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Avian Influenza
History

1. 1878 Fowl plaque was described (Italy)

2. 1901 Fowl plaque is caused by a virus

3. 1955 It is type A influenza virus

4. 1970 AGP test introduced 

5. 1972 Waterfowl is a reservoir 

6. 1979 Virulence and hemagglutinin cleavability was established 

7. 1997 Direct transmission of H5 AIV from bird to humans

Avian Influenza Virus

1. Orthomyxoviridae 

2. Pleomorphic RNA viruses, Single stranded, negative sense genome. 

3. Has glycoprotein projections HA, NA

4. Three antigenic types A, B, C (Avian influenzas are all type A)

5. 8 gene segments code for 10 proteins

6. Vary in pathogenicity
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Nomenclature

A / TURKEY / WISCONSIN / 1 / 68  (H5N9)

1. A: Type of virus A, B, C

2. Turkey: Host of origin

3. Wisconsin: Geographic origin

4. 1: Strain Number


5. 68: Year of isolation

6. (H5N9): H & N subtype

Antigenic Variation

1. Drift: Mutational change

2. Shift: Reassortment (when 2 different influenza viruses infect the same cell) 

Disease

1. Often highly contagious

2. Can infect variety of bird species

3. Variable clinical picture: 

a) Subclinical (nonpathogenic)

b) Mildly pathogenic: 

i. Acute respiratory disease

ii. Urogenital infection

c) Highly pathogenic: Severe systemic disease  

Avian Influenza in Commercial Poultry

1. A global problem, turkey > chicken

2. Influence international trade 

3. Pathogenicity varies among viral strains 

4. High pathogenicity subtypes H5 & H7

Signalment & Clinical Signs

1. Mild and subclinical forms:

a) Positive serology at slaughter 

b) Mild upper respiratory disease 

c) Mild drop in egg production

2. Typical low pathogenic disease: 

a) Respiratory signs

b) Diarrhea

c) Drop in egg production 7-10 days 5-30%

d) Mild increase in Mortality (2o bacterial infection will increase mortality)
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Gross Lesions

1. Low Path:

a) Catarrhal rhinitis / tracheitis

b) Ocular discharge

c) Airsaculitis

d) Ovarian involution and hemorrhage 

e) Yolk peritonitis

f) Swollen kidney and urates 
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Gross Lesions 

2. High Path:

a) Sudden onset of high mortality

b) Depression

c) +/- nervous signs

d) Edematous to necrotic comb and wattles

e) Edema of head and legs

f) Subcutaneous hemorrhage of shanks

g) Pulmonary edema congestion and hemorrhage 

h) [image: image6.jpg]


Visceral hemorrhage 
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Histopathology: Lymphoplasmacytic tracheitis
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Avian Influenza Diagnosis and Control
1. Clinical features are not diagnostic

a) Upper respiratory disease or decrease in egg production

b) Sudden death and high mortality rate 

2. Virus isolation and identification are essential

3. Serology: AGP, ELISA, HI, NI

4. Viruses of low and high pathogenicity must be distinguished 

5. Choice of control methods depends primarily on the virulence or pathogenicity of the infecting virus

Serologic Testing and Surveillance
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AGPT: Type specific 

2. ELISA: Type specific 

3. HI: Subtype specific 

4. NI: Subtype specific

  ELISA Readings

Negative Flock






Positive Flock
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Hemagglutination
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Control & Prevention

1. Biosecurity

2. Vaccination with the specific subtype:

a) Killed vaccines

b) Viral vector vaccines

c) Live attenuated vaccines are not licensed for poultry 
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Avian Influenza Infections in Humans

1. 1997: Hong Kong, (H5N1) infected both chickens and humans. This was the first time an avian influenza virus had ever been found to transmit directly from birds to humans.

2. 1999: Hong Kong, (H9N2) were confirmed in 2 children. Both patients recovered.

3. 2003: (H5N1) infection occurred among members of a Hong Kong family that had traveled to China. 

4. 2003: Netherlands, (H7N7) infections among poultry workers and their families.

5. 2003: Hong Kong, (H9N2).

6. 2003 December: (H5N1): South Korea

7. 2004 January & Feb: (H5N1): Vietnam, Japan, Taiwan, Laos, Thailand, Cambodia, Indonesia, China, & Pakistan

Avian Influenza Infections in Humans

1. 1997 was the 1st confirmed transmission of avian influenza to humans. It was said that human to human transmission of this virus is very rare. 

