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CHAPTER 1 

INTRODUCTION 

In Pakistan a number of infectious diseases like Newcastle Disease (ND), Infectious 

Bursal Disease (IBD), Egg Drop Syndrome (EDS), Infectious Bronchitis (IB),  Marek’s Disease, 

Lymphoid Leucosis Complex, Hydro- pericardium Syndrome and Avian Influenza (AI) continue 

to negatively affect the growth and productivity of poultry (Jaffery et al., 1987).  However, the 

AI outbreaks have caused very significant economic losses to poultry farmers since 1994. The 

outbreaks of Avian Influenza in Pakistan were diagnosed in 1994 and to date AI continues to 

inflict heavy economical losses to poultry farmers in the form of poor growth, poor laying 

performances, very high morbidity and mortality of birds. The etiological AI virus (AIV) types 

isolated from various types of poultry in Pakistan have been identified as H7N3, H9N2 and 

H5N1 (Muhammad et al., 1997; Naeem et al., 1999; Muneer et al., 2001). A highly virulent virus 

which caused very heavy mortality at the poultry farms in NWFP and Punjab isolated and 

characterized as H5N1 type (Naeem et al., 2006). An AIV serotype which infected poultry in 

1994 was identified as H7N3. This virus type was found associated with high morbidity, 

mortality; lower body growth and drop in egg production in poultry (Naeem and Hussain, 1995). 

AI outbreaks associated with H7N3 virus caused significant economical losses to the poultry 

farmers in Rawalpindi, Murree, Abbotabad and Mansehra areas of Pakistan (Muneer et al., 1995; 

Yaqub, 1998). In 1999-2000, an AI outbreak due to the H9N2 virus was diagnosed in breeder 

and broiler flocks in NWFP, Punjab and Sindh provinces (Pakistan poultry Association; 

Proceedings of Disease Control Committee; Muneer and Rabbani, 2000). The phylogenetic 

javascript:openDSC(1558186892,%201179,%20'14872');
javascript:openDSC(1558186892,%201179,%20'14872');
javascript:openDSC(85036852,%204,%20'3928');
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studies on these H9N2 AIV isolates obtained from Saudi Arabia, Pakistan and Iran indicate a 

close relationship amongst them and suggests their common origin. The outbreaks of 1990 with 

H9N2 in poultry and other wild birds originated from the introduction of feral birds (Banks et al., 

2000). Clinical signs of AI in poultry are quite variable and depend upon various factors such as 

host species, age, sex, concurrent infections, immune status and other microbial contamination 

levels in the environment. It has been reported that in poultry, the AI virus infection may be 

either asymptomatic or a visible clinical disease mainly affecting bird’s respiratory system and 

egg production ability. However, mostly AI disease is quite severe and it may cause up to 100 

per cent mortality in the susceptible poultry (Easterday et al., 1997). Based on virulence, the 

AIVs can be grouped in two categories as highly pathogenic avian influenza (HPAI) and low 

pathogenic avian influenza (LPAI) types (Capua et al., 2000b). AIVs belong to the family 

Orthomyxoviridae. The base of typing of AIVs is its internal proteins (nucleoprotein and matrix 

proteins) and their further sub-typing is carried on the basis of surface glyco- protein molecules 

named as Haemagglutinin (H) and Neuraminidase (N) (Swayne, 2000). To date, sixteen H and 

nine N subtypes isolated from ducks and other feral water birds have been reported. The viral 

attachment to host cell occurs via the H molecule and the N molecule is responsible for the 

denaturation of host cell receptors, containing neuraminic acid in their chemical structure and 

hence helps in releasing the virus particles from the infected host cells (Shane, 1995). The  geese 

and ducks serve as natural reservoirs of various types of AIVs (Stallknecht, 1998), and various 

AIVs have been sporadically isolated from wild and domestic birds including turkeys, chickens, 

ducks and wild or captive birds kept in cages as pets or isolated in quarantine stations, in 

zoological parks/ reserves or as private collections (Alexander, 1982). Seal and swine have been 

reported to be responsible to a great deal in introducing new strains of IVs (Nettles et al., 1985). 

javascript:openDSC(3533510313,%20772,%20'14624');
javascript:openDSC(3533510313,%20772,%20'14624');
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Chickens of all age groups may be infected by any type of AIVs. The incubation period of AI is 

quite variable, and it may range from a few hours to three days in the naturally infected birds and 

up to 14 days in the susceptible poultry flock (Easterday et al., 1997). Muneer et al. (2001) 

reported that in 1999 in Karachi area (Pakistan), a respiratory syndrome in commercial layers 

and broilers. having high economic impact in terms of high morbidity and mortality along with 

low egg production was attributed to AI H9N2 virus type According to  World Organization for 

Animal Health (OIE) Disease Information Report and World Health Organization (WHO), 

Pakistan reported on January 28, 2004 an outbreak of HPAI (subtype H7N3), which caused 

approximately four million deaths in chickens. As reported by workers like Abbott et al. (2004), 

Alexander (2000a), Barclay et al. (2004), Cameron et al. (2000),  AIV is a zoonotic agent and 

many cases of AIV infection especially those due to H5N1 virus in humans in many south east 

Asian countries such as China, Vietnam, Thailand, Indonesia etc, have been reported. The AIV 

infections in humans were highly fatal with a case fatality rate is above 60% (WHO, 2010). Al-

Natour et al. (2005) reported that many diagnostic procedures, mainly aimed at isolation and 

sero-characterization of AIV are available. The most commonly employed procedures include 

Haemagglutination / Haemagglutination Inhibition (HA/HI) tests, Agar Gel Precipitation Test 

(AGPT), Virus Neutralization Test (VNT), Enzyme-linked Immunosorbent Assay (ELISA) and 

Polymerase Chain Reaction (PCR). In view of the very high infectious nature of AIVs, multiple 

serotypes of virus are found in Pakistan, which negative affect the poultry production (high 

morbidity and mortality) and also have zoonotic importance. In view of the above explained 

importance of AIVS, the present research work was designed with the following objectives:  

1. To isolate and identify various AIV types infecting domestic chicken and wild birds in and 

around Lahore.  

javascript:openDSC(585959966,%20304,%20'12555');
javascript:openDSC(585959966,%20304,%20'12555');
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2. To develop inactivated (monovalent/bivalent) AIV vaccines and compare their efficacy with 

the already available locally manufactured or imported vaccines.  

3. To compare the relative efficacy and economics of diagnostic tests such as HA/HI, AGPT, 

ELISA and PCR against various AI virus types infecting the poultry in Pakistan. 
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CHAPTER 2 

REVIEW OF LITERATURE 

A lot of information on the AI history, etiology, virus types, disease transmission, 

morbidity/mortality, disease signs, preventive measures, vaccination in chicks etc. is available 

(Muneer and Azim, 2009). 

AIVs Historical Background  

Information on influenza-like-disease in human beings is documented in the early Greek 

Writings of 412 BC. However, relatively precise record on the disease is documented by Potter 

(1998).  During 1173-1174, the first report of an influenza epidemic, was documented by 

(Hirsch, 1883). During 14th and 15th   century, the first convincing report on Influenza was 

presented by Molineux (1694). Fowl Plague was referred to as HPAI by Perroncito (1878) in 

Italy. Later  during18th and 19th century information on influenza was reviewed by Hirsch 

(1883), Thompson (1890), Creighton (1894), Finkler (1899), Beveridge (1977), Pyle (1986) 

Patterson (1987) and Reid et al., (2003). 

 The influenza outbreak in 1510 had spread from Africa to Europe; and the 1557 outbreak 

of this disease was considered as pandemic. The influenza pandemic of 1580, was believed to 

have originated in Asia, it spread to Africa, and then to European Countries (Pyle, 1986). All the 

European countries, from south to north, were infected with influenza virus, from where the 

infection had spread to America as reoorted by Pyle (1986) and  Beveridge (1991).  

The influenza occurrence could be traced back to three hundred years and with less 

certainty before that period. The Influenza epidemics were due to antigenic drifts; and the 

pandemics, occurring at 10 to 50 year intervals are caused by the new virus subtype(s) which 

result from reassortment of influenza virus genome (Potter 2001). 

In the 20th century, antigenically different strains transmissible to humans (antigenic 

shift) emerged at least four times; in 1918 (H1N1), 1957 (H2N2), 1968 (H3N2) and 1977 
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(H1N1) each time each time the emerged strain caused a pandemic (Capua and Alexander, 

2002).  The 1918-1920 influenza pandemic is believed to be one of the most dramatic events in 

the history as it caused exceptionally high deaths in humans throughout the world (Waring, 

1971). This pandemic occurred 28 years after the pandemic of 1890, and caused morbidity 

between 20 to 40 percent in the at risk human communities (Reid et al., 2003; Linder and Grove, 

1943 and Marks and Beaty, 1976).     

 

Capua and Marangon (2000) while reviewing the 1999-2000 AI outbreaks reported that 

a low pathogenic AIV type H7N1 remained prevalent in Italy in the poultry flocks for many 

months till the emergence of a virulent virus strain of the same subtype. During the 3 months 

period this virus caused millions of deaths in poultry flocks. These scientists were of the opinion 

that the high density of susceptible poultry population; poultry industry structure in the infection 

area and co- circulation of LPAI virus led to delay in the proper and prompt identification of 

HPAI virus and also complicated the interpretation of test findings obtained through various 

procedures. They further observed that since the mixed infections of LPAI and HPAI viruses in a 

population might complicate interpretation of diagnostic findings and as such it could also delay 

the implementation of bio-security measures at the farms that were experiencing AI outbreaks.      

 

Potter (2001) reviewed the history of occurrence of influenza and reported that the 

antigenic drifts in the virus could lead to the epidemics of influenza. He further reported that the 

pandemics were the result of re- assortment of viral genome, which was observed at every 15-20 

years interval.  
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Hien et al. (2004) studied the possibility of many cases of H5N1 infection which had 

gone unnoticed in the South Asian countries due to lack of awareness on AI clinical disease 

signs, active surveillance and proper laboratory diagnostic facilities on this disease.  

Trampuz et al. (2004) reported that the Russian influenza virus strains that circulated 

during 1950s re-emerged in 1977, and it caused illness mainly in people that were less than 20 

years of age. The older persons possessed antibodies consequent to their previous exposure to 

identical viruses suffered relatively lower mortality.  

Guillermo (2005) isolated H5N1 virus in 1977 from Hong Kong. He opined that the 

H5N1 virus had crossed the interspecies barrier. He observed that AI was considered as an 

endemic disease in South East Asia as its prevalence in Vietnam and Thailand had increased.  

Langford (2005) reviewed the world-wide occurrence of Influenza outbreaks in 1918-

1919 and reported that in 12 months period around 40-50 million people had died due to 

influenza illness. It was believed that the influenza virus or its closely related precursor had 

originated in China. The people dying due to influenza were usually at their prime age and the 

elder persons were relatively lesser infected. The influenza pandemic was observed in three 

phases; the phase 1 and 2 were extremely virulent and caused largest number of deaths whereas 

in phase 3 there was serious illness reports in humans without significant reportable  mortality.  

Lee et al. (2005), in December 2003, reported an HPAI H5N1 outbreak in the Republic of 

Korea in chickens. Later on many outbreaks of AI due to the antigenically related viruses were 

recorded in many South Asian countries. The H5N1 virus isolation was reported from the dead 

migratory birds which suggested their role in maintenance and further spread of H5N1 viruses.  



15 

 

Moellering (2006) reported that the reason of rapid spread of H5N1 virus is its ability of 

extending its host range to different varieties of avian including migratory birds. This was 

attributed to its rapid spread to different birds species in Africa, central Asia, Indian subcontinent 

and Europe as in these countries this virus had shown a potential to cause a definite disease in 

different bird species.  

Ariel et al. (2008) worked on the isolation of AIV in wild waterfowl in Argentina during 

extensive surveillance in wild birds during 2006–07. They isolated 12 AI strains from the cloacal 

swabs by RT- PCR. The AI virus isolated from one of the positive samples collected from Larus 

dominicanus (a wild kelp gull) from coastal area of South Atlantic ocean of Argentina was found 

to be of subtype H13N9 on nucleotide sequencing. On phylogenetic studies it was revealed that 6 

internal viral genes were homologus to the AIVs isolates from the areas of Bolivia and Chile. 

Further analytic studies revealed that the evolution of a cluster of related AIVs from South 

America was independent, with little genetic exchange, from IV isolates of other latitudes. 

 Na Jia et al. (2009) investigated the existence of H7 and H9 AIVs among workers of 

poultry farms in northern China which had the history of HPAI type H5N1 outbreaks. Serum 

samples of poultry workers from Xinjiang Uygur and Liaoning and Shandong province were 

collected and tested by HI assay. Ten (1.7%) serum samples (total n=583) from Xinjiang and two 

(1.0%) serum samples (total n=200) from Liaoning were found to be positive for H9 AIV 

infection. No serum sample from the above locations was found to be positive for H7 virus 

infection. In poultry workers (n=277) of Shandong and in residents (n=407) of Shanxi no sample 

was found positive either for H7 or H9 AIVs.  
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Josanne et al. (2011) investigated the H5N1 HPAIV outbreaks in the wild migratory 

birds that had occurred in 2005, around Lake Qinghai, China. They observed that the wildfowl 

and shorebirds acted as reservoir of influenza A virus in nature. The birds like ducks, swans and 

geese (Anseriformes) and gulls waders and terns (Charadriiformes) acted as the major reservoir 

for virus. The LPAI virus was mostly transmitted via the fecal–oral route. These low pathogenic 

AI viruses were antigenically and genetically diverse and had the ability of genome reassortment. 

Until 2005, the HPAIVs had been isolated only sporadically from wild birds. However, a highly 

pathogenic subtype H5N1 IV’s outbreak in wild migratory birds around Lake Qinghai, China 

affected large number of wild birds such as geese, gulls, and cormorants. After the outbreak, the 

viral spread moved westward in the areas of Africa, Asia, Middle East and Europe, affecting 

various wild bird species.  

Yuko et al. (2011) isolated and genetically characterized H7N6 type AIVs in Japan during 

2009. They isolated six strains of H7N6 AIVs from quails in Japan. The isolates were 

characterized as LPAIVs. The studies of amino acid sequences of IVs at the cleavage site was 

found to be PE (I/Q/L) PKRR (with cct gaa (a/c) (t/a) a cc (a/g) aaa aga aga), indicating its 

persistent occurrence for a long time in the domestic poultry. Experiments conducted for 

determining the infectivity and pathogenicity revealed low infectivity of ducks and chicken as 

compared to quail isolate. They noted that the virus was having no transmission either directly or 

indirectly among chickens. No evidence of transmission from quails to chickens was observed. 

Ali et al, (2012) reported on the isolation and identification of H1N2 (swine)/H1N1 

(pandemic) IVs in the US during the year 2010. They observed pigs having a mild type of 

respiratory symptoms were harboring a unique reassortant type H1N2 virus. The phylogenetic 

and genomic studies revealed that the IV subtype H1N2 had NA and HA genes homologous to 

javascript:openDSC(7762154,%2037,%20'571');
javascript:openDSC(7762154,%2037,%20'590');
javascript:openDSC(7762154,%2037,%20'590');
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the swine IVs isolates of the Midwest. On comparison with the previous reassortant isolates, 

their IV isolate had similar human like restrictive host and antigenic putative locations present in 

the NA and HA genes. These unique reassortants revealed the derivation of their M and NP 

genes from the subtype H1N1 isolate of 2009 pandemic. The isolates of IV during the pandemic 

of 2009 also indicated its reassortment with H1N1 of swine origin IVs which shows the potential 

of IVs for interspecies transmission. Their study provided a proof of transmission of swine 

reassortants to humans and also to the other species. This study was helpful in determining the 

prevalence of similar types of IV reassortants in various areas of United States and also the 

general impact of these IVs on the swine production and public health. 

 

 

 

 

 

 

 

 

 

 



18 

 

    Table-1. Year-wise cumulative number of Avian Influenza human 

             cases and deaths as per WHO ( May, 2015, report). 

       

   

 

 

 

 

 

 

 

    

 

 

 

Overall mortality percentage = 447/840=53.22 % 

               

 

 

 

   

             Year 

 

      Cases 

 

    Deaths 

2003 04 04 

2004 46 32 

2005 98 43 

2006 115 79 

2007 88 59 

2008 44 33 

2009 73 32 

2010 48 24 

2011 62 34 

2012 32 20 

2013 39 25 

2014 52 22 

2015 139 40 

Total 840 447 
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Table-2. Major influenza pandemics and mortality in humans 

Year Common 

name 

Causal Virus Origin of 

Outbreaks 

Source of viral genes Estimated 

Worldwide 

mortality 

1918-1919 Spanish flu H1N1 China? Europe? 

North America? 

Unclear, contains 

both mammalian and 

avian genes 

25-50 million 

1957 Asian flu H2N2 China Reassortment with 

avian virus 

>1 million 

1968 Hong 

Kong flu 

H3N2 China Reassortment with 

avian virus 

>1 million 

1977 Russian flu H1N1 China, Russia Reappearance of 

1950s H1N1 virus 

(from frozen source?) 

Low mortality 

2009 to 2012 Swine flu H1N1 China, Portugal 

and Germany 

- >10,000 deaths 

                            (Source; Trampuz et al; 2004, including WHO updates) 
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Avian Influenza Outbreaks in Pakistan  

1. AI outbreaks due to H7N3 virus  

 Naeem and Hussain (1995) reported an illness caused by AI virus in various types of 

poultry flocks in Pakistan. They observed that, on many occasions, since 1994 the H7N3 virus 

had infected commercial poultry and caused high economic losses to the poultry farmers. This 

virus strain generally infected chicken breeding flocks that were housed in northern hilly areas of 

Punjab and Khyber Pakhtunkhawah in Pakistan.  

Muhammad et al. (1997) reported that from 1995 onwards AI H7N3 outbreaks caused 

exceptionally high mortality and killed around 0.6 million broiler breeders, commercial layer and 

commercial broiler birds that were housed in the hilly areas around Murree. The isolation of 

causal virus; clinical signs in the infected birds, post- mortem lesions in the dead birds; and 

serological findings confirmed that the cause of these fatal outbreaks was a H7 type virus.   

