecting vehicles, the frequency of farm visits varies according to the farm type: 2–15
days (layer caged farms), 45 days (broiler farms), two months (Shamourtϳ farms),
and 3–5 months (floor rearing breeder and layer farms). Similarly, the frequency
of bird collecting vehicle visits to farms is variable depending on the length of the
production cycle: 1.5 months for broiler, 2 months for Shamourt, and 20 months
5

6

7

12

For example, professional veterinarians involved in H7N7 outbreak control activities in the Netherlands in
2003 were found to play a potential role as vectors for disease transmission (te Beest et al. 2011).
According to layer and multi-age broiler farm producers, uncertainty was ranked as low, but high for litter
collectors due to lack of information or reports.
Shamourt is a hybrid chicken, crossbred between exotic Saso and indigenous (Baladi), reared as a meat
(brolier) type with a fattening period up to 60 days to reach a live weight 1.5-2kg/bird.
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for layers and breeders. This frequency increases in the case of multi-age broiler or
layer farms. Small and medium size vehicles are likely to be used in transporting
fattened and spent birds, and for a patch of 5 000 broilers three large size or seven
small-medium size vehicles are required, thus, one entire batch requires at least 2-3
days to sell. About 85 percent out of the 304 farms studied in 2010 had no wheel
dip and 75 percent of those vehicles are parked close to the poultry houses (Ali et
al. 2013a). It was found that the probability of transmission of infection between
governorates increased because of active poultry transport but was not related to
the distance between governorates (Kaoud 2007)8. Despite the high level impact of
disease transmission among different farms and locations, the likelihood of release
is high and exposure is low, and the outcome risk level according to the risk assessment matrix is medium with high uncertainty.

Equipment
Some equipment and materials (such as vaccine atomizers, gas cylinders, bird crates
and carton egg flats) are frequently transported and shared among different production sites.Bird crates move with the highest frequency among different commercial
farms, markets and locations. One crate is used to transport about 14 ± 2 exotic
broilers or 19 Shamourt chicken. Therefore, for a cycle of 5 000 exotic broilers there
is a need for about 357 crates. Plastic bird crates are rarely decontaminated by either
traders or sector 2 and 3 farms.
Used egg flats with debris, feather, litter, bedding materials and faecal matter have
been observed circulating among farms and between different locations. A study
by Ali et al. (2009) revealed that about 63 percent of the 84 traditional hatcheries
studied in Egypt receive fertile eggs in used egg crates provided by suppliers.
Elsewhere, in California, some outbreaks of low pathogenic avian influenza (LPAI)
were associated with transfer of virus by egg flats (Cardona 2005). The H5N1 HPAI
virus has also been isolated from egg shells of vaccinated broiler breeders after
challenge with a virulent virus (Abdelwhab et al. 2011). The H5N1 viral infectivity
persists in the feathers of infected ducks for two weeks at 20 oC (Yamamoto et al.
2010), while H7N1 HPAI has been found in infected chicken subject to a postmortem at 22-23 oC five to six days after death (Busquets et al. 2010). During the
winter season, viability of the virus could remain for several days after release
from the host (Sagripanti and Lytle 2007). Thus, used egg crates represent high
risk because they are easily contaminated with the virus and may frequently move
between farms and hatcheries. Egg setting in hatcheries is often made every three
days, and in most instances eggs for different setting originate from various breeder
farms in different locations.
Gas cylinders are used for heating poultry houses during winter and brooding
of chicks. It is rated as having a medium risk level due to the exposure to direct sun
light during transportation, and there is a low probability of a farm receiving a gas
cylinder that had been used on another farm with medium uncertainty.
Bird crates constitute a low risk in commercial farms operating with mono-age
birds, but high risk for farm with multi-age birds and LBMs with medium uncertainty.
8

On an HPAI-infected farm in Thailand, Kasemsuwan (2009) reported that no virus was found in samples from
wheels and trunk of vehicles, meaning that there was a low probability of vehicles being mechanical vectors.
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Vaccine atomizers represent high risk because of contamination of their long
electric cords by litter during use in emergency vaccination in chicken infected by
Newcastle Disease, with high uncertainty.

Wild birds
It was suggested that that an HPAI virus may have been introduced into Egypt
through a migratory bird ( Normile 2006).This study is concerned with wild birds
that have the ability to access poultry farms. Sparrows and doves are commonly
observed wild birds that access poultry houses, feed stores, feed mills and litter
collection points. Sparrows congregate in high density in and around poultry farms
and are highly susceptible to the H5N1 HPAI virus. In addition, house sparrows
excrete virus via the oropharynx and cloaca for several days prior to the onset of
clinical signs (Kou et al. 2005; Boon et al. 2007; Brown et al. 2009; Poetranto et al.
2011). A study in China (Liua et al. 2010) highlighted the potential threat of this
type of wild bird infection for veterinary and public health based upon isolation of
the H5N1 HPAI virus from an apparently healthy sparrow. This isolate had close
genetic relationship with the viruses that caused two human cases in the same province. In another study, house sparrows suffered only mild transient depression had
no mortality and lacked gross lesions (Perkins and Swayne 2003b). H7N1 HPAI
has been isolated from a collared dove in Italy (Capua et al. 2000) and H5N1 was
isolated in 2004 in Thailand.
Researchers from the Ministry of Environment of Egypt and Naval Medical
Research Unit 3 (undated) found a rock dove positive for H5 during surveillance
in the period 2003–2008. Several species of zoo and feral birds in Egypt’s Giza zoo
were exposed to H5N1 AI virus infection in February 2006, and an egret and/or
a crow have been suspected of transmitting the virus to the main zoo in Egypt
(Abdelwahab and Hafez 2011). Waterborne transmission was found absent from
experimentally infected sparrow in contact with chickens (Forrest et al. 2010).
Since data on the prevalence of the disease and sources of infection in these species are not available in this study, it was assumed that the possibility of sparrows
and doves (which can access poultry houses) becoming infected from contaminated litter collection points or share drink or feed of infected small-scale household
or commercial farms is medium and that the rate of intra-species transmission in
these hosts is very low (Boon et al. 2007). Therefore ranked the risk represented
by sparrows and doves ranked as very high due to high release and exposure, and
the impact as medium uncertainty because data are not available on contact rate,
frequency of contact of wild birds with domestic birds and prevalence of infection.
Rodents
Rodent species are found in most poultry farms in Egypt. Rodents are very prolific; they can have litters every three weeks with 8–12 offspring per litter. Breeding
peaks in spring and autumn. Rats and mice are known carriers of at least 35 diseases,
and constitute major carriers and reservoirs of poultry pathogens, including: influenza virus, infectious bursal disease virus, and Pasteurella multocida, Salmonella
typhimurium, Salmonella enteritidis and other zoonotic bacterial, viral, rickettsial,
parasitic and mycotic pathogens (Adams 2003).
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Rats can cover 2–3 kilometres each night in search of food, but will not travel far
if there is sufficient food available locally. Naturally occurring cases of H5N1 HPAI
have not been reported in rodents (Cardona et al. 2009). In a single experimental
case of inoculation with the H5N1 HPAI virus, rats developed no clinical disease
or lesions and no virus was detected at any time after inoculation. In fact, they
appeared to be entirely resistant to infection (Perkins and Swayne 2003a). However,
it has been purportedly reported that H5N1-infected rats were found on an AI
outbreak farm in Thailand in 2004 (Kasemsuwan et al. 2009). Rodents are ranked
as presenting very low risk. This is because that they feed on rations and dead birds
while exposure is already high and, release is very low. As a result, rodents have low
impact with medium uncertainty because of their limited movement between farms.

Insects
House flies are commonly observed in poultry houses, feed stores, feed mills and
litter collection points in the summer season. House flies have an average longevity of 34.2 days (Rockstein 1957). During the winter season they are in either the
larval or pupal stage often under manure piles or other protected locations and
warm summer generally provides the best conditions for their development. As
many as 10–12 generations may develop in one summer, and the flight range of
the house fly is between two and 20 miles. It is known that the common house fly
(Musca domestica) can transmit more than 100 different pathogens such as viruses,
bacteria, protozoa and developmental forms of parasite such as oocysts and eggs.
Pathogenic organisms are picked by the mouth and other body parts of flies, and
then transfer disease organisms from both inside and outside their bodies. Darkling
beetles are commonly observed on poultry farms. One beetle can lay up to 800 eggs
in a litter during a 42-day period (equivalent to the broiler production cycle). Eggs
develop into larvae within four to seven days. The life cycle ranges from 42 to 97
days depending on temperature. The beetles accumulate in dark corners of manure
or litter, especially under sacks, in bins or in places where feed is stored. Pupation
occurs in the litter, soil and side walls of poultry houses. The beetles migrate frequently throughout the litter generally coming in contact with soil. Adult beetles
and larvae act as reservoirs for many poultry pathogens and parasites, including
avian influenza (Lyon, undated). Beetles have been observed feeding on carcasses of
dead poultry and adult chickens, and chicks are more likely to eat the beetles (Lyon
undated web-based commucation). Sievert et al. (2006) isolated H5N1 from house
flies and Bean et al. (1985) isolated highly pathogenic H5N1 and H5N2 from house
flies in a chicken house in Pennsylvania, USA. It has also been suggested that blow
flies could be mechanical transmitters of H5N1 HPAI following isolation of the
virus in a vicinity of an infected poultry farm in Japan in 2004 (Sawabe et al. 2006).
However, the same team (Sawabe et al. 2011) later suggested that the viability of the
influenza virus decreases steadily in the blow fly crop and intestine.
Mosquitoes increase in number from spring to late autumn seasons, especially
near water ponds/canals and rice fields in Egypt. Although H5N1 HPAI virus has
been isolated from mosquitoes trapped on an infected farm in Thailand, there are
no reports that indicate mosquitoes transmit influenza virus either mechanically or
after an extrinsic incubation period (Barbazan et al. 2008).
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The role of insects in the transmission of HPAI is ranked as very low, primarily because their populations are generally highest in the summer when minimal
disease outbreaks occur. In addition, movement of insects over long distances is
less likely and the life span of insects is short. Their role is mechanical and there is
no evidence of disease transmission from infected to non-infected farms by insects.
A number of studies (Carver 2003; EFSA 2008; Hop and Saatkamp 2010) have reported that insects carry virus only over short distances, so the risk of release is very
low, exposure risk is high and there is a very low impact with medium uncertainty.

Dogs and cats
It is common to see dogs and cats roaming around commercial poultry farms in
sectors 2 and 3. Dogs are susceptible to H5N1 AI infection; they react with a transient rise in body temperature and in some instances with specific antibodies but
infectious virus could not be re-isolated and transmission of virus through contact
with dogs did not occur (Giese et al. 2008). However, Maas et al. (2007) concluded that dogs sub-clinically infected with H5N1 influenza may contribute to virus
spread. Outdoor cats in areas affected by the H5N1 AI virus in wild birds are at
risk of lethal infection (Klopfleisch et al. 2007). Under natural conditions, infection
of cats with the H5N1 influenza virus may occur after contact with infected birds
or their excrement without inducing clinical disease, Kuiken et al. 2006 experimentally showed that domestic cats can be infected with H5N1 through eating infected
material and that these infected cats can transmit influenza to other cats. However,
horizontal transmission between cats has not been observed (Leschnick et al. 2006).
The risk level of dogs is ranked as very low: dogs do not roam far from home and
do not come into contact with flock birds, while the effect of dryness and solar radiation inactivates contaminated faecal materials; despite of cats usually bury their
faecal, the risk level was ranked as medium, due to ability to transmit the virus. No
cases of H5N1 infection in dogs or cats has been linked to transmission to other
species (Yee et al. 2009). Pet animals carry virus only over short distance (EFSA
2008; Hop and Saatkamp 2010), so they are characterised by very low release, low
exposure and very low impact with low uncertainty (Table 5).
Feed
Most sector 2 and 3 commercial poultry farms depend on feed mills for formulated
ration supplies. The contamination of grains used in feed formulation may occur
through droppings of wild birds. However, feed itself represents a low risk with
high uncertainty for disease transmission because of the pressure and temperature
conditions involved in feed production. In addition, the diluting effect on contaminated grains of other ingredients which is sufficient to inactivate or dilute viruses to
a level that is insufficient for infection, leading to very low release risk, high exposure risk and medium impact.
Water
One of the riskiest practices in commercial poultry farms and small-scale household
producers is throwing dead birds into river and water canals, contaminating water
courses, underground water, wild birds and insects. Drinking water used in poultry
farms is ranked as low risk, due mainly to the common practice of its treatment
16
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with chlorine (NegroCalduch 2010). The presence of micro-organisms in water also
reduces the survival of the avian influenza virus (Zarkov 2006). Thus, there is a very
low release level, high exposure and medium impact with low uncertainty.

Biosecurity and vaccination practices and risk level
In Egypt, most sector 2 and 3 poultry farms are located near to or even in villages.
In Qalyubia, Dakahlia and Sharkia governorates, where 63 percent of the commercial farms are very close to each other (less than 500 metres distance between farms),
the transmission period for the H5N1 virus between districts was estimated at 2.3,
7.3 and 7.7 days in 2006, and this was attributed to the low levels of biosecurity
(Kaoud 2007; FAO 2009a). Another study by Kaoud (2008) attributed 69 percent of
epizootic cases that occurred in 2006 to biosecurity failure on the affected poultry
farms. Pagani and Kilany (2007) identified poor biosecurity in sector 3 commercial
farms and identified the high biosecurity risks to be inappropriate litter and carcass
disposal, high density and close proximity of farms, inadequate quarantine of sick
birds, contact with wild birds and contact of workers with other flocks. Thus, farms
with low bio-containment measures represent threats to the industry chain. Based
on farm biosecurity levels as shown by Ali et al. (2013a), Baladi chicken nurseries
and Shamourt farms represent the greatest risk of disease spread in Egypt, compounded by the fact that birds are marketed alive for rearing purposes via doorto-door distributors or LBMs. Ali et al. (2013a) also reported that poor personal
hygiene on commercial farms increase risk (approximately 84 percent of the 304
farms studied did not provide clean clothes for workers or visitors, and 71 percent
of farms had no shower facility).
More than 0.7 billion doses of H5 inactivated vaccine have been used each year
since emergence of the H5N1 virus in 2006 in Egypt (as shown in Fig. 6).
Shamourt farms mainly vaccinate against avian influenza without booster, and
nursery farms do not vaccinate birds against H5N1. Partial immunisation due to

