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Abstract 

Influenza virus is one of the pandemic diseases that causes economic destruction and causes 

significant morbidity and mortality mainly in human as well in birds and swine. It is highly contagious 

disease that considered as emerging disease. According to the World Health Organization, every 

winter, tens of millions of people get the flu. Most are only ill and out of work for a week, yet the 

elderly are at a higher risk of death from the illness. Since many migratory birds can cross the 

boundary it is difficult to control its spread from one country to another.  This Influenza has ability to 

Antigenic Changes through Antigenic Drift and Antigenic Shift. Due to the high mutation rate of the 

virus, a particular influenza vaccine usually confers protection for no more than a few years. This 

paper attempts a review in general consideration of influenza virus and its prevention, especially in 

avian influenza virus free area.  
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Introduction to Avian Influenza 

Bird flu, or avian influenza, is a viral infection spread from bird to bird. Currently, a particularly 

deadly strain of bird flu -- H5N1 -- continues to spread among poultry in Egypt and in certain parts of Asia. 

Technically, H5N1 is a highly pathogenic avian influenza (HPAI) virus. It's deadly to most birds. And 

it's deadly to humans and to other mammals that catch the virus from birds. Since the first human case is in 

1997, H5N1 has killed nearly 60% of the people who have been infected. 

But unlike human flu bugs, H5N1 bird flu does not spread easily from person to person. The very 

few cases of human-to-human transmission have been among people with exceptionally close contact, 

such as a mother who caught the virus while caring for her sick infant. 

Migrating water fowl -- most notably wild ducks -- are the natural carriers of bird flu viruses. It's 

suspected that infection can spread from wild fowl to domestic poultry. Because the disease has spread to 

wild birds, pigs, and even to donkeys, it will be difficult, if not impossible, to eradicate. As of 2011, the 

disease was well established in six nations: Bangladesh, China, Egypt, India, Indonesia, and Vietnam. 

Although avian influenza A viruses usually do not infect people, rare cases of human infection 

with these viruses have been reported. Infected birds shed avian influenza virus in their saliva, mucous 

and feces. 2 Human infections with bird flu viruses can happen when enough viruses get into a 

person’s eyes, nose or mouth, or when inhaled. This can happen when virus is in the air (in droplets or 
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possibly dust) and a person breathes it in, or when a person touches something that has virus on it then 

touches their mouth, eyes or nose. Rare human infections with some avian viruses have occurred most 

often after unprotected contact with infected birds or surfaces contaminated with avian influenza 

viruses. However, some infections have been identified where direct contact was not known to have 

occurred. Illness in people has ranged from mild to severe. 

The spread of avian influenza A viruses from one ill person to another has been reported very 

rarely, and when it has been reported it has been limited, inefficient and not sustained. However, 

because of the possibility that avian influenza A viruses could change and gain the ability to spread 

easily between people, monitoring for human infection and person-to-person spread is extremely 

important for public health.2   

 

Fig 1. Avian influenza virus transmission. 
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The pathogen32, 33, 34 

There are four types of influenza viruses: types A, B, C and D: 

 Influenza A viruses infects humans and many different animals. The emergence of a new and 

very different influenza A virus with the ability infect people and have sustained human to 

human transmission, can cause an influenza pandemic. 

 Influenza B viruses circulate among humans and cause seasonal epidemics. Recent data 

showed seals also can be infected. 

 Influenza C viruses can infect both humans and pigs but infections are generally mild and are 

rarely reported. 

 Influenza D viruses primarily affect cattle and are not known to infect or cause illness in 

people. 

 

Fig 2. Influenza virus 
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Influenza type A viruses are of most significance to public health due to their potential to cause an 

influenza pandemic. Influenza type A viruses are classified into subtypes according to the 

combinations of different virus surface proteins hemagglutinin (HA) and neuraminidase (NA). So far 

there are 18 different hemagglutinin subtypes and 11 different neuraminidase subtypes. Depending on 

the origin host, influenza A viruses can be classified as avian influenza, swine influenza, or other types 

of animal influenza viruses. Examples include avian influenza "bird flu" virus subtypes A(H5N1) and 

A(H9N2) or swine influenza "swine flu" virus subtypes A(H1N1) and A(H3N2). All of these animal 

influenza types A viruses are distinct from human influenza viruses and do not easily transmit among 

humans. 

Aquatic birds are the primary natural reservoir for most subtypes of influenza A viruses. Most 

cause asymptomatic or mild infection in birds, where the range of symptoms depends on the virus 

properties. Viruses that cause severe disease in poultry and result in high death rates are called highly 

pathogenic avian influenza (HPAI). Viruses that cause mild disease in poultry are called low 

pathogenic avian influenza (LPAI). 