Naeem (1998) reported that the H7N3 virus outbreaks lead to the death of over 3.2 million 

broiler breeder and commercial broiler chickens in northern Pakistan during 1995. Vaccination 

of the susceptible poultry and implementation of strict bio-security measures at the infected and 

nearby poultry farms lead to the control of those outbreaks.  Banks et al. (2000a) reported that in 

the 1995 AI outbreak in northern Pakistan, the HPAI virus had three cleavage sites with amino 

acid sequences as PETPKRKRKR*GLF, PETPKRRKR* GLF and PETPKRRNR*GLF.  

Swayne and Suarez (2001) isolated H9N2 and H7N3 virus types from the poultry using 

samples from the infected flocks during March 2001. Both, the HPAI and LPAI H7N3 virus 

types were isolated from chickens housed at farms around 200 km southwest of Islamabad, and 

these viruses infected layer, broiler and broilers breeder chickens. Approximately 75% of the 

javascript:openDSC(14822247,%2037,%20'4954');
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population at those farms had suffered mortality which ranged between 20 to 85 per cent. The 

H7N3 virus isolates of 2001 had good homology to 1995/1996 H7N3 isolates.  

2. AI outbreaks due to H9N2 virus  

A low virulent H9N2 virus was isolated from the poultry flocks in northern areas of 

Pakistan (Naeem et al., 1999). The infected flocks had suffered 10-20 % mortality and exhibited 

symptoms of acute illness of the respiratory system and very high decrease in egg production. 

High HI titers against AIV H9N2 virus type ranging from 6.38 to 7.81, in the convalescent sera 

of infected birds were recorded. These infected flocks had suffered mortality between 30 to 80 

%. It is believed that the AIV H9N2 virus in collaboration with IBV and some other unidentified 

bacterial pathogens had caused high mortality in those flocks. Same observations were also 

reported by Muneer, et al. (2001) in the poultry flocks housed in Karachi area.  

Muneer et al. (2001) and Naeem and Ullah (2002) reported on the status of AI and its 

various control measures being implemented at the poultry farms in Pakistan. A severe syndrome 

involving the respiratory and gastro- intestinal tracts causing a very high mortality (30-80%) due 

to involvement of multiple pathogens was observed in the commercial broiler and layer poultry 

flocks in Karachi during 1999.  

Bashir et al. (2003) reported the prevalence of influenza infection caused by AIV type 

H9N2 in humans in areas around Rawalpindi and Islamabad.  

It has been reported that AI infection could be reproduced in immune-suppressed 

chickens upon inoculation of H9N2 virus. The immuno- suppression using chemical treatment 

results in subsequent infection of chickens with other mildly pathogenic organisms (Bano et al., 

2003).  
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Naeem et al. (2003) reported very high antibody titers against H9N2 virus in chickens having a 

pervious history of respiratory tract infection.   Khawaja et al. (2005) reported antibodies to AIV 

serotype H9N2 in 7 wild bird’s species. They isolated H9N2 AIV from wild birds from the areas 

of Lake Bhera; Chakshehzad, Islambad; near the banks of River Sindh adjoining Attock and 

Lohi Bher Wild Life Park in Pakistan.  

3. AI outbreaks due to H5N1 virus  

During February 2006, two chicken flocks having a total of 26,450 birds which had 

suffered high mortality in NWFP (Charsada and Abbotabad areas) were suspected for infection 

with AIV. The clinical signs observed in birds at both the farms (a layer flock, n=10,450 birds; 

broiler breeder flock, n=16000 birds) consisted of labored breathing, whistling sounds, discharge 

from nose and eyes, cyanosis of combs and wattles, and sharply decreased egg production. 

Laboratory investigations on these birds were conducted at the National Reference Laboratory 

for Poultry Diseases, Animal Sciences Institute, National Agricultural Research Centre (NARC), 

Islamabad applying procedures like virus isolation, agar gel precipitation (AGP), HA/HI and 

polymerase chain reaction (PCR). The testing by above diagnostic techniques indicated presence 

of an H5 virus in the morbid tissue samples from above reported flocks (Naeem et al., 2006).  

Naeem et al. (2006) reported that the morbid material from the infected flocks was also 

sent to Veterinary Laboratory Agency (VLA), Weybridge, UK (OIE/FAO Reference Laboratory 

for Avian Influenza) where these samples were subjected to further testing through RT-PCR, and 

Sequence Analysis. The samples tested were found to be positive for H5N1 HPAIV.  Later 

poultry flocks housed at Sehala and Taralai areas in Islamabad and some commercial flocks in 

Punjab province were also tested positive for H5N1 virus infection. All the infected populations 

javascript:openDSC(1119984772,%2043,%20'11802');
javascript:openDSC(1119984772,%2043,%20'11802');
javascript:openDSC(2209982806,%201179,%20'9480');
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of commercial layer, broiler and breeder chickens in the infected farms in above mentioned areas 

were culled, under the supervision of State Livestock Authorities. Measures like control of 

wildlife reservoirs, quarantine, control of movement of poultry inside the country and thorough 

disinfection of infected farm premises were implemented. The workers on infected farms were 

also quarantined and tested for AI infection. However, they were tested as negative for H5N1 

infection. Ring AI H5N1type vaccination of chicken flocks housed in 3-4 KM radius areas of 

infected farms helped in controlling the further spread of AIV infection (Naeem et al., 2006; 

OIE, 2006; Muneer & Azeem, 2009).  

Etiology of Avian Influenza  

Virus Morphology  

Gomez-Puertas et al. (2000) reported on the viral particle assembly and morphogenesis 

and the role played by polypeptides of influenza A virus in the generation of virus-like particles 

(VLPs) in COS-1 cell cultures. The characters were expressed from the codes of recombinant 

plasmids. They studied the presence of VLPs using biochemical tests and electron microscopy. 

Only matrix (M1) proteins were needed for the making of  VLP. There was no need of the viral 

ribo-nucleoproteins in the formation of virus particle. They observed that the M1 proteins 

expressed themselves alone, assembled into VLPs in the form of buds, which were released in 

the culture medium. The recombinant M1 proteins accumulated intracellularly, making tubular 

structures.  

The cholesterol found in envelope plays a vital role in the fusion process of IVs. Lipid 

content of the enveloped particles is responsible for entering into the host cells during infection. 

They studied the viral envelope and the role of cholesterol by depletion using methyl- β-
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cyclodextrin. When they pre-treated the virions with methyl-β-cyclodextrin, it efficiently caused 

cholesterol depletion from the envelope of influenza virus resulting in a significant reduction of 

the viral infectivity in a dose-dependent manner. However, the simian virus (SV-40) a non- 

enveloped virus remained unaffected by this methyl-β-cyclodextrin treatment. The infectivity of 

IVs was partially restored by the addition of cholesterol from an exogenous source. However, 

they observed that the binding, morphology and internalization remained unaltered by the 

depletion of methyl-β-cyclodextrin. Infectivity of viral particles was compromised by the 

depletion of envelope cholesterol affecting fusion of influenza virus (as determined by a 

reduction in specific infectivity of viruses fused) to the cell surface using the fluorescence-

dequenching assay (Sun and Whittaker, 2003).  

Nayak et al. (2004) observed that the influenza virus has a negative stranded segmented 

RNA genome (vRNA) and a spherical envelope, which buds from the apical cell membrane of 

polarized epithelial cells. The viruses found inside the infected cells are not complete as it mainly 

comprises of particles which consist of sub-viral parts; the envelope, and core of viral 

ribonucleocapsid (vRNP). The viral envelope surrounds the vRNP and is composed of a lipid bi-

layer possessing spikes of viral glyco–proteins; HA, NA, and M2. The proteins HA and NA are 

present on the outer surface and M1 on the inner surface of the virus molecule.  

Fereidouni et al. (2009) performed molecular sub-typing of the neuraminidase gene of 

AIVs by employing the RT-PCR assays for sub-typing all the nine known NA subtypes of avian 

influenza viruses. They validated the assay by identifying 43 reference isolates which proved the 

RT-PCR to be highly sensitive and specific. They made ten fold serial dilutions of the reference 

isolates and obtained a benchmark value of Ct 32 using a specific M gene Reverse Transcription 

Real Time Polymerase Chain Reaction (rRT-PCR). They concluded that below it all the nine 
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subtypes of NA subtypes were easily detectable by subtype-specific RT-PCRs. The N subtypes 

(N1, N2, N4 and N6) were detected by extending the dilutions with Ct values of up to 35. They 

studied efficacy of diagnosis and applicability of samples by employing M gene-specific rRT-

PCR. The sequencing and NA inhibition assays were used for determining the specificity and 

sensitivity of the technique by studying 41 field isolates.  

Naoki et al. (2010) worked on sorting of influenza type A viral genome segments after 

nuclear export. The eight segments of genome considered to be selectively sorted in infected 

cells. They used mutated temperature sensitive (TS) viruses and after infected cell fusion studied 

the nuclear export of genome segments. They infected different cell types by using different TS 

mutants. The infected cells were fused resulting in mixing of genome segments in the cytoplasm 

only. M1 protein prevents the re-import of these segments into the nucleus. Their findings 

confirmed that sorting of IV genome segments takes place after the nuclear export.  

Vinayak et al. (2010) characterized and evaluated AI NS1 mutant virus. NS1 protein of 

AIV, due to its ability of blocking interferon pathway, acts as a virulence factor. As a result of 

many studies it is revealed that NS1 mutant viruses can be used effectively as vaccine for 

differentiation of vaccinates from infected animals (DIVA technique). The lack of formation of 

antibodies against NS1 protein acts as an effective DIVA marker. In characterization of 

H5N3/NS1/144 an NS1 mutant virus they evaluated it as a candidate of live virus vaccine. They 

also studied its ability of reversion of virulence to wild type. As a result of five back passages in 

chicken H5N3/NS1/144 virus phenotypically mutated to wild-type  showing its unsafe nature as 

a candidate for live vaccine by eliciting specific antibodies and providing a comparable 

protection to the wild-type of the virus H5N3 AIV infection. Hatice et al. (2011) worked on NS2 

mutants as a candidate for preparing attenuated AIV vaccines. They had also conducted the 
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characterization of the matrix 1 (M1)-binding domain of the IV type A (NS2 / nuclear export 

protein NEP), suggesting its vital role for the tryptophan (W78) residue which are surrounded by 

glutamate residue cluster in the C- terminal region having interaction with the M1 protein. In 

their present study they observed the functional role played by this interaction. They generated a 

series of A/WSN/33 (H1N1)-based NS2/NEP mutants for W78 or the C- terminal glutamate 

residues by reverse genetics and estimated their effect produced on the growth of the virus. They 

also reported that mutations taking place at three positions E67S, E74S and E75S of NS2/NEP at 

the same time were of importance for inhibition of IV polymerase activity. Moreover, 

substitutions (double and triple) taking place in the NS2/NEP glutamine residues resulting in the 

attachment of 7 amino acids to the C- terminal of NS1 by the process of overlapping of gene, 

resulting in attenuation of virus in mice.  

Ming-Sian et al. (2011) conducted studies on Ko-Ken Tang (KKT); a conventional 

Chinese herbal medicine, which has been used for the treatment of the common cold, fever and 

influenza virus infection.  The medicine has a broad spectrum inhibition activity against type A 

human IVs and the entero-virus 71. KKT shows its action by retaining viral nucleoprotein inside 

the nucleocapsid hence interfering with the viral propagation. It does not stop viral polymerase 

activity but it blocks the virus-induced phosphatidylinositol 3- kinase/Akt signaling pathway, 

directly. The inhibition activity of KKT was further confirmed by the Hetero-Karyon assay 

(Ming-Sian et al., 2011).  
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Isolation and Identification of various Avian Influenza Virus types  

Panigrahy et al. (2002) collected samples from waterfowls, chickens, and   from 

environment of the live bird markets (LBMs) in the Northern part of US, and other non market 

areas for the isolation and identification of AIVs between 1993 and 2000. They studied the 

virulence of subtypes H5 and H7 AIVs and investigated any possibility of correlation of 

infection between LBM and non- market areas of US. They were able to recover viruses 

belonging to 10 H types: (H1-H7 and H9-H11) from the samples collected from LBM. These 10 

AIV subtypes were also isolated and identified from the birds in non-market areas during this 

period. In the LBMs, IVs subtypes H2, H3, H4, H6, H7 and H11 remained prevalent for 5-8 

years despite many continuous efforts on cleaning and disinfection of the LBM areas. The AIV 

subtypes isolated and identified were H5N2/1993, 1999 and H7N2/1994–99, 1999 during the 

same period from the LBMs and non-market areas of US possessing low virulence for the 

chickens. The low virulence of these H5N2 and H7N2 viruses was altered by mutation by 

gaining one basic type of amino acid additionally at the cleavage site of H. However, the least 

number of basic type of amino acids in the right sequence were B-X-B-R (B for basic amino 

acid, X for need not be basic amino acid and R for arginine) necessary for showing high 

virulence was absent. The studies indicated that a low pathogenic H5 or H7 virus may become a 

high pathogenic virus by gaining additional basic amino acids. Guo et al. (2002) amplified the 

RNA of HA gene of A/Chicken/Guangdong/SS/1994 (H9N2) using 1683 nucleotides, which 

encoded for a protein with 560 amino acids. The important glycosylation sites relating to HA 

protein function were conserved. The HA cleavage site had an amino acid sequence of G-S-S-

R/G, and it was compatible with the sequence of a low- pathogenic AIV. Sequence comparison 
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of this HA gene with other H9 influenza virus in the Gene Bank database indicated 82%–97% 

similarity of amino acid and nucleotide sequence.  

  The influenza viruses belonging to type A may show a wide virulence range including 

mammals and birds. However, in some particular host species influenza was usually thought to 

be specific. It has been reported that contrary to the earlier reports, H1N1 of swine origin caused 

infection in turkeys. It is also reported that the H1N2 influenza virus can infect turkey breeder 

flocks and its infection in turkeys can cause a sudden drop in egg production. Analysis of 

sequence of H1N2 virus indicated that it was actually a complex re-assortant virus which 

possessed a mixture of avian, swine and human origin IV genes. A US swine isolate from 

Indiana was previously reported possessing homologous gene characteristics. This virus was 

isolated using chicken embryos that were inoculated via the yolk sac route rather than by the 

conventionally used chorio- allantoic sac route. Moreover for HI test turkey red blood cells 

(RBCs) instead of chicken RBCs were used and interpretation and identification of the NA 

subtype was done using alternative reference sera for performing the NA inhibition test. It was 

further reported that the IVs are capable of crossing species barrier and may ultimately become a 

potential source of outbreaks in other susceptible host species. In this scenario the scientists 

should be well aware of the variations taking place in influenza viruses as these could interfere in 

the identification and characterization of newly emerged virus types/subtypes (Suarez et al., 

2002).  

Isolation of H9N2 virus from chicken and its characterization as low pathogenic AIV 

types using various biological and molecular techniques has been reported by Bano et al. (2003). 

To evaluate the virus virulence potential in association with other pathogens, an isolate using 

different routes was inoculated in experimental chickens. The virus isolation and sera- 
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monitoring data revealed a significant role of Escherichia coli in aggravating the clinical disease 

picture of the birds that were earlier infected with H9N2 viruses. The AIV- antigen was observed 

in the lungs, trachea, kidney, and bursa of Fabricius of the infected birds using immuno-

fluorescence technique. The chickens immune-suppressed by chemical treatment had suffered 

high mortality upon inoculation of the H9N2 virus (Bano et al., 2003).  

Sims et al. (2003) in 1997 isolated an HPAI H5N1 virus which caused very serious illness 

in human beings and birds in China (Hong Kong). Among the total 18 infected humans,  6 had 

died due to this virus infection. The outbreak was controlled by implementing total depopulation 

of the poultry markets and the infected chicken flocks. The outbreaks due to H5N1 virus during 

2001 and 2002, with variable internal gene constellations to 1997 virus type were observed.  

Isolation and identification of a low pathogenic H7N3 AIV from broiler breeder 

belonging to two different age groups from Abbotsford in British Columbia (BC) has also been 

reported. The older index flock had signs of low feed intake with mortality rate of 0.5% in 72 

hours that reduced to nil during the following week. A younger flock kept adjacent to the index 

older flock showed 25 % mortality in 48 hours duration just 10 days following the first complaint 

of mortality in the index flock. From the younger flock, an LPAI (H7N3) virus that had extra 21 

base inserted at the haem-agglutinin-cleavage site was isolated. The evidence of base inserted 

sequence change and the homology of adjoining sequences suggested the mutation of the LPAI 

virus to HPAI form (Bowes et al.,2004).  

Campitelli et al. (2004) reported that many serotypes of influenza viruses could infect the 

chicken. They believed that IVs circulating in environment were introduced from some wild bird 

reservoirs. The IV isolates from domestic and wild avian species showed genetic and phenotypic 



30 

 

homology. For polymerase basic protein 2 (PB2) gene 99.8% homology was recorded and for M 

gene the homology was 99.1%. In NA gene stock only the 23rd amino acid was missing. 

Excluding this part of the NA molecule, the rest of NAs of both the virus groups exhibited 99% 

homology. Astrid et al. (2009) also conducted rapid haemagglutinin subtyping and patho-typing 

of AIVs using the Array Tube™ microassay, which was user-friendly, not very expensive and 

supported processing of multiple samples and detection of many subtypes at the same time. It 

had a comparable sensitivity to the RT-PCR assay. They conducted the validation of the assay 

using IVs (n=90) including all the 16 HA subtypes. In addition they worked on field samples 

(cloacal swabs, n=44) from both the domestic and wild birds. According to the authors the 

pathotyping and HA subtyping IVs type A positive swabs was possible within 24 hours of 

collection. 

Pfeiffer et al. (2009) characterized a highly pathogenic H5N1 virus isolate from Vietnam 

on biological and phylogenetic bases. Their study indicated that the Asian H5N1 AIV HA genes 

had a common origin. In a period of over 13 years the virus has given rise to three major clades, 

referred to as clade 0, 1, and 2. Previously only clade 1 viruses were reported. A total of 19 AIV 

isolates from northern Vietnam during 2005 fell into clade 2. Two distinct antigenic groups were 

detected by evaluation of representative viruses for its antigenicity and pathogenicity by 

comparing their induced HI titers. All the AIV types showed upto 100 % mortality for Pekin 

ducks.  Shimon et al. (2009) also conducted the phylogenetic studies of H, N and NP genes of 

H9N2 AIV’s isolates from Israel during the years 2000 to 2005. In 2000, two H9N2 isolates 

were collected from turkey and chicken. The actual epizootic started in 2001. During this 

outbreak over 500 isolations were successful. Their studies  suggested that all the isolates had 

homology due to presence of same G1-like lineage forming one group, which were further 



31 

 

subdivided in three subgroups on the basis of the NP and HA genes. Rapid molecular sub-typing 

and patho-typing of AIVs has been undertaken by Yacoub et al. (2009). They generated PCR 

amplicons from a wide range of AIVs by utilizing nucleotide stretches (highly conserved) 

flanking the cleavage site of the HA gene of AIVs type A. The sequence analysis of PCR 

products revealed the pathotype and subtype of HA of the isolated IVs. They applied the assay to 

66 different AIV strains of 9 heterologous pathogens including influenza B, C and different 

avian pathogenic viruses and proved the high specificity of the employed assay.   