Figure 6. Number of H5 inactivated vaccine doses used in Egypt
between 2006 and 2010
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Source: Authors’ personal communication with staff at CLEVB (Egypt)
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improper vaccination does not prevent HPAI infection or shedding and facilitates
silent transmission and mutation of the virus (Domenech et al. 2009; Rudolfa et al.
2010). Similarly with exotic broiler farms, where some birds are sold to retailers who
have no slaughtering and de-feathering facilities at village level, silent transmission
may be facilitated due to partial immunisation by only one dose of vaccination. Avian
influenza vaccine like all other inactivated vaccines requires 2–4 weeks following
the first dose to achieve detectable and protective immunity in birds and during
this period flocks are still susceptible to infection if exposed. When used properly,
most influenza vaccines, including high quality products, prevent clinical signs but
not infection (Swayne et al. 2001; Liu et al. 2003; Qiao et al. 2003; Savill et al. 2006;
Capua and Alexander 2008). Poetri et al. (2011) concluded that single vaccination
does not prevent H5N1 AI virus transmission among broiler chicken. The current
vaccination programmes limit the probability of virus detection. Also, the wide
spread of H9N2 LPAI in the country might complicate H5N1 virus recognition as
the former could masks disease sings in HPAI infected birds (Khalenkov et al. 2009)
At the laboratory authorised to evaluate veterinary vaccines before release for
market use, it was found that an inactivated H5 vaccine offered more than 80 percent protection for specific pathogen-free (SPF) chickens when challenged with a
dose of 105 EID50/ml, while the protection rate of the same vaccine fell to 30 percent
and 10 percent, respectively when the challenge dose was increased to 106 EID50/
ml and 107 EID50/ml (CLEVB, unpublished data). This indicates that the vaccine
does not protect against higher levels of infection. Bean et al. (1985) reported that
naturally-infected chicken may shed a high concentration of virus in their faeces
(107 EID50/ml per gram).
The high number of broiler flocks, increased number of birds and multi-age
broilers per farm potentially increase the frequency of infectious contacts by traders, service crews, feed and DOC suppliers (Tsukamoto et al. 2007; Devaux et al.
2011). Suboptimal doses and absence of booster vaccination facilitate shedding of
large amount of viruses therefore cannot block further transmission (Webster et al.
2006). It is important to note that even if a vaccine is used properly but coverage of
vaccination is low, it is unlikely that outbreak of the disease will be stopped. The
transmission efficiency of HPAI is quite high with a reproduction ratio of more
than three (Van der Goot et al. 2005; Savill et al. 2006). Therefore, vaccine coverage
in a given flock must be over 90 percent and all vaccinated birds must be protected
to decrease the reproduction ratio to less than one. With this ratio, the transmission
is unlikely to occur and thus outbreak is inhibited (Lekcharoensuk 2008; Bouma et
al. 2009). However, Savill et al. (2006) demonstrated that even with 90 percent vaccination coverage using currently available inactivated vaccines might not prevent
clinically “silent” field virus infections and further virus spread from such flocks. In
addition, there are questions about the protective efficacy of the available vaccine in
a field situation, and hence, the risks of silent spread of the HPAI virus. There is also
concern that widespread and sustained but uncontrolled vaccination might facilitate
antigenic drift and the selection of field virus variants which escape vaccine-induced
immunity (Lee et al. 2004; Smith et al. 2006; Escorcia et al. 2008; Taha et al. 2008).
In Egypt, about 25 percent and 80 percent of exotic broiler farms apply a one-dose
vaccination protocol in summer and winter, respectively, and this is applied by less
than 50 percent of Baladi raising farms (Peyre 2011).
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Ali et al. (2013a) ranked poultry farms in Egypt according to biosecurity levels
and reported that most of the farms studied (57 percent) were at high risk of infection, 38 percent at moderate risk and only about 5 percent at low risk. In terms of
species and production type, turkey and breeder farms had the lowest risk, followed by layer, broiler, nursery and finally duck farms with the highest risk. In
short, about 95 percent of farms are bio-insecure and vulnerable to exposure and
release of infection. Capua and Marangon (2004) have highlighted how the use of
vaccination alone without other stringent control measures pushes the situation
toward endemicity instead of eradication, which reflects the current situation in
Egypt. A long-term pattern of endemicity increases the opportunity for the emergence of potential pandemic strains through further adaptation by genetic mutation
or re-assortment (Webster et al. 1992).
Due to weak biosecurity practices, one dose and variable vaccination programmes,
lack of sentinel birds in flocks in commercial farms, absence of strict monitoring of
unvaccinated sentinel birds by the authorities and live marketing of birds, nursery,
Shamourt and exotic broiler farms represent a high risk for the poultry value chain,
primarily for the small-scale household production sector, followed by the spent
flocks of duck, layer and breeder farms. Infected broiler farms also represent a high
risk for other commercial farms.
Despite the high risk due to the endemic situation, producers had a high level
of awareness about HPAI, but limited knowledge on the value of vaccination, and
variable knowledge on transmission and preventive measures. As a result, they
ranked vaccination at the first priority for disease prevention. Therefore, prohibition of vaccine use by farms may be very difficult to establish due to the general belief among producers that vaccination is what is needed for disease control.
Further, the marked decrease in mortality due to H5N1 HPAI among vaccinated
birds may lead many vaccine importing agents to resist this policy and develop a
black market. Given the fact that vaccination complicates disease recognition and
facilitates silent transmission, and the difficulties involved in prohibiting vaccination, implementation and improvement of biosecurity is very important to achieve
protection throughout the poultry value chain. Thus, biosecurity implementation
should target governorates with high density of poultry farms. Risk-based surveillance, including the development of a protocol setting the priority of regular and
pre-sale sampling for these farms is recommended.

Poor biosecurity application and vaccination in wide geographic areas are
both considered Trojan horses for H5N1 virus because it masks the symptoms
and birds shed virus while remaining asymptomatic; virus spreads freely with
the movement of birds and persists along the poultry value chain.
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Table 5. Qualitative risk assessment for commercial poultry farms
Disease carrier

Likelihood
of release

Likelihood
Probability
of
level
exposure

Impact
level

Risk level Uncertainty

Notes

High

High

High

High

Very
High

Low

Bird catcher
boys

High

High

High

High

Very
High

Low

Egg
collecting
girls

High

High

High

High

Very
High

Low

Veterinary
practitioner

High

High

High

High

Very
High

Low

Medical representative

Low

High

Medium

High

Feed, egg
and manure
drivers

High

Medium

Medium

High

High

High

High

Low

Low

Low

Low

High

In cases
of oneage
farms

High

Medium

Medium

High

High

Low

Multiage
farms

High

Medium

Medium

High

High

Low

High

Low

Low

High

Medium

High

Gas
cylinders

Medium

Medium

Low

High

Medium

Medium

Vaccine
atomizers

Medium

High

Medium

High

High

High

High

Low

Very low

Medium

Low

Medium

One-age
farms

Bird crates

High

Medium

Medium

High

High

Medium

Multiage
farms

Used egg
racks

High

Medium

Medium

High

High

Medium

House
sparrows
and doves

High

High

High

High

Very
High

Medium

Very Low

High

Very Low

Low

Very Low

Medium

Low

High

Low

Dogs

Very Low

Low

Cats

High

Low

Low

High

Medium

Medium

Feed

Very Low

High

Very Low

Medium

Low

High

Water

Very Low

High

Very Low

Medium

Low

Low

People

Vaccinators

Live broiler
traders

Spent live
bird traders

Equipment

Vehicle Feed, eggs,
manure

Wild
birds

Rodents
Insects House flies,
mosquitoes
and beetles
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Small-scale household (HH) production
In 2007, out of the 17 300 000 total households in Egypt, 9 500 000 (55 percent)
were rural dwellers (CAPMAS 2007). It is estimated that about 83 percent and
13.4 percent of rural and urban households, respectively, rear birds mainly for
household consumption and as a source of income (Geerlings 2011). During 200809, the total poultry production was estimated at 250–300 million birds (Hosny
2006; Abdelwahab and Hafez 2011). About 71 percent of households in rural upper
Egypt raise poultry; the average flock size in 2010 was 23.7 birds in contrast to 73
birds in lower Egypt (Geerlings 2011; Fasina et al. 2012). Chickens account for
48–52 percent of the total number of birds kept in the household sector. The ducks
household population is estimated at 35–55 million, representing about 22–25
percent of poultry (Hogerwerf and Siddig 2007). Pigeons, geese and turkeys are
other bird species raised in households.
The most important suppliers of breeding stock to the household sector are peddlers. The peddlers account for the supply of 71 percent of day-old chicks and
92 percent older birds (Geerlings 2011). Restocking often takes place during the
months of March, April, September, October and the 2–3 months before Ramadan
(Hogerwerf and Siddig 2007; Ali et al. 2013b; Geerlings 2011). Baladi chicken and
exotic (Peking, Muscovy and Mule) ducklings are raised in nursery farms, then sold
to household producers, while Baladi ducks, geese and pigeon are produced and
raised at home.
Small-scale household poultry production usually operates throughout the year
without any down time or an “all in, all out” practices. Birds are kept on rooftops
or inside rooms in living houses. Flocks are made up of a limited number of birds
of different ages and species, either scavenging around the house, or semi-ranging
(i.e. allowed to roam for part of the day in yards or on rooftops) or strictly confined. Women are responsible for all husbandry activities including feeding, watering, bird care, marketing, etc. They provide feed and water twice a day (morning
and afternoon). Drinkers are washed daily using water and palm fibres. Cleaning
of manure/litter is performed every 2–7 days and manure is often collected in bags.
Commercial feeds are given to young birds, but latter in the age birds depend on
leftovers, crushed corn and for breeders old bread. In most instances, household
flocks are composed of mixed species. Commonly chicken and ducks are reared
together. Geese are separately raised because they fight with other species when
mixed. On the other hand, pigeon are reared with all other poultry species as they
occupy spaces near ceilings and pose no completion for space. Young birds are
raised separately. Goats can also be found on rooftop patios.
Baladi chicks are purchased at the age of 3–4 or 6–8 weeks from door-to-door
distributors, but one-day-old chicks are purchased directly from traditional hatcheries if the latter are located in villages. Peking ducks are purchased at the age of
2 weeks, while Mule or Muscovy ducks are purchased at one-day or 7-days old
and fattened for household consumption and/or sold at LBMs to bird collectors.
Eggs laid by Baladi ducks and geese are not consumed but used for in-house bird
production. Baladi chicken is used for both meat (extra cocks and spent hens) and
egg production. Sometimes, producers buy adult drakes or cocks from neighbours
or LBMs for breeding or fattening for family consumption. They purchase commercial feed for young birds from retail shops on credit or cash, while they depend
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on home-produced corn/barseem/vegetables, and kitchen leftovers for adult birds.
Some villages use topsoil (called rutch), and others rice straw or wood shavings as
litter. The litter or manure generated is used as fertiliser. The meat and eggs produced are mainly used for home consumption. Sometimes eggs and/or live birds are
sold to traders (who come one day before the village market date), to neighbours or
directly to collectors in the LBMs.
Live Peking, nursed female Mule, spent, and Baladi drake and gander are commonly purchased in LBMs and adult Baladi chicken from peddlers for rearing,
home consumption or as gifts to be donated on social occasions such as weddings.
The tradition of duck-keeping in some village around the Nile Delta region is deeply embedded in the cultural life (Hogerwerf and Siddig 2007). Around 278 000 dayold female Mule ducks are imported from France each week.
In general, biosecurity is poor in this sector and inappropriate carcass disposal,
high density of poultry farms, wild bird contact and worker contact with other
flocks have been identified as high risks (Pagani and Kilany 2007). GOVS-CAHO
reports and producer opinions attributed most outbreaks to newly purchased adult
waterfowl and/or adult Baladi or hybrid chicken for rearing. Waterfowls have been
widely recognised as a risk factor for disease occurrence, as a reservoir of infection
(Gilbert et al. 2006; Pfeiffer et al. 2007; Fang et al. 2008; Biswas et al. 2009; Paul et
al. 2010), and as a silent vectors for disease transmission (Chen et al. 2004; HulsePost et al. 2005; Sturm-Ramirez et al. 2005; Keawcharoen et al. 2008; Devaux et al.
2011). In Southeast Asia, HPAI H5N1 outbreaks were correlated with free-range
duck farming and rice paddy cultivation (Songserm et al. 2004; Gilbert et al. 2006;
Gilbert et al. 2008).
Vaccination of Shamourt or Baladi chicken by commercial farms, before being
mixed with highly susceptible, unvaccinated house birds, masks signs of disease
(Swayne et al. 2001; Tian et al. 2005; Domenech et al. 2009).
Birds infected with virulent avian influenza virus shed large quantities of virus in
their faeces as well as in their saliva and nasal secretions. The incubation period for
the disease before the onset of clinical signs could range from 2–10 days (Beato et
al. 2007; van der Goot et al. 2008) and viral shedding can occur from 2–17 days after
infection (Shortridge et al. 1998; Hulse-Post et al. 2005; Spickler et al. 2008). Chickens infected with the virulent strain shed high concentrations of virus in their faeces
(107 EID50 per gram) (Bean et al. 1985). It has been shown that one infected duck
excretes up to 1010 EID50 in 24 hours and, while ducks known to excrete 7.5–10 kg
of faeces per year and geese to excrete 12.5–15 kg, infected waterfowl may be able
to excrete up to 3 × 109 EID50 per gram in their faeces (WHO 2007). Spekreijse et
al. (2011b) have reported that a low dose such as 102.5 EID50 of H5N1 HPAI virus
(clade 2.2) is infectious.
Vaccinated ducks infected with HPAI shed virus for longer periods of time, perpetuating the virus in the environment and increasing the possibility of transmission to susceptible birds (Wasilenko et al. 2011). Morbidity and mortality of HPAI
H5N1 infection in ducks varies by age (Pantin-Jackwood et al. 2007) and is higher
in younger ducks than in older birds (Kown et al. 2005). Between May and June
2011, five confirmed H5N1 cases in Egypt were isolated from ducks and geese from
LBMs in Qalyubia (4) and Fayoum (1) governorates through an active surveillance
conducted by GOVS (FAO AIDE News 2011).
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Thus purchasing of waterfowl and adult Baladi or Shamourt chicken represents
the highest level of risk due to high release, exposure and impact with low
uncertainty. Trading of young birds (up to 3 weeks of age) represents a low risk
with low uncertainty, because birds of this age are commonly reared separately
from adult birds and the multiple vaccination of breeders against the avian influenza
virus by commercial farms results in protection of progeny for the first three weeks
of life (Table 6).
Wild birds such as sparrows or doves that share feed and water with unconfined
flocks are ranked at a very high level of risk. Boys who work as bird catchers and
part-time workers on commercial farms represent a very high level of risk with low
uncertainty, while live bird collectors represent medium risk with high uncertainty.
Shop/market slaughtered birds represent medium risk with high uncertainty for
small-scale household production. Rearing and trading of pigeons represent very
low risk levels because they are less susceptible to the H5N1 virus, show no clinical
signs of disease or lesions associated with natural infection, and are less likely to
transmit the virus to chicken (Lu et al. 2003; Perkins and Swayne 2003a; Liu et al.
2007; Werner et al. 2007; Brown et al. 2009).

Control activities should focus on raising awareness of small-scale
HOUSEHOLD producers on the importance of quarantine of newly purchased
birds, limiting contacts between birds and people, keeping birds indoor in a
confined environment and proper bird disposal.