2. The recent outbreaks of avian influenza produced a virus that can be transmitted easier from human to human.

3. Most of the people infected with the virus were in direct contact with live chickens. Farmers, vets, and people in live bird markets. 
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Avian Influenza Infections in Humans

· H5N1 originated from quail and had evidence of re-assortment when infected humans. Proc Nat Acad Sci, 1999

· H9N2: is a candidate for the next influenza pandemic in humans.J of Virology, 2003. The internal genes are closely related to those of novel H5N1 viruses isolated during the outbreak in Hong Kong in 2001.

Avian Influenza Infections in Humans

· The deadliest pandemic "Spanish flu" 1918-1919. (H1N1) Killed up to 40 million people. 

· All expectations for the next pandemic it will originate in Asia and will be either H5N1 or H9N2. 

Replication

1. Binding HA to sialic acid cell receptors

2. Receptor mediated endocytosis

3. Low pH induce confirmational change exposing the fusion peptide of HA

4. Membrane fusion 

5. Nucleocapsid release into cytoplasm then nucleus

6. Viral mRNA and protein produced 

7. HA and NA glycosylated in RER

8. Transport to surface and embedded in cell membrane 

9. Budding from plasma membrane

Infectious Virus

1. Needs HA0 cleaved into HA1 & HA2

2. Intracytoplasmic:

a) Furin-like enzyme (ubiquitous proteases): HP

b) Trypsine-like enzyme: All AIV

3. Exocellular:

a) Respiratory secretions 

b) Bacterial proteases

Cell Types for Replication

1. All AIV (trypsine-like enzymes) 

a) Resp epithelium

b) GI epithelium

1. HP AIV: Variety of cells (Furin-like enzyme)

1. Key to infection: 

a) Receptor binding: 

i. Cell type

ii. Host species

b) Enzymes for cleavage

What is known about the differences between viruses of low and high pathogenicity ?

1. Not totally defined 

2. An optimal combination of viral genes is required for pathogenicity expression 

3. HA gene structure is a primary determinant of pathogenicity 

4. Partially predictable (sequence of cleavage protein of HPAIV reveals basic amino acid residues) 

Approaches Used to Characterize AIV Pathogenicity

1. In vivo methods: 

a) Laboratory Inoculation of chickens

b) Chicken embryo lethality

2. In vitro methods (evaluation of HA cleavability):

a) Plaques or CPE assays (CEF does not have trypsin)

b) Direct detection of cleaved HA

c) Nucleotide sequence of HA cleavage site

3. Direct measure of pathogenicity potential:

a) Identify pathogenicity increases during virus passage in chickens under controlled conditions

b) Virulence in mice and ability to infect other mammals 

Criteria for HP

1. AIV lethal for 6,7, or 8 / 8 four-to-six-week-old susceptible chickens within 10 days following IV inoculation with 0.2 ml of 1:10 dilution of a bacteria free, infectious allantoic fluid. 

2. H5 or H7 has amino acid sequence at the hemagglutinin cleavage site compatible with HPAIV

3. Non-H5 or H7 that kills 1-5 chickens and grows in cell culture w/o added trypsin

Virus Isolation and Identification

1. Respiratory, GI swabs, cecal tonsils

2. Liver, spleen, blood, heart, brain – HPAI

3. 9-11 day SPF embryos, allantoic sac, 3-7 days

4. HA activity

5. AGPT or other antigen detection (ELISA)

6. HI test

7. NI test

Antigen Detection

1. IFA or FA

2. IP

3. Ag-Capture

4. PCR

Molecular Detection and Identification

1. RT-PCR

2. Virulence Markers

Differentiation of NDV from AI

1. Both have HA

2. Replicate in eggs

3. Gross lesions similar 

4. Wide virulence range 

5. NDV cross protective, AIV none

6. NDV predictable, AIV not

7. Vaccine: NDV=widely, AIV=no

8. Impact: NDV – turkeys = chickens, AIV – turkeys > chickens 

Prevention and Control

1. Ignoring (Jordan’s best)

2. Increased surveillance

3. Increased biosecurity

4. Quarantine 

5. Controlled marketing

6. Vaccination

7. Eradication 

Vaccination 

1. Generally prohibited for H5 and H7 AIVs HP

2. May hamper (impede) serologic surveillance

3. Does not prevent transmission of field virus 

Prevention and Control Issues

Goal: Eliminate all H5 & H7 AIV from domestic poultry, not just HPAIV

1. Effective surveillance and diagnostic procedures and programs are essential 

a) Killed whole virus vaccines interfere with serology 

b) Recombinant: no serologic interference with AGPT

2. Biosecurity is essential

3. Quarantine and slaughter will be first line of defense in HP eradication !!!!

4. Vaccine may be a tool in control

a) Vaccination prevent illness and death not infection and shedding

b) Live AIV vaccines are not a sound policy, potential for mutation to HP
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