. Kang et al. (2010) sequenced and analyzed H gene of 55 strains of AIV’s isolated in 

China from year 2007-09. The analysis findings revealed that the isolated H9 viruses of the past 

ten years in China belonged to the same sub-lineage (h 9.4.2). These viruses had a genetic 

distance of >7.1% from the previously isolated strains. In the study a presumably predominant 

clade of the viruses circulating in China in 2007–09 was also identified. Studies on the virus 

mutation indicated that the AIV’s have become a greater risk to human health in the present 

times (Kang et al., 2010).  

Min et al. (2011) isolated and genetically analyzed a unique triple- re-assorted subtype 

H1N1 virus of swine from China. Influenza A viruses of subtype H1N1 associated with clinical 

disease in pigs have been reported from China. Those reassorted H1N1 isolates were of avian, 

human and swine origin. They for the first time reported a unique triple- reassortant H1N1 

A/swine/Guangdong/1/2010 possessing genes of classical swine (NS, NP), avian (HA, NA, M, 

PB2, PA) and human (PB1) in China. On phylogenetic analysis it was revealed that 5 gene 

segments of NS, NP, PB2, PB1, PA of the present isolate were having similarity to the 2006 

H1N2 virus isolate from China. They further reported that the other three gene segments of HA, 

NA and M  hada close relation to H1N1 avian viruses from China. The isolation of this novel 
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reassortant H1N1 provided a good evidence of pigs serving as “mixing vessels” acting as natural 

reservoirs and hosts of IVs.  Shortridge (1997) has also reported that the pigs could serve as a 

“mixing vessel” under the situation when this animal is co-infected with a virus of human origin 

and another of avian origin. He reported that the AIVs are not commonly transmitted directly to 

humans as is the case in swine. The newly emerged new re-assortant viruses may also possess 

the potential of infecting the human beings. The re-assortment of genes of AIVs probably took 

place in Southern China where the ducks, pigs and people live relatively in close contact 

especially those who reside at the agricultural farms. 

  

Reservoirs and Hosts of Influenza Viruses  

It has been reported that the aquatic birds acted as the natural reservoirs of type A IVs as 

these viruses had adopted in these birds. The virus transfer amongst various avian species could 

occur by direct or by indirect mode through the contaminated fecal material, water, feed and 

aerosols etc. The clinical signs of disease in avian species varied from non-clinical infection, to a 

slight respiratory illness to very severe disease with significant mortality (Webster et al., 1992).  

Selleck et al. (2003) observed an outbreak of HPAI in northern part of New South Wales, 

Australia in November 1997. The virus was isolated from the commercial chicken farms and was 

identified to be H7N4 subtype having HA cleavage site sequence of amino acids as RKRKRG. 

These isolates were possessing intravenous pathogenicity (IVP) indices of 2.52 and 2.90. 

Another isolate possessing a similar nucleotide sequence and having IVP index of 1.30 was 

recovered from the cloacal swabs of clinically normal emus.  
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Reid et al. (2004) observed that it was important to understand that millions of people 

died during 1957 and 1968 influenza global outbreaks. However, the etiological viruses of these 

epidemics were not so pathogenic suggesting that absence of resistance in hosts probably 

potentiated the IVs virulence. They were of view that in 1918 Spanish Flu pandemic, the lack of 

immunity and virulence of the virus contributed to the high human mortality. The analysis of 

genes of the 1918 H1N1 virus indicated that it was evolved in the similar fashion as did the virus 

isolates of 1957 and 1968 i.e., through the re- assortment of avian and human flu viruses.  

In the last decade several new viral infectious agents emerged. Some of those included 

AIV (H5N1), West Nile Virus and SARS. Zoonotic animal hosts and migratory pathways of 

infected bird vectors were associated with the emergence of those viruses. It has been suggested 

that Cryptosporidium and other GI tract parasites like Giardia, may serve as a genetic material 

reservoir providing an environment for assortment which results in genetic variation and also as 

a source of zoonosis through infection of the ‘target’ animal (including humans) (Juluri et al., 

2009) .  

 The periodic occurrence of IV type A has caused many human pandemics in the past. 

The wild aquatic birds act as carriers and natural reservoir of all influenza A viruses. AIVs show 

low pathogenicity in its natural reservoir i.e. avian. They attain pathogenicity by mutations when 

adopted in their natural reservoir i.e. birds. These newly emerged HPAIV may then cause heavy 

mortality which leads to tremendous economical losses in poultry. The Asian HPAIV H5N1 is 

zoonotic in nature and was transmitted to humans and other mammals through birds. The 

pandemics occur when new IVs arise as a result of reassortment at genetic level of the 

mammalian and avian origin IVs. The IVs acquiring human-to-human transmission mode may 

result in the emergence of new IV resulting in a new pandemic.  An HPAI H5N1 virus outbreak 
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which occurred in 2005, around Lake Qinghai, China in the wild migratory birds was 

investigated. It was noted that the wildfowl and shorebirds act as reservoir of influenza A virus 

in nature. The birds like geese, ducks and swans (Anseriformes) and terns, gulls and waders 

(Charadriiformes) act as the major natural virus reservoirs (Donata et. al., 2010; Josanne et 

al.,2011) 

. 

AI strain(s) nomenclature  

Nomenclature of various influenza virus types has been suggested by the “World Health 

Organization (WHO)” which focuses on the following description i.e.  

• Antigenic types A, B, C 

• Host origin  

• Geographical location of virus 

• Strain reference number  

• Year of virus isolation 

• H & N types of isolates 

Examples: “A/chicken/Hong Kong/220/97(H5N1)” 

        “A/chicken/Pakistan/447/95(H7N3)” 

   “A/turkey/Italy/4580/99(H7N1)” 

Since 1980, sub- typing of HA and NA has been used for all isolates of type A influenza 

viruses collected from avian, swine, equine and human beings (WHO Expert Committee, 1980). 
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Table-3. Haemagglutinin and Neuraminidase based nomenclature of influenza viruses 

 

Haemagglutinin 

 

Neuraminidase 

 

H1 

 

N1 

 

H2 

 

N2 

 

H3 

 

N3 

 

H4 

 

N4 

 

H5 

 

N5 

 

H6 

 

N6 

 

H7 

 

N7 

 

H8 

 

N8 

 

H9 

 

N9 

 

H10 

- 

 

H11 

- 

 - 
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H12 

 

H13 

- 

 

H14 

- 

 

H15 

- 

 

H16 

- 

                               Examples: H1N1, H5N1, H7N3, H7N9 ; H9N2 etc.  

 

Influenza Virus mutation 

Murphy and Webster (1996) reported that the antigenic drift in influenza viruses might 

originate from point mutations in their HA and/or NA genes and it might lead to minor antigenic 

changes in these protein codes. The re-assortment between the gene segments of the two 

influenza viruses, co-infecting the same cell, may lead to antigenic shift. During the antigenic 

shift there is acquisition of new HA and/or NA antigens in a virus population which could have 

the capability of causing pandemic influenza outbreaks.  

Suarez (2000) said that all the influenza (A, B and C) viruses have a segmented genome. 

The surface glyco-proteins of the IVs are the HA and NA molecules. The HA protein provokes 

production of neutralizing antibodies and it also facilitates the binding process of the virus 

particle to the receptors at host cells. Infectivity of influenza virus is based on the cleavage of 

HA by the specific host proteases and the NA is required for releasing the progeny virus from the 

infected cells. Virulent AI viruses which cause systemic illness, possess an HA which is cleaved 
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by the protease enzymes in the host cells. The rate of evolution of influenza virus is more in 

mammals as compared to the natural host reservoirs. The reason of high evolution rate of IVs in 

mammals is because of the high pressure on the viral particle for its adaptation to an aberrant 

host. For determination of the rate of evolutionary change, the chickens and turkey AIV isolates 

have been incorrectly mixed with gull, wild waterfowl and shore-bird influenza viruses. For 

determination of rate of mutation and evolution of a virus in host species there are two 

assumptions, firstly all the isolates to be analyzed must be the descendents of a single introduced 

virus, and secondly, the span of an outbreak must be long enough for the estimation of a trend. 

There are three near past AI outbreaks meeting these criteria. On comparison of non-structural 

genes sequences and HA genes to the sequence of an avian influenza virus consensus sequence it 

was indicated that it was highly conserved for viral internal proteins at the amino acid level. The 

consensus sequence also provided a common point of origin for comparison of all IVs. The 

evolutionary rates estimated for the focused IV outbreaks had homology to mammals, suggesting 

adaptation of influenza to turkeys and chickens (Zambon ,1999;  Suarez, 2000).   

Karasin et al. (2000) in Canada, in October 1999, isolated H4N6 viruses from the pigs 

which had suffered from pneumonia. The gene sequence analysis of all the 8 viral RNA 

segments revealed that these viruses belonged to the North American lineage of viruses.  

Kaverin et al. (2002) examined the mouse adapted escaped mutants of subtype H5N2 

A/Mallard/Pennsylvania/10218/84 variant. They used 5 anti-H5 monoclonal antibodies (mAbs) 

for selection of escaped virus mutants (n=16). The mutant viruses were examined using the HI 

test and ELISA using the panel of anti-H5 mAbs. The HA genes were also sequence analyzed. 

The sequence analysis proved changes in amino acid present in 2 antigenic sites, i.e.; one 

corresponding to site A HA of H3 virus subtype, and the other containing areas were separated in 
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the sequence of amino acid but were close in the three-dimensional structure topographically and 

showed partial overlapping upon being tested with mAbs. The mentioned site corresponds in part 

to site B in H3 virus structure. This also includes a region that did not involve  site B which 

partially overlapped site Sa in the H-1 HA and an antigenic area in H-2 HA. Mutant viruses 

having a change in amino acid K152N and also in those having change in D126N, had become 

less lethal for the mice. The involved substitution (D126N) created a glycosylation site 

enhancing sensitivity of the mutant viruses to normal mouse inhibiting factors.  

Stephenson and Zambon (2002) reported that the Influenza virus in any community could 

cause significant mortality, morbidity particularly in people who were having clinical 

complications and were at high risk, such as the elderly people and patients who suffered from 

some chronic disease condition such as respiratory disease and diabetes mellitus. The AI H5N1 

infection in humans during 1999 in Hong Kong caused six deaths, which suggests the need for a 

continuous surveillance for avian influenza and readiness to deal with the next possible 

pandemic of Influenza.  

Hien et al. (2004) observed H5N1 virus human infection in Vietnam in 2004. They 

reported that in all the 10 detected cases, H5N1 influenza A was diagnosed and confirmed using 

a viral cell culture technique using specific primers for subtype H5 and N1. No pre existing 

disease condition was discovered in all the 10 cases. However, 09 patients were in close contact 

with poultry. These patients indicated a fever ranging from 38.5-40 degree Celsius, shortness of 

breath, cough, and a median lymphocyte count of 700/cubic millimeter. Median platelet count 

was recorded as 75,500 per cubic millimeter. Of the total, 07 patients indicated diarrhea. All the 

patients had chest lesions which were evidenced through examination of radiographs. There was 

also evidence of human-to-human illness transmission. Of the total 10 patients, 08 died. Six of 
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the dead had directly handled chickens or ducks, suggesting that direct contact with the diseased 

birds was the primary cause of virus transfer to humans from the sick birds. They further 

suggested that there existed possibility for the genetic re-assortment of AIVs with human IVs 

and initiation of human to human virus transmission. As observed in 1977 in Hong Kong and in 

2003 in Thailand and Vietnam, the avian origin HPIV H5N1 virus had the potential to infect and 

transfer among various hosts including human beings.  

WHO (2004) reported that the outbreaks of H5N1 influenza virus in poultry in various 

Asian countries caused heavy economic losses and health problems in human beings. The human 

AI infection in Vietnam was recorded in January 2004. Clinical signs of AI and epidemiology of 

H5N1 virus infection in 10 human patients were reported. The virus infection was identified 

using RT-PCR. Nine of the 10 sick persons had history of direct contact with poultry and they 

exhibited signs of fever, respiratory involvement, and lymphopenia; some patients had also 

suffered from diarrhea. All the nine patients had chest problems. The WHO experts further 

reported on the 20 H5N1 human cases of which 16 patients had died. It was hypothesized that 

the AI H5N1 subtype virus had the ability to cross the species barrier and become a very serious 

cause of illness in the humans. The continuous prevalence of H5N1 HPAIV in populations 

enhances the possibility of re- assortment of this virus with other viruses circulating in the 

human population.  

Isolation of H5N1 virus from the throat, fecal material, blood and cerebrospinal fluid 

(CSF) samples of a patient who had indicated signs of severe diarrhea, seizures, coma, and death 

has been reported. His CSF had only 1 WBC /cubic millimeter, glucose level was normal, and 

0.81 g per liter of protein level (elevated). A 9 year old sister of this boy was dead after showing 

a similar clinical picture. In both the cases, encephalitis was diagnosed. None of the siblings had 
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indicated any signs of respiratory involvement. Of the total 45 H5N1 virus infection cases 

reported during 2004, 33 persons had died (all of them suffering from the respiratory signs). The 

clinical findings of the above referred patients suggested that the AI virus infection could cause a 

variety of signs and symptoms in the infected persons (de Jong et al., 2005). Since 1997, the 

AIV infections in poultry has caused many cases of bird-to-human transmission and the infection 

in humans led to development of clinical signs and fatal disease in most cases. The influenza 

virus is able to re- assort its genes and this potential might lead to generation of new viruses 

which could cause the next human influenza pandemic. The occurrence of endemic infections of 

H5N1 HPAI viruses in poultry in various Asian countries suggested that these viruses may 

continue to contaminate the environment and the human population will also be at risk of being 

infected with this virus (Perdue and Swayne , 2005) .  

 

Puthavathana et al. (2005) characterized three H5N1 human isolates on genomic level. 

They also studied the HA and NA genes of  two additional human and one chicken IV isolate. 

They collected these virus isolates (n=6) from four different Thailand provinces during AI 

outbreaks in 2003-2004. All the 6 isolates possessed many basic amino acids in their HA gene at 

their cleavage site. The sequences of amino acids found at the binding site of receptors taken 

from the 5 human virus isolates were found identical to the isolates obtained from the chicken 

and also the other isolated H5N1 IVs from outbreaks in Hong Kong. All the genomic segments 

of the virus isolates from Thailand showed homology to the recent viral isolates of genotype Z. 

The  isolates of Thailand indicated more homology to specific avian residues than the H5N1 

Hong Kong 1997  isolates giving the idea that the IVs might have adapted to allow for its greater 

spreading efficiency in different bird species.  

javascript:openDSC(26878700,%2037,%20'6053');
javascript:openDSC(28115093,%2037,%20'4363');
javascript:openDSC(28115093,%2037,%20'4363');


41 

 

 Antigenic mapping of the H5 and H9 influenza viruses HA molecule has been conducted 

by the selection of escaped mutated viruses with the anti HA monoclonal antibodies and by 

conducting the sequencing and testing on immunological basis the selected viruses. The new 

isolates of the virus which were wild type were the altered strains of H5 and H9 (mouse-adapted 

variants). The phenotypic analysis  showed that the mutants had undergone the change in their 

amino acid sequence in the HA.  The low-virulent H5 and H9 escape mutant viruses were re-

adopted to mice. Characterization of the readapted variant viruses suggested that the virus did 

not attain virulence again by changing to wild type HA gene (Rudneva et al., 2005).  

Tiensin et al. (2005) isolated HPAI H5N1 virus from poultry and humans in Thailand. 

They reported that poultry population in villages (n=1417) in 60 of total 76 provinces were 

infected with this virus type. Mass scale culling of poultry populations, restriction of the poultry 

movements, and improvement of hygienic standards resulted in control of HPAI outbreaks. From 

a total of 83 % of the infected backyard poultry population, 27 % of ducks and 56 percent of 

chickens were found positive through the laboratory testing. To control the problem, over 62 

million birds were culled or had been killed by H5N1 HPAI virus infection. The deadly 

outbreaks were mainly recorded in the water land regions with reservoirs of water and a dense 

poultry population. The HPAI virus was reported to be transmitted from avian to humans. The 

H5N1 HPAI virus of poultry caused illness in 17 and deaths of 12 persons in Thailand. This 

virus has also caused deaths in a number of domesticated cats, tigers and leopards. The isolate 

was characterized as a homologous member of AI lineage isolated in 2000 as most of its genetic 

sequences indicated a close relation to the IV A/Duck/China/ E3 19.2/03 and genotype Z (Li et 

al., 2004 and Viseshakul et al., 2004).   
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Lin et al. (2000) reported that in Hong Kong during 1997, the avian IV H5N1 caused 

death of six individuals. Massive poultry slaughter and proper disposal of carcasses lead to the 

elimination of infection source as no more H5N1 virus human cases were reported. In March 

1999, another AI pandemic threat was reported in Hong Kong as the H9N2 virus infected two 

girls aged 13 months, and 4 years. The two virus isolates were found as quite similar to the 

H9N2 quail isolate in Hong Kong in 1997. A distinguishing characteristic of the isolated H9N2 

IVs was the presence of six genes which encoded the internal components of the virus and those 

genes had homology to the isolates of 1997 of human and avian subtype H5N1. Research work 

conducted on the two H9N2 human isolates indicated 99 to 100% homology to different bird 

H9N2 isolates recovered during 1997.  

     

 The HPAI H5N1 virus outbreaks in Asian Countries was of concern as it caused high 

human fatalities and there was also a threat of a new influenza pandemic (Reimmelzwaan et al., 

2006). For evaluation of virus pathogenesis in the mammals, a total of 03 domestic cats were 

administered this isolated chicken virus through their feed to check for its horizontal 

transmission. The inoculated cats were tested for virus presence and pathological lesions. It was 

noted that the virus replicated in the respiratory system, and also caused severe necrosis and 

inflammation 7 days post-inoculation in the infected tissues (Reimmelzwaan et al., 2006).   