Table 6. Qualitative risk assessment of household production
Likelihood
of release

Likelihood
of
exposure

Probability
level

Impact
level

Risk level

Uncertainty

Young birds: DOB
(Mules, Muscovy
ducklings, geese),
Peking ducklings
(up to 2 weeks old)
and Baladi chicken
(up to 3 weeks old)

Very low

Medium

Very Low

Medium

Low

Low

Adult Baladi or
Shamourt chicken

High

High

High

High

Very High

Low

Adult Baladi duck
or geese

High

High

High

High

Very High

Low

Exotic birds
Exotic broiler and
for
Shamourt chicken
consumption

High

Very low

Very Low

High

Medium

Medium

Source of infection

Introducing
domestic
birds for
rearing

Pigeons
Wild birds

People

Very low

High

Very low

Medium

Low

Low

Doves and sparrows

High

High

High

High

Very High

Medium

Non-resident
commercial farm
workers and egg
collectors

High

High

High

High

Very High

Medium

Bird catchers

High

High

High

High

Very High

Medium

Very low

Very low

Very Low

High

Medium

High

Live bird collectors
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Live bird markets and poultry shops
Live bird markets are important sources for the purchase and trading of birds in rural and urban areas in Egypt and are prominent in the risk pathway diagram shown
in Fig. 4. Poultry production is heavily dependent on LBMs and poultryshops due
to consumer preferences and lack of slaughterhouse capacity (Hosny 2006; Ali et al.
2013b). LBMs and poultry shops absorb about 80 percent of total poultry commercial production in the country. About 36 percent of small-scale household producers sell their products (eggs and birds) to traders or neighbours in LBMs (Geerlings
2011). Due to cultural preference for consuming freshly slaughtered poultry, this
type of marketing will not disappear easily (Ali et al. 2013b). There are many reasons why consumers prefer to buy poultry in LBMs, and include religious (slaughtering), social (feasts or welcoming traditions), and economic factors (absence of
cold chain at home, higher price of dressed poultry, etc.). In addition, consumers
simply wish to check the sanitary status of the bird and the freshness of the meat
by themselves. In a global context, where poultry traceability and sanitary regulations are not considered sufficiently secured, it is rational for consumers to access
the shortest distribution circuits to have assurances of quality (Fermet-Quinet et
al. 2007).
There is a large LBM in every district and smaller LBMs for groups of villages.
LBMs are usually weekly markets which take place in narrow and crowded streets
in villages. Although their exact number is not known, they could be several thousands. Taking into account one per village, the estimate could be 5 000 (FermetQuinet et al. 2007). Officially, there are around 16 000 retail poultry shops registered in Egypt, in addition to the 4 300 small slaughtering and de-feathering points
which are usually annexed to the back of the retail poultry shops (MoALR 2005).
Unofficially, the overall number could be around 45 000 (ElNagar and Ibrahim
2007; Fermet-Quinet et al. 2007). Most LBMs continue to operate illegally in all
governorates studied (Hosny 2008) with weak infrastructure, no C& D facilities,
poor supervision and poor bird inspection, and often with sick and stunted birds.
They sell eggs and live birds – young and adult chickens, ducks, geese, turkeys, pigeons, quail – for consumption and rearing purposes. Traders move with their birds
between different LBMs which are held on different days of the week, buying and
selling birds.
Live birds are presumed to constitute the highest risk because of virus replication, virus shed into the environment and movement over long distances in different directions (Cardona et al. 2009). HPAI surveillance programmes in several
countries in Asia, including China, Hong Kong, Indonesia, Thailand and Viet Nam
have demonstrated that HPAI H5N1 circulates in LBMs (Guan et al. 2002; Senne
et al. 2003; Nguyen et al. 2005; Kung et al. 2007; Amonsin et al. 2008; Indriani et
al. 2010). In north-eastern United States, LBMs have been found to be potential
reservoirs for long-term maintenance of avian influenza viruses (Senne et al. 2003).
In China, 16 viruses of different virulence and genotypes were isolated in late 2006
and early 2007 (Chen et al. 2009). Wang et al. (2006) and Indriani et al. (2010) isolated viruses from bird cages and Wang et al. (2006) detected neutralising antibodies
against H5N1 in one out of 110 persons in the poultry business markets.
Live markets, which are considered to be a continuing source of influenza
because of the dense concentration and high turn-over rate of live birds, provide
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ample conditions for virus amplification and may therefore be important reservoirs
for HPAI or “hubs” of circulation (Webster 2004). Previous studies have shown
that regular cleaning with detergents, including free chlorine concentrations
typically used in drinking water treatment, can rapidly remove avian influenza virus
contamination from surfaces (Rice et al. 2007; Trock et al. 2008), while periodic
market rest days coupled with thorough cleaning can minimise the reservoir of virus
in LBMs (Bulaga et al. 2003; Kung et al. 2003; Mullaney 2003; Guan et al. 2007).
Daily removal of waste and zoning that segregates poultry-related work flow
areas have been found to be factors of protection (Indriani et al. 2010). A study in
Indonesia showed that poultry water, drains, table tops, cages, tablecloths, utensils,
bins and floors of LBMs were all contaminated. Environmental sites most commonly contaminated were located in slaughter zones and zones where carcasses
were taken after slaughter, such as sale and waste disposal zones. Such contamination can be expected because slaughtering generates droplets that may contain
viral particles and exposes internal organs with potentially high viral loads. Even if
slaughtering is conducted in a separate zone, contamination can spread to the sale
and waste disposal zone through carcasses and through the process of evisceration
usually conducted in both slaughter and sale stalls (Indriani et al. 2010).
In Egypt in 2008, FAO (2008) found that four markets out of ten in Tanta district,
Gharbia governorate, were positive to the H5N1 virus. By January–April 2009, 71
out of 573 LBMs examined (12.4 percent) were found positive for the H5N1 virus. A higher incidence (40.8 percent) of positive LBMs was recorded during the
cold month of February and was concentrated mainly in the highly populated Nile
Delta (Abdelwhab et al. 2010). Another study in the same year in the period January–September (Hany 2009) found 84 out of 197 LBMs (43 percent) tested positive
for H5N1. Positive markets were scattered over 18 out of a total of 21 governorates
tested. Between May and June 2011, five confirmed positive cases were detected
in Qalyubia (four cases) and Fayoum (one case) governorates through the active
surveillance programme conducted in both governorates by GOVS. All five were
isolated from ducks and geese. There is no information or study on genetic analysis
of these isolates or on the genetic relationship of these isolates with isolates from
commercial and small-scale household birds.
The live bird market is one of most critical points in the poultry value chain. It
links commercial and small-scale household producers, traders and consumers; the
estimated volume of daily live exotic chicken traded ranges from 1.3 to 1.6 million
birds in the summer and winter seasons, respectively, with maximum trading
during Ramadan month (Ibrahim et al. 2006; Ali et al. 2013b). Lack of notification,
bird tracing systems, registration of intermediaries, traders, peddlers transporters
and retailers, in addition to minimal, if any, veterinary inspection in traditional
LBMs facilitates movements of diseased and low quality birds from commercial
farms to small-scale household production units and among small-scale household
producers.
Permanent poultry shops in LBMs and poultry shops represent a low level of
risk in the poultry value chain because most birds are “live in, dead out”, species
are caged separately, birds are kept for a short time before slaughter (1–2 days) and
unsold birds remain in the shop (Ali et al. 2013b). Slaughtered birds are allowed to
bleed, then submerged in hot water for scalding and mechanical de-feathering; the
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minimum temperature for inactivating the avian influenza virus in poultry meat is
one minute at 80 oC, five minutes at 70 oC and 30 minutes at 60 oC (Moses et al.
1948; AQIS 1991), but improper handling of waste and drainage still contaminate
the environment. Small slaughtering and de-feathering points represent medium
risk with high uncertainty based on movement of these points between markets and
unsold birds returned home.
With trading of ducklings aged 8–15 days, geese and Baladi chicken up to
3 weeks of age, the risk is low with low uncertainty due to the massive vaccination
of breeder flocks which results in high maternal immunity in the progeny (only one
outbreak reported in imported Mule ducklings9). These age groups are commonly
reared in houses separately from the rest of the flock (Fasina et al. 2012).
Ducks constitute the foremost host of the avian influenza virus in general, and
may shed virus for up to 2.5 weeks, while hardly showing signs of disease, hence
contributing to persistence of the virus, at least in the Asian setting. Egypt has 35–
55 million and five million ducks in small-scale household and commercial farms,
respectively (Hogerwerf and Siddig 2007) and most ducks are marketed alive. Live
adult Peking, and spent duck drake and gander are commonly traded in LBMs and
adult Baladi chicken that are bought from peddlers for small-scale household rearing, consumption or donation as gifts on social occasions such as weddings represent a very high level of risk (with low uncertainty) for sector 4 (Table 7). CAHO
reports and GOVS have attributed most small-scale household outbreaks to newlypurchased adult waterfowl and adult Baladi or hybrid chicken for rearing.
Waterfowl have been recognised as a risk factor for disease occurrence (Gilbert
et al. 2006; Pfeiffer et al. 2007; Fang et al. 2008; Biswas et al. 2009; Paul et al. 2010)
and as a reservoir of infection (Hogerwerf and Siddig 2007). Wasilenko et al. (2011)
reported that vaccinated ducks infected with HPAI shed viruses for longer periods
of time, perpetuating the virus in the environment and increasing the possibility
of transmission to susceptible birds. Devaux et al. (2011) identified ducks as silent
carriers.
According to Kung et al. (2007) contact between the retail market and chicken
farms via humans is a significant risk factor among chicken farms in Hong Kong.
In Egypt, it is likely that birds and traders move between different markets without
inspection before market entry, unsold birds are returned home, people buy birds
without being aware that they are infected and mix them with home flocks without
spatial or temporal quarantine. To assist in preventing the spread of HPAI in Hong
Kong SAR, a complete segregation policy was imposed in 1998 for domestic fowl
(Sims et al. 2003). Currently, it is still illegal to rear, transport or market ducks and
geese together with other poultry.

LBMs require strict application of a “live in and slaughtered out” policy,
separation among different species, and separation between young birds
for rearing and adult birds for consumption in areas suitably structured for
application of sanitary measures.

9
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Table 7. Qualitative risk assessment of LBM
Likelihood
of release

Likelihood
of
exposure

Probability
level

Impact
level

Risk level

Uncertainty

Permanent poultry shops
and poultry shops in LBM

Low

Low

Very Low

Medium

Low

High

Small slaughtering and
de-feathering points

Low

Low

Very Low

High

Medium

High

Very low

Low

Very Low

Medium

Low

Low

Adult duck
and geese

High

High

High

High

Very High

Low

Adult Baladi

High

High

High

High

Very High

Low

Adult Shamourt

High

High

High

High

Very High

Low

Risk presenter

Young birds
duckling, geese
and chickens aged
up to 3 weeks
Live
bird
trading

Litter collection points
Poultry litter is a combination of poultry manure and bedding material (wheat
straw or wood shavings). The nutrient concentration of the litter depends on the
type and amount of bedding material, production type (short [broiler] or long cycle
farm), and the nutrients included in the poultry diet. Litter is purchased by litter
collectors, transported on open-back trucks, covered by waterproof covers and
collected in an open area. Litter is not normally treated before dispatch at either
the farm or the collection point. Poultry litter is a good source of nutrients and
organic matter for crops (Marsh et al. 2009) and in Egypt is widely used on sandy
desert soil to improve its structure and consequently increase soil water-holding
capacity. Rappaport and Sarig (1978) reported that the addition of chicken manure
to an intensive fish culture results in reduction of the food conversion rate and
Djajadiredja et al. (1980) reported that poultry manure is known to be the most
powerful fertiliser for fish ponds. In Egypt, breeder and layer litter are preferred for
fish farms because they are considered nutrient-rich due to the quantity of spilled
feed they contain.
Movement of vehicles among different farms and locations without C&D
performed at farm and collection point levels clearly present opportunities for the
dissemination of avian influenza viruses to poultry, fish farms and crop land (Engelen
2011). The trading of unprocessed manure has been identified as potentially high risk
(Mcleod et al. 2009). Kandun et al. (2010) reported a human case of H5N1 infection
in Indonesia where exposure to H5N1-infected animals could not be established,
but further investigation found that chicken faeces contaminated with viable H5N1
virus in garden fertiliser as the source of infection. Terregino et al. (2009) found that
some H7 subtype strains are more resistant than others and remain viable after 15
days at 37 oC. However, Shortridge et al. (1998) reported that while the H5N1 virus
can survive in wet faeces for weeks, it is inactivated as soon as the faeces dry out in
ambient temperatures. As such, the spread of avian influenza viruses like H5N1 is
expected to be relatively low in outdoor and free-range settings.
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Risk levels could be high for caged layer farms resulting from the relatively higher frequency of litter vehicles and drivers visiting farms (every 3–7 days on average).
Risk levels are also high for long cycle farms because most are multi-age production
farms (litter collection every ≥3 months), and low for broiler farms (Table 4). There
is no firm information that avian influenza has been disseminated in fish farms,
however this possibility should be considered (Feare 2006). The risk for fish farms
is considered very low, as it is also for cultivated lands because of the drying effect
of direct sunlight.
Uncovered litter in an open area attracts wild birds. Egrets, sparrows, doves,
hoopoes and pigeons are common wild birds observed in litter points. Sparrows,
doves and egrets are susceptible to H5N1, but the latter never access poultry houses.
In nature, hoopoes and pigeons have not shown H5N1 isolates. Thus, risk for wild
birds ranges from very low for hoopoes, low for pigeons and medium for egrets,
to very high for sparrows and doves, respectively (Table 8). The uncertainty for
these risk estimates ranges from medium to high because of lack of data on number
and capacity of such collection points, average storage time for litter batches, the
seasonality of maximum activity of these points, H5N1 virus prevalence or its
viability in these collection sites, or the status of the H5N1 virus in wild birds
which feed on the litter at these collection points. It has, however, been shown that
higher volumes and increased frequency of movements occur during the month of
Ramadan (Ibrahim et al. 2006)
So litter collection points could be disease pathway in-between different commercial farms due to higher frequency of movement of vehicles and drivers through
poor C&D application by commercial farms and litter collection points and disease
pathway for small-scale household production and commercial farms through wild
birds.
Table 8. Qualitative risk assessment of litter collection points
Points at risk

Likelihood Likelihood Probability
of release of exposure
level

Impact
level

Risk level

Uncertainty

Low

Very low

Very Low

High

Low

High

Multi-age
broiler farm

High

Medium

Medium

High

High

High

Long cycle
farm

High

Medium

Medium

High

High

High

Caged layer

High

Medium

Medium

High

High

High

Fish farm

Very low

Very low

Very low

Low

Very low

High

Cultivated land

Very low

Very low

Very low

Low

Very low

Medium

Sparrows
and doves

High

High

High

High

Very high

Medium

Egrets

High

Very low

Very low

Low

Very low

Medium

Hoopoes

Very low

Very low

Very low

Very low Very low

High

Pigeons

Very low

High

Very low

Medium

Low

Wild birds

Commercial farm

Short cycle
with “all in,
all out”
system
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Hatcheries
There are three types of hatcheries in Egypt, and are composed of 198 modern, 942
traditional and 10 semi-automatic (MoALR 2011). Traditional hatcheries and semiautomatic hatcheries incubate either Baladi chicken, Peking and Muscovy eggs.
Modern hatcheries incubate either exotic, Shamourt chicken eggs or duck eggs (Ali
et al. 2009). Egg setting occurs every three days, especially in winter when there is
a higher demand for day-old birds (DOBs), which requires purchasing egg batches
every three days from different breeder farms. The biosecurity measures applied by
hatcheries are generally weak, except for those in sector 1. The main risk related to
hatcheries concerns circulation of used egg racks and egg trucks among different
breeders, species, farms and locations. This was a routine practice for 63 percent
of traditional hatcheries in 2008 (Ali et al. 2009). Used racks may be contaminated
with feathers and/or faecal material from infected farms. Yamamoto et al. (2010)
found that viral infectivity persists in the feathers of infected birds for two weeks
at 20 oC, and in California some outbreaks of low pathogenic avian influenza have
been associated with transfer of virus by egg flats (Cardona 2005). HPAI H5N1
virus has been isolated from the egg shell of infected broiler breeders (Abdelwhab
et al. 2011). Thus, hatcheries can play a role in virus transmission among different
farms in different locations through contaminated egg flats, vehicles and drivers.

The critical practices are circulation of egg racks and the lack of
decontamination facility for drivers and vehicles at farm or hatchery gates.

