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It is contagious respiratory infection of various domestic and wild birds characterized by variable clinical signs including respiratory, digestive, urinary, and reproductive ranging from asymptomatic to respiratory disease and drops in egg production to sudden short course, severe, systemic disease with mortality up to 100%. The latter form of disease is the result of infection by highly pathogenic or highly virulent (HP) AI viruses that was named fowl plague. 

OIE and WHO definition: infection of birds with Avian influenza A virus having intravenous pathogenicity index > 1.2 or having amino acid sequence in the cleavage site of HA similar to that of H pathogenic AI virus.
IMPORTANCE:

Economic losses from avian influenza have varied depending on the strain of virus, species of infected bird, number farms, and control methods.  Most losses occurred from epizootics of HP or MP AI in chickens and turkeys. 
Direct included depopulation and disposal costs, high mortality, quarantine and surveillance costs,

Influenza viruses’ exhibit host species adaptation with transmission occurring most frequently between individuals of the same species or occasionally interspecies transmission to closely related species. On rare occasions, AI viruses have exhibited interspecies transmissibility to humans. AI viruses have limited ability to replicate in the upper respiratory tract of humans. Transfer of AI viruses to humans has occurred in two ways: 1. transfer of entire AI virus genome, and 2. transfer of individual AI viral gene segments.

Avian respiratory epithelium has predominantly 2,3 linkage; human respiratory epithelium has 2,6 linkage; and swine respiratory epithelium has a mixture of a2,3 linkage and a2,6 linkage. This may explain the role of swine in mixing AI and human viruses. 

The patients had fever and symptoms of upper respiratory and gastrointestinal disease including vomiting, diarrhea, and pain. Patients that died had severe bilateral pneumonia and other complications and lesions are
hemophagocytosis, liver dysfunction, renal failure, septic shock, and pancytopenia. 
CAUSE:

AIVs are classified in the family Orthomyxoviridae, genus Influenza virus A. Virions are spherical to pleomorphic or filamentous.  The surface is covered by two types of glycoprotein projections, rod-shaped trimmers of hemagglutinin (HA), and mushroom-shaped tetramers of neuraminidase.
The nucleocapsid is helical and composed of eight segments of single-stranded, RNA that code for 10 proteins. Eight proteins are constituents of the virus (HA, NA, NP, M1, M2, PB1, PB2, and HA), and the two nonstructural proteins (NS1 and NS2) are located in the host cell cytoplasm. Lipids are present in the viral envelop are derived from the host cell. 

Susceptibility of AIVs to chemical and physical agents are relatively unstable.  AI viruses are inactivated by organic solvents and detergents.
  LABORATORY HOST SYSTEMS

AI viruses have grown in allantoic sac of 9-11-days-old ECE. Primary cultures of chicken embryo fibroblasts (CEF) or kidney cells are used for plaque assays and virus neutralization tests. MP AI viruses require the addition of trypsin to the agar overlay to cleave the HA and produce infectious virus. The HP AI viruses do not require trypsin. The chicken are been frequently used in laboratory to determine pathogenicity and pathogenesis.
STRAIN CLASSIFICATION
AI viruses are Influenza virus A. Influenza viruses B and C occur in humans and pigs. Serologically, influenza virus A is further subtyped based on the HA and NA surface glycoproteins. 18 subtypes of HA and 11 subtypes of NA are recognized. Antigenic variation of strains occurred by Drift and Shift. 

Antigenic drift in influenza viruses arises from point mutations in the HA and/or NA genes that results in minor antigenic changes in the coding proteins. 

Antigenic shift arises from genetic reassortment between the gene segments of two influenza viruses that infect the same cell and result in the acquisition of new HA and/or NA antigens. 

PATHOGENICITY: 
AI infection results in a variety of signs and mortality depending on virus host interaction and environmental factors. Therefore, AI can be classified into four clinical groups: 

1. The high virulent or highly pathogenic ( HP; fowl plague) clinical group results from infection by HP H5 or H7. AI viruses usually in chickens or closely related gallinaceous birds and is expressed as a severe, highly fatal systemic disease affects most organ systems including the nervous and cardiovascular systems. Morbidity and mortality are up to100%.
2. The moderate virulent e.g. H9: Clinical group results from infection by MP AI viruses, of any HA or NA subtype, but with co-infection by secondary pathogens. The mortality rates vary but range from 5-97% with the highest mortality occurring in young birds, reproductively active hens, or severely stressed birds .Lesions usually have been in the respiratory tract, reproductive organs, kidney, or pancreas.