Influenza virus studies undertaken since 1889 indicated that mostly H1, H2 and H3 

viruses were the cause of human influenza pandemics. The IV subtype H2 is the likely causal 

organism of the next influenza pandemic. The present IV type A (H5N1) has come from Chinese 

southern parts to the rest of the world through the channel of migratory birds; and the bird 
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trafficking may be another cause of AI spread. These modes of virus transmissions have carried 

the infection and contributed to globalize the AI type A (H5N1) epidemic in different avian 

species. In humans, the case fatality rate due to H5N1 infections was recorded over 50 percent. It 

is thought that in future, a mutant or re-assorted virus having the potential for human to human 

transmission might emerge and it may cause an influenza pandemic. A laboratory acquired AI 

H7N7 virus has been indicated in this context, and also the laboratory established/grown strains 

of H2N2 (human influenza) virus might serve as a source of a pandemic influenza in future 

(Wang and Yuen, 2006).  

Andrew et al. (2010) worked on the re-assortment and genomic variation of LPAI viruses 

isolated from the areas of northern pintails (Anas acuta) of Alaska. Their findings revealed that 

northern pintails served as an origin of AI transmission and its global spread. The phylo-genetic 

analyses demonstrated the presence of a foreign gene lineage that was spatially dependent and 

was present consistently. The foreign gene lineage was detected in the gene segments of the 

samples collected from the location of the Alaska Peninsula and along the areas of Southern 

Alaska Coast. The detected Asian gene lineages at four gene segments was present persistently 

through years, showing the proof of maintaining the virus lineage in avian species migrating to 

Alaska every year from Asia or in the host species remaining in Alaska through the year. The 

live IVs may survive in the environment and may be the source of re-infection of the birds in the 

coming years.  

 During the influenza season of 1993-94 , influenza virus type A H3N2 had a substituted 

amino acid R384G at the anchor residue of the HLA-B*2705 restricted NP 383 to 391 

nucleoprotein (NP) epitope. The substituted R384G attained fixation quickly and abrogated 

recognition of A/H3N2 viruses by NP 383 to 391 specific T lymphocytes (CD8+ T cytotoxic, 
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CTL) completely. In order to estimate the effect of the substituted R384G in the immune-

dominant nucleoprotein 383 to 391 epitope in vivo conditions, influenza type A viruses differing 

at position 384 of the stated nucleoprotein were generated by reverse genetics. The IVs having an 

arginine 384R or a glycin 384G at position 384 were employed for inoculation to transgenic 

mice (HLA-B*2705 and C57Bl/6). When mice (naïve HLA- B*2705 and C57Bl/6) were infected 

using IV containing the epitope NP 383 to 391 , epitope 384R resulted in greater weight loss as 

compared to the mice infected with the IV without the epitope 384G. On the other hand, the 

transgenic mice (HLA-B*2705) which were primed for a secondary CTL response by infecting it 

with a hetero-subtypic IV type A virus, did not show the virulence difference and also the effect 

of giving infection using epitope 384R virus was also lessened. The phenotype of IV with 

epitope 384R was not seen in C57Bl/6 primed mice not having HLA-B*2705. This relative 

reduction in weight loss of the mice (primed HLA-B*2705+) after getting infected with the IV 

384R corresponds to the CTL response to the NP 383 to 391 (Bodewes et al., 2011). 

Studies on the isolation and genetic characterization of LPAIV subtypes H6N1 and H9N2 

from ducks during the year 2009, in northern part of Vietnam, were conducted by Hotta et al. 

(2012).. They isolated 22 IVs type A viruses of which 21 isolates were H6N1 and only oneisolate 

was H9N2 subtype. All those isolations were from ducks (n=1488) during the period from 

February to April 2009.  The virus isolation rate from the infected birds was 1.5%. Viral analysis 

on phylogenetic basis revealed that all the eight viral genes of the current isolates were 

homologous to Korean, Chinese and Japanese virus isolates. The isolates shared no gene 

segments to subtype H5N1. They believed that the monitoring of poultry for the different 

LPAIVs was important in determining the genetic background and for prevalence studies among 

poultry areas having circulation of various influenza virus subtypes. 

javascript:openDSC(78817578,%204,%20'1485');
javascript:openDSC(78817578,%204,%20'1485');
javascript:openDSC(78817578,%204,%20'1485');
javascript:openDSC(32742174,%2037,%20'2802');
javascript:openDSC(32742174,%2037,%20'2802');
javascript:openDSC(32742174,%2037,%20'2802');
javascript:openDSC(2640484932,%201179,%20'14974');
javascript:openDSC(2640484932,%201179,%20'14974');
javascript:openDSC(2640484932,%201179,%20'14977');
javascript:openDSC(2640484932,%201179,%20'14977');
javascript:openDSC(2640484932,%201179,%20'14977');


45 

 

Table-4. Subtypes of Avian Influenza viruses reported from various countries 

Country Year Serotype Isolated 

Scotland 

England 

Australia 

USA 

Iceland 

England 

Australia 

Mexico 

Pakistan 

Hong Kong 

New South Wales 

Italy 

Italy 

Pakistan 

Pakistan 

1959 

1967 

1975,1985 

1983 

1983 

1991 

1992,1994 

1995 

1995 

1997,2001 

1997 

1997 

1999 

2006 

2007 

H5N1 

H7N3 

H7N7 

H5N2 

H5N8 

H5N1 

H7N2 

H5N2 

H7N3 

H5N1 

H7N4 

H5N2 

H7N1 

H5N1 (Poultry) 

H5N1 (Human) 

(Source:Muneer and Azeem,2009) 
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Table-5. Avian species and country of isolation of avian influenza viruses 

        Virus type                                                      Scientific name 

 

A/CHICKEN/SCOTLAND/59                                     (H5N1) 

 

A/TURKEY/ENGLAND/63                                        (H7N3) 

 

A/TURKEY/ONTARIO/7732/66                                (H5N9) 

 

A/CHICKEN/VICTORIA/76                                       (H5N9) 

 

A/CHICKEN/GERMANY/79                                      (H7N2) 

 

A/TURKEY/ENGLAND/199/79                                 (H7N7) 

 

A/CHICKEN/PENNSYLVANIA/1370/83                  (H5N2) 

 

A/TURKEY/IRELAND/1378/83                                (H5N8) 

 

A/CHICKEN/VICTORIA/85                                      (H7N7) 

 

A/TURKEY/ENGLAND/50-94/91                             (H5N1) 

 

A/CHICKEN/VICTORIA/1/92                                   (H7N3) 

 

A/CHICKEN/QUEENSLAND/667-6                         (H7N3) 

 

A/CHIKEN/MEXCICO/8623-60794                          (H5N2) 

 

A/CHICKEN/PAKISTAN/447/94                              (H7N3) 

 

A/CHICKEN/NSW/97                                                (H7N4) 

 

A/CHICKEN/HONGKONG/97                                  (H5N1) 

 

A/CHICKEN/ITALY/330                                           (H5N2) 

 

A/TURKEY/ITALY/99                                              (H7N1) 

 

                                         (Source: Muneer & Azeem, 2009) 
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Transmission 

 The AIVs may be transmitted through direct or indirect contact; aerosol droplets or 

through contact with the contaminated non-living objects. Aerosol transmission route is 

considered as very vital route as there are high virus concentrations in the respiratory tract and 

fecal material of the infected hosts (Easterday et al., 1997).  Subbarao and Katz (2000) reported 

that avian species especially the water fowl were the natural hosts for IVs. Those viruses 

possessing one of the 15 HA and 9 NA subtypes may infect and act as a reservoir of IVs. The 

genes from these IVs can further be introduced to susceptible human populations. Such IVs have 

the ability for pandemic spread especially in the circumstances when the human beings lack 

immunity against the newly emerged virus strains. It is presently believed that AIV’s do possess 

limited ability to infect the humans directly. Two human cases of AI infection with H9N2 virus 

were identified during the year 1997. The epidemiological studies conducted and some important 

conclusions were made regarding H5N1 infections in the people of Hong Kong. AIV’s can 

directly cause infection in humans, without acquisition of human IV genes as a result of the 

process of re-assortment in some ‘mixing vessel’ i.e. an intermediate host. A human being may 

also act as a ‘mixing vessel’ if there is concomitant infection involving both avian and human 

IVs. The bird populations of aquatic origin around the world serve as the natural reservoir of IVs 

type A resulting in emergence of new varieties of Influenza viruses type A that may become a 

source of infection to the domestic poultry, other humans and mammals. Humans are affected by 

H5N1 and H9N2 subtypes of IVs in Hong Kong. Different populations of water fowl, humans, 

domestic poultry and pigs in various Asian countries have aided in the inter-species transmission 

and spread of IVs (Subbarao and Katz, 2000).  The IVs exhibit variable levels of adaptation to 
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various host species. However, the interspecies transmission has been recorded between closely 

related host species like chicken, turkey, guinea fowl, quails etc (Swayne , 2000). 

Table-6. Country-wise Human AI Infection reports 

Year Country 
Virus 

type 
Morbidity/mortality 

1997 Hong Kong H5N1 18 persons infected; 6 died 

1999 Hong Kong H9N2 
02 children infected; mild influenza-like 

signs; both recovered 

2003 Hong Kong H5N1 
Infection in 2 family members  returning 

from China; 01 died 

2003 The Netherlands H7N7 
Infection in 83 humans; conjunctivitis; 1 

died 

2003 Hong Kong H9N2 
One child hospitalized; influenza signs; 

recovered 

2003 Many Asian countries H5N1 
Highly lethal AI outbreak in poultry; 

many humans infected 

2004 
British Columbia, 

Canada 
H7N7 Conjunctivitis in 5 humans 

2007 Pakistan H5N1 

Respiratory infection in 3 humans, one 

death confirmed due to H5N1; heavy 

chicken mortality 

(Source: Trampuz et al.,2004; Muneer and Azeem, 2009). 

 

 Transmission mechanics of HPAI H5N1 virus in Hong Kong from poultry to human 

beings was observed by Hatta and Kawaoka (2002) who reported the deaths of 06 persons of the 

total 18 infected. The virulence of the causative virus was considered to be increased because of 
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a change in amino acid sequence in the PB2 protein. For the elimination of the virus source, all 

the live birds were killed in Hong Kong poultry markets. The AI H9N2 virus had infected two 

children in 1999 in Hong Kong. The H5N1 infection of AIV was rerecorded from 2000-02 in 

poultry populations in Hong Kong. The continuous prevalence of various AIVs including H5N1 

in live poultry markets of Hong Kong could lead to the influenza outbreaks in human 

populations because of acquiring the characteristics of human influenza viruses by the AIVs. The 

AIVs presently in circulation in Southeastern China might in future lead to the influenza 

pandemic. The Hong Kong H5N1 AI outbreaks indicated that the AIV’s may transmit directly 

from avian to humans without involving any mixing vessel such as pigs or other animals. It was 

further observed that presently circulating H5N1 virus responsible for 1997 human AI outbreaks 

was a re-assortment product of an H6N1 duck-like virus, an H5N1 goose-like virus and an H9N2 

quail-like virus. The feral aquatic birds generally do not suffer from the clinical illness following 

infection with the AIVs. The HPAI virus infection causes destructive illness in the domestic 

poultry. Similarly, the domestic ducks have been observed as being infected without exhibiting 

any clinical illness but the infected ducks do shed the H5N1 virus for long periods in their fecal 

material (Hatta and Kawaoka, 2002; Li et al., 2004).  

Many H5N1 virus human infection cases have been observed in Vietnam and Thailand, 

and this virus infection caused up to 70% mortality in the infected humans. The virus infection 

also caused fatalities in apparently healthy young persons. The clinical picture in the infected 

persons included pyrexia, pneumonia, diarrhea and lympho-penia. Disease signs like coryza, sore 

throat and conjunctivitis were not present in any of the ailing individuals. The H5N1 virus 

isolates resisted the action of antiviral drugs like amantadine and rimantadine. However, these 

isolates were found susceptible to neuraminidase inhibitors. It is considered that in domestic 
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birds H5N1 AI epidemic increased the chances for genetic and mutational changes of the virus 

that could lead to constitution of new viruses and which could cause a future pandemic of AI. It 

was also believed that 2 of the 3 criteria required to characterize 1918- 1919 pandemic had been 

met as the H5N1 virus caused AI outbreaks in various Asian counties. 1) The potentiality of 

virus for causing infection in humans and resulting in high mortality rate. 2) The presence of 

global immunologically naïve human beings. 3) The efficient transmission of infection from 

human to human. However the third criterion was not still observed in the reporting countries 

(Claas et al., 1998; WHO, 2004, Tampuz et al., 2004). 

Emergence of New AIV types 

The IVs mutate quite often to help their potential for changing the specificity of host 

receptor from the birds to humans (Gamblin et al., 2004); the segmented genome of virus allows 

for the exchange of genetic material between viruses in case they co-infect the same host cell as 

this cell in case of co-infection may serve as the “Mixing Vessel” (Horimoto and Kawaoka, 

2001). In the present H5N1 AI epidemic re-assortment of genes among avian and human IVs so 

far has not been demonstrated (WHO, 2004; CDCP, 2004). The AIVs infection in poultry 

enhances the chances for mutation in the virus genome through the genetic re-assortment and as 

such for future AI pandemics (Webby and Webster, 2003). To-date, 9NA and 16 HA subtypes of 

influenza virus type A have been reported (Fouchier et al., 2005). -The AI outbreaks in poultry 

throughout East Asian countries reinforce the thinking that the AIVs could cross the species 

barriers to infect the human populations and lead to another IV future pandemic. Infection of 

swine or human by the AIVs or co-infection of swine with human and avian type IVs could lead 

to generations of new influenza viruses having the ability to cause a threat of future pandemic. 

The newly emerged IVs may also have the ability for expressing their surface antigens from 
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AIVs to which the human beings do not possess any pre-existing immunity (Kaye and Pringle, 

2005)                          

de Jong and Hien (2006) reported that from the time of their emergence in 2003, H5N1 

AIVs had emerged as endemic pathogens for poultry in South Asian Countries. They observed 

that the most deadly pandemic influenza known as the “Spanish Flu” spread in 1918-1999, and 

killed around 100 million human beings. The influenza pandemics also occurred in 1957 and 

1968, and the AIVs are regarded as key factor in the emergence of human influenza pandemics 

of 1918, 1957 and 1968. For the  pandemic occurrence it is important to note that the appearance 

of pandemic IV strains have pre-requisite of genetic re-assortment between human and avian 

viruses, and the possibility of direct bird to human transmission of AIVs has increasingly been 

reported during outbreaks in South Asian countries (de Jong and Hien, 2006). An H5N1 AIV 

outbreak observed in the migratory water-fowl, humans and poultry in Asian regions during 

2005 posed a continued influenza pandemic threat. The gaining of new characteristics such as 

the lethality to humans, waterfowl, ferrets and felids are suggestive of expanded host range of 

H5N1 virus. The selection of nonpathogenic viruses naturally which co-circulate in the ducks 

complements the spread of H5N1 virus in Asian Countries. Spread of HPAI subtype H5N1 from 

poultry populations back to the migratory water-fowl in China lead to its enhanced prevalence in 

many countries in Asia (Webster et al., 2006).  

WHO (2006) reported a total of 230 human H5N1 virus Influenza cases, and of these 132 

persons had died. The total case / death ratio of AIV H5N1 infection in humans registered a 

significant increase during 2003 to 2006. The case/death data observed during 2003, 2004, 2005, 

and 2006 were 3/3, 32/26, 95/41 and 86/56, respectively. During the year 2005, the highest 

incidence of disease in humans was observed in Viet Nam.  
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Transmission routes of LPAIVs in chickens sold in live bird markets (LBMs) were 

investigated by Karen et al. (2009). They inoculated the chickens belonging to different strains 

and different age groups from California LBMs with LPAI virus type H6N2. The most important 

route of transmission was found to be aerosol exposure. The virus was not detected even by rRT-

PCR in the chickens in which AIV was transmitted by handling. The virus was detected earlier in 

the chickens through exposure of infected fecal material than with aerosol exposure. No apparent 

changes were seen in the haem-agglutinin sequence associated with cloacal or oropharyngeal 

virus shedding (Karen et al., 2009). 

John et al. (2010) analysed over 700 contemporary sequences phylogenetically of viruses 

which were isolated during year 2000- 08. This study provided a meager evidence of AI virus 

movement trans-hemispherically. Process of re-assortment was observed among American 

northern shore bird LPAI gene segments. It was, however, found to be lower up to 0.88 percent 

as compared to the previous estimates. The re-assortment was seen only among the North eastern 

American isolates. Surprisingly, half of the re-assortment was observed in only two isolates. The 

presence of unique placement phylogenetically of the samples gives the idea of secondary 

infection probably from other migratory bird species. The Eurasian lineages were not detected in 

shorebirds of North America as were previously studied giving the idea of temporal variation of 

LPAI lineages. Dong-Hun et al. (2011) reported on the transfer of AIVs lineage of North 

America to Korea. They concluded that AI viruses could be genetically distinguished on the 

basis of their geographical origin. Their study provided the proof of trans-continent transmission 

of AIVs from America to Asia through migratory birds. During AI surveillance studies the North 

American gene lineages were found in live bird markets. They proposed that extended AIV 

surveillance program is required for understanding the effect of newly emerged North American 
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AIV gene lineage on the evolution of AIV in Asia and for the investigation of AIV ecology in 

different trans-continental migrant bird species. 

  

Incubation period of Avian Influenza  

The incubation period (IP) of AI may be a few hours in intravenously inoculated birds. 

The IP is generally three days in naturally infected birds. An IP of 14 days in an infected poultry 

flock has been reported. The IP depends on the virus dose, route of host exposure, bird species 

infected, and the ability to detect initial clinical signs in the avian hosts (Calnek et al., 1997).  

Morbidity and mortality  

Morbidity and mortality in chickens, turkeys, and related bird species, are quite variable, 

and depend on the virus virulence, host age, environmental conditions, concurrent infections etc. 

AIVs may cause high morbidity but low mortality or in some cases it could cause high morbidity 

and 100 percent mortality (Swayne, 2000).  