Slaughterhouses
There are three types of slaughterhouses in Egypt and are composed of 37 fully
automatic (14.4 percent), 37 semi-automatic (14.4 percent) and 183 manual (71.2
percent) (MoALR 2011). At the start of the HPAI outbreak in 2006, there were
184 slaughterhouses in the country. The 257 slaughterhouses today have a total
annual potential slaughtering capacity of 187 million broilers, representing around
35 percent of exotic broilers and less than 20 percent of the potential annual broiler
production (MoALR 2005; Ali et al. 2013b), with no adaptations to process spent
layers, broiler breeders or native birds (Hosny 2006). Only 20 percent of broiler
production reaches the consumer either frozen or chilled; less than 5 percent is
further processed and around 75 percent is marketed through live bird marketing
channels.
Because they use the “live in, dead out” system, the risk of slaughterhouses
transmitting the HPAI virus is ranked as very low10. The risk to the environment
could be limited only to absence of treatment facilities in the drainage systems or if
there is poor C&D during processing, lack of decontamination of bird vehicles and
crates, and improper transporting of waste products.
10

Dent et al. (2011) considered slaughterhouses as potential agents of spread of HPAI among commercial farms in
the United Kingdom.
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Feed mills
Poultry production in Egypt depends on imported maize and soya meal. In addition, the main ingredients of any poultry feed include wheat bran, gluten, fishmeal,
concentrates, premix, mono-calcium-phosphate and salt. The total annual poultry
feed requirement is around three million tonnes (Engelen 2011). Most large-scale
poultry companies in sectors 1 and 2 mill their own stock feed, while commercial
production farms in sectors 3 and 4 rely on large feed mills via feed suppliers who
receive a set amount of feed on credit, which they then pass on to poultry farmers
on credit basis. The total number of feed plants in 2005 was estimated at 323 producing about 499 000 tonnes of feed composed of 313 200 tonnes of starter feed,
96 100 tonnes of finishing feed and 89 900 tonnes of layers feed (Ibrahim et al. 2006).
Published data about feed mills are limited and of poor quality. Large feed mills
may be located out of the Delta region and distribute their products all over the
country, so feed may transported for distances of over 800 kilometres. The small
feed mills, which are located near to poultry farms, deal directly with their farmer
clients and may produce feed according to special formulae requested by farmers.
Feed mills play a supportive role in the development of the poultry industry
through provision of good quality feed, credit and advice. Risks related to feed
mills could be contamination of feed ingredients by droppings of wild birds
and/or mycotoxins due to low quality or improper storage of ingredients. The
temperatures in heaps, in addition to the temperature and pressure conditions
involved in processing, are sufficient to inactivate the virus (Kasemsuman et al.
2009). Thus, the possibility of release is very low, exposure is high and the risk can
be considered as very low; if release occurs, the impact will be medium due to the
dilution effect of contaminated droppings, so the overall risk estimate will be low
with high uncertainty.
A further risk could be associated with the high frequency of movement of vehicles and trucks that deliver feed to farms through circulation among farms of different species, types of production, ages and locations on a daily basis, with no vehicle
C&D or change of clothing/footwear at farm gate or mill level. Feed vehicles visit
one or two farms a day, often without wheel dips (85 percent), with vehicles parked
close to poultry houses (78 percent) or without the provision of clean clothing for
visitors (88 percent). This situation potentially increases the risk of virus circulation
among farms (Ali et al. 2013a).
The probability of release is high and exposure is considered medium due to
indirect contamination (vehicles and drivers) and indirect transmission and high
frequency of movements among farms. The impact could be considered medium
due to silent disease (low viral load) transmission among vaccinated flocks, different
production types (broilers, layers and breeders), species (duck, chicken and turkey)
and locations. Hence, the overall risk estimate for feed mills in the poultry value
chain is considered medium.

A critical practice is movement of drivers and vehicles without C&D at farm
or mill gates.
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MOVEMENT CONTROL ALONG THE POULTRY VALUE CHAIN
Outbreaks of HPAI in poultry need to be controlled as quickly as possible, both to
prevent human cases and to protect the poultry industry. Strict movement control
and tracing are important control measures during outbreaks, including forward
tracing of contacts of an infected farm in order to respond quickly to secondary
infections. Knowing when a virus has been introduced into an infected flock is essential for optimised tracing because it permits focusing on contacts between the
time of virus introduction and culling. However, this requires both identifying the
contact that infected the flock (backward tracing), which is often unknown, and
how HPAI is transmitted in poultry flocks (Bos et al. 2007). In Egypt, lack of application of biosecurity programmes on farms, lack of disease notification, absence
of movement control for poultry and their products among different districts and
governorates with high poultry-dense areas, as well as weak capacity building capacity in the veterinary public health sector were and still are the most important
contributing risk factors for the spread of HPAI and human infection (Kaoud 2007;
FAO 2009a).

At commercial farm level
All short and long cycle farms (exotic broiler, layer, breeder, Shamourt or Baladi
turkey, duck flocks) in Egypt must be tested for H5N1 infection before birds are
sold. The village or district level veterinary authority collects tracheal and cloacal
swabs, blood and litter samples, and sends them to authorised laboratories. The
cost of inspection and test is paid by farm owners (about EGP 250 for 5 000 birds
and EGP 100 for the litter test). In the event of negative results through real-time
PCR (RT-PCR) the owner pays EGP 20 for each 800 birds (one vehicle load) to
receive a transport permit for taking them to the slaughterhouse; farm owners offer the transport permit to bird collectors who may or may not purchase it. The
slaughterhouse signs and stamps a detachable part of the transport permit indicating that the birds have been received. The farm owner is responsible for returning
this part to the authorities. For litter movement, another certificate is issued by
the district authorities. In the event of positive results, the birds are condemned,
regardless of whether the flock has been vaccinated or not, or shows clinical signs
or high mortality or not. Only registered and poultry association member farms receive compensation. It is important to note that the pre-slaughter certification does
not include serological results which could be useful for producers to evaluate the
efficacy of their vaccination programmes. Collected serum samples are discarded
and not tested by authorised laboratories except in the case of positive PCR results
(Peyre 2011), raising a question about which decisions are taken if a farm has a positive high serological titre and a positive PCR test result.
Governorate-level and district level adherence to restrictions, flock testing and
certification prior to sale/movement to slaughterhouses varies widely (Peyre 2011
and personal communication with different farm owners from different locations).
Many birds reach the slaughterhouse only on paper; and they end up in LBMs and
poultry shops in towns (as indicated by a few bird collectors who asked farm owners for the slaughtering permission certificate). Compliance with certification for
poultry transportation is generally sub-optimal, because only registered farms (<20
percent of the farms) seek such services (EMPRES/FAO-GLEWS 2010). This is
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indicated by the total number of farms subjected to pre-slaughter testing. In 2010,
the figure was 33 086 and in 2011, after the Egyptian revolution of 25 January, the
number of monthly tested pre-slaughter farm samples had fallen to 40 percent of
the level of the same period the year beforeϭϭ.
Commercial farms follow their own vaccination protocols (including vaccine
type, vaccination doses, etc.), indicating the lack of clear mandatory vaccination
programme at governorate level. At the same time, the official veterinary services
only visit farms for bird sampling and/or flock culling, which has resulted in a lack
of trust in and poor cooperation with official veterinary services by farmers. In addition, due to the absence of a real compensation programme, disease reporting and
notification is poor.
RT-PCR test results and movement permits could be cross-matched with slaughterhouse information to assess how many of the birds allowed to be transported off
the farms actually reach the slaughterhouses and how many enter LBMs, and could
be used to create a database on volumes, directions and timing of bird movements
for developing a tracking and tracing system (Engelen 2011).
Most sector 2 and 3 producers buy feed on credit basis until batch selling, and
fear of loss may lead them to not notify, to illegally sell infected birds and to hide
and dispose of dead birds in improper ways.

At bird collectors/traders level
All bird collectors/traders now have to pass the ‘Poultry Boursa where they obtain
permits indicating the price (“karta”) before proceeding with the selling process.
The permit is locally referred to as “karta”, and is often issued by the governorate
veterinary services. The ‘karta’ is a necessary document that allows the traders to
pass through the various road check points. Any vehicle transporting poultry without a “karta” is fined EGP 1 000, of which 20 percent goes to the police department,
40 percent to the local government and remaining 40 percent to the poultry Borsa.
Traders rely on their mobile phones to know from where they could get birds,
farm gate price and where active police check points are located. They have a network of buyers and receive information from brokers. The price indicated by brokers is the one accepted. Most traders avoid road check points, to reach to points
where they offloading birds either at poultry shops, LBMs and other buyers such
as slaughterhouses. In the past, government agents attempted to control movements
of birds through various mechanisms and ensure their arrival at the designated destination but with limited success. There is no systematic washing and disinfection
of crates and vehicles (Engelen 2011). Some traders purchase birds known to be infected at a very low price and resell them via door-to-door peddlers, or to a slaughterhouse, which, in turn, sell frozen products to fast food outlets. Buyers, such as
most villager women can inadvertently facilitate such cheaper trades, due partly to
their low level awareness of the associated risk. This type of practices enhance virus
seeding and spread in villages. Most collectors work individually and do not belong
to recognised companies. They are not registered, hence not under the supervision
of veterinary authorities. They have no official training and are ignorant of good
practices, biosecurity measures, zoonotic disease and health risks, etc.
11
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There is a need to control bird movements and enforce hygiene and environmental measures. A system of registration of bird traders should be established and
mandated to a competent public sector organization. The later ratify and implement
regulation on C&D of vehicles and crates, without which any bird or by product
transport permit should not be issues. The system need to gradually control the
movement of birds to poultry shops and LBMs.
The Borsa “karta” could also be used as an indicator of how many animals have
been transported from where to where, and used for bird tracking and tracing.

At poultry markets
There are around 15 892 retail shops in Egypt that sell either live or freshly slaughtered birds to consumers. In addition, 4 305 small slaughtering and de-feathering
points exist that sell freshly slaughtered and chilled birds and bird parts (Hosny 2006).
LBMs are key links between the commercial and small-scale household poultry sectors. Egypt has recently implemented bans on selling live birds in open markets (Law
70/2009, MoALR MD 941/09), but the ban has had little effect and LBMs continue
to operate. Some governorates are enforcing decrees related to the banning of unregistered poultry farms and control of bird movements. Enforcement varies from one
governorate to another, but is generally weak (EMPRES/FAO-GLEWS 2010).
Multiple LBMs are totally unregulated, and have no animal health inspection,
return unsold live birds, no cleaning and disinfection facility, no separation between
birds for consumption and rearing, no separation of species, no mandatory application of “live in, dead out”, and no registration of traders nor sellers. The latter
means that no certification is required for poultry to enter LBMs/poultry shops,
that no biosecurity measures are enforced or applied by individuals and that there
is no bird tracing.
In slaughterhouses
Although these plants all have a resident veterinarian inspector in name, the current
situation presents no evidence that such inspectors are effective for protecting
public health, preventing hazardous situations or ensuring that slaughtered birds
comply with all the requirements related to testing for HPAI, etc. (Engelen 2011).
In most cases, the surroundings are dirty, there is no sign of rodent control, and
cats live close by. Most have no provisions for collecting and processing blood,
and intestines and feathers are collected by what is called a “cooker”. However,
there is no certainty that dangerous offal is being processed in a responsible way
(Engelen 2011). Only the automatic slaughterhouses are better designed to comply
with GMP and HACCP requirements.

Certification and traceability can promote virtuous quality cycles that combine
risk reduction with higher product value and incomes along supply chains. So
the weak capacity which is reflected by a poorly certified supply chain, lack
of bird tracing systems, and registration of intermediaries, traders, pedlars,
transporters and retailers, in addition to minimal, if any, veterinary inspection
of traditional LBMs, facilitate movements of diseased birds and low quality
birds without recognition.
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Risk analysis can assist in selecting risk mitigation measures to be applied in a
prevention strategy plan against H5N1 HPAI (Goutard et al. 2007; Martínez et al.
2007; Sabirovic et al. 2007). In this sense, the risk assessment framework can help in
identifying at-risk nodes, which is useful to optimise targeted surveillance (Martínez
et al. 2007). Movement of people, birds, vehicles and/or equipment among farms,
household production systems, slaughterhouses, hatcheries, feed mills, live bird
markets and bird collection points are the main causes of disease transmission and
are present in all risk pathways in the poultry value chain.
For commercial farms, the risk associated with movement of people is considered highly significant due to weak farm gate decontamination activities, and could
be separated into very high risk (with low uncertainty associated with external
injectors, part-time day farm workers, visiting veterinary practitioners) and high
risk with feed delivery, egg-collecting and litter collecting drivers, while medical
representatives and drug suppliers represent medium risk. Feed, egg and litter vehicles represent medium risk with high uncertainty. The risk associated with sharing equipment among different farms is high with medium uncertainty for used egg
cartons, vaccine atomizers and bird crates in the case of multi-age farms, followed
by low and medium risk associated with bird crates for one-age farm and gas cylinders respectively, with medium uncertainty. The overall risk for the key pathways
was very low for rodents, insects, dogs and cats, and very high for wild birds. Feed
and water inputs represent low risk. For a graphic representation of risk levels for
different categories, see Fig. 7 below.
Figure 7. Overview of risk estimates for different disease carriers into
commercial farms

People

External injector

Very high

Vet. practitioner

Very high

Part time worker

Very high

Trader/driver

High

Med. supplier

High

Vehicle

Medium

Used egg ﬂat

High

Bird crate

High

Vaccine atomizer

High

Gas cylinder

Medium

Wild birds

Very high

Rodent/insect/dog/cat

Very low

Feed/water

Low

Clean Farm

Equipments

Wild animals

Inputs

34

Conclusion and Recommendations

For small-scale household production, the risk associated with trading of adult
waterfowl, Baladi chicken, non-resident commercial farm workers and wild birds
that share flock houses, feed and water is considered very high. The overall risk
associated with purchased young birds and exotic chicken is low and medium, respectively (Fig. 8).
Application of a “live in, dead out” policy, C&D, and live trading of adult waterfowl and Baladi chicken by LBMs do not represent a very high risk for small-scale
household production system.
Litter collection points, feed mills and slaughterhouses represent very low risk
for the poultry value chain because they do not facilitate virus replication or shedding. However, they do represent risk through the movement of vehicles and drivers with poor biosecurity measures among different farms and locations.
Most sector 2 and sector 3 producers buy feed on credit basis until batch selling and
the fear of loss may lead them not to notify in case of infection, illegally sell infected
birds and hide and dispose of dead birds in improper ways. Some specialised traders
actually profit from the disease by purchasing birds known to be infected at very low
prices and reselling them without this information via door-to-door peddlers or to
slaughterhouses which, in turn sell frozen birds to fast food outlets. Buyers such as
villager women and/or some fast food retailers with no or low level of risk awareness
facilitate this type of cheaper trade and disease spread by trying to save money.
The absence of disease signs in some duck species led Kim et al. (2009) to suggest the concept of ducks as ‘‘Trojan horses’’ of H5N1 in their surreptitious spread
of virus. In Egypt, many Trojan horses for H5N1 are in place and include poor
farm-gate biosecurity measures, widespread and inappropriate H5 vaccination protocols, co-circulation with H9N2 and unregulated live bird trading facilitate ‘‘silent
spreading’’ of H5N1 HPAI viruses, continuing the circulation and endemicity of
the disease.
Figure 8. Overview of risk estimates for different disease carriers into small-scale
household poultry production systems
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As long as birds are reared under management systems with poor biosecurity,
including free movement without inspection or tracing, they represent a risk that
H5N1 HPAI will continue to spread.
Thus critical control points for prevention of avian influenza virus transmission
along the poultry value chain include strict farm gate biosecurity system by
commercial producers, increased awareness of the importance of placing newlypurchased birds in quarantine and keeping birds in a confined environment in
small-scale household production systems, followed by strict application of a
“live in, slaughtered out” policy by LBMs, restructuring of LBMs in such a way
as to permit sound decontamination, directional flow from dirty to clean zones,
and efficient movement control by regulatory authorities which requires strong
capacity building.
Due to the high density of poultry farms and small-scale household production
in most governorates, there is a need for national standard producer guides designed to regulate and support the application of good management and biosecurity
systems by poultry production and trade sectors and actors involved in the poultry
value chain, with clear critical objectives that must be met. Programmes should be
based on clear, scientifically justified principles suitable for the Egyptian situation
that detail a range of measures that are applicable to all levels of poultry production
and auditable measures intended to prevent disease-causing agents from entering
and/or leaving premises. Formation of regional groups or production type associations or committees may serve as a tool for applying social pressure for disease
mitigation and assisting the authorities in the implementation and improvement
of monitoring, coordination, communication, transparency and agreement among
the industry actors. Responsibility for monitoring and controlling poultry diseases, regulating the market, preventing the industry from dramatic overproduction
losses and making the poultry sector work for all are shared responsibilities of the
public and private sectors.
It is critically important to improve risk management along market chains.
Therefore, it is necessary to improve farm biosecurity, and review and amend current policies and practices related to the marketing of live birds, taking into account
the capacity to enforce decisions. Efforts to limit the spread of the virus by raising
biosecurity levels, and controlling the movement of birds, poultry products and
by-products should continue, along with the use of certification as a tool to achieve
this. Movement control for household poultry also requires a tailored approach
to minimise the impact of such measures on people’s livelihoods. Finally, efforts
should be made to ensure the proper disposal of waste.
There are a number of factors that increase and decrease risk for disease introduction. These determinants can be classified as either internal factors related to the
farm e.g. farm design, structure and activities, or external factors, e.g. lack of supporting training centers or reference guide for good management practice.
Table 9 indicates the risk factors associated with different node levels and related
actions designed to reduce (if not eliminate) these risks.
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Table 9. Factors affecting risks at different nodes along the poultry value chain
Factors increasing risk