3. The mild virulent or mildly pathogenic (MP) clinical group results from infection by MP AI virus with low mortality and mild respiratory disease or drops in egg production. Mortality is usually less than 5%, in older birds.
4. The avirulent.clinical group results from infections by MP viruses without mortality or clinical signs. This is the infection  occurred in wild ducks ,while in poultry this has been seen following the introduction of a poorly host-adapted MP AI virus from wild waterfowl that resulted in sero-conversion without signs. 
 Criteria for classification of AI viruses as HP have been developed and defined as follows:

1. Any influenza virus that is lethal for six, seven, or eight of eight 4- to 6-week-old susceptible chickens within 10 days following intravenous inoculation with 0.2 mL of a 1:10 dilution of a bacteria-free, infectious allantoic fluid.

2. Any H5 or H7 virus that does not meet the criteria in item 1, but has an amino acid sequence at the hemagglutinin cleavage site that is compatible with HP AI viruses.

3. Any influenza virus that is not an H5 or H7 subtype, which kills one to five chickens and grows in cell culture in the absence of trypsin.  H5 and H7 subtypes are usually associated with High pathogenic (fowl plague-like) viruses.  
The HA gene is the primary determinant of high pathogenicity in chickens, the cleavage of the HA into the HA1 and HA2 proteins by trypsin-like proteases found in respiratory and intestinal epithelial cells is essential for the virus to be infectious and produce multiple replication cycles.
Changes in the receptor-binding site of the HA have been shown to change the host range of an influenza virus. Both the virus and host impact receptor binding.
EPIDEMIOLOGY: 
Avian influenza viruses have a worldwide distribution. 
The most frequent source of AI viruses has been free- flying aquatic birds, which are considered the genetic reservoirs.

AI viruses have been isolated from domestic chickens, turkeys, and ducks, caged and zoo birds. Incidence and distribution are varies greatly with geographic region. 

Turkeys and chickens are not natural reservoirs of AI viruses, but recovered birds shed virus for long time. .

There is no cross protection between virus types.
One host can infected with more than one virus type at the same time.
TRANSMISSION:
AI virus is excreted from the nares, mouth, conjunctiva, and cloaca of infected birds into the environment. Cannibalism is a source of virus transmission to susceptible birds. The virus is transmitted by direct or indirect contact between infected and susceptible birds through aerosol droplets or contaminated fomites. AI viruses are embryo lethal, and hatching of internally contaminated eggs is unlikely thus vertical transmission is not occurred.
SIGNS:
AI virus (MP or HP) has a major role on the clinical manifestation of the disease. Clinical signs are variable and depend on host species, age, sex, concurrent infections, acquired immunity, and environmental factors. 
Mildly Pathogenic: 
In wild birds:
 Most MP AI viruses infections produce no clinical signs. 
In chickens and turkeys:

 Clinical signs of respiratory infection include mild to severe respiratory signs such as coughing, sneezing, rales, rattles, and excessive lacrimation. In layers and breeders, hens may exhibit increased broodiness and decreased egg production. In addition generalized signs including huddling, ruffled feathers, depression, decreased activity, decreased feed and water consumption, and occasionally diarrhea and may be emaciation. Low mortality (less than 5%) and, high morbidity are common in uncomplicated cases.
In ostriches:

 MP AI viruses produced similar respiratory signs as with poultry.
Highly Pathogenic: 
In wild birds and domestic ducks:

 HP AI viruses either replicate poorly or to a limited degree and may produce sudden death  with few  or no signs. 
In domestic chickens, and turkeys:

Clinical signs reflect virus replication and damage to multiple  in visceral organs, cardiovascular and nervous systems.  If the disease is fulminating some birds being found dead without clinical signs. If the disease is less fulminating and birds survive for 3-7 days, nervous signs as tremors of head and neck, inability to stand, torticollis, opisthotonus, and other unusual positions of head and appendages. Morbidity and mortality rates are very high (50-89%- 100%). Depression, decreased activity decrease in feed and water consumption, sever drops in egg production in breeders and layers to total cessation within six days are common signs.  Respiratory signs are less prominent but can include rales, sneezing, and coughing.

In ostriches:

Reduced activity and appetite, depression, ruffled feathers, sneezing, and open mouth breathing have been reported. Some birds can show uncoordinated and had paralysis of the wings and tremors of the head and neck. In young birds moderate morbidity and mortality can reach 30%.