The eight gene segments of influenza A virus encode 10 proteins: hemagglutinin (HA), 

neuraminidase (NA), matrix proteins M2 and M1, nonstructural (NS) proteins NS1 and NS2, the 

nucleocapsid, and the three polymerases, the PB1 (polymerase basic 1), PB2, and PA (polymerase 

acidic) proteins (252). For some influenza viruses, the PB1 gene has recently been discovered to encode 

an additional protein, the PB1-F2 protein 20. Influenza type A viruses are subtyped based upon the HA 

and NA antigens, which are surface proteins found on the viral envelope 24. Mutation in these genes is 

selected for by herd-immune selection pressure in the host, leading to a directional antigenic change 

over time (“antigenic drift”), thereby explaining the repeated epidemics observed with influenza A or 

B virus. The segmented genome of influenza viruses also allows for genetic reassortment to occur 

when two influenza viruses infect the same cell 17, 23. This provides influenza viruses a powerful option 

for the generation of genetic diversity for interspecies transmission and to evade host immune 

responses through a major antigenic change (“antigenic shift”). Pandemics arise at infrequent intervals 

when an influenza virus with a completely novel HA (and sometimes NA) acquires the ability for 

efficient and sustained human-to-human transmission in a population that is immunologically naïve to 

the virus surface proteins (HA and NA). The H2N2 influenza virus responsible for the pandemic of 

1957 arose through genetic reassortment, where the prevailing human influenza A virus (H1N1) 

acquired the HA (H2), NA (N2), and PB1 genes from an avian virus 21, 22, 25, 28. Similarly, the pandemic 
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of 1968 arose through the acquisition of a novel HA (H3) and the PB1 gene from an avian source 19, 

101. In contrast, the pandemic of 1918 is believed to have arisen through the direct adaptation of a 

purely avian virus to efficient transmission in humans 29, although the lack of genetic information on 

relevant avian precursors and on the pre-1918 human viruses precludes a definitive conclusion on this 

matter 30. Thus, pandemic influenza virus is a zoonosis, and avian viruses play a critical role in its 

genesis 26. Since the pandemics of 1957 and 1968 arose in southern China, this region has been 

identified as a hypothetical pandemic epicenter 27. 

Pathogenesis 

 Both H5 and H7 subtypes possess the ability to evolve into highly pathogenic virus strains. 

The more recent circulating H5 viruses appear to be more pathogenic in mammals and birds than the 

earlier H5 viruses, a feature that may precede emergence of reassorted H5 strains with pandemic 

potential 35, 36 . 

Although virulence determinants are polygenic traits, the major contributing factor in birds appears to 

be the hemagglutinin (HA) molecule. The acquisition of a multibasic amino acid sequence in highly 

pathogenic avian hemagglutinin enables its widespread cleavage by ubiquitous tissue proteases, 

resulting in multisystem infection in infected birds. 

Inflammatory mediators — The virulence of avian influenza viruses in mammals is not well 

understood and differs from birds. In pig respiratory epithelial cells, for example, the 1997 H5N1 

human viruses were relatively resistant to the inhibitory effects of host antiviral cytokines. This may 

be an important characteristic, since infection of human macrophage, alveolar, and epithelial cell lines 

in vitro with these H5N1 viruses induces high levels of cytokines compared with seasonal influenza 

virus strains 40 -42. 

The proinflammatory mediators, cyclooxygenase-2 and tumor necrosis factor (TNF)-alpha, were also 

elevated in epithelial cells exposed to secretory factors from H5N1-infected macrophages 43. In 

addition, patients with fatal H5N1 infection had unusually high serum concentrations of various 

cytokines and chemokines 37, 127. Following a lethal challenge with an H5N1 virus, mutant mice 

lacking both TNF and interleukin-1 receptors had diminished cytokine production in lung tissue, a 

reduction in the number of macrophages and neutrophils in the lungs, as well as reduced morbidity and 

a significant delay in mortality compared with wild-type mice 45. In contrast, no differences in 
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morbidity or mortality were observed between mutant and wild-type mice infected with an H1N1 

virus. These observations suggest that the severity of human H5N1 infections may be related to the 

induction of excessive host proinflammatory responses that exacerbate tissue injury and contribute to 

pathogenesis 3 

In contrast to the H5N1 viruses, infection of human bronchial epithelial cells or primary human 

macrophages with highly pathogenic H7 viruses resulted in a delayed and diminished production of 

cytokines (interleukin-6, TNF-alpha, interferon-alpha, interferon-beta) and chemokines (IP-10, 

RANTES, interleukin-8) compared with H7 viruses of low pathogenicity and H5N1 viruses 46. These 

results suggest that the severe infection that occurs in some individuals with H7 infection is at least 

partly due to suppression of the early innate immune response. 