Action to reduce risk

1. Commercial farms
Weak traffic control

Internal factors

Farm owners, workers and
drivers of most Sectors 2 and
3 farms lack awareness and
training on basic principles of
disease transmission and prevention or control

- Restriction of unnecessary human traffic (a major
component of a sound programme for disease
prevention)
- Use only service crews (for broiler/egg pickup, feed
delivery and other operations) who comply with
strict sanitary measures
Maintain an ongoing worker education program on
biosecurity and the risks of disease introduction

Farm workers assigned to serve
several poultry houses

- Restrict access to poultry areas to essential workers
only
- Different poultry houses should be staffed separately

Weak or poor C&D facilities
and infrastructure in most sector 2 and 3 farms

- Personal hygiene procedures must include clear and
precise information
- Use clothing that belongs to the farm and can be
easily cleaned and disinfected
- Footwear used inside the farm should belong to the
farm and be used after thorough cleaning and
disinfection; simple footwear can be used, such as
flip-flops or boots, but they must be fully cleanable
- All workers and visitors must wash with soap then
put on disinfected footwear before entering the farm

High personnel turn-over in
commercial poultry farms

- High turnover rates among workers, constitutes a big
constraint against sustainable implementation
- Workers benefits and rewards should be considered
as a part of biosecurity cost

Overreliance on vaccination
and relaxation of biosecurity
measures

Delivery of developed messages, emphasising that
biosecurity must come before vaccination, that
biosecurity reduces the exposure to and infection
from not only avian influenza but most poultry
pathogens, while vaccination only reduces and does
not prevent susceptibility to infection, does not
prevent virus shedding and complicates detection
by masking clinical signs

No or poor C&D for vehicles

- Where possible, vehicles (apart from essential
vehicles) should not be allowed to enter the premises
- Perform C&D of vehicles in the dirty zone
- Allow personnel, vehicles and equipment to enter
farms only after C&D
- Drivers not permitted to leave the vehicle cabs but if
this is necessary, they should wear overshoes or
change their shoes to farm shoes; in addition, drivers
should not enter poultry houses or come into contact
with poultry and should avoid faecal contamination
of clothing and footwear
- Construction of stores that are easily accessible and
used without the need for external people/vehicles
to enter the farm could lower the level of risk
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Factors increasing risk

Action to reduce risk

External factors

Internal factors

- All equipment and materials that enter the poultry
The practice of exchange of
farm, regardless of size or use, must be
equipment between farms and
decontaminated in the dirty zone on entry and in the
farmhouses that may be conbuffer zone on exit; all equipment and materials must
taminated and spread infectious
be visibly free of organic matter accumulations to
agents
reduce the risk of disease transmission
- Do not allow entry of used paper egg flats
- Poultry crates should be cleaned and disinfected in a
washing station, and should be visibly clean before
being allowed to enter the farm; it is preferable not
to allow the entry of wooden crates because of the
difficulty of cleaning and disinfecting them
- Prevent the sharing of equipment with other farms
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Improper disposal of dead bird
and farm waste

Properly dispose of dead birds either by composting,
burying or incineration

Broken windows, spilled feed,
farm trees, stagnant water and
caked litter attract wild birds,
insects and rodents to farms

- Regularly check and repair wire screening on the sides
of the poultry house and feed store to prevent wild
bird access
- Promptly clean up spilled feed
- Avoid presence of stagnant water, ponds and trees
on the farm
- All ponds around poultry houses should be drained

Litter piled up in an open area
without any cover or compost

- Promptly compost caked litter
- Apply insect control program

Unsecured feed storage facilities

- Secure all feed storage areas, clean up spilled feed and
manure, and regularly sanitise buffer zones to
minimise rodent infestation and attraction of wild
birds

Presence of piles of old equipment and construction material
abandoned near the poultry
houses provide shelter and hiding place for rodents

- Do not keep piles of old materials on the farm
- Maintain a clean 2-metre wide weed-free zone around
building foundations and concrete foundations to
discourage rodent burrowing/tunnelling under
buildings

Use of untreated water for
drinking

Use water disinfectants at recommended dilution
levels, application rates and contact times

Underreporting of outbreaks

Promote the compensation program among
producers to encourage farmers for reporting

Lack of a national, regional or
local body to oversee and take
necessary steps to improve and
regulate movement of poultry
and poultry products

- Encourage formation of poultry associations or
committees to make the poultry sector work for all
- Treat all sector 3 farms located in the same district or
region as one unit, applying an “all in, all out” policy,
keeping just one type of bird, synchronising
production and marketing activities, and applying
area biosecurity

most poultry farms are not
registered. Most farms also operate on rental basis. The rental
period is commonly a year and
renters focus on maximising
their benefits during this limited period. They have no desire
to spend money on long-term
structures or any other investment to enhance biosecurity

Support the use an in-built gradually expanding set of
verifiable biosecurity requirements of a simplified
poultry farm registration system

No extension or farmer-focused training on good poultry
management practices

Encourage formation of poultry management and
biosecurity training centres by universities and
qualified institutes
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Factors increasing risk

Action to reduce risk

Lack of national programmes
for biosecurity implementation
at all levels of the poultry value
chain

Establishment of regular training programmes on
sound biosecurity measures and their application for
different stakeholders (farmers, service crews,
transporters, etc.)

Lack of national standard
guides designed to support the
development of farm-specific
biosecurity protocols for different sectors

- Development of a national guide
- Improve access to information through training and
financial resources and micro-credit to build human
and farm resource capacity

Unregulated vaccine use by
commercial farms and lack of
evaluation or monitoring of the
efficiency of vaccination programmes

Regularly monitor different influenza vaccines and
programmes for their efficiency in protecting flocks

2. Small-scale household production sector
Purchasing birds from unknown new
supplier

Purchase birds especially adult ones from a trusted
supplier

Introduction of new birds to flocks without a quarantine period

Quarantine newly purchased birds for at least 10 days
before mixing with house flock

- Free and semi-range scavenging bird
production
- Sharing of feed and water with wild
birds

Keep birds indoors in a confined environment

Lack of specific clothing and footwear
for bird house

Make available specific clothing and footwear for bird
house

Improper bird disposal (throwing on
roads or watercourses)

Dead birds should be removed promptly so that they
do not become a source of infection for the rest.
Dispose of them by burying, incinerating or
composting. Throw to pets, in water canal or waste
land contaminate the environment and help
circulation of pathogens in the surrounding area by
wild birds, insects and pets and returned back to your
house

Mixing different species and ages

Lack of notification in case of
disease outbreak

- Separate between different species , as one species may
carry and be immune to a disease that is infectious for
another
- Do not mix different ages, as older ages are immune,
less susceptible and may carry infectious organisms
for young birds that have not yet developed
immunity
Visibly sick and moribund birds should be separated
immediately from the healthy ones in order to limit
the spread of the disease. If a disease is suspected,
either consult with a veterinarian or send a few sick
birds to a village veterinary department for diagnosis

3. Live bird markets
Mixing of different species

Unsold birds returning alive to their
flocks

- Absence of cleaning facilities in the
market area
- Market places that are unsuitable for
cleaning (sand or mud)

Spatial or temporal separation between birds for
rearing and birds for consumption, and among birds
of different species and different ages should
considered
- Apply a “live-in, dead out” system for adult birds
- Sell all birds entering the market within the working
day; birds remaining should be slaughtered at the end
of the working day and kept frozen for the next day
Create a specific area in LBMs for cleaning activities
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Factors increasing risk

Action to reduce risk

Lack of inspection of birds before entry
and no tracking system at market level

LBMs should be authorised and placed under
veterinary supervision

4. Litter collection points
No strict adherence to hygienic measures
during and after litter management by
either farm and collection point workers

- Strictly adhere to hygienic measures during and after
litter management
- Pile litter up for a few days or compost before
transporting it out of the farm premises

Movement of vehicles among different
farms and locations without C&D practices at farm or collection point levels
(which clearly presents opportunities for
the dissemination of AI viruses to poultry producers).

- Only allow personnel and vehicles to enter farm after
C&D
- Drivers must not be permitted to leave the vehicle
cabs

5. Hatcheries
Circulation of used egg cartons between
hatcheries and producing farms

Do not permit circulation of used paper egg flats

Lack of knowledge of good production
practices

- Keep no mixing of eggs and birds
- Keep the workers’ flow from the clean zone (egg
setter) to the dirty zone (hatching unit), with foot
dips at the entry, hand-washing facilities, showers and
protective clothing facilities
- Allow personnel to enter hatchery only after clear
personal hygiene procedures

No or poor C&D of egg and bird
vehicles

- Where possible, vehicles (apart from essential
vehicles) should not be allowed to enter the premises
- Perform C&D of vehicles in the dirty zone
- Drivers should not be permitted to leave the vehicle
cabs but if this is necessary, they should wear
overshoes or change their shoes to farm shoes

- Lack of knowledge among workers
about main sources/carriers of disease
infection
- Lack of awareness of basic principles
of disease prevention among hatchery
workers and drivers

Maintain an ongoing worker education program on
biosecurity and the risks of disease introduction

Lack of national standard biosecurity
and management guides/SOPs designed
to support hatcheries

- Design standard guides and SOPs to support
hatchery-specific biosecurity systems
- Establish national programmes of biosecurity
implementation at hatchery level
- Encourage the development of hatchery associations
to assist the authorities in hygiene and safety
improvements

6. Slaughterhouses
No or poor C&D of bird crates and
vehicles

Strict C&D of vehicles and crates before leaving the
premises

Lack of knowledge of the basic principles - Maintain an ongoing worker education program on
of C&D
biosecurity and food safety
- Encourage development of slaughterhouse
associations to assist the authorities in hygiene and
safety improvements
- Establish national pro grammes of biosecurity
implementation at slaughterhouse level
Lack of national standard biosecurity
guides / SOPs designed to support all
types of slaughterhouses
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Design standard biosecurity and management guides /
SOPs to support manual and semi-automatic
slaughterhouse activities

Limitations of the study
The main limitation of this study is poor or absence of data that would help in estimating and evaluating levels of likelihood, impact and risk. These include:
r data on transmission routes responsible for different outbreaks;
r updated data on numbers of different poultry types/species produced by each
sector;
r updated information on the HPAI situation in wild birds and their role in
HPAI epidemiology; frequency and rate of contact between wild and domestic birds;
r epidemiological information or studies on relations between HPAI isolates of
commercial farms, LBMs, household birds and wild birds;
r data on litter collection sites, number and capacity of these collection points,
average storage time for litter batches, the seasonality of maximum activity of
these points, H5N1 virus prevalence or its viability in these points, and the
status of the H5N1 virus in wild birds feeding on litter;
r data on isolates submitted to the GeneBank12, that would include information on types of production (breeder, layer or broiler), breed and vaccination
status.

12

GeneBank is the National Institutes of Health (NIH) genetic sequence database, an annotated collection of all
publicly available DNA sequences. See http://www.ncbi.nlm.nih.gov/genbank/.

41

References
AbdelGaid, S. & Bakri, H.H. 2009. An economic evaluation for the impacts of bird
flu on poultry sector in Egypt. World J. Agri. Sci. 5(3):264–269.
Abdelwahab, E.M. & Hafez, H.M. 2011. An overview of the epidemic of highly
pathogenic H5N1 avian influenza virus in Egypt: epidemiology and control
challenges. Epidemiol. Infect. 139(05):647s–657.
Abdelwhab, E.M., Selim, A.A., Arafa, A., Galal, S., Kilany, W.H., Hassan, M.K.,
Aly, M.M. & Hafez, M.H. 2010. Circulation of avian influenza H5N1 in live
bird markets in Egypt. Avian Dis. 54(2):911–914.
Abdelwhab, E.M., Grund, C., Aly, M.M., Beer, M., Harde, T.C. & Hafez, H.M.
2011. Multiple dose vaccination with heterologous H5N2 vaccine: Immune response and protection against variant clade 2.2.1 highly pathogenic avian influenza H5N1 in broiler breeder chickens. Vaccine, 29 (37): 6219-6225.
Adams, J. 2003. Vector: Rats and Mice. CAMM Poultry, Chapter 10d.
Akey, B.L. 2003. Low-pathogenicity H7N2 avian influenza outbreak in Virginia
during 2002. Avian Dis. 47:1099-1103.
Ali, A., Thieme, O., Schwabenbauer, K. & Ahmed, Z. 2009. Management of traditional poultry hatcheries in Egypt. 5th International Poultry Conference, Taba,
Egypt.
Ali, A., Ankers, P., Osman, G., Zingeser, J. & Yilma, J.M. 2013a. An assessment
of of the level of implementation of biosecurity measures in commercial poultry
farms in Egypt. Under preparation.
Ali, A., DeHaan, N., Gebril, OM., & Yilma, J.M. 2013b. Preferences of consumers and impact on shaping the poultry value chain in Egypt. Under preparation.
Amonsin, A., Choatrako, C., Lapkuntod, J., Tantilertcharoen, R.,
Thanawongnuwech, R., Suradhat, S., Suwannakarn, K., Theamboonlers, A.
& Poovorawan, Y. 2008. Influenza virus (H5N1) in live bird markets and food
markets, Thailand. Emerg. Infect. Dis. 14(11):1739-1742.
AQIS. 1991. Discussion paper on the importation of fresh frozen and cooked
chicken meat and products from the USA, Denmark, Thailand and New Zealand.
Department of Primary Industries and Energy, Canberra, Australia.
Balish, A.L., Davis, C.T., Saad, M.D., El-Sayed, N., Esmat, H., Tjaden, J.A.,
Earhart, K.C., Ahmed, L.E., Abd El-Halem, M., Ali, A.H., Nassif, S.A., ElEbiary, E.A., Taha, M., Aly, M.M., Arafa, A., O’Neill, E., Xiyan, X., Cox, N.J.,
Donis, R.O. & Klimov, A.I. 2010. Antigenic and Genetic Diversity of Highly
Pathogenic Avian Influenza A (H5N1) Viruses Isolated in Egypt. Avian Dis.
54:329-334.
Barbazan, P., Thitithanyanont, A., Misse, D., Dubot, A., Bosc, P., Luangsri, N.,
Gonzalez, J.P. & Kittayapong, P. 2008. Detection of H5N1 Avian Influenza Virus from Mosquitoes Collected in an Infected Poultry Farm in Thailand. Vector
Borne and Zoonotic Dis. 8(1):105–109.