 Deaths following influenza vaccination have been reported (Ehud et al., 2007). Four 

deaths were reported in October 2006 in Israel soon after influenza vaccination. As a result the 

immunization campaign was stopped temporarily. After investigation on immunological basis, it 

was reported by the Ministry of Health that the causes of deaths were other than the vaccine 

resulting in the resumption of the vaccination campaign. To prove the safety of vaccination they 

collected data on a vast scale for estimating mortality rate in influenza vaccinates aged 55 or 

above in four winters consecutively from 2003-06. The calculated rough death period estimates 

were found 7, 14 and 30 days post vaccination (PV). The death rates estimated among influenza 
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vaccinates were found to be from 0.01-0.02% 7 days PV and 0.09–0.10% 30 days PV. The 

investigations suggested that the influenza immunization did not relate to increased death rate 

among vaccinates and hence its use was quite safe (Ehud et al., 2007).  

In poultry, the effects of age on morbidity/mortality due to Asian lineage AIVs (HPAI) 

H5N1 in ducks were reported  by Pantin-Jackwood et al. (2007). The pathogenic potential of 

HPAIV subtype H5N1 changes depending on the viral strain and the age group of the duck 

(corresponding to the virus replication level in the tissues). Increased viral titers in different 

organs increase in virus shedding, and differences in mortality ratio enhance the viruses either 

produce no disease or it causes a mild respiratory infection in duck populations. However, some 

of the viral strains may cause a systemic illness and death (high morbidity and mortality). 

Among the isolates, 3 of the viruses were found highly lethal and induced severe neurological 

disorders in ducks 2 weeks of age. In 5 week old ducks, neurological signs were seen after 

inoculation by one of the mentioned viruses. However, a low mortality was observed in the 

ailing ducks. The 4th virus on infection did not produce any neurologic signs in ducks 2 weeks 

old with a moderate rate of mortality. However, no clinical signs or deaths were observed in 5 

week old ducks. All the studied IV isolates were obtained from cloacal and oro-pharyngeal 

swabs and also from hearts, brains, lungs and muscles indicating that it causes systemic infection 

(Pantin-Jackwood et al., 2007).  

 AI morbidity was reduced in vaccinated ferrets which possessed antibody within the 

protective range. Cell mediated immune response having protective antibody levels was a 

correlation with the protection level against influenza virus. The ferrets were given a single dose 

of conventional vaccine, two doses of a HA-expressing DNA based vaccine, or a prime-boost 

regimen of the DNA based vaccine following inoculation of a HA-expressing adenoviral vector. 
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In addition to measuring the antibody titers, the interferon-gamma (IFN-γ) ferret specific ELISA 

spot and flow cyto-metery assays were used for monitoring the developed cell mediated immune 

response. The birds receiving the conventionally made vaccine developed a humoral immune 

response, while the animals vaccinated with DNA also produced IFN-γ generating T cells. When 

challenged with HPAI A/South Carolina/1/18 H1N1 virus, the conventionally vaccinated animal 

group produced disease signs ranging from moderate to severe symptoms, whereas the DNA 

vaccinates developed quite milder illness. The presence of antibody level in the protective range, 

the production of the T cells was accurately correlated to the decreased rate of morbidity in 

vaccinates (Stéphane et al., 2011).  

Propagation of AIV  

AIVs can be grown in the developing 9-11 day chicken embryos upon its inoculation via 

the allantoic cavity route (Easterday et al., 1997). Upon inoculation, the virus disseminates in 

various body parts of the embryo and it replicates in the susceptible tissue parts; allantoic cavity, 

chorioallantoic membrane (CAM) and other embryonic tissues (Brugh et al., 1979; Laudert et 

al., 1993; Shane, 1995). A pathogenic AIV induces deaths of 9-11 day chicken embryos in 

variable periods (Perdue et al., 1990). The embryonic mean death time depends upon virulence 

potential of AIV (Laudert et al., 1993). The H5N2 virus may induce embryonic death within 48 

hours (McNulty and McFerran, 1989). The propagation of AIV patho-types is dependent upon 

the embryonic age. A non-virulent AIV strain may cause death of 8-9 day old chicken embryos 

much earlier than the death of 12-13 days old embryos (Perdue et al., 1990).  
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Isolation and identification of H13N2 IVs type A from the surface water and turkeys in 

Minnesota State, USA have been reported (Sivanandan et al., 1991). This was considered as a 

first report on the isolation of H13N2 virus from turkeys. The observation of large number of 

gulls in close association with turkeys on range before the virus isolation indicated that H13N2 

virus could be transmitted from gulls to the turkeys. It is important to note that Sivanandan et al, 

(1991) did not observe any clinical signs of AI in turkeys except their sero- conversion. The 

H13N2 isolates were tested as non- virulent upon their inoculation to the chickens.  

Use of combination of in-vivo and in-vitro procedures for assessing the possibility that 

certain low pathogenic field AIV isolates might contain minority sub-populations of HPAI virus 

has been studied (Brugh, 1996). Two H5N2 isolates with mild pathogenicity (A/chicken/New 

Jersey/12508/86,NJ12508 and A/chicken/Florida/27716/86, FL27716) isolated from the poultry 

in live-bird markets of urban areas, were cloned in the trypsin free chicken embryo fibroblasts 

and inoculated intra-nasally and intra-tracheally (IN/IT) into specific pathogen free (SPF) laying 

hens. The viruses were re-isolated from the dead hens and serially passaged in the hens using 

IN/IT routes. Many HPAI re-isolates were obtained from the chicken inoculated with the cloned 

NJ12508 or FL27716 viruses. An HPAI NJ12508 isolate killed 19 of the total 24 IN/IT 

inoculates, and a FL27716 re-isolate killed all the 24 inoculated hens that had shown clinical 

signs and lesions of fowl plague. However, the non-cloned NJ12508 stock virus caused mortality 

only in one of the total 24 hens and the FL27716 virus killed 4 of 24 hens. None of the two 

viruses was able to cause the signs/symptoms/lesions indicated for fowl plague. Recovery of HP 

AI isolates indicates the co-existence of pathogenically distinct sub-populations of AIVs.  

Amino acid substitutions at many levels are responsible for the adaptation of AIV H9N2 to mice. 

In order to explore the adaptation of AIV in mice  Rui et al., (2009) conducted serial passages 
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(lung-to-lung) of the AIV (A/Chicken/Jiangsu/7/2002) H9N2 strain, which resulted in the 

development of a different influenza strain which was showing lethality to the mice. They 

reported that the virulence was related to improvement of growth characters on cells of mammals 

and an extended tissue tropism in vivo. On gene sequencing of the wild-type isolate and mouse- 

grown virus amino acid changes were revealed. It was concluded that multiple amino acid 

alterations lead to the adaptation of type H9N2 AIV to mice. Wielink et al. (2011) compared the 

ability to grow AIV of Madin–Darby canine kidney (MDCK) cell line to Vero and BHK21 cell 

lines and reported the adaptation of MDCK cell line to suspension growth in serum-free media. 

MDCK cells are currently used for virus growth which is further used for manufacturing of 

influenza vaccine. A major drawback of the growth of these cells is their growth dependence on 

their anchorage. In this study a novel MDCK cell line (MDCK-SFS) was described which had 

efficient suspension growth showing high expression levels of α-2,6 and α-2,3 sialic acid 

receptors binding preferably to IVs of human and avian origin, respectively. The comparative 

study for the growth of AIV by BHK21, Vero and MDCK-SFS cell lines was also conducted. 

One of the two populations of BHK21 cells lack the α-2,3 receptor, they only supported the 

replication of two influenza strains. Use of BHK21 cells for influenza virus growth is not 

practical as it poorly supports the growth of other six AIV strains. MDCK-SFS cells supported 

the growth of 5 of 8 AIV strains yielding the highest infectious virus titers. In addition, it also 

conferred the highest HA activity for all the eight virus strains studied. In view of the above 

advantages of suspension growth and high growth of AIVs, the MDCK-SFS cell line is 

considered to be potentially useful for large scale growth of IVs.  
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Characterization of Influenza Viruses  

Characterization of the HPAI H5N2 viruses that had caused eight AI outbreaks in 

Northern Italy during October 1997 to January 1998 was undertaken by Donatelli et al. (2001). 

They recovered a non-pathogenic H5N9 influenza virus strain during those outbreaks. The 

antigenic analysis of the isolates suggested that these Italian isolates (H5N2) were similar 

antigenically (yet 13 distinguishable from A/HK/156/97), to a human H5N1 virus isolated from 

Hong Kong during 1997. The phylogenetic analysis of isolates revealed the clustering of the HA 

genes of the HP Italian viruses with the Hong Kong isolates, and the non-pathogenic H5N9 virus 

was quite identical to the HP A/Turkey/England/91 (H5N1) strain. Similar to the HA 

phylogenetic tree, the nonstructural (NS) phylogenetic tree indicated the clear distinction of the 

H5N2 Italian virus genes from the H5N9 AI virus. However, in contrast, the findings on the 

phylogenetic studies of nucleoprotein (NP) genes suggested the presence of a close relationship 

between the two Italian virus isolates. On the basis of comparison of the HA, NS and NP genes 

of the Italian H5 isolates with the subtype H5N1 viruses circulating in Hong Kong, it was 

suggested that both the virus groups did not have a common ancestor (Donatelli et al., 2001).  

 H3N3 and H1N1 AIVs isolates from pigs in Canada during 2001 and 2002 were 

characterized and found phylogenetically identical to those isolated from water-fowl and were 

distinct antigenically from the reference viruses of swine influenza. The isolation of H3N3 and 

H1N1 strains re-emphasized the ability for interspecies transmission of IVs from water fowl to 

pigs (Karasin et al., 2002).  
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Li et al. (2003) characterized H9 duck isolates of Southern China. They reported that the 

H9N2 viruses isolated from Southern Chinese territory were being transmitted to the domestic 

ducks, and in those birds these viruses generated many re-assorted viruses; double or triple re-

assortants having specific amino acid signatures in their HA, suggesting their ability to infect 

human beings directly. Some of those re-assortants contained gene segments that were related 

closely to those of A/Hong Kong/156/97 (H5N1/97, H5N1) and A/Quail/Hong Kong/G1/97 (G1-

like, H9N2). Some of the internal genes of these isolates showed close relation to those H5N1 

viruses that had been previously isolated from Hong Kong during the year 2001.  

Genetic and antigenic based analysis of H9N2 AIVs isolated from China has been 

carried. A study was conducted on 20 H9N2 virus isolates of past ten years. Although antigenic 

variations among these strains were observed, it was observed that cross reaction exists among 

the anti-sera of the selected viruses with the anti-sera that were cultivated by 

A/chicken/Shijiazhuang/2/98, A/chicken/Guangxi/10/99 and A/chicken/Shanghai/10/01. Two 

virus isolates, A/chicken/Shijiazhuang/2/98 and A/chicken/Heilongjiang/35/00, showed good 

reactivity with the homologous anti-sera. The anti-sera raised from current vaccine strain 

(A/chicken/Shandong/6/96) showed efficient cross reactivity with A/Chicken/Heilongjiang/35/00 

but it could not cross-react efficiently with other viruses. The phylogenetic analysis revealed that 

of 20 viruses 19 had genotypic homology to the Y- 280 sub-lineage of Eurasia lineage. However, 

A/Chicken/Heilongjiang/35/00 had close relation to the H9N2 isolate (A/Turkey/Wisconsin/66) 

and it belonged to the North American lineage.  The H5 subtype AIVs isolated from various 

avian species and from different sources in the US have been analyzed. The recent H5 subtype 

isolates indicated frequent sequence distinction. The phylogenetic analysis indicated that it 
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belonged to a different clade from the Pennsylvania/83 gene lineage. However, no preexisting 

genetic lineage was demonstrated within this clade. The study showed that the recent H5 subtype 

isolate was the result of the introduction of AIVs from the reservoirs of wild birds. The H5N3 

isolate from Texas indicated the least homology with the other AIV isolates in the HA gene. It 

had a unique HA sequence at cleavage site of REKR/G from other recent isolates having typical 

avirulent motif of RETR/G. However, this virus showed a 28 amino acid deletion region in the 

stalk of its neuraminidase protein (a common characteristic of chicken adapted IVs). Upon its 

experimental inoculation, the Texas H5N3 virus replicated in chickens better than other H5 virus 

isolates (Chengjun et al., 2004 ; Lee et al.,2004). 

 An LPAI type H5N2 outbreak in Japan was reported in 2005-06 in which a a total 16 

H5N2 virus strains were isolated from 41 chickens farms. On phylogenetic analysis it was 

revealed that these isolates had a common ancestor with the Central American H5N2 strains in 

circulation since 1994. Chickens infected with the index isolate of A/chicken/Ibaraki/1/05 

through dust-borne and/or droplet-borne transmission showed viral replication in the respiratory 

tract without any clinical signs. These findings suggested the higher adaptability of H5N2 

LPAIV isolates to poultry in Japan   (Masatoshi et al., 2007). An H9N2 virus from pigs in China 

has been isolated and genetically characterized. Pigs act as a reservoir of human and avian 

influenza type A viruses and this animal is an intermediate host which is responsible for 

adaptation of AIVs to humans. A viral disease caused by highly pathogenic porcine reproductive 

and respiratory syndrome virus (PRRSV) was reported in China during 2006 resulting in the 

infection of two million pigs. During the study of PRRSV, 04 H9N2 swine IV strains were 

detected in Guangxi province of China. The gene segments of isolated 04 swine H9N2 viruses 

were found to have homology to A/Pigeon/Nanchang/2-0461/00 (H9N2) or A/Wild 
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Duck/Nanchang/2- 0480/00 (H9N2). The phylogenetic analysis revealed that the swine H9N2 

virus isolates were actually of avian origin and were the probable descendants from 

A/Duck/Hong Kong/Y280/97 and similar viruses. The molecular analysis indicated that the HA 

gene of these H9N2 isolates showed high affinity to the human α2, 6-NeuAcGal receptors. These 

findings suggest the interspecies transmission of AIVs to pigs (Hai et al., 2008).  Paula et al. 

(2010) isolated an H1N1(A/red-winged tinamou/Argentina/MP1/2008) AIV from red-wing 

tinamous (Rhynchotus rufescens) dead or severely ill non-migratory terrestrial birds from 

hunting grounds in Argentina in 2008. On sequence analysis the subtype of the isolate was 

determined as H1N1. Although the isolate was pathogenic for red-winged tinamous, the analysis 

of the cleavage site revealed that the HA gene corresponded to an LPAIV. Phylogenetic studies 

of HA and NA genes suggested its relatedness of the virus to the isolates from North America. 

The internal genes showing homology to other AIV isolates from South America. The findings 

suggested the evolutionary pathways of viral HA and NA genes involving genomic exchanges 

between the Southern and Northern hemispheres.  

Bahgat et al. (2009) performed immunologic and molecular characterization of HPAI 

virus H5N1 Egyptian isolate infecting chickens in 2006. Rectal swabs were processed for 

confirmation of H5N1 AIV by instant antigen detection kits and RT-PCR. A 100% homology 

was confirmed with previous isolates of H5N1 from Egypt and the Middle East. These isolates 

on propagation in MDBK cells showed a substantial cytopathic effect was observed 2 days post 

infection. On formaldehyde treatment virus was completely inactivated and on inoculation in 

MDBK cells induced no cytopathic effect. The chickens were vaccinated with the formalized 

virus and their sera showed the high immunogenic potential of killed Egyptian isolate. On 

western blot analysis the antibodies showed reaction to four viral peptides: hemagglutinin (61.5 
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kDa), RNA-binding protein (56 kDa), neuraminidase (50 kDa), and 45-kDa protein. Lesser virus 

shedding and protective immunity was observed in chickens on active virus challenge. Subtypes 

H1N1 and H1N2 viruses from pigs in China have been isolated ad genetically characterized. The 

phylogenetic studies indicated close relation and homology of H1N1 virus 

(A/swine/Zhejiang/1/07) with avian like H1N1 viruses. The European swine H1N1 viruses 

seemed to be ancestor of this virus. A/swine/Shanghai/1/07 and A/swine/Guangxi/13/06 H1N2 

were novel reassortant viruses consisting of genes from human (NA and PB1), swine (HA, NP, 

M and NS) and avian (PB2 and PA) lineages, indicting a re-assortment among human, swine and 

avian AIVs in pigs in China. The isolation of unique avian like H1N1 IV originating from the 

H1N1 European swine viruses, gives evidence that pigs serve as an intermediate host or a 

“mixing vessel” for these viruses (Bahgat et al., 2009; Hai et al., 2009). 

Isolation and characterization of 16 HPAIVs type H5N1 from China during 2006-07 on 

genotypic and pathogenic basis from a poultry market in Central China has been undertaken 

protein genes of all the isolated AIVs were much similar to the H5N1 Chinese isolates of 

previous 2006 outbreaks. The internal protein genes on phylogenetic analysis indicated that four 

viral genotypes circulated in China. The virulence studies of 7 isolates in chickens and mice 

showed that these 7 isolates were highly pathogenic for SPF chickens. However, it had variable 

virulence for mice.  Isolation of H9N2 AIVs from India and its pathotyping has been reported by 

Nagarajan et al. (2009) who collected 1246 tissue and fecal samples from 119 poultry farms 

located in different states of India during 2003-04. These farms had a history of decreased 

production and respiratory syndrome. A total of 29 H9N2 AIV strains were isolated from Punjab, 

Haryana, Uttar Pradesh, Gujarat, Orissa and Delhi. The isolates were sub typed using HI, RT-

PCR and NI assays. Patho-typing of six out of 29 representative isolates was done by intravenous 
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pathogenicity index which confirmed these isolates to be LPAIVs. The nucleotide sequence 

analysis revealed that the Indian isolates had homology of up to 96% with the isolates of 

Germany and Asia. Phylogenetic analysis revealed that a Vietnam isolate was a common 

ancestor (Qa/HK/G1/97) contributing to the internal genes of H5N1 virus (Jianjun et al., 2009; 

Nagarajan et al., 2009). 

Virulence of Thai HPAIV H5N1 isolates for various poultry species has been studied. A 

total of 3 HPAIVs isolated in 2004 from chicken, quail and duck were examined and genetic 

similarity in these isolates was observed on their sequence analysis. Animal inoculation in 

various bird species was carried out to check their pathogenicity and A/chicken/Yamaguchi/7/04 

(H5N1) isolate of Japan was used for comparison purpose. All the four isolates caused 100% 

mortality at a 106 EID50 dose within 2–4 days post inoculation. A shorter mean death time 

(MDT) in quails than that in chicken infected with Thai isolates was observed. A mortality range 

of 50-75% with the neurological symptoms by intranasal inoculation of 106 EID50 viruses in 

domestic and cross-bred ducks was observed. The MDT of 4-6 days was observed in ducks 

infected with Thai isolates. A protective sero-conversion in the surviving ducks infected with the 

Thai isolates was recorded (Takehiko et al., 2009).  