Tissue tropism — Human influenza viruses preferentially bind to host cells via HA by attaching to 

sialic acid molecules containing alpha 2-6 galactose receptors that are found on epithelial cells of the 

human upper respiratory tract. Avian influenza viruses, including H5N1, prefer sialic acid molecules 

containing alpha 2-3 galactose receptors, which are common in the respiratory tracts of birds but have 

also been detected throughout the human respiratory tract 39, 47, 48, particularly in alveoli and distal 

airways 49, 50. This observation supports in vitro studies that demonstrate binding of H5N1 to tissue 

extracted from the lower airways of humans 51. This pattern of binding is also consistent with 

postmortem examination of H5N1-infected patients that shows heavy damage to the lower lungs but 

not the upper airways, although the precise mechanisms for virus binding and replication are 

undetermined. 

These studies may also partly explain why recovery of H5N1 from upper airways secretions is low and 

human-to-human transmission has been limited. However, human nasopharyngeal, adenoid, and 

tonsillar tissues and tracheal epithelial cells can be infected with H5N1 viruses despite absence of 

alpha 2-3 galactose receptors, suggesting that other binding sites can mediate viral entry 39, 52 H5N1 

strains possessing mutations that enable them to bind to alpha 2-6 galactose receptors in the upper 

respiratory tract have been isolated rarely from humans 53, 54. 

In animal models of H5N1 infection, including cats, ferrets, and mice, extensive extra-respiratory 

spread of H5N1 has been found in nervous, urinary, gastrointestinal, and lymphoid tissue 55, 56. The 

extensive systemic viral replication and inflammation suggest that the high pathogenicity of the H5N1 
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virus may be related to this wider tissue tropism in these animals. The detection of H5N1 in digestive 

tracts of mammals raises the possibility of fecal-oral mechanisms of transmission. 

Among naturally infected humans and experimentally infected primates, the predominant features are 

respiratory disease with little evidence of extra-respiratory tissue tropism of H5N1 57, 58. However, 

there is some evidence of extra-respiratory disease in humans. As an example, H5N1 was isolated 

from cerebrospinal fluid (CSF) and rectal swab specimens in a patient with encephalopathy and 

diarrhea, indicating that extra-respiratory infection can occur 38. In addition, viral genomic sequences 

and antigens have been isolated from tracheal epithelial cells, lymph node T cells, and neurons, as well 

as the lower respiratory tract; and viral genomic sequences have been detected in the intestinal mucosa 

39. 

Furthermore, one group has detected alpha 2-3 galactose receptors in the human gastrointestinal tract 

and was able to infect this tissue ex vivo, resulting in production of infectious virus 59. In the same 

study, a colonic sample obtained at autopsy from an individual infected with H5N1 showed evidence 

of viral antigen expression in epithelial cells. 

Experimental H5N1 viruses that are transmissible in ferrets are discussed above; like humans, ferrets 

have alpha 2-6 galactose receptors in the epithelial cells of their upper respiratory tracts and are 

therefore considered an excellent model for H5N1 influenza infections in humans.  

Causes 31 

 touching or defeathering infected birds 

 touching or breathing in feces and other secretions of infected birds 

 preparing infected poultry for cooking 

 slaughtering or butchering infected poultry 

 handling birds for sale 

 attending markets selling live birds 

 Eating cooked poultry or eggs does not cause infection. 

 Humans can become infected and ill after coming into contact with infected birds. 
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However, people should cook poultry until the internal temperature is at least 165 degrees 

Fahrenheit or 74 degrees centigrade, and eggs until both the white and yolk are firm. 

Bird droppings can contain the virus, and they can contaminate feed, equipment, vehicles, shoes, 

clothing, soil, dust and water. The feet and bodies of animals can also carry the H5N1 virus. 

General Symptoms of avian influenza31 

 A person with H5N1 will develop serious symptoms. 

 The incubation period is from 2 to 8 days, and it can take up to 17 days. This is compared with 

2 to 3 days for human seasonal flu. 

 Initial symptoms include a high fever, over 38 degrees centigrade, lower respiratory tract 

symptoms, and, less commonly, upper respiratory tract symptoms. 