42

References

Bean, B., Moore, B.M., Sterner, B., Peterson, L.R., Gerding, D.N. & Balfour,
H.H. 1982. Survival of influenza viruses on environmental surfaces. J Infect Dis.
146:47–51.
Bean, W.J., Kawaoka, Y., Wood, J.M., Pearson, J.E. & Webster, R.G. 1985. Characterization of Virulent and Avirulent A/Chicken/Pennsylvania/83 Influenza
A Viruses: Potential Role of Defective Interfering RNAs in Nature. J. Virol.
54(1):151–160.
Beato, M., Toffan, A., De Nardi, R., Cristalli, A., Terregino, C., Cattoli, G. &
Capua, I. 2007. A conventional, inactivated oil emulsion vaccine suppresses
shedding and prevents viral meat colonisation in commercial (Pekin) ducks challenged with HPAI H5N1. Vaccine 25(20):4064–4072.
Biswas, P.K., Christensen, J.P., Ahmed, S.S., Barua, H., Das, A., Rahman, M.H.,
Giasuddin, M., Hannan, A.S., Habib, A.M. & Debnath, N.C. 2009. Risk factors for infection with highly pathogenic influenza A virus (H5N1) in commercial chickens in Bangladesh. Vet. Rec. 164:743-746.
Boon, A.C.M., Sandbulte, M.R., Seiler, P., Webby, R.J., Songserm, T., Guan, Y.
& Webster, R.G. 2007. Role of Terrestrial Wild Birds in Ecology of Influenza A
Virus (H5N1). Emerg. Infect. Dis. 13(11):1720–1724.
Bos, M.E., Van Boven, M., Nielen, M., Bouma, A., Elbers, A.R., Nodelijk, G.,
Koch, G., Stegeman, A. & De Jong, M.C. 2007. Estimating the day of highly
pathogenic avian influenza (H7N7) virus introduction into a poultry flock based
on mortality data. Vet. Res. 38:493-504.
Bouma, A., Claassen, I., Natih, K., Klinkenberg, D., Donnelly, C.A., Koch, G.
& Van Boven, M. 2009. Estimation of transmission parameters of H5N1 avian
influenza virus in chickens. PLoS Pathogens 5:e1000281.
Brown, J.D., Stallknecht, D.E., Berghaus, R.D. & Swayne, D.E. 2009. Infectious
and lethal doses of H5N1 highly pathogenic Avian influenza virus for house
sparrows (Passer domesticus) and rock pigeons (Columbia livia). J. Vet. Diagn.
Invest. 21(4):437–445.
Bulaga, L.L., Garber, L., Senne, D.A., Myers, T.J., Good, R., Wainwright, S.,
Trock, S. & Suarez, D. 2003. Epidemiologic and surveillance studies on avian
influenza in live-bird markets in New York and New Jersey, 2001. Avian Dis.
47(Suppl):996–1001. DOI: 10. 1637/0005-2086-47. s3. 996.
Busquets, N., Abad, F.X., Alba, A., Dolz, R., Allepuz, A., Rivas, R., Ramis, A.,
Darji, A. & Majo, N. 2010. Persistence of highly pathogenic avian influenza
virus (H7N1) in infected chickens: feather as a suitable sample for diagnosis. J.
Gen. Virol. 91:2307-2313.
CAPMAS. 2007. The final results of population and housing census, 2006. Central
Agency for Public Mobilization and Statistics
Capua, I. & Alexander, D.J. 2008. Avian influenza vaccines and vaccination in
birds. Vaccine 26S, D70–D73.
Capua, I. & Marangon, S. 2004. Vaccination for avian influenza in Asia. Vaccine
22:4137–4138.
Capua, I. & Marangon, S. 2006. Control of avian influenza in poultry. Emerg.
Infect. Dis 12:1319-1324.
Capua, I. & Marangon, S. 2007. The Challenge of Controlling Notifiable Avian
Influenza by Means of Vaccination. Avian. Dis. 51:317-322.

43

Mapping Influenza A (H5N1) virus transmission pathways and critical control points in Egypt

Capua, I., Mutinelli, F., Marangon, S. & Alexander, D.J. 2000. H7N1 avian influenza in Italy (1999–2000) in intensively reared chicken and turkeys. Avian
Pathol. 29:537–543.
Cardona, C. 2005. Low pathogenicity avian influenza outbreaks in commercial
poultry in California. In: Knobler SL, Mack A, Mahmoud A & Lemon SM
(eds), The threat of pandemic influenza: are we ready? National Academies Press
Washington DC. pp. 243–253.
Cardona, C.J., Xing, Z., Sandrock, C.E. & Davis, C.E. 2009. Avian Influenza in
birds and mammals. Comp. Immunol. Microbiol. Infect. Dis. 32:255-273.
Carver, D.K. 2003. Risk Assessment for Introduction and Transmission of Avian
Influenza (AI) in Commercial Poultry. Avian Dis. Vol. 47, Special Issue, Fourth
International Symposium on Avian Influenza, 1997 Proceedings (2003). pp.
209–213.
Chen, H., Deng, G., Li, Z., Tian, G., Li, Y., Jiao, P., Zhang, L., Liu, Z., Webster, R.G. & Yu, K. 2004. The evolution of H5N1 influenza viruses in ducks in
Southern China. Proc. Natl. Acad. Sci. U S A 101(28):10452–10457.
Chen, J., Fang, F., Yang, Z., Liu, X., Zhang, H., Zhang, Z., Zhang, X. & Chen,
Z. 2009. Characterization of highly pathogenic H5N1 avian influenza viruses
isolated from poultry markets in central China. Virus Res. 146:16–28.
Defra. 2002. Risk management strategy – Section 4: Assessing risks. Department for
Environment, Food and Rural Affairs, UK.
Dent, J.E., Kiss, I.Z., Kao, R.R. & Arnold, M. 2011. The potential spread of highly
pathogenic avian influenza virus via dynamic contacts between poultry premises
in Great Britain. BMC Vet. Res. 7:59. doi:10. 1186/1746-6148-7-59.
Devaux, S., Grobois, V., Pham, T.T.H., Fenwick, S., Tollis, S., Pham, N.H., Tran,
A. & Roger, F. 2011. Risk Factors of Highly Pathogenic Avian Influenza H5N1
Occurrence at the Village and Farm Levels in the Red River Delta Region in
Vietnam. Transbound. Emerg. Dis. 58:492-502.
Djajadiredja, Z., Jangkaru, R. & Junus, M. 1980. Freshwater aquaculture in Indonesia with special reference to small-scale agriculture-aquaculture integrated
farming systems in West Java. In: Pullin RSV & Shehadeh ZH (eds), Integrated
Agriculture-Aquaculture Farming Systems. ICLARM Conference Proceedings
4:143-165.
Domenech, J., Dauphin, G., Rushton, J., McGrane, J., Lubroth, J., Tripodi, A.,
Gilbert, J. & Sims, L.D. 2009. Experiences with vaccination in countries endemically infected with highly pathogenic avian influenza: The Food and Agriculture Organization perspective. Rev. Sci. Tech. 28:293-305.
Dorea, F.C., Berghaus, R., Hofacre, C. & Cole, D.J. 2010. Survey of Biosecurity
Protocols and Practices Adopted by Growers on Commercial Poultry Farms in
Georgia, U. S. A. Avian Dis. 54:1007-1015.
EFSA. 2008. Animal health and welfare aspects of avian influenza and the risk of
its introduction into the EU poultry holdings. European Food Safety Authority.
The EFSA Journal 715:1-162.
ElNagar, A. & Ibrahim, A.A. 2007. Case study of the Egyptian poultry sector. Proceedings of the international Poultry Conference, Bangkok. pp. 31.
EMPRES/FAO-GLEWS. 2010. H5N1 HPAI Global overview–January 2010.
Issue no. 19.

44

References

Engelen, A. 2011. A preliminary study into Egypt’s poultry value chains, their organization and the role they can play in the control of HPAI. A consultancy report
for FAO-ECTAD Egypt.
Escorcia, M., Vázquez, L., Méndez, S.T., Rodríguez-Ropón, A., Lucio, E. &
Nava, G.M. 2008. Avian influenza: genetic evolution under vaccination pressure. Virol. J. 5:15.
Fang, L.Q., de Vlas, S.J., Liang, S., Looman, C.W., Gong, P., Xu, B., Yan, L.,
Yang, H., Richardus, J.H. & Cao, W.C. 2008. Environmental factors contributing to the spread of H5N1 avian influenza in mainland China. PLoS ONE 3,
e2268.
FAO. 2007. The importance of biosecurity in reducing HPAI risk on farms and in
markets. International Ministerial Conference on Avian and Pandemic Influenza. New Delhi 4–6 December.
FAO. 2008. Study on the presence of highly pathogenic avian influenza (HPAI)
virus and Newcastle Disease virus in live bird markets in Tanta District, Gharbia
Governorate, Egypt. A study report by ECTAD-Egypt.
FAO. 2009a. Developing baseline data of commercial poultry farms, on seven high
risk governorates. A study report by FAO ECTAD-Egypt.
FAO. 2011. A value chain approach to animal disease risk management, technical
foundations and practical framework for field application.
FAO AIDE News. 2011. New report highlights FAO’s global efforts to combat avian influenza and other animal diseases. Animal Influenza Disease Emergency
Situation Update 78, 22 June 2011.
FAO. 2009b. Assessment of risk behaviors of external service crew. A study report
by ECTAD-Egypt.
Fasina, F.O., Ali, A.M., Yilma, J.M., Thieme, O. & Ankers, P. 2012\). The cost–
benefit of biosecurity measures on infectious diseases in Egyptian household
poultry. Prev. Vet. Med. 103:178-191.
Feare, C.J. 2006. Fish farming and the risk of spread of avian influenza.
Fermet-Quinet, E., Hosny, F., Saad, A. & Hany, A. 2007. Impact of HPAI
regulations on poultry sectors 3 and 4 in Egypt. A consultancy report for FAO
ECTAD-Egypt.
Forrest, H.L., Kim, J. & Webster, R.G. 2010. Virus shedding and potential for interspecies waterborne transmission of highly pathogenic H5N1 influenza virus
in sparrows and chickens. J. Virol. 84(7):3718–3720.
Freiji, M. 2008. The Poultry Industry in the Arab World - Present and Future.
Lohamann Information 43:44–52.
Geerlings, E. 2011. Household producer value chain assessment. A consultancy report for FAO-ECTAD Egypt.
Ghonem, M. 2007. Rapid Appraisal Assignment on Identifying Partners (Egypt). A
consultancy report for FAO-ECTAD Egypt.
Giese, M., Harder, T.C., Teifke, J.P., Klopfleisch, R., Breithaupt, A., Mettenleiter,
T.C. & Vahlenkamp, T.W. 2008. Experimental infection and natural contact exposure of dogs with avian influenza virus (H5N1). Emerg. Infect. Dis. 14:308–
310.

45

Mapping Influenza A (H5N1) virus transmission pathways and critical control points in Egypt

Gilbert, M., Chaitaweesub, P., Parakamawongsa, T., Premashthira, S., Tiensin,
T., Kalpravidh, W., Wagner, H. & Slingenbergh, J. 2006. Free-grazing ducks
and highly pathogenic avian influenza, Thailand. Emerg. Infect. Dis. 12:227-234.
Gilbert, M., Xiao, X., Pfeiffer, D.U., Epprecht, M., Boles, S., Czarnecki, C.,
Chaitaweesub, P., Kalpravidh, W., Minh, P.Q., Otte, M.J., Martin, V. &
Slingenbergh, J. 2008. Mapping H5N1 highly pathogenic avian influenza risk
in Southeast Asia. Proc. Natl. Acad. Sci. U.S.A. 105:4769–4774.
Goutard, F., Roger, F., Guitian, J., Balanc, G., Argaw, A.K., Demissie, A., Soti, V.,
Martin, V. & Pfeiffer, D. 2007. Conceptual framework for avian influenza risk
assessment in Africa: the case of Ethiopia. Avian Dis. 51:504-506.
Guan, Y., Chen, H., Li, K., Riley, S., Leung, G., Webster, R.G., Peiris, J. & Yuen,
K. 2007. A model to control the epidemic of H5N1 influenza at the source.
BMC Infect. Dis. 7:132. DOI: 10. 1186/1471-2334-7-132.
Guan, Y., Peiris, J.M.S., Lipatov, A., Ellis, T., Dyrting, K., Krauss, S., Zhang, L.J.,
Webster, R.G. & Shortridge, K.F. 2002. Emergence of multiple genotypes of
H5N1 avian influenza viruses in Hong Kong SAR. PNAS 99(13):8950–5.
Hany, A. 2009. HPAI active surveillance on live bird markets in Egypt, 2009. A
study report for GOVS ( Arabic text).
Hinshaw, V.S., Sheerar, M.G. & Larsen, D. 1990. Specific antibody responses and
generation of antigenic variants in chickens immunised against a virulent avian
influenza virus. Avian Dis. 34(1):80–86.
Hogerwerf, L. & Siddig, A. 2007. Ducks and HPAI H5N1 in the Nile delta, Egypt.
A consultancy report for FAO ECTAD Egypt.
Hop, G.E. & Saatkamp, H.W. 2010. A Pathway diagram for introduction and prevention of Avian Influenza: Application to the Dutch poultry sector. Prev. Vet.
Med. 97:270-273.
Hosny, F. 2006. Poultry sector country review. FAO publication.
Hosny, F. 2008. Highly Pathogenic Avian Influenza and the Industry Preparedness
in Egypt. A consultancy report for FAO-ECTAD Egypt.
Hosny, F. 2009. Characterization of the poultry production sectors and identification of policy gaps for HPAI control in Egypt. A consultancy report for FAOECTAD Egypt.
Hulse-Post, D.J., Sturm-Ramirez, K.M., Humberd, J., Seiler, P., Govorkova,
E.A., Krauss, S., Scholtissek, C., Puthavathana, P., Buranathai, C., Nguyen,
T.D., Long, H.T., Naipospos, T.S.P., Chen, H., Ellis, T.M., Guan, Y., Peiris,
J.S.M. & Webster, R.G. 2005. Role of domestic ducks in the propagation and
biological evolution of highly pathogenic H5N1 influenza viruses in Asia. Proc.
Natl. Acad. Sci. U.S.A. 102(30):10682–10687.
Ibrahim, A.A. 2007. Rapid Assessment of the Industrial Layer Sector in Egypt, Development of Poultry Value Chains and Review Duck Production (Special Case
Study). A consultative report for FAO Egypt.
Ibrahim, A.A., Albrechtsen, L., Upton, M., Morgan, N. & Rushton, J. 2006.
Market Impacts of HPAI outbreaks: A rapid appraisal process- Egypt. Symposium on The Market and Trade Dimensions of Avian Influenza. Rome, Italy, 14
November.