  HPAI H5N1 virus isolates from the poultry, seized at ports of Lang Son Province in 

Vietnam, were characterized by Tung et al. (2009). Sequence analysis studies of HA genes of 5 

H5N1 AIVs and 10 PCR amplicons obtained from cloacal swabs indicated close homology to 

HA genes of clade 7 H5N1. The HI tests indicated differences at antigen level between current 

and previous isolates of H5N1 AIVs of Vietnam. These findings indicated a great evolutionary 

potential of the AIVs with clade 7 HA in Southeastern Asian countries (Tung et al., 2009).  In 

2008 in Korea an HPAI H5N1 virus which caused damage to poultry flocks in 2003- 04 and 
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2006- 07 was isolated. Eight gene segments of 06 isolates were sequenced. Phylogenetic analysis 

revealed similarity in the virus HA gene as it showed clustering with clade 2.3.2 viruses. 

Analysis indicated the homology of internal and NA genes to those of the clade 2.3.4 virus 

isolates from humans and birds in South-eastern Asia (Hye Ryoung et. al., 2010).  

 Neil et al. (2011) collected nasopharyngeal swabs from horses with acute clinical signs 

and processed for virus isolation by diagnostic laboratory. They determined the sequence of the 

HA1 portion of the viral haemagglutinin of each virus strain. The sequence was determined 

either directly from swab material or from egg grown virus. They isolated 20 virus strains from 

Europe from 15 sporadic outbreaks and 5 virus strains were collected from North America. All 

of the isolates from Europe and North America were characterized as members of the Florida 

sub-lineage, with homology to clade 1 (A/eq/Lincolnshire/1/07) or clade 2 

(A/eq/Richmond/1/07) viruses. Their antigenic characterization through HI assay revealed that 

both the clades could be easily distinguishable and were having at least seven amino acid 

differences (Neil et al., 2011). 

 Pathogenicity of H7N7 AIVs isolated from fecal material of magpie and chickens in 

South Korea (A/Magpie/Kr/YJD174/07 (H7N7); Mp/Kr/07 virus) is reported. By measuring 

intravenous pathogenic index and sequence analysis of amino acid at the cleavage site the 

isolates were identified as LPAIV. The genome analysis, showed homology of these isolates 

with two previously isolated H7N7 AIVs in Ganghwa, South Korea. For in vivo studies of the 

isolate, chickens and magpies were used. No detectable clinical signs or histological changes 

were found. The virus was able to replicate effectively in cloaca and oropharynx of the chickens 

and was able to transmit to chickens through direct contact. However, its direct transmission on 

contact to magpies was not evidenced and its replication was only restricted to oropharynx of the 
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magpies. It was concluded that magpie do not act as a biological amplifier and intermediate host 

for AIVs (Min-Chul et al., 2010). Wenjun et al. (2011) studied the pathogenicity of swine 

influenza virus isolates possessing the PBt2 polymerase gene (avian or swine-origin) PB2 in 

mouse and pig models. PB2 627K determines influenza host range and it also contributes to the 

virulence of the virus (human, avian and mouse adapted influenza viruses) in the mouse model. 

They used mouse and pig models for analysis of contribution of PB2 carrying virus of either a 

swine-origin and avian-origin (627K or 627E) keeping in view the classical swine H1N1 

(A/Swine/Iowa/15/30; 1930) virus. Their findings indicated that PB2 627K was crucial for 

virulence in the mouse model. However in the pig model this gene (PB2 627E) contributes in a 

decrease in virulence of the classical 1930 SIV when it contains PB2 of swine-origin, but not 

when possessing the same gene of avian-origin. There exists variation in the virulence of IVs 

isolated from the domestic poultry. The IVs of extremely low virulence possess similar H 

antigen as do the viruses of high virulence but the virus possess different N antigens.  The prior 

infection of birds with non-pathogenic viruses provides protection against the subsequent 

challenge with the pathogenic AIVs (Beard and Easterday, 1973).  

 HPAI H5N1 (A/Ostrich/SuZhou/097/03, China097) virus isolated from an ostrich was 

characterized. The isolate was highly pathogenic for chicken and mice. The virus had the ability 

of replication in the lungs of BALB/c mice and it caused the mice death upon its intranasal 

administration. In the absence of trypsin, the isolate formed plaques in chicken embryo fibroblast 

(CEF) cells. The gene analysis (HA) revealed isolate’s  relevance to clade 0 AIVs and it was 

genetically homologous to A /Goose/Guangdong/1/96, H5N1 (Penghui et al., 2010).  H5N1 

HPAI virus isolates from ducks in Mongolia from 2005 to 2010 have been characterized. The 

AIVs isolates, of years 2005 and 2006, were identified as clade 2.2, and those of years 2009 and 
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2010 as clade 2.3.2. In experimental ducks, A/whooper swan/Mongolia/6/2009 induced high 

mortality as compared to the 2005 and 2006 isolates. These findings indicate that the wild 

waterfowls are carriers of H5N1 HPAI viruses in the South Asia and it caused mortality in 

Mongolia on their way back to the north in spring (Yoshihiro et al., 2010). 

 Research work on Korean LPAI H5 isolates was conducted by Yun et al. (2010). They 

reported that the migratory waterfowls were the  natural reservoir for influenza A viruses. 

Various outbreaks in different bird species are due to the interspecies transmission of virus. The 

phylogenetic analysis of 53 H5 virus isolates in 2005-08 revealed the homology of these isolates 

to the Eurasian viral lineage. However, some of the segments of the AIV isolates 

(AB/Korea/W235/07 and the AB/Korea/W236/07) resembled North American lineage indicating 

re-assortment of genes between these two AIV lineages. It was also observed that these isolates 

(H5N2 and H5N3 virus types) were LPAIVs in nature. Experimental inoculation of the H5N2 

isolate (AB/Korea/W163/07) led to its replication in the trachea and lungs of chickens. However, 

no virus transmission was observed via direct contact. The isolates had high pathogenic potential 

in mammalian hosts like mice lungs without its prior adaptation (Yun et al., 2010).  Two 

Hungarian LPAI virus isolates H3N8 and H7N7 (A/mallard/Hungary/19616/07 and A/mute 

swan/Hungary/5973/07) were characterized by Zsófia et al. (2010) in 2007. Both the isolates 

exhibited the close phylogenetic relationship based on their acidic polymerase genes. The current 

isolate H7N7 and some earlier Korean H5N2 pig isolates have the basic polymerase gene 1 

which indicates that they have common ancestor. The analysis of matrix gene nucleotide 

sequence of 2007 isolates revealed their similarity to Czech H3N8 mallard isolates. The 

phylogenetic analysis of surface glycoprotein genes of the current H3N8 isolate indicates its 
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homology to H3N8 subtype isolates belonging to Northern Europe (2003– 06), and to an H3N2 

virus isolated from Italy in 2006 (Zsófia et al., 2010). 

 

AIV Vaccines and Vaccination  

 Bahl and Pomeroy (1977b) and Bahl et al. (1977c) selected the most prevalent AIV 

subtype that was involved in an epidemic in the State of Minnesota, USA and used that virus in 

preparation of inactivated vaccine. Inoculation of poultry with such a vaccine helped in 

controlling AI virus infection and the problem relating to decreased egg laying.  Due to the mode 

of virus multiplication, several problems are encountered in vaccination against AI in poultry. 

The antigens involved in developing the immune response are HA and NA proteins and these are 

present on the envelope of an IV. The AI virus vaccines are concerned with the activity of HA 

antigen, as it has a role in conferring immunity. The majority of these virus subtypes are known 

to be involved in the natural AI outbreaks in poultry. It is important to understand that the 

phenomenon of antigenic drift/shift has clearly been observed in the AIVs and this factor is to be 

considered while choosing a virus for the vaccine production (Hinshaw et al., 1981).  

It has been observed that the live vaccines have many economic and administration 

advantages over the inactivated virus vaccines and low virulent IVs be considered as candidates 

for developing live vaccines. However, live AIV vaccination may pose multiple drawbacks. 

Firstly, many of the virus isolates from serious epidemics in Turkey were of low virulence and 

selection for a live vaccine was, therefore, difficult. Secondly, there are many ethical issues 

relating to use of such live AIV vaccines. Lang (1981) outlined those issues as following:  
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1) That by genetic re-assortment amongst the vaccine and field virus strains, or two 

vaccine viruses, a virulent virus may generate a type which might cause more serious disease 

problems than those caused by the already existing virus strains.  

2) That the live vaccines, either themselves or their progeny, as a result of genetic re-

assortment, amongst the virus strains may become hazardous for man and/or animals.  

The effectiveness of AI vaccines in preventing the clinical signs and mortality caused by 

the AIVs has been reported. The protection against influenza is virus subtype specific and the 

vaccine is not able to protect against other AIV subtypes. It has been observed that if virus 

causing an outbreak is identified, vaccination may be a useful tool for influenza prevention.  

Inactivated mono-valent and polyvalent virus vaccines, having adjuvant, are able to induce 

antibody production and offer protection against egg laying declines, morbidity and mortality 

(Halvorson et al., 1987); Stone, 1988). Vaccination of birds with purified nuclear-protein (NP) 

conferred cell mediated immunity against all of the AIV sero-types was reported. However, such 

immunity was not protective against an AI infection (David, 2000). 

 The haemagglutinin based AI vaccines confer protection against multiples of 

homologous HA subtype viruses. An advantage of the recombinant or purified HA vaccines is 

that its recipient does not react to the double immune diffusion test. Moreover, the serological 

surveillance is not impeded by use of such vaccines (Kodihalli et al,.(2000 ; Swayne et al.,2000). 

Deborah et al. (2007) studied the efficacy of various inactivated vaccines for their conferring 

immunity against H5N1 AI infection in ducks. They compared a bivalent oil emulsion vaccine 

including H5N9 and H7N1 virus to a monovalent H5N3 virus vaccine in ducks. The vaccines 

were prepared from A/chicken/Vietnam/C58/04 H5 virus by reverse genetics. Both the vaccines 
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provided effective protection. The mono-valent oil based vaccine provided better protection 

showing no serological response to the H5N1 challenge virus and no virus shedding.  

Huoying et al. (2007) prepared an attenuated H5N1 (consisting of all eight avian genes) 

AIV vaccine. They constructed attenuated reassortant H5N1 AIV genetically, designated as C4/F 

AIV, using plasmid-based reverse genetics. This virus had HA and NA genes taken from an 

epidemic strain of C4 H5N1 (A/Chicken/Huadong/04) in a background of internal genes from an 

LPAI (H9N2) virus strain. The virus attenuation was done by the removal of a multi basic amino 

acid motif by mutation in the HA gene and deletion (from PQRERRRKKR↓ G to PQIETR↓ G). 

The determined intravenous pathogenicity index (IVPI) of C4/F AIV virus was found to be 0 and 

IVPI determined for the donor virus (C4/H5N1) was 3.0. A high HA titer of 1:2048 was 

produced by C4/H5N1 in the allantoic fluid. A high HI titer was developed by the inactivated 

vaccine prepared from C4/H5N1 AIV re-assortant virus with 100% protection on challenge with 

HPAI H5N1 virus subtype.  

 The HPAI H5N1 virus has caused the highest morbidity and mortality in a variety of 

avian species. Studies on vaccination against H5N1 HPAI virus in zoo birds by administering an 

H5N2 adjuvant inactivated vaccine. Vaccination was done using a commercially available H5N2 

virus vaccine and it proved immunogenic for all the tested avian species, with slight variations 

found within the taxonomic orders. The geometric mean titer (GMT) measured after booster dose 

in 334 birds, was found to be 190 (95% CI: 152–236), with 80.5 percent of vaccinates 

developing a titer of more than 40. A similar trend was shown by HPAI H5N1 virus, but a bit 

lower value of GMT of 61. The effectiveness of the immunity developed was further analyzed by 

measuring antibody titers for prototype strains of antigenic clades (4) of circulating H5N1 virus 

particles. The data collected revealed that vaccination is a beneficial part of the preventive 
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measures that is effective in zoos for prevention of an outbreak and to decrease contamination of 

environment by HPAI H5N1 virus (Joost et al., 2007).  Mads et al. (2007) studied serological 

response developed in zoo birds by vaccination against AI in zoo using an H5N9 inactivated 

vaccine. They vaccinated a total of 540 birds twice with an interval of 6-week using an 

inactivated H5N9 vaccine in 3 zoos. They used HI test to measure serological response 4–6 week 

post second vaccination. Of the total birds 76% developed a titer of ≥32. The GMT after 

vaccination was found to be 137. A significant difference in immune responses was observed in 

different species. A low titer was observed in ducks, geese, penguins, pelicans, herons, lovebirds, 

barbets, guinea fowl, cranes and cockatiels indicating poor response to this vaccination. High 

titers were recorded in rheas, ibis, flamingos, Congo peafowl, Amazon parrots, black-winged 

stilts and kookaburras.  

Evaluation of H9N2 influenza virus vaccines ( a reassortant vaccine) prepared by reverse 

genetics) in Korea was reported by Jae et al. (2008). They generated 3 reassortant viruses 

(H9N2/PR8) by using the technique of total cDNA plasmid-transfection system. They also 

compared the potency of the currently prepared reassortant virus vaccine to the previously used 

vaccine strain (A/Ck/Kor/01310/01 H9N2) which was prepared and adapted by the 20th serial 

passage in embryonated eggs. They observed that the reassortant viruses (H9N2/PR8), having 

the internal genes of PR8 strain and surface gene of A/Ck/K or/01310/01 strain are high- 

yielding, and could be grown successfully in the embryonated chicken eggs to the same extent as 

existing vaccine strain without any additional processing. The re-assortant viruses (H9N2/PR8) 

induced protective HI antibody titers in birds and prevented the shedding of virus and its 

replication. Due to the continuing biological diversity and evolution of influenza virus (H9N2) in 

Korea, the vaccine conferred only partial protection against AIV isolates. The reassortant 
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H9N2/PR8 can be used as virus seed for AI vaccine development. Due to the constant changes in 

H9 at the genetic level in Korean isolates, the reverse genetic system offers a quick and simple 

method of changing the seed virus for vaccine production and can reduce the impact of 

unexpected influenza outbreaks (Jae et al., 2008).  

Katarina et al. (2008) used a virosomal adjuvant AIV vaccine (H9N2) to study antibody 

and T-cell mediated immune responses. They evaluated four different adjuvants and measured 

their ability in increasing the immune response to an adjuvanted virosomal H9N2 AI vaccine in 

mice. They used aluminium hydroxide, aluminium phosphate, MF59, and a promising novel 

adjuvant MATRIX-M in their study. The study findings indicated that all the four adjuvants were 

able to increase the HI and ELISA antibody titers by their use in virosomal adjuvanted H9N2 

vaccine. The adjuvants showed varying effects on the specific viral isotype of antibodies. 

MATRIX-M induced the most remarkable skewing to IgG2a (towards Th1 type of response).The 

adjuvanted virosomal AI  vaccine produced CD4 and T- cell responses efficiently, with no 

further increase upon adjuvation. By additional adjuvation with MATRIX-M or MF59 the CD8 

and T-cell responses induced by adjuvanted virosomal vaccine could be significantly improved. 

All those adjuvants when used in combination with the adjuvanted virosomal pandemic influenza 

vaccine enhanced immune responses to a comparable level. Marian et al. (2008) studied the 

effects of H7N1 vaccination on transmission of HPAI subtype H7N7 virus in turkeys. They 

collected samples of cloacal and tracheal swabs and sera for monitoring the infection in 

inoculated and susceptible contact turkeys that were vaccinated, unvaccinated, and vaccinated 

twice by H7N1. They employed real-time RT-PCR and HI tests for swabs and serum samples, 

respectively. The mean infectious period of 6.2 days in unvaccinated contact birds was recorded. 

They calculated a transmission rate of 1.26 per infectious bird per day in vaccinated turkeys 
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shedding no virus indicating that the vaccine containing H7N1 virus conferred protection against 

challenge with H7N7 HPAI virus.  

Ning et al. (2008) generated and evaluated inactivated trivalent reassortant vaccine 

prepared from avian, human and swine AIVs. They employed reassortant technology to get three 

interspecific reassortant influenza viruses by using three influenza virus isolates (A/Puerto 

Rico/8/34 H1N1, A/swine/Hebei/1/2005 H3N2 and A/chicken/Guangdong/126/2002 H9N2). 

The high-growth reassortant strains (H9/PR8, H3/H9N2 and H1/H9N2) contained six internal 

genes (from live parental viruses) and HA and NA genes (from the inactivated parental viruses). 

Investigations indicated the safety and immunogenic potential of this trivalent (H1, H3 and H9) 

formalin-inactivated vaccine prepared from avian, human and swine IVs. High HI titers were 

developed by using a two-dose regimen of vaccination. Production of influenza-specific IgG 

antibodies without antigenic cross- interference and a 100% protection from the challenge of 

active virus (A/chicken/Guangdong/126/2002) was observed. The findings showed that the 

trivalent vaccine could confer effective protection against multiples of IVs.  

 A non-pathogenic H7N7 natural reservoir virus isolate has been used to prepare an AIV 

vaccine. This vaccine induced protective immunity in chickens as they resisted challenge with 

lethal doses of HPAIV. A total of 41 IV isolates were recovered during 2001–2004. Two of them 

were confirmed as H7N1 and the rest as being H7N7 virus type. The isolation was made from 

fecal samples of migratory ducks flying from Siberia to Japan and Mongolia in the autumn every 

year. When the HA gene of those isolates was analysed phylogenetically, it revealed that they 

were from Eurasian lineage. One of the H7N7 isolates (A/duck/Mongolia/736/02) was selected 

for preparing a test vaccine. They used a genetic re-assortment technique for improving the 

potential of growth of H7N7 (A/duck/Mongolia/736/02) virus in chicken embryos. 
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A/duck/Hokkaido/Vac-2/04 (H7N7) was generated by genetic re-assortment taking 

A/duck/Mongolia/736/02 (H7N7) and A/duck/Hokkaido/49/ (H9N2) as the donors of PB2, PB1, 

PA, HA, NA, NS genes and NP and M genes, respectively. They prepared a test vaccine by 

propagating H7N7 virus (A/duck/Hokkaido/Vac-2/04) in chicken embryos. The virus in allantoic 

fluid and was adjuvanted after inactivation to form an oil-in-water emulsion. The test vaccine 

passed the trial and it conferred protective immunity to chickens with no clinical signs developed 

against the challenge with lethal dose of H7 HPAIVs. The study indicated that IVs isolated from 

natural reservoirs can be used as vaccine strains (Saori et al., 2008). Immune response induced 

by a single dose of influenza vaccine has been studied (Takashi et al. 2009). A vaccine by 

inactivating HPAI H5N1 virus (A/duck/Hokkaido/Vac-1/04) using anhydro-mannitol-

octadecenoate-ether (AMOE) as an adjuvant constituent was prepared and administered as  a 

single shot  intramuscularly into five chickens (aged 4 weeks). The chicks at 138 weeks PV were 

intra-nasally challenged using 100 times of 50% chicken lethal dose of H5N1 HPAI virus 

(A/chicken/Yamaguchi/7/04). All the 05 vaccinated chickens survived showing no clinical signs. 