The following signs and symptoms may occur: 

 a cough, usually dry cough 

 hoarse voice 

 a high fever, over 38 degrees centigrade 

 a blocked or runny nose 

 aching bones, joints, and muscles 

 bleeding from the nose 

 chest pain 

 cold sweats and chills 

 fatigue 

 headache 

 loss of appetite 
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 sleeping difficulties 

 upset stomach, sometimes involving diarrhea 

 bleeding from the gums 

 Bloody sputum, some patients develop pneumonia and breathing difficulties. This occurs      

around 5 days after the first symptoms appear. 

 The patient's condition can deteriorate rapidly, resulting in pneumonia, multiple organ   

failure, and death. 

Signs and Symptoms of Avian Influenza A Virus Infection in Humans2 

The reported signs and symptoms of avian influenza A virus infections in humans have ranged 

from mild to severe and included   

 conjunctivitis,  

 influenza-like illness (e.g., fever, cough, sore throat, muscle aches)  

 sometimes accompanied by nausea,  

 abdominal pain, diarrhea, and vomiting,  

 severe respiratory illness (e.g., shortness of breath, difficulty breathing, pneumonia, acute 

respiratory distress, viral pneumonia, respiratory failure),  

 neurologic changes (altered mental status, seizures), and  

 The involvement of other organ systems.  

Asian lineage H7N9 and HPAI Asian lineage H5N1 viruses have been responsible for most 

human illness worldwide to date, including most serious illnesses and highest mortality. 

Diagnosis 31 

Early diagnosis can improve the outcome of treatment. A doctor will look at the patient's signs and 

symptoms, and ask about any recent travel, and any contact with birds. 

A respiratory specimen will be collected and sent to the lab. People should receive tests within 4 to 5 

days of symptoms appearing. 
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In 2009, the FDA approved the AVantage A/H5N1 Flu Test, which detects influenza A/H5N1, or 

bird flu, from nose or throat swabs collected from patients with flu-like symptoms. 

In less than 40 minutes, the test can identify a specific protein (NS1) that indicates the presence of 

A/H5N1 virus subtype. 

However, H5N1 is relatively rare, so a physician would not expect to see it unless a person had been in 

contact with birds or had recently been in a place where H5N1 infection is likely to occur. 

Animal Health Laboratory at the University of Guelph: 60 

The Animal Health Laboratory at the University of Guelph offers the following tests for Influenza A 

screening and diagnosis in animals. With the assistance of the ministry, health units may submit 

animal samples to the AHL. 

STEP 1 VIRUS DETECTION 
TESTING 

ANTIBODY DETECTION TESTING 

Test Real-time PCR – matrix gene ELISA, Multi-Screen Agar gel 
immunodiffusion 

Sample 
 
 
 
Use/advantage 
 
 
 
Disadvantage 

Swabs in VTM (swine-nasal, 
birds cloacal/tracheal), oral 
fluids, tissues. 
 
Primary screening test targeting 
a conserved influenza virus 
gene 
 
Cannot determine the subtype 
of the virus 

 
 
 
 
 
 
. 
 
 
 
 
Cannot determine the subtype of the virus to which 
animals were exposed. Cannot be used on paired 
samples to determine a 4- fold titer 
change/seroconversion. 

STEP 2 VIRUS SUBTYPING ANTIBODY 
SUBTYPING 

Sample PCR positive sample Serum 
Test PCR typing for specific 

subtyp 
Hemagglutinin gene sequencing 

Use/advantage Swine: H1N1& H3N2 Turkeys: Covers all common Use on paired samples 

serum 

Primary screening 
test, detects 
antibody from all 
common Influenza 
A virus subtypes in 
multiple animal 
species. 

Screening test used 
for avian samples 
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Disadvantage 

H5& H7, also H1N1& H3N2 
 
 
All other avian species: H5 & 
H7 
 
Simpler, faster than sequencing. 
 
Detects only H1N1, H3N2, H5 
& H7 subtypes 
 
Weak positives may not have 
enough virus for typing 

Influenza A virus 
subtypes. 
 
Allows strain 
identification and 
comparison of 
various viruses. 
Weak positives may 
not have enough 
virus for typing 

to determine a 4-fold 
titer 
change/seroconversion. 
 
 
 
 
Subtype/strain 
specific-depending on 
antigen used. 

OTHER TESTS: 

Test  Immunohistochemistry 
Sample 
 
Use/advantage 
 
 

Formalin-fixed tissues 
 
Used on fixed tissues when fresh tissues are not available, or as a part of 
postmortem procedures. Detects all common Influenza A virus subtypes. 
 