 LESIONS: 

Clinical signs and death are due to multiple organ failure.  Damage caused by AI viruses is the result of one of three processes:
1) Direct virus replication in cells, tissues, and organs; 2) Indirect effects from production of cellular mediators such as cytokines; and 3) Ischemia from vascular thrombosis.
Mildly Pathogenic: 

In chickens and turkeys. 

In poultry, the most frequent lesions are in the respiratory tract, especially sinuses, and are characterized as catarrhal, fibrinous, serofibrinous, mucopurulent, or fibrinopurulent inflammation. The tracheal mucosa can be edematous with congestion and hemorrhagic. Tracheal exudates are varying from serous to caseous, with occlusion of air ways and cause asphyxia. Fibrinous to fibrinopurulent bronchopneumonia and air sacculitis may accompany by secondary bacterial infections such as P.multocida or Escherichia coli. The infraorbital sinuses may be swollen.. Catarrhal to fibrinous inflammation may be peritoneal cavity, with egg yolk peritonitis.. Laid eggs may be soft shells, misshapen and fragile with loss of pigmentation. Ovary shows regression, beginning with hemorrhage in the large follicles and progressing to colliquation. The oviduct may be edematous and contain catarrhal to fibrinous exudates. Kidneys may be swollen with nephritis and deposition of visceral urate in few cases in laying hens. 
In turkeys, catarrhal to fibrinous enteritis in the ceca and/or intestine, as well as  firm pancreas with pale mottling and hemorrhages can be observed.
In domestic ducks:
 MP AI viruses may produce lesions in the respiratory tract such as sinusitis, conjunctivitis, and other respiratory lesions. Co-infections with bacteria are common.
In ostriches:
MP AI virus infection produced ocular discharge; fibrinous sinusitis, tracheitis, and air sacculitis; interstitial pneumonia; congested visceral organs; hemorrhage in trachea; and occasional fibrinous perihepatitis and pericarditis.
 Highly Pathogenic: 
In poultry:
AI infection induces a variety of edematous, hemorrhagic and necrotic lesions in visceral organs and the skin.  Peracute: No charactristic gross lesions are observed. 
In chickens:

 Swelling of the head, face, upper neck, and feet may be accompanied by petechial to ecchymotic hemorrhages. Unfeathered skin, especially wattles and combs, has necrotic foci, hemorrhage, and cyanosis. Visceral organs show hemorrhages on serosal or mucosal surfaces with focal necrosis in their parenchyma, especially epicardium, pectoral muscles, and mucosa of the proventriculus and gazared.  Small intestine has necrosis and hemorrhage in lymphoid aggregations.  Necrotic foci are common in pancreas, spleen, and heart, and occasionally in liver and kidney. Lungs have focal ventral to diffuse interstitial pneumonia with edema. The cloacal bursa and thymus are usually atrophic.
In ostriches:

HP AI viruses produced edema of head and neck, severe hemorrhagic enteritis, enlarged and firm pancreas, mild to severe air sacculitis, renomegaly, and splenomegaly.
DIAGNOSIS:
SAMPLES:
a. Samples taken from dead birds should include intestinal contents or cloacal swabs and oropharyngeal swabs. Samples from trachea, lungs, air sacs, intestine, spleen, kidney, brain, liver and heart may also be collected and separately or pool.
b. Samples from live birds should include both tracheal and cloacal swabs (site of most virus yield) and at least one gram of fresh dropping.   
The samples should be placed in   phosphate buffered saline (PBS), pH 7.0–7.4, containing antibiotics.   2000 units/ml penicillin ,  2 mg/ml streptomycin,; 50 µg/ml gentamycin and 1000 units/ml mycostatin for tissues and tracheal swabs, but at five-fold higher concentrations for dropping and cloacal swabs. The pH of the solution must be readjusted to pH 7.0–7.4 following the addition of the antibiotics. Dropping and finely minced tissues   prepared as 10–20% (w/v) suspensions in the antibiotic solution. Samples may be stored at 4°C for up to 4 days.  
A. Isolation:

The preferred method of growing viruses is by the inoculation of at least 5 embryonated SPF chicken eggs, or specific antibody negative (SAN) eggs with the supernatant fluids of prepared saples.   The eggs are incubated at 35–37°C for 4–7 days. Eggs containing dead   and all eggs remaining (first chilled to 4°C) at the end of the incubation must be examined for lesions and presence of virus. Negative samples should be passaged at least one further time. 