However, 02 days after the challenge, vaccinated chickens shed limited AIV titer in the laryngo-

pharyngeal swabs (Takashi et al. 2009).  

   The adjuvants conferred reduced HI and serum IgG titers when given separately from 

the vaccine. However they showed higher levels of IFN-γ and IL-10. On the other hand when it 

was used in combination with oil emulsion vaccine before its inoculation, CpG ODN developed 

greater HI, IgG titers and IFN-γ levels but it lowered IL-10 level. The study indicated that the 

use of adjuvants potentiates the immune response exerted by oil based vaccines of AIV H5N1. 

The use of CpG ODN in making of the vaccine, before immunization, enhances humoral and 

Th1 type immunogenic response (Yimeng et al., 2009). Efficacy of vaccination in conferring 
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immunity using AIV H5N2 vaccine of Central America in commercial poultry has been reported. 

An immunization campaign was launched in Central America for controlling LPAIV H5N2 and 

HPAI in the beginning of 1995. The study was designed for identification of composition of seed 

strain and also to compare the efficacy of commercial vaccines for H5 (n=10) by using challenge 

of 2003 Latin American isolate of HPAIV H5N2. The vaccine seed virus in common use for 

making inactivated commercial vaccines was an isolate of 1994. It was not successful in 

reducing the challenge viral shedding titers in vaccinates. Two seed strains in use for 

manufacture of inactivated vaccines were having close homology to the challenge virus which 

resulted in a decrease in the shedding of challenge virus from the respiratory tract. Moreover, 

they observed a significant reduction in virus shedding by using a recombinant live fowl pox 

virus vaccine with  inserted H5 gene of Eurasian lineage in comparison to sham vaccinates 

(Dawn et al., 2010).  

   Using an inactivated, licensed, LPAIV vaccine for subtype H5N2 Miriam et al (2010) 

immunized hens under field conditions. . The immune response of vaccinates was judged on the 

basis of production of specific antibodies and by giving them the challenge infection using HPAI 

H5N1 virus. Vaccination of birds with one booster provided effective protection against field 

infection. Vaccinates showed lesser virus shedding compared to the non-vaccinates   

  Efficacy and quality of oil based AI subtype H9N2 vaccines in vitro have been 

evaluated (Rajabi et al., 2010). . A strong immunogenic response was observed in vaccinated 

mice which were intradermally inoculated with IV like particle (VLP) coated solid metal using 

micro-needles. The production of antibodies by this method of immunization was strong enough 

comparable to the conventional intramuscular immunization procedures and it conferred full 

protection to vaccinates when they were tested using virulent virus challenge (Rajabi et al., 
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2010). Yasushi et al. (2010)  observed the production of antibodies and T cells derived immune 

responses against the vaccine strain of virus by subcutaneous route inoculation using the whole 

virus with or without the addition of adjuvant (alum) in cynomolgus macaques. There was no 

significant difference regarding the level of immune response between vaccinates with or 

without the use of alum as an adjuvant. However, presence of alum in vaccine as an adjuvant 

helped to develop a greater response of CD8 + T cells than the vaccines without addition of alum 

as adjuvant.  On challenging unvaccinated macaques using HPAIV subtype H7N7, the nasal 

swabs were found to be positive for virus for 8 days. The same was observed for 1 day in 

vaccinates (vaccine either with or without alum). However, a short time rise in body temperature 

of macaques inoculated with vaccine containing alum as adjuvant was observed. These findings 

supported the pathogenic nature of H7N7 HPAI virus for macaques. It also demonstrated that the 

vaccination conferred protective immunity for the macaques against HPAI H7N7 virus.  

Natsumi et al. (2011) developed a technique for using NS1-ELISA and evaluated it for 

detection of HPAI viral infection in previously H5 or H7 virus vaccinated chickens. The 

experimental findings validated the use of NS1-ELISA technique for identification of HPAI 

virus infection in vaccinates and non-vaccinates at an age of one week post infection  

Role of maternal antibodies in AIV protection 

 Maas et. al. (2011) reported that after the AI vaccination, the breeder hens produce fertile 

eggs/ progeny chicks which have AI specific maternal antibody. Using the HI titer, they 

examined the effect of maternal immunity on protection against HPAI H5N1 virus challenge in 

young chicks.  The chickens with maternal antibody lived longer post exposure to HPAI H5N1 

virus than the chicks without maternal HI antibody. It was concluded that high maternal antibody 
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levels are required for the protection of chicks against clinical AI and also reduction of virus 

titers in post infection period. Further, the low antibody titers interfered with the vaccine 

efficacy.    

Avian immune system (AIMS) 

A lot of information on the immune system of chicken and its functional components has 

been documented (Tizzard, 1987; Jeurissen et al., 1988; Vanio et al., 1988; Abbas et al.,1991; Ji-

Sun et al., 2008; Sylvia et al. , 2010; Tao et al., 2011).    

The AIMS consists of primary and secondary lymphoid organs, their associated cells, and 

cellular immune mediators (Tizzard, 1987). The chicken thymus consists of several pairs of 

multi-lobed structures distributed on either side along the length of trachea. Each thymus lobe is 

subdivided into lobules, which are packed with lymphoid follicles (cells of B and T lineage). The 

bursa of Fabricius (BF) is a round hollow sac like lympho-epithelial organ which is connected to 

the cloaca by a duct. BF is situated dorsal to cloaca, and reaches its maximum size in chicken in 

1-2 weeks post hatching and with the progress of age BF undergoes progressive regression. The 

lymphoid cells are embedded in the epithelial tissues that constitute internal and external linings 

of BF. On the inner side, large folds of epithelium extend into the lumen and scattered through 

these folds are follicles of lymphoid cells, and each lymphoid follicle is divided into a cortex and 

medulla; the cortex contains the lymphocytes, plasma cells and macrophages; and the medulla 

contains lympho-blasts and lymphocytes (Tizzard ,1987; Jeurissen et al., 1988).  Tizzard (1987) 

reported that the secondary lymphoid organs consist of the spleen, bone marrow and tissues 

associated with mucous membrane of eye (the Harderian gland), the intestine (caecal tonsils, 

peyer’s patches, mechal’s diverticula), and the respiratory and genital tracts. The mucous 
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membrane associated lymphoid tissues are called MALT. The spleen is a secondary lymphoid 

organ of chicken that consists of red and white pulp. The red pulp consists of reticular cells, 

macrophages, lymphocytes, plasma cells and the red cells; and the white pulp contains the 

lymphoid cells. Jeurissen et al. (1988) reported that the chicken immune- competent cells are 

comprised of thymus dependent lymphocytes (T-cells) and bursa dependent lymphocytes (B-

cells), antigen-presenting cells (APC), and non-lymphoid chicken granulocytes and the 

thrombocytes.  

 Vanio et al. (1988) reported that the chicken macrophages present soluble antigens to T-

lymphocytes for their inducing the antigen specific proliferation. This activity of chicken 

macrophages is however, under the context of class-II restriction.  Abbas et al. (1991) reported 

that the chicken immunocytes perform a very vital role in developing the immune response of 

birds. The development of immunity is the outcome of highly complex interactions amongst 

antigens, antigen presenting cells and immuno-competent lymphocytes. This cellular interaction 

is necessary for the growth, division, differentiation and regulation of the immune cell activities. 

The cellular regulation is mediated through production of lymphokines and recognition of 

antigen in conjunction with Major Histo-compatability Complex (MHC) CLASS-II molecules on 

various cell populations 

  .       It has been reported that due to immature immune system the vulnerability of freshly 

hatched chicks was higher to different avian infectious diseases compared to the older birds. 

Sylvia et al. (2010) designed a study to determine the extent to which host responses to 

vaccination of AIV were altered by age factor. In the study, they vaccinated chicks aged 01 and 

04 week using AIV subtype H9N2 along with saline inoculated chicks as controls. The sampling 

of lung and trachea was performed four times post inoculation (0, 8, 16 and 24 hrs). Using 
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microarray analysis they estimated the expression of gene profiles. They compared the saline 

controls assigned to both of the groups to analyze the gene profile alterations regarding 

development. The birds at their 1st week of age showed a higher gene expression relating to the 

development of innate responses and the respiratory immune system. The birds belonging to 4th 

week of age showed the presence of greater numbers of leukocytes in the respiratory tract. After 

vaccination using IV subtype H9N2, gene expression was greatly altered at 16 hr (PI) in 1 week 

old birds and at 16 and 24 hr (PI) in 4 week old birds in the lungs and trachea. In birds aged 1 

week a reduced gene expression relating to immunity in addition to innate related genes were 

seen probably due to age related reduction in the number of T cells, antigen presenting cells 

(APC) and NK cells. On the other hand, chemokines and cytokine gene expression was 

dependant on load of virus particles in birds aged one week and less in birds aged four week. 

Sylvia et al. (2010) concluded that the expression of cellular factors of host, blocking replication 

process of virus, was not dependent on age of birds or on tissue relating to different host factors. 

The antisense oligonucleotide inhibits the replication process of AIV  subtype H5N1 by using 

single chain antibody delivery system. The AIV H5N1 type can act as a potential source of 

emergence human pandemic resulting in the infection of wild birds, human and poultry in vast 

areas. The process of viral gene replication can be inhibited by these antisense oligonucleotides 

(AS ODNs). For targeting tissues and cells specifically the use of an antibody- mediated delivery 

is the right approach. They prepared three types of AS ODNs as PA4, PA492 and PA1203 

having conserved specified region of PA protein of AIV. All these designed AS ODNs had the 

ability of inhibiting virus replication. An excellent antiviral activity was exhibited by PA492 

ODN determined by measurement of titers shown by viruses and quantification of RT-PCR in 

MDCK cells. The construction of fusion protein (scFv-tP) was done as a fragment (scFv) of 
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single chain variable against AIV HA protein having a truncated prot-amine (tP). By 

measurement of titers developed by virus, quantified RT-PCR and indirect immuno fluorescence 

(IFA) assays, it was revealed that scFv-tP fusion was a source of improving the antiviral efficacy 

of PA492 in MDCK cells.  Moreover, PA492 delivered by scFv-tP also provided a partial 

protection to the mice when challenged by H5N1 lethal IV (Tao et al., 2011). Effect of immuno-

suppression on the vulnerability of infection with the AIV subtype H9N2, the disease 

pathogenesis and the development of immune response of host due to H9N2 LPAI virus in a 

chicken model having T-cell-suppression has been investigated by Ji-Sun et al. (2008). 

Suppression of cell-mediated immunity was achieved using Cyclosporin A resulting in the 

suppression of CD8+ T-cells and reduction in expression of IFN-γ mRNA. In T-cells suppressed 

birds greater load of virus particles was observed in the cloaca and oropharynx of LPAI H9N2 

infected specific pathogen free (SPF) chickens. An increase in viral RNA level in the peripheral 

blood lymphocytes was observed only in immune compromised birds. Presence of virus related 

protein and also the related cellular apoptosis were seen in the immune compromised chicken 

kidneys especially in the dead ones.  Ji-Sun et al. (2008) concluded that T-cell-mediated immune 

response plays an important role in IV clearing. The experimental results are helpful in 

explaining the causes of elevated rate of mortality in infected chickens (H9N2 LPAIV) in most 

of the domestic poultry farms.  

Laboratory diagnosis of Avian Influenza 

Many types of laboratory diagnostic tests such as rRT-PCR (Ming-Shiuh et al., 2001);  

immuno-chromatographic or immunofluorescent techniques, virus isolation and commercial 

ELISA kits (Hien et al., 2004); NS1 ELISA (Jeanet et al., 2010) virus growth,  HI test ((Adam et 

al., 2006; Na Jia et al. (2008)); gold-immuno-chromatographic assay, agar gel 
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immunodiffusioon (Da Peng et al., 2007); a  reverse transcription loop-mediated isothermal 

amplification (RT-LAMP) method (Hao-tai et al,. 2008) were developed and applied for the 

diagnosis of AIVs infection.  

Ming-Shiuh et al. (2001) that the subtyping of AIV HA was done by conducting RT-PCR 

reactions (n=15) simultaneous, each of the reaction was having a specific primer set for each 

subtype of HA. The confirmation of the results of this sub typing of HA molecules was made by 

analyzing the sequences of the PCR products obtained. They sub typed 80 strains/isolates of 

AIVs by employing the mentioned RT-PCR method. They concluded a 100% correlation among 

RT-PCR and conventional serology techniques. The RT-PCR was having advantage due to its 

sensitive nature and rapid results. Moreover it was useful in identifying sub typing of HA of 

different AIVs in various tissue samples. Bao-Feng et al. (2009) worked on the development of a  

(RT-PCR) for sub-typing of the NA molecule of the AIVs. They designed 09 NA specific primer 

pairs.  The designing of RT-PCR was done for analyzing all the NA sequences (n=509) in gene 

bank. The amplification of specific parts of all the nine NA subtypes (N1-N9) was done by using 

specific primers and each pair of primer was specific to a single NA protein. They performed 

nine RT-PCRs at the same time in separate tubes. The NA subtype was identified by using 

agarose gel electrophoresis and staining by ethidium bromide. For each viral strain only one of 

the total nine RT-PCRs provided a product of detectable size. As compared to the commonly 

used sequence analysis method for reference strains (n=101) or AIV isolates, the current RT-

PCR was having a specificity of 91.1% and was 97.3% sensitive in sub- typing of AIVs.  

Virus isolation is the best approach to diagnose influenza as the virus isolates can easily 

be characterized using various laboratory techniques. Now-a-days many diagnostic laboratories 

use immuno-chromatographic or immunofluorescent techniques for detecting IV antigens; or RT 
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PCR for identifying viral nucleic acids in the tissue samples of  the infected birds. The indirect 

serological evidence for the presence of IV type A infection can also be observed by employing 

various types of commercial ELISA kits that have the ability of detecting of very low level of 

antibody titers to the conserved AI viral antigens. The sub-typing of IVs or detecting specific 

subtypes of antibodies is not usually practiced by the basic diagnostic laboratories. However, the 

advanced diagnostic techniques are being used by the reference laboratories which are involved 

in the epidemiological work and also for selection of vaccine virus strains. Sole dependence on 

the reference laboratories not present within a country as seen in most countries in South Asia 

that had experienced AIVs infection, caused undue delays in the diagnosis of AI outbreaks and 

hampered the implementation of various control measures  (Hien et al., 2004).  

 In humans HI test has been used to measure the antibodies to AI type H7N7. During the 

epizootic of HPAI subtype H7N7 in Netherlands during 2003, the infection was confirmed in 89 

patients by a culture method and RT-PCR. The HI test was modified by taking 2 hem-

agglutinating units and horse erythrocytes for assessing the extent of subclinical infection in 

humans. The HI test was validated using serum samples of type A H7 (IV) infected 34 persons 

which were confirmed positive by culture and RT-PCR. In addition, serum samples of human 

vaccinates (n=100) of IV vaccine trials conducted during the year 2002 were also collected. The 

experimental results indicated 100 % test specificity with 85% sensitivity (taking a cut-off titer 

of ≥10). By this cut-off titer value the detection of 49% of subtype H7 antibodies was made in  

508 persons having exposure to poultry and in 64% of the persons (n=63) having exposure to 

persons infected with subtype H7.  The high specificity and sensitivity of HI test using horse 

erythrocytes was confirmed by the experimental data  (Adam et al., 2006).  
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Da Peng et al. (2007) worked on the development of a new gold-immuno-

chromatographic assay and compared its efficacy with the HI and agar gel immunodiffusion 

(AGID) assays for detecting antibodies against AIVs. They used a test strip kit (gold-immuno-

chromatograph) for detecting antibodies, immunoglobulin G (IgG), developed against AIVs 

(nucleocapsid protein). In comparison to AGID and HI for detection of specific antibodies, the 

newtest strip method was advantageous; as it had a higher degree of sensitivity and   specificity. 

In addition it had lower cost and was convenient to use and provided results in a short time.  

Hao-tai et al. (2008) developed a  reverse transcription loop-mediated isothermal 

amplification (RT-LAMP method for detecting H9 AIV rapidly. The method is unique in 

amplifying genes, for the diagnosis of subtype H9 virus, and can be completed in about 45 

minutes at 63 °C. The method was established as a rapid laboratory tool having sensitivity with 

reduced time. The findings obtained by the use of the reference strains indicated that the 

developed technique was ten times more sensitive than RT-PCR. The test gave a detection limit 

of 10 copies / reaction. Moreover, the test had an advantage of no cross-reactivity with the 

samples of AIVs subtypes H3N2, H5N1 and also with Newcastle disease virus. They tested 112 

clinical samples using virus isolation method, RT-PCR and RT-LAMP. All the samples (n=85) 

were detected positive by employing RT-LAMP which were positive for virus isolation 

procedures.  .  Development of a real-time TaqMan RT-PCR assay for the identification of IV 

subtype H9N2 AIVs was undertaken in Israel by Ben Shabat et al., 2010). The assay was used to 

detect various subtypes of IVs and hence its validation was done. The technique was also used 

for other commonly occurring pathogens of avian origin and it was found to be specific for the 

detection of H9N2. The technique was also compared to the commonly used diagnostic 

procedure of RT-PCR. The sensitivity of  Real- time RT-PCR was determined to be of greater 
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order than RT-PCR (1.5 to 2.5 orders of magnitude) while using direct tracheal swab samples 

and was found to be 2–3 orders of magnitude higher  by using allantoic fluid (AF) after 

harvesting it from the embryonated eggs. Quantification of sensitivity was done by employing 

10-fold dilution method of the amplified fragment of H9 gene. Clinical samples including 

cloacal, tracheal and AF were employed for detection of IVs tested by both the methods. The 

sensitivity of real-time RT-PCR was determined to be 10 fold higher than the conventional RT-

PCR (Ben Shabat et al., 2010). John et al. (2010) evaluated a portable Real Time Reverse 

Transcription Polymerase Chain Reaction (rRT-PCR) system with freeze-dried reagents. They 

determined the performance of a portable type real-time, rRT-PCR unit developed by RAPID®, 

Idaho Technologies, Salt Lake City, UT. The test used lyophilized reagents (Influenza A Target 

1 Taqman; ASAY-ASY-0109, Idaho Technologies). They conducted its comparison to virus 

isolation and conventional RT-PCR. They collected field samples and also made experimental 

samples for their study. The field samples were taken from shorebirds captured in the northern 

part of California. They prepared experimental samples by mixing H6N2 AIV with fecal 

material. The findings showed the similar specificity of rRT-PCR unit to conventional virus 

isolation procedures giving no false positives. However, with low titers of virus the sensitivity 

was reduced.  Evaluation of the results of commercially available real-time RT-PCR kits 

designed for the detection of IVs type A in porcine samples was done by Françoise et al. (2011). 