46

References

Indriani, R., Samaan, G., Gultom, A., Loth, L., Indryani, S., Adjid, R.,
Dhamayanti, N.L.P.I., Weaver, J., Mumford, E., Lokuge, K., Kelly, P.M. &
Darmimto. 2010. Environmental sampling for avian influenza virus A (H5N1)
in live-bird markets, Indonesia. Emerg. Infect. Dis. 16(12):1889–1895.
Iwami, S., Suzuki, T. & Takeuchi, Y. 2009. Paradox of vaccination: is vaccination
really effective against avian flu epidemics? PLoS One 4: Article No. e4915.
Jones, B. 2008. Introduction of participatory epidemiology to strengthen animal
disease surveillance and control. An assessment report for FAO, ECTAD-Egypt.
Kandun, I.N., Samaan, G., Harun, S., Purba, W.H., Sariwati, E., Septiawati, C.,
Silitonga, M., Dharmayanti, N.P.I., Kelly, P.M. & Wandra. 2010. Chicken Faeces Garden Fertilizer: Possible Source of Human Avian Influenza H5N1 Infection. Zoonoses Pub. Hlth. 57:285-290.
Kao, R.R., Green, D.M., Johnson, J. & Kiss, I.Z. 2007. Disease dynamics over very
different time-scales: foot-and-mouth disease and scrapie on the network of livestock movements in the UK. J. Roy. Soc. Interface 4:907-916.
Kaoud, H.A. 2007. HPAI in Egypt: Evaluation, Risk factors and dynamic of
spreading. Int. J. Poultry Sci. 6(12):983–988.
Kaoud, H.A. 2008. Eco-Epidemiologic Impacts of HPAI on Avian and Human
Health in Egypt. Int. J. Poultry Sci. 7(1):72–76.
Kasemsuwan, S., Poolkhet, C., Patanasatienkul, T., Buameetoop, N., Watanakul,
M., Chanachai, K., Wongsathapornchai, K., Métras, R., Marcé, C.,
Prakarnkamanant, A., Otte, J. & Pfeiffer, D. 2009. Qualitative Risk Assessment
of the Risk of Introduction and Transmission of H5N1 HPAI Virus for 1-km
Buffer Zones Surrounding Compartmentalised Poultry Farms in Thailand.
Mekong Team Working Paper No. 7. Available online: http://www.aitoolkit.
org/site/DefaultSite/filesystem/documents/compartmentalisation.pdf
Keawcharoen, J., van Riel, D., van Amerongen, G., Bestebroer, T., Beyer, W.E.,
van Lavieren, R., Osterhaus, A.D.M.E., Fouchier, R.A.M. & Kuiken, T. 2008.
Wild ducks as long-distance vectors of highly pathogenic avian influenza virus
(H5N1). Emerg. Infect. Dis. 14(4):600–607.
Khalenkov, A., Perk, S., Panshin, A., Golender, N. & Webster, R.G. 2009. Modulation of the Severity of Highly Pathogenic H5N1 Influenza in Chickens Previously Inoculated with Israeli H9N2 Influenza viruses. Virology 383(1):32–38.
Kim, J., Negovetich, N.J., Forrest, H.L. & Webster, R.G. 2009. Ducks: The ‘‘Trojan Horses’’ of H5N1 influenza. Influenza Other Respi. Viruses 3(4):121–128.
Klopfleisch, R., Wolf, P.U., Uhl, W., Gerst, S., Harder, T., Starick, E., Vahlenkamp, T.W., Mettenleiter, T.C. & Teifke, J.P. 2007. Distribution of lesions and
antigen of highly pathogenic avian influenza virus A/Swan/Germany/R65/06
(H5N1) in domestic cats after presumptive infection by wild birds. Vet. Pathol.
44:261–268.
Kou, Z., Lei, F.M., Yu, J., Fan, Z.J., Yin, Z.H., Jia, C.X., Xiong, K.J., Sun, Y.H.,
Zhang, X.W., Wu, X.M., Gao, X.B. & Li, T.X. 2005. New Genotype of Avian Influenza H5N1 Viruses Isolated from Tree Sparrows in China. J. Virol.
79(24):15460-15466.
Kuiken, T., Fouchier, R., Rimmelzwaan, G., Osterhaus, A. & Roeder, P. 2006.
Feline friend or potential foe? Nature 2006;440(7085):741–742

47

Mapping Influenza A (H5N1) virus transmission pathways and critical control points in Egypt

Kung, N.Y., Guan, Y., Perkins, N.R., Bissett, L., Ellis, T., Sims, L., Morris, R.S.,
Shortridge, K.F. & Peiris, J.S.M. 2003. The impact of a monthly rest day on
avian influenza virus isolation rates in retail live poultry markets in Hong Kong.
Avian Dis. 47:1037–1041.
Kung, N.Y., Morris, R.S., Perkins, N.R., Sims, L.D., Ellis, T.M., Bissett, L., Chow,
M., Shortridge, K.F., Guan, Y. & Peiris, M.J. 2007. Risk for infection with highly pathogenic influenza A virus (H5N1) in chickens, Hong Kong, 2002. Emerg.
Infect. Dis. 13:412-148.
Kwon, Y.K., Joh, S.J., Kim, M.C., Sung, H.W., Lee, Y.J., Choi, J.G., Lee, E.K. &
Kim, J.H. 2005. Highly pathogenic avian influenza (H5N1) in the commercial
domestic ducks of South Korea. Avian Pathol. 34(4):367–370.
Lee, C.W., Senne, D.A. & Suarez, D.L. 2004. Effect of vaccine use in the evolution
of Mexican lineage H5N2 avian influenza virus. J. Virol. 78:8372–8381.
Lekcharoensuk, P. 2008. Highly Pathogenic Avian Influenza (HPAI) H5N1 Virus
in Asia: Evolution and Vaccination. Vet. World 1(12):368–374.
Leschnik, M., Weikel, J., Möstl, K., Revilla-Fernández, S., Wodak, E., Bagó, Z.,
Vanek, E., Benetka, V., Hess, M. & Thalhammer, J.G. 2006. Subclinical infection
with avian influenza A (H5N1) virus in cats. Emerg. Infect. Dis. 13(2):243–247.
Liu, M., Wood, J.M., Ellis, T., Krauss, S., Seiler, P., Johnson, C., Hoffmann, E.,
Humberd, J., Hulse, D., Zhang, Y., Webster, R.G. & Perez, D.R. 2003. Preparation of a standardized, efficacious agricultural H5N3 vaccine by reverse genetics. Virology 314:580–590.
Liu, Y., Zhou, J., Yang, H., Yao, W., Bu, W., Yang, B., Song, W., Meng, Y., Lin, J.,
Han, C., Zhu, J., Ma, Z., Zhao, J. & Wang, X. 2007. Susceptibility and transmissibility of pigeons to Asian-lineage highly pathogenic avian influenza virus
subtype H5N1. Avian Pathol. 36(6):461–465.
Liua, Q., Maa, J., Koub, Z., Pua, J., Lei, F., Li, T. & Liua, J. 2010. Characterization
of a highly pathogenic avian influenza H5N1 clade 2. 3. 4 virus isolated from a
tree sparrow. Virus Res. 147:25-29.
Lu, H., Castro, A.E., Pennick, K., Liu, J., Yang, Q., Dunn, P., Weinstock, D. &
Henzler, D. 2003. Survival of avian influenza virus H7N2 in SPF chickens and
their environments. Avian Dis. 47:1015–1021.
Lyon, W.F. Undated. Poultry pest management. Bulletin 853. Ohio State University
Extension.
Maas, R., Tacken, M., Ruuls, L., Koch, G., van Rooij, E. & Stockhofe-Zurwieden,
N. 2007. Avian Influenza (H5N1) Susceptibility and Receptors in Dogs. Emerg.
Infect. Dis. 13(8):1219–1221.
Marsh, L., Mullins, G., Harbersack, M., & Collins, E.R. Jr. 2009. Land Application of Broiler and Turkey Litter for Farming Operations Without a DEQ Permit. Virginia Cooperative Extension, Virginia University.
Martínez, M., Muñoz, M.J., De La Torre, A., Martínez, B., Iglesias, I. & SánchezVizcaíno, J.M. 2007. Risk assessment applied to Spain’s prevention strategy
against highly pathogenic avian influenza virus. Avian Dis. 51:507-511.
Mcleod, A., Kobayashi, M., Gilman, J., Siagian, A. & Young, M. 2009. The use of
poultry value chain mapping in developing HPAI control programmes. World
Poultry Sci. J. 65:217–223.

48

References

McQuiston, J.H., Garber, L., Porter-Spalding, J.W., Pierson, F.W., Wainwright,
S., Senne, D., Brignole, T.J., Akey, B.L. & Holt, T.J. 2005. Evaluation of risk
factors for the spread of low pathogenicity H7N2 avian influenza virus among
commercial poultry farms. J. Am. Vet. Med. Assoc. 226, 767–772.
Métras, R. 2008. Introduction to risk assessment. A presentation on risk pathway
workshop, Accra, Ghana. November 25–26.
Ministry of Environment of Egypt & Naval Medical Research Unit 3. Undated.
Avian Influenza in Migratory Birds. Available online: http://www.rr-middleeast.oie.int/download/pdf/Dr%20De%20Mattos.pdf
MoALR. 2005. Yearbook 2005 - Ministry of Agriculture and Land Reclamation
- Economic Affairs Sector (E. A. S.) – Zoological Abundance Statistics Administration (Arabic text).
MoALR. 2011. Yearbook 2011 - Ministry of Agriculture and Land Reclamation
- Economic Affairs Sector (E. A. S. ) – Zoological Abundance Statistics Administration (Arabic text).
Moses, H.E., Brandly, C.A., Jones, E.E. & Jungherr, E.L. 1948. The isolation and
identification of Fowl Plague virus. Am. J. Vet. Res. 9:314–328.
Mullaney, R. 2003. Live-bird market closure activities in the northeastern United
States. Avian Dis. 47(Suppl):1096–2008. DOI: 10. 1637/0005-2086-47. s3. 1096.
Murray, N., McDiarmid, M., Wooldridge, B., Gummow, R.S., Morley, S.E.,
Weber, A., Giovannini, D. & Wilson, D. 2004. Handbook on Import Risk
Analysis for Animals and Animal Products: Qualitative Risk Assessment. 3rd
ed. OIE, Paris.
NegroCalduch, E. 2010. Assessment of biosecurity practices in small-scale commercial poultry production. A consultancy report for FAO ECTAD-Egypt.
Nguyen, D.C., Uyeki, T.M., Jadhao, S., Maines, T., Shaw, M., Matsuoka, Y.,
Smith, C., Rowe, T., Lu, X., Hall, H., Xu, X., Balish, A., Klimov, A., Tumpey,
T.M., Swayne, D.E., Huynh, L.P., Nghiem, H.K., Nguyen, H.H., Hoang, L.T.,
Cox, N.J. & Katz, J.M. 2005. Isolation and characterization of avian influenza
viruses, including highly pathogenic H5N1, from poultry in live bird markets in
Hanoi, Vietnam, in 2001. J. Virol. 79(7):4201-4212.
Nishiguchi, A., Kobayashi, S., Yamamoto, T., Ouchi, Y., Sugizaki, T. & Tsutsui,
T. 2007. Risk factors for the introduction of avian influenza virus into commercial layer chicken farms during the outbreaks caused by a low pathogenic H5N2
virus in Japan in 2005. Zoonoses Pub. Hlth 54:337-343.
Normile, D. 2006. Avian Influenza: Wild Birds Only Partly to Blame in Spreading
H5N1. Science 312(5779):1451.
Pagani, P. & Kilany, W.H. 2007. Interventions for improving biosecurity of small
poultry producers in Egypt. A consultative report for FAO-ECTAD Egypt.
Pantin-Jackwood, M.J., Suarez, D.L., Spackman, E. & Swayne, D.E. 2007. Age
at infection affects the pathogenicity of Asian highly pathogenic avian influenza
H5N1 viruses in ducks. Virus Res. 130(1–2):151–161.
Paul, M., Tavornpanich, S., Abrial, D., Gasqui, P., Charras-Garrido, M.,
Thanapongtharm, W., Xiao, X., Gilbert, M., Roger, F. & Ducrot, C. 2010.
Anthropogenic factors and the risk of highly pathogenic avian influenza H5N1:
prospects from a spatial-based model. Vet. Res. 41:28.

49

Mapping Influenza A (H5N1) virus transmission pathways and critical control points in Egypt

Perkins, L.E. & Swayne, D.E. 2003a. Comparative susceptibility of selected avian
and mammalian species to a Hong Kong-origin H5N1 high-pathogenicity avian
influenza virus. Avian Dis. 47(3 Suppl.):956-967.
Perkins, L.E. & Swayne, D.E. 2003b. Varied Pathogenicity of a Hong Kong-origin
H5N1 Avian Influenza Virus in Four Passerine Species and Budgerigars. Vet
Pathol. 40:14-24.
Peyre, M. 2011. Assessment of the impact of avian influenza vaccination in Egypt
in household and commercial poultry. A consultative study report for FAO-ECTAD Egypt.
Pfeiffer, D.U., Minh, P.Q., Martin, M., Epprecht, M. & Otte, M.J. 2007. An
analysis of the spatial and temporal patterns of highly pathogenic avian influenza
occurrence in Vietnam using national surveillance data. Vet. J. 174:302-309.
Poetranto, E.D., Yamaoka, M., Nastri, A.M., Krisna, L.A., Rahman, M.H.,
Wulandari, L., Yudhawati, R., Ginting, T.E., Makino, A., Shinya, K. &
Kawaoka, Y. 2011. An H5N1 highly pathogenic avian influenza virus isolated
from a local tree sparrow in Indonesia. Microbiol. Immunol. Article accepted.
doi: 10. 1111/j. 1348-0421. 2011. 00361. x.
Poetri, O., Bouma, A., Claassen, I., Koch, G., Soejoedono, R., Stegeman, A.
& van Boven, M. 2011. A single vaccination of commercial broilers does not
reduce transmission of H5N1 highly pathogenic avian influenza. Vet. Res. 42:74.
Qiao, C.L., Yu, K.Z., Jiang, Y.P., Jia, Y.Q., Tian, G.B., Liu, M., Deng, G.H., Wang,
X.R., Meng, Q.W. & Tang, X.Y. 2003. Protection of chickens against highly lethal H5N1 and H7N1 avian influenza viruses with a recombinant fowlpox virus
coexpressing H5 haemagglutinin and N1 neuraminidase genes. Avian Pathol.
32:25–32.
Rappaport, U. & Sarig, S. 1978. The results of manuring on intensive growth fish
farming at the Ginosar Station ponds. Bamidgeh. 30:27-36.
Rice, E.W., Adcock, N.J., Sivaganesan, M., Brown, J.D., Stallknecht, D.E. &
Swayne, D.E. 2007. Chlorine inactivation of highly pathogenic avian influenza
virus (H5N1). Emerg. Infect. Dis. 13:1568-1570.
Rockstein, M. 1957. Longevity of male and female house flies. J. Gerontol.
12(3):253-256.
Rudolf, M., Pöppel, M., Fröhlich, A., Breithaupt, A., Teifke, J., Blohm, U.,
Mettenleiter, T., Beer, M. & Harder, T. 2010. Longitudinal 2 years field study
of conventional vaccination against highly pathogenic avian influenza H5N1 in
layer hens. Vaccine 28:6832-6840.
Sabirovic, M., Hall, S., Wilesmith, J., Grimley, P., Coulson, N. & Landeg, F.
2007. Assessment of the risk of introduction of H5N1 HPAI virus from affected
countries to the U. K. Avian Dis. 51:340-343.
Sagripanti, J.L. & Lytle, C.D. 2007. Inactivation of Influenza Virus by Solar Radiation. Photochem Photobiol. 83(5):1278–1282.
Savill, N.J., St Rose, S.G., Keeling, M.J. & Woolhouse, M.E.J. 2006. Silent spread
of H5N1in vaccinated poultry. Nature 442:757-757.
Sawabe, K., Hoshino, K., Isawa, H., Sasaki, T., Hayashi, I.T., Tsuda, Y., Kurahashi,
H., Tanabayashi, K., Hotta, A., Saito, T., Yamada, A. & Kobayashi, M. 2006.
Detection and isolation of highly pathogenic H5N1 avian influenza viruses from
blow flies collected in the vicinity of an infected poultry farm in Kyoto, Japan,
2004. Am. J. Trop. Med. Hyg. 75(2):327-332.

50

References

Sawabe, K., Hoshino, K., Isawa, H., Sasaki, T., Kim, K.S., Hayashi, T., Tsuda,
Y., Kurahashi, H. & Kobayashi, M. 2011. Blow flies were one of the possible
candidates for transmission of highly pathogenic H5N1 avian influenza virus
during the 2004 outbreaks in Japan. Influenza Research and Treatment 2011,
Article ID 652652, 8 pages, doi:10.1155/2011/652652.
Selleck, P.W., Arzey, G., Kirkland, P.D., Reece, R.L., Gould, A.R., Daniels, P.W.
& Westbury, H.A. 2003. An outbreak of highly pathogenic avian influenza in
Australia in 1997 caused by an H7N4 virus. Avian Dis. 47:806-811.
Senne, D.A., Suarez, A.D.L., Pedersen, B.J.C. & Panigrahy, B. 2003. Molecular
and Biological Characteristics of H5 and H7Avian Influenza Viruses in Live-Bird
Markets of the North-eastern United States, 1994–2001. Avian Dis. 47:898-904.
Sharkey, K.J., Bowers, R.G., Morgan, K.L., Robinson, S.E. & Christley, R.M.
2008. Epidemiological consequences of an incursion of highly pathogenic H5N1
avian influenza into the British poultry flock. Proc. Biol. Sci. 275:19-28.
Shortridge, K.F., Zhou, N.N., Guan, Y., Gao, P., Ito, T., Kawaoka, Y., Kodihalli,
S., Krauss, S., Markwell, D., Murti, K.G., Norwood, M., Senne, D., Sims, L.,
Takada, A. & Webster, R.G. 1998. Characterization of avian H5N1 influenza
viruses from poultry in Hong Kong. Virology 252(2):331–342.
Sievert, K., Alvarez, R., Cortada, R. & Valks, M. 2006. House flies carrying avian
influenza virus (AIV). Int. Pest Cont. 48(3):114–116.
Sims, L.D., Ellis, T.M., Liu, K.K., Dyrting, K., Wong, H., Peiris, M., Guan, Y. &
Shortridge, K.F. 2003. Avian influenza in Hong Kong 1997–2002. Avian Dis
47(suppl. 3):832–838.
Smith, G.J., Fan, X.H., Wang, J., Li, K.S., Qin, K., Zhang, J.X., Vijaykrishna,
D., Cheung, C.L., Huang, K., Rayner, J.M., Peiris, J.S.M., Chen, H., Webster,
R.G. & Guan, Y. 2006. Emergence and predominance of an H5N1 influenza
variant in China. Proc. Natl. Acad. Sci. U.S.A. 103:16936-41.
Songserm, T., Jam-on, R., Sae-Heng, N. & Meemak, N. 2006. Survival and stability of HPAI H5N1 in different environments and susceptibility to disinfectants.
Dev Biol (Basel) 124:254.
Songserm, T., Jam-on, R., Sae-Heng, N., Meemak, N., Hulse-Post, D.J., SturmRamirez, K.M. & Webster, R.G. 2004. Domestic Ducks and H5N1 Influenza
Epidemic, Thailand. Emerg. Infect. Dis. 12:575–581.
Spekreijse, D., Bouma, A., Koch, G. & Stegeman, J.A. 2011a. Airborne transmission of a highly pathogenic avian influenza virus strain H5N1 between groups of
chickens quantified in an experimental setting. Vet. Microbiol. 152:88-95.
Spekreijse, D., Bouma, A., Stegeman, J.A., Koch, G. & de Jong, M.C. 2011b. The
effect of inoculation dose of a highly pathogenic avian influenza virus strain
H5N1 on the infectiousness of chickens. Vet. Microbiol. 147:59-66.
Spickler, A.R., Trampel, D.W. & Roth, J.A. 2008. The onset of virus shedding and
clinical signs in chickens infected with high-pathogenicity and low-pathogenicity avian influenza viruses. Avian Pathol. 37:555–577.
Stallknecht, D.E., Kearney, M.T., Shane, S.M. & Zwank, P.J. 1990. Effects of pH,
temperature, and salinity on persistence of avian influenza viruses in water. Avian Dis. 34:412-418.

51

Mapping Influenza A (H5N1) virus transmission pathways and critical control points in Egypt

Stärk, K.D.C., Regula, G., Hernandez, J., Knopf, L., Fuchs, K., Morris, R.S. &
Davies, P. 2006. Concepts for risk-based surveillance in the field of veterinary
medicine and veterinary public health: Review of current approaches. BMC
Hlth Serv. Res. 6:20.
Stegeman, A., Bouma, A., Elbers, A.R., de Jong, M.C., Nodelijk, G., de Klerk,
F., Koch, G. & van Boven, M. 2004. Avian influenza A virus (H7N7) epidemic
in The Netherlands in 2003: course of the epidemic and effectiveness of control
measures. J. Infect. Dis. 190:2088-2095.
Sturm-Ramirez, K.M., Hulse-Post, D.J., Govorkova, E.A., Humberd, J., Seiler,
P., Puthavathana, P., Buranathai, C., Nguyen, T.D., Chaisingh, A., Long,
H.T., Naipospos, T.S.P., Chen, H., Ellis, T.M., Guan, Y., Peiris, J.S.M. & Webster, R.G. 2005. Are Ducks Contributing to the Endemicity of Highly Pathogenic H5N1 Influenza Virus in Asia? J. Virol. 79:11269-11279.
Swayne, D.E., Beck, J.F., Perdue, M.L. & Beard, C.W. 2001. Efficacy of vaccines
in chickens against highly pathogenic Hong Kong H5N1 avian influenza. Avian
Dis. 45:355–365.
Taha, M.M., Ali, A.M., Nassif, S.A., Khafagy, A., Elham, A., El-Ebiary, E.A., ElNagar, A. & El-Sanousi, A.A. 2008. Evolution of new escape mutant highly
pathogenic avian influenza H5N1 viruses with multiple nucleotide polymorphisms in Egypt, December 2007. The Second International Conference of Virology, 5–6 April 2008, Giza, Egypt.
Taylor, N. 2007. Practical use of value chain mapping to improve efficiency of disease surveillance and control. FAO Workshop on the Future of Poultry Farmers
in Vietnam after Highly Pathogenic Avian Influenza.
te Beest, D.E., Stegeman, J.A., Mulder, Y.M., van Boven, M. & Koopmans, M.P.
2011. Exposure of Uninfected Poultry Farms to HPAI (H7N7) Virus by Professionals during Outbreak Control Activities. Zoonoses Public Health 58(7):493–
499. doi: 10.1111/j.1863-2378.2010.01388.x. Epub 2011 Jan 5.
Terregino, C., Beato, M.S., Bertoli, E., Mancin, M. & Capua, I. 2009. Unexpected
heat resistance of Italian low-pathogenicity and high-pathogenicity avian influenza A viruses of H7 subtype to prolonged exposure at 37°C. Avian Pathol.
38(6):519-522.
Thomas, M.E., Bouma, A., Ekker, H.M., Fonken, A.J., Stegeman, J.A. & Nielen,
M. 2005. Risk factors for the introduction of high pathogenicity avian influenza
virus into poultry farms during the epidemic in the Netherlands in 2003. Prev.
Vet. Med. 69:1-11.
Thornton, R. 2004. Ambitious domesticated animal surveillance review initiated.
Biosecurity Issue 51:6–7.
Tian, G., Zhang, S., Li, Y., Bu, Z., Liu, P., Zhou, J., Li, C., Shi, J., Yu, K. & Chen,
H. 2005. Protective efficacy in chicken, geese and ducks of an H5N1-inactivated
vaccine developed by reverse genetics. Virology 341:153–162.
Tiwari, A., Patnayak, D.P., Chander, Y., Parsad, M. & Goyal, S.M. 2006. Survival
of two avian respiratory viruses on porous and nonporous surfaces. Avian Dis.
50:284-287.
Trock, S.C., Gaeta, M., Gonzalez, A., Pederson, J.C., Senne, D.A. 2008. Evaluation of routine depopulation, cleaning, and disinfection procedures in the live
bird markets, New York. Avian Dis. 52:160-162.

52

References

Tsukamoto, K., Imada, T., Tanimura, N., Okamatsu, M., Mase, M., Mizuhara, T.,
Swayne, D. & Yamaguchi, S. 2007. Impact of different husbandry conditions
on contact and airborne transmission of H5N1 highly pathogenic avian influenza virus to chickens. Avian Dis. 51:129-132.
van der Goot, J.A., Koch, G., de Jong, M.C. & van Boven, M. 2005. Quantification of the effect of vaccination on transmission of avian influenza (H7N7) in
chickens. Proc. Natl. Acad. Sci. U.S.A. 102:18141-18146.
van der Goot, J.A., van Boven, M., Stegeman, A., van de Water, S., de Jong, M. &
Koch, G. 2008. Transmission of highly pathogenic avian influenza H5N1 virus
in Pekin ducks is significantly reduced by a genetically distant H5N2 vaccine.
Virology 382(1):91–97.
Wang, M., Di, B., Zhou, D., Zheng, B., Jing, H., Lin, Y., Liu, Y., Wu, X., Qin, P.,
Wang, Y., Jian, L., Li, X., Xu, J., Lu, E., Li, T. & Xu, J. 2006. Food markets with
live birds as source of avian influenza. Emerg. Infect. Dis. 12 (11):1773-1775.
Wasilenko, J.L., Arafa, A.M., Selim, A.A., Hassan, M.K., Aly, M.M., Ali, A.,
Nassif, S., Elebiary, E., Balish, A., Klimov, A., Suarez, D.L., Swayne, D.E.
& Pantin-Jackwood, M.J. 2011. Pathogenicity of two Egyptian H5N1 highly
pathogenic avian influenza viruses in domestic ducks. Arch. Virol. 156(1):37–51.
Webster, R.G. 2004. Wet markets: a continuing source of severe acute respiratory
syndrome and influenza? Lancet 363:234–236.
Webster, R.G., Bean, W.J., Gorman, O.T., Chambers, T.M. & Kawaoka, Y. 1992.
Evolution and ecology of influenza-A viruses. Microbiol. Rev. 56:152–179.
Webster, R.G., Peiris, M., Chen, H. & Guan, Y. 2006. H5N1 outbreaks and enzootic influenza. Emerg. Infect. Dis. 12:3–8.
Werner, O., Starick, E., Teifke, J., Klopfleisch, R., Prajitno, T.Y., Beer, M., Hoffmann, B. & Harder, T.C. 2007. Minute excretion of highly pathogenic avian influenza virus A/chicken/Indonesia/2003 (H5N1) from experimentally infected
domestic pigeons (Columbia livia) and lack of transmission to sentinel chickens.
J. Gen. Virol. 88:3089–3093.
WHO. 2007 (updated). Review of latest available evidence on potential transmission of avian influenza (H5N1) through water and sewage and ways to reduce
the risks to human health.
Wilsmore, T. 2008. Report on an avian influenza ECTAD mission in Egypt. An
epidemiological report for FAO-ECTAD Egypt.
Yamamoto, Y., Nakamura, K., Yamada, M. & Mase, M. 2010. Persistence of Avian
Influenza Virus (H5N1) in Feathers Detached from Bodies of Infected Domestic Ducks. Appl. Environ. Microbiol. 76 ( 16): 5496-5499.
Yee, K.S., Carpenter, T.E. & Cardona, C.J. 2009. Epidemiology of H5N1 avian
influenza. Comp. Immunol. Microbiol. Inf. Dis. 32:325-340.
Zarkov, I.S. 2006. Survival of avian influenza viruses in filtered and natural surface
waters of different physical and chemical parameters. Revue Med. Vet. 157:471–
476.
Zepeda, C. 2007. Highly pathogenic avian influenza in domestic poultry and wild
birds: A risk analysis framework. J. Wildl. Dis. 43(3)supplement: S51–S55.
Zhang, G. & Rogers, S. 2006. Detection of influenza a viruses in migrating birds in
Northeast Siberian Lakes. Ohio J. Sci. 105:5-10.

53

ONLINE PUBLICATION SERIES
FAO ANIMAL PRODUCTION AND HEALTH WORKING PAPER
1.

The use of cash transfers in livestock emergencies and their incorporation into Livestock Emergency Guidelines
and Standards (LEGS), 2011 (E)
http://www.fao.org/docrep/014/i2256e/i2256e00.pdf

2.

Mapping supply and demand for animal-source foods to 2030, 2011 (E)
http://www.fao.org/docrep/014/i2425e/i2425e00.pdf

3.

Notes on Livestock, Food Security and Gender Equity, 2011 (E)
http://www.fao.org/docrep/014/i2426e/i2426e00.pdf

4.

Wealth Index mapping in the Horn of Africa, 2011 (E)
http://www.fao.org/docrep/014/i2427e/i2427e00.pdf

5.

Evolution du secteur avicole en Tunisie, 2011 (F)
http://www.fao.org/docrep/015/i2549f/i2549f.pdf

6.

Status of animal nutrition research and development activities in Tajikistan, Kyrgyzstan and Azerbaijan, 2012 (E)
http://www.fao.org/docrep/015/i2582e/i2582e00.pdf

7.

An assessment of the socio-economic impacts of global rinderpest eradication – Methodological issues and
applications to rinderpest control programmes in Chad and India, 2012 (E)
http://www.fao.org/docrep/015/i2584e/i2584e00.pdf

8.

Use of lesser-known plants and plant parts as animal feed resources in tropical regions, 2012 (E)
http://www.fao.org/docrep/015/i2629e/i2629e00.pdf

9.

Poverty mapping in Uganda – Extrapolating household expenditure data using environmental data and
regression techniques, 2012 (E)
http://www.fao.org/docrep/015/i2705e/i2705e.pdf
10. How can animal health systems support small-scale poultry producers and traders? – Reflections on experience
with HPAI, 2012 (E)
http://www.fao.org/docrep/015/i2739e/i2739e00.pdf
11. Mapping Influenza A (H5N1) Virus Transmission Pathways and Critical Control Points in Egypt, 2013 (E)

Availability: April 2013
E F **

English
French
In preparation

Find more publications at
http://www.fao.org/ag/againfo/resources/en/publications.html