B. Identification:

The presence of influenza A virus can be confirmed by:

a. Agar gel immunodiffusion (AGID) tests by demonstrating the presence of the nucleocapsid or matrix antigens (common to all influenza A viruses). The antigens prepared by concentrating the virus from infective allantoic fluid (by ultracentrifugation, or by precipitation under acid conditions) or extracting the infected CAM (homogenised or ground and 3 freeze–thaw cycles). 

 b. ELISA that demonstrates nucleoprotein of type A influenza virus using a monoclonal antibody against type A influenza nucleoprotein.  
 c. RT-PCR.

C. Serological tests: 

Positive and negative control antigens and antisera should be run with each test.
      1.   ADID: Precipitin lines can be detected after approximately  

             24–48 hours

      2.  HA and HI tests: HI titres may be regarded as being positive if there is inhibition 

             at a serum dilution of 1/17   or more against 4 HAU of antigen.  

      3.    ELISA: Commercial ELISA kits that detect antibody against the nucleocapsid 

            protein is available.
DIFFERENTIAL DIAGNOSIS
Differential diagnosis must be including Newcastle disease virus, Avian pneumovirus and other paramyxoviruses, infectious laryngotracheitis, infectious bronchitis, Chlamydiosis, Mycoplasmosis, and other bacteria.
PREVENTION:

· Biosecurity is the first line of defense.
· Separation of susceptible birds from infected birds and their secretions and excretions. 

· Prevention of contact with recovered flocks those shed virus for long length time. 

· Wild birds should be prevented to come in contact with the domestic birds.
· Continuous monitoring of wild, migratory and live birds for virus infection. 

· Swine may serve as a source of virus for turkeys with the virus transmitted mechanically or by infected people or pigs.
VACCINATION and IMMUNITY:
Infection with AI viruses as well as immunization with vaccines elicits a humoral antibody response at both systemic and mucosal levels. The intensity of the antibody response varies with bird species. 
Antibodies against the surface proteins (HA and NA) are neutralizing and protective. Maternal antibodies to homologous HA or NA of AI virus are protective against clinical signs and death for the first two weeks after hatching.

Inactivated influenza whole virus vaccines have been used in a variety of avian species, where the aim of vaccination in moderate pathogenic (H9) is lowering its share in losses, while in case of HPAI (H5) is minimizing virus shedding from infected birds. The effectiveness inactivated influenza vaccines in preventing clinical signs and mortality is well documented. Protection is virus subtype specific. Birds are susceptible to infection with any of the 17 HA subtypes of AI and there is no way to predict their exposure to any particular one. It is not practical to use preventive vaccination against all possible subtypes. Therefore; after an outbreak and identification of virus subtype, vaccination may be a useful (AUTOGENOUS or LOCAL vaccine).
Inactivated monovalent and polyvalent virus vaccines, with adjuvant, are capable of inducing antibody and providing protection against mortality, morbidity, and egg production declines. 
Recently, in ovo vaccination can be used for that chickens can be immunization of chickens and turkey. 

Hemagglutinin-based vaccines have been shown to provide protection against homologous HA subtype viruses.  
A recombinant Newcastle vaccine (Hitchner and La Sota), poxvirus and Marek’s vaccines containing the H5 gene has been shown to protect chickens against HP AI. 
Control:

AI infection with HP virus suptypes must controls as follow:

The appearance of localized infection or the first time must be controlled by short strategy as follows: 1- Sterile zoon: Eradication of all birds in area when diameter of 1km disinfects farms and closed for 21 days. 2- Control zoon: all marketable birds in area when diameter of 2km from sterile are must be slaughtered and disinfects their farms, stop movement of birds, continuous testing. 3- Test area: all birds in area within diameter of 5 km from sterile are must continuous testing with stop movement of live birds. Save area: bird’s farms in area when diameter of 10 km from sterile are must be continuous testing. 4- The negative test in the late 3 zones indicated success of eradication.
 Long strategy: Must apply in the appearance of HPAI outbreaks in many areas or in endemic area or failure in sort strategy by application of vaccination, monitoring eradication and disinfection till stop detection of virus in live birds and environment.
Treatment:
Supportive treatment, care and antibiotic treatment have been employed to reduce the effects of concurrent bacterial infections, especially in valuable birds and turkey in area of endemic areas with only low or moderate pathogenic AI subtypes.
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