In their study they tested 05 commercially available real-time RT-PCR assays designed by LSI 

and Adiagène manufacturers. The tests were evaluated firstly for their rapid detection of IVs type 

A (pH1N1/09) in the samples from pigs and secondly for the identification of the same 

pH1N1/09 virus in that species. Two kits were manufactured for the detection of M gene of IV 

type A, two others worked by amplifying the H1 gene of pH1N1/09 virus and one kit was 
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designed for the detection of N1 gene of pH1N1/09 virus. All the five kits were based on rapid 

one step duplex RT-PCR and were ready to use containing an internal +ive control (IPC), 

specific for processing of samples from porcine, for assessing the efficiency of RNA extraction 

and the presence of PCR inhibitors. These ready to use kits were found to be successful and are 

in use by veterinary laboratories as a powerful tool to aid in the making diagnosis and effective 

epidemiological surveillance programs of IV infections in pigs (Françoise et al., 2011). 

 Work on HI assay for detection of specific antibodies against AIVs by modifying it with 

by the use of erythrocytes from horse was undertaken by Na Jia et al. (2008). They observed an 

appreciable increase in the sensitivity of the technique for detection of avian influenza specific 

antibodies. The use of erythrocytes obtained from chicken show less sensitivity for the detection 

of specific antibodies developed against AIVs. It was documented previously that use of horse 

erythrocytes increases the sensitivity of  HI assay. 

 Development of subtype H7 antigen-capture ELISA procedure for AIVs detection from 

the chickens infected experimentally attempted by Sumathy et al. (2008). They employed 

A/chicken/Singapore/94 AIV virus strain of H7N1 by developing a panel of mAbs against the 

surface antigen of the viral strain. They used three techniques (ELISA, immune blotting and 

immunoflouorescence assays) for screening of mAbs. They used mAbs of 5E5 and 8F10 which 

were the isotypes of IgM and IgG (being conformation or linear epitope-specific, respectively). 

The mAbs were used for developing AC-ELISA for capturing of antibodies. The viral particles 

gained from supernatants of tissue culture gave a detection limit of a low value of 102–103 

TCID50 units of virus. The detection of live virus was made 3-7 days after introduction of 

infection from the tracheal swabs employing AC-ELISA. The confirmation of the findings was 

made using RT-PCR. Some AIV types (H4N1, H5N3, H9N2 and H10N5) which gave positive 
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results with RT-PCR did not show reaction by C-ELISA. This gave an idea of the specificity of 

AC-ELISA for detection of H7N1 strains of AIVs (Sumathy et al., 2008). Yixin et al. (2008) 

worked on the evaluation of efficacy of a rapid diagnostic technique of H5 Dot ELISA, used for 

the identification of AIV subtype H5N1. They used H5N1 strains (n=30) belonging to different 

major groups of H5N1 (n=10) on genetic basis, different strains of non-H5N1 IV (n=14) and the 

field samples (n=652) taken from diseased and healthy birds from live bird markets and poultry 

farms.  The test gave a detection limit of ≤0.1 HA units for all the tested strains (n=30) of 

subtype H5N1 IV. Even a 100 HA units of viruses gave a negative result other than H5N1 

viruses. A total of 87 samples gave a positive result out of 106 samples (having the isolation of 

H5N1 IV). A total of 3 virus culture negative samples gave a positive result out of 546 culture 

negative samples. In comparison to virus culture, the test exhibited an overall prediction rate of 

96.6%. The positive prediction rate was calculated at 96.7% and 96.6%. The false negative and 

false positive rates were 17.9% and 0.5% respectively.  

 A competitive ELISA using monoclonal antibodies targeted to detect the specific 

antibodies developed against neuraminidase types 1, 2 and 3 (N1, N2 and N3) in the avian serum 

samples was reported by Ana et al. (2009). They collected serum samples (n=1450) from various 

avian species including negative (n=854), positive to N1 (n=185), positive to N2 (n=136), 

positive to N3 (n=219) and positive to other N subtypes (n=56). They analyzed these serum 

samples in a parallel fashion by using these three types of ELISAs. . Moreover, they used few 

serum samples for determination of correlation between the neuraminidase inhibition test and the 

newly developed ELISAs. The three types of ELISAs gave excellent results regarding their 

diagnostic efficiency by proving their very high values of sensitivity and specificity (from 97.6-

100% and from 99.4 to 99.8% respectively) in all the three employed assays. The high potential 
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of these diagnostic techniques for distinguishing between the antibodies developed against 

similar or different N subtypes is the validation of the employed test for its use in “DIVA” assays 

used to differentiate between infected and vaccinated birds (Ana et al., 2009). An epitope-

blocking b-ELISA for the determination of antibodies produced against IV type A virus in wild 

and domestic birds and also in different mammalian species was evaluated by Heather et al. 

(2009).  The previous procedures of b-ELISA used are difficult to perform as for their 

requirement of production of reagents, need of manipulation by the user of this technique and 

also the unavailability of data regarding its use in birds and mammals. The current procedure is 

easy as it needs commercial recombinant nucleoprotein as antigen and the specific commercially 

available monoclonal antibodies against this nucleoprotein. This technique can be used in many 

mammalian and avian species with comparable sensitivity. Efficacy of the b-ELISA for 

screening of serum was determined and it was compared to the agar gel immuno-diffusion 

(AGID) assay using serum samples (n=251) taken from infected raccoons (Procyon lotor) and 

mallards (Anas platyrhynchos) following their experimental infection. The concordance 

percentage found between the AGID test and b-ELISA was of 71.2% (95% CI = 63.5, 78.9) for 

mallards and 94.1% (95% CI = 89.9, 98.3) for raccoons. The overall percentage was 82.8% (95% 

CI = 78.2, 87.3). The sensitivity of b- ELISA was higher than the AGID test as it detected the 

specific antibodies in the serum samples of experimentally infected IV type A virus earlier and 

also in the higher serially diluted samples. The comparison of the efficacy of the b-ELISA for 

monitoring the birds having natural exposure to influenza A virus was also compared to the 

AGID test. After analysing serum samples (n= 745) from equal number of mammalian and avian 

species (n=6), it was concluded that the b-ELISA is a reliable and rapid technique in surveillance 

programs of IVs in different animal populations (Heather et al., 2009). 
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Validation of different diagnostic tests for the detection of AI in vaccinates employing 

Bayesian analysis was reported by Jeanet et al. (2010). They investigated the working characters 

of serological techniques of immunofluorescent antibody test (iIFAT), neuraminidase inhibition 

(NI) assay and NS1 ELISA. All these tests can differentiate vaccinated animals from the infected 

ones. The data obtained for H7N7 infection was analyzed using Bayesian method of inference 

which helps in determining that the infected birds do not always develop antibodies following an 

infection. The findings indicate that the NI and iIFAT assays for the detection of N7 are highly 

sensitive techniques to detect antibodies of 0.95 (95% CI: 0.89–0.98) and 0.93 (95% CI: 0.78–

0.99), but have a reduced sensitivity for the detection of infection: 0.64 (95% CI: 0.52–0.75) and 

0.63 (95% CI: 0.49– 0.75). Among the various techniques the NS1 ELISA has a low sensitivity 

for the detection of both antibodies 0.55 (95% CI: 0.34–0.74) and infection 0.42 (95% CI: 0.28–

0.56). The specificities of the N7 iIFAT and the NI assays are estimated at 0.92 (95% CI: 0.87–

0.95) and 0.91 (95% CI: 0.85–0.95), and 0.82 (95% CI: 0.74–0.87) for the NS1 ELISA. Further, 

the analyses suggested an association of duration of excretion of virus by infected birds and the 

probable time to develop antibodies (Jeanet et al., 2010).  

An egg yolk antibody based C-ELISA used for AIV surveillance in breeder ducks has 

been validated. The duck serum samples and eggs were collected weekly after active 

immunization of two types of AIVs immunization by using H5N3 and H9N2 viruses. The 

measurement of antibody titers was made by using  the AGID test, HI test and the competitive 

ELISA. The AGID test failed in the detection of antibodies in egg yolk. A perfect correlation in 

C-ELISA and HI test findings was observed in sera samples from the experimental groups. The 

sensitivity and specificity of C-ELISA was found to be equal to the HI test, and its use for pre-

screening purposes in the effective detection of AIV type A antibody, was significant.  
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Regression analysis was used to compare the antibody titers of serum and egg yolk samples. A 

high correlation between egg yolk and serum antibody titers (r = 0.8762 for H5N3 group and 

0.8914 for H9N2 group in HI test; r = 1 for H5N3 group and 0.9686 for H9N2 group in ELISA 

test) was observed. The yolk antibodies were detected later and at a lower level compared to the 

antibodies from serum samples. The same tests were used in field for detection of antibodies in 

duck flocks (n=54); the results obtained for  the serum and egg yolk samples were in agreement 

to the experimental results in detecting titers of  AIV antibodies (Ok-Mi et al., 2010).  

 Monitoring of HPAIV infection in chicken immunized by the antibodies against NS1 

(non- structural protein 1) was studied by Natsumi et al. (2011). They developed an ELISA using 

this NS1 protein of AIV as immunogen (NS1-ELISA) for the measurement of anti-NS1 

antibodies raised in AIV infected chickens not in vaccinates. This study revealed that the test 

(NS1-ELISA) could be used to identify HPAI virus infection in both the vaccinated and 

unvaccinated chickens 01 week post infection. The test was rapid as compared to the other time 

consuming tests such as isolation of influenza virus (Natsumi et al., 2011).  

Epidemiology of Avian Influenza  

 Molecular epidemiology of the various viral infections has been reviewed. It has been 

observed that the viruses evolve much faster than the other cellular organisms. The nucleic acid 

sequencing and bio- computing allow for differentiating the related virus isolates. Data bases of 

nucleotide sequences may contain many viral sequences with which novel sequences from the 

local isolates can be compared (Hungnes et al., 2000).  

It was reported that the pigs are vulnerable to the human and avian influenza virus 

infection and in view of this fact the pigs are considered to act as an intermediate host in the 
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emergence of pandemic IV strains by the process of gene re-assortment. The virus surveillance 

conducted from March 1998 to June 2000 in the areas of Hong Kong on the imported pigs 

(South Eastern China), suggested the initial proof of  interspecies transmission of AI subtype 

H9N2 virus to pigs and its co-circulation in human IV subtype H3N2 (A/Sydney/5/97-like, 

Sydney97- like) virus. The findings further revealed that all the genomic segments of the swine 

subtype H9N2 IVs are related to the viruses which were similar to AIV subtype H9N2 

(chicken/Beijing/1/94 and duck/Hong Kong/Y280/97) (Peiris et al. , 2001)   

 Chickens in Italy were infected with multiple H3N2 influenza virus strains. Their 

infection caused respiratory signs and these strains were able to proliferate in the respiratory tract 

of chicken upon experimental infection. The H3N2 influenza virus which infected pigs on nearby 

farms was considered to be a viral source. On conducting the analysis at molecular and antigenic 

basis of the isolate it was indicated that the viral genomic segments isolated from chickens were 

originating basically from Eurasian areas which were distinct from the pig and wild aquatic bird 

isolates in Italy. Up till now there are no reports of transmission of IVs (except subtypes H5 and 

H7) from their natural reservoir of aquatic birds to chickens. The transmission reports of 

subtypes H5N1 and H9N2 IVs to chickens in Hong Kong and later to humans. The transmission 

IVs subtype H3N2 to domestic poultry in Italy suggests a vital role of chicken (intermediate 

host) in the ecology of Influenza viruses Campitelli et al., 2002). 

Marozin et al. (2002) reported the co-evolution of H1N1, H1N2 and H3N2 of IV’s type 

A in pigs in the areas of Europe. They found a close resemblance of H1N2 pig isolates of 1997 

from Italy and France to 1994 UK H1N2 isolates. In fact, the homology of the neuraminidases 

(NAs) of the recent isolates of IVs to the NA of previous H3N2 isolate of a UK swine virus 

isolate revealed that they did not acquire the NA from European H3N2 swine virus that had 
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circulated in Europe. Further, the genetic and antigenic differences discovered in the IVs type 

H1N2 looked to be because of the viruses introduced from UK. The comparison of the internal 

sequences of genes of these viruses suggested a gene exchange that took place between the 

H1N2 IVs and the circulating H3N2 and/or H1N1 virus subtypes. Most of the genes of the 

earlier 1997-98 isolates of H1N2 had more homology to a contemporary H1N1 French influenza 

virus isolate. However the genes of the isolates of 1999–00, containing the HAs of some type 

H1N2 influenza viruses, had close homology to an antigenic variant H1N1 virus that appeared in 

France during the year 1999. On the other hand an H3N2 French isolate of the year 1999 had 

close genetic homology to contemporary A/Sydney/5/97-like human influenza viruses. They 

further reported that the studies revealed quite interesting facts of antigenic and genetic drifts 

H1N1 virus isolates from the human and pig populations, and provided further proof of diversity 

as a result of re-assortment on genetic and antigenic levels and also the importance internal gene 

complement in bringing the evolution in epidemic H1N1 virus strains.  

An LPAI H7N2 outbreak in Pennsylvania during 1996 to 1998 was reported by Henzler 

et al. (2003). This strain infected 2,623,116 commercial birds on 25 farms, housing 47 flocks. 

Twenty-one of the twenty-five infected premises had housed egg-laying chickens and one 

premise each had turkeys, layer pullets, quails, and mixed backyard poultry. Despite the close 

proximity of the infected farms to the commercial broiler flocks, no infection in broilers was 

recorded. However, when the marketable female broiler chickens were placed on an AIV-

infected premise they sero-converted and exhibited pathology in their oviducts. This AI outbreak 

was considered to originate from the two separate introductions into the commercial layer flocks 

from the premises through the workers managing sale of live poultry in New York and New 

Jersey states. Mixed fowl population sold at those markets included ducks, geese, guinea fowls, 
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quails, chukar, partridges and the chickens grown on hundreds of small size poultry farms. 

Infection of birds with the H7N2 AI virus was associated with signs of variable morbidity and 

drop in egg production from 1.6% to 29.1% in the layer flocks. The mortality in the infected 

flock was higher than the mortality in uninfected flock (Henzler et al., 2003).  

  The IV type H9N2 infects chickens in Europe and Asia, and there are also many reports 

of other IVs (H3N2, H6N1, and H6N2) infection in birds in North America and Asian Countries. 

Monitoring of live poultry markets in Nanchang, South Central China, lead to IVs isolation from 

the samples of fecal material of even apparently healthy poultry flocks (about 1%). The virus 

isolation rates from chicken were 1.3%; from ducks 1.2 %; from quails 0.8 %; and from pigeons 

were 0.5%. Combined virus isolations of types like H2N9, H3N6, H4N6 and H9N2 were 

possible from the majority of the fecal samples. Moreover, there were also sole isolations of 

H1N1, H3N2, and H3N3 viruses. In quails, these viruses are excreted through aerosol route, 

which raised the probability of quail for its acting as the “route changer/modulator” that can alter 

the route of IV transmission from fecal-oral to aerosol spread (Lin et. al, 2003).  

 AI has been present in endemic form in North America in wild birds, and the AI virus is 

transmissible from the wild birds which act as its reservoir, to poultry. Once this virus infects the 

poultry it continues to survive in the form of an endemic infection in poultry population. In the 

US, in past 5 years, different IV types have been isolated from poultry. Mostly the AIV 

isolations were reported from the live-bird markets (LBMs) located in the Northeast. The various 

virus types isolated were H5N2, H7N2, and H7N3 and also some other IV subtypes. Mostly the 

isolated H7N2 IVs belonged to a single gene lineage firstly noted during 1994. In a study new 

subtypes of IVs (H7N2 and H7N3) were also isolated. The most prominent gene lineage detected 

from LBM was H7N2. The large scale viral spread was noted three times from 1997 to 2002. 
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The largest IV outbreak was recorded in Virginia. The IV subtype H5N2 isolated from LBMs of 

the area concerned was isolated from ducks, game- birds, and the samples collected from 

environment. The gene sequences of some H5N2 isolates recovered in different periods and from 

the different areas had greater homology (Suarez et al. 2003).  

Campitelli et al. (2004) reported that ever since the reports of "bird flu" in 1997 in Hong 

Kong, many research investigations have highlighted the part played by chickens and turkeys in 

the ecology of IVs. Some of those reports indicated that the chicken might be infected and they 

maintain several AIV serotypes. The AIVs circulating in various host populations are suggested 

to have been introduced from the wild birds. Further, for the time being the exact precursor of 

IVs in the domestic birds is still not known. Those research workers reported the characters of 

surface proteins of H7N3 antigenically and genetically that was isolated in 2001 from the wild 

ducks of Italy and compared it to H7N3 virus isolates that were detected in the turkey 

populations of Italy during 2002-03. The domestic and wild viral isolates had greater homology 

both on the basis of phenotype and genetics (Campitelli et al., 2004). Sturm-Ramirez et al. 

(2004) observed that the water-fowl were the natural reservoir for the influenza A virus types, 

which generally were non-pathogenic for aquatic wild birds. In Hong Kong during 2002, high 

mortality was observed due to infection of HPAI H5N1 virus in the ducks, wild migratory birds 

and resident water fowls. In two human patients in February 2003, a highly pathogenic H5N1 

virus of avian origin having homology to previous isolates was detected.  The analysis conducted 

on antigenic basis of these new AIV isolates revealed their pattern of reactivity