 

Disadvantage Cannot determine the virus subtype. 

 

Treatment  31 

According to the WHO, antiviral medications can suppress viral replication and improve outcomes for 

patients. Antivirals can prevent some cases from becoming fatal. 

Oseltamivir (Tamiflu) should be administered within 48 hours after symptoms appear, for best effect. 

However, as mortality rates are high, doctors may prescribe oseltamivir after this time. 

The dose and length of treatment will depend on how severe the case is. Patients with gastrointestinal 

problems may not be able to absorb the drug as effectively as others. 

Studies suggest that some cases may be resistant to this treatment. 

Patients who are diagnosed with or suspected of having avian flu or should remain at home, or remain 

isolated in the hospital. 

Apart from taking Tamiflu, healthcare professionals advise patients to: 
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 rest 

 drink plenty of fluid 

 receive proper nutrition 

 Receive medications for pain and fever, prescribed by a health care professional. 

Complications, such as bacterial pneumonia, are common in patients with H5N1. These patients will 

need antibiotics, and some may need extra oxygen. 

Prevention31 

 Careful handling of or precautions around live or dead birds can help to prevent the spread of 

disease. 

 It is not possible to prevent bird flu from spreading, but the authorities can help communities 

prepare for possible infections by monitoring bird migration patterns. 

 Vaccination exists for human seasonal flu, but not for bird flu. 

 According to the World Health Organization (WHO), a vaccine for H5N1 exists, but it is not 

yet ready for widespread use. 

 Individuals can minimize the spread of different types of flu, bird flu and other infections by 

taking some precautions like 

o Hand hygiene: Wash hands regularly with warm water and soap before and after using 

the bathroom, before and after handling food, and after coughing. 

o Coughing: Cough in to an elbow or a tissue. Carefully disposed of the tissue. If you 

cough into the hand and then touch some item, another person can pick up the virus 

from that item. 

o Isolation: Those who are sick should stay away from public places and avoid contact 

with people, where possible. 
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o Vaccinations: Stay up-to-date especially with the seasonal flu and pneumococcal 

vaccines. 

 The WHO note that the seasonal flu jab does not appear to protect against H5N1. 

 When preparing foods, do not use the same utensils for cooked and raw meats.  

 Before and after handling raw poultry, wash your hands with soap and water. 

 Do not go near a dead or sick bird. Call the relevant local authority to report any sightings of 

dead animals. Those who work with domestic birds should follow local and national 

guidelines. 

 Anyone traveling to an area where avian influenza may be present should avoid live animal 

markets and poultry farms, and stay away from bird feces. 

H5N1 Outbreak in Asia 5 

HPAI H5N1 virus has been a public health concern due to their ability to cause severe respiratory 

illness. The first HPAI H5N1 viruses in human descended from the 1996 viral detection in geese from 

Guangdong Province in southern China, which the first cases occurred in Hong Kong in 1997 and out 

of the 18 recorded cases, six of them died.6 In 2003, HPAI H5N1 re-appeared in east and south-east 

Asia including Korea, Vietnam, Hong Kong, Japan, and Thailand, and has had devastating economic 

consequences due to its effect on the poultry industry and high mortality rate in reported human cases 

(approximately 60%).7 By 2005, the virus had spread to Indonesia, China, and Malaysia as well as 

Africa, Europe, the Pacific, and the Middle East. Currently these HPAI H5N1 viruses continue to 

circulate in poultry and humans with their genetic evolution aimed at adaptation to their hosts over 

time.8 

HPAI H5N1 can be transmitted from wild birds to poultry by a fecal–oral route, oral–oral route, and 

also indirectly by respiratory droplets and aerosols.9, 10. Most human cases, however, were exposed 

through unprotected direct or indirect contact with contaminated environments.11 

In addition, mammalian carnivores (e.g. tigers, cats, and dogs) can be infected with HPAI H5N1 after 

feeding on infected birds. To date, the number of H5N1 WHO-confirmed human cases amounts to 628 
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with 374 deaths from 15 countries12 .  Human infections tend to occur during December–March and 

are associated with bird migratory paths and seasonal outbreaks in poultry.13 

Other HPAI and LPAI infections of humans have also been reported albeit less frequently. For 

example, humans have occasionally been shown to be infected with H7, H9, and H10 subtypes. 

However, when infected with these subtypes, the associated symptoms tend to be mild flu-like-illness, 

conjunctivitis or gastrointestinal symptoms 14 - 16 except for one fatal case during an outbreak of HPAI 

H7N7 in the Netherlands.17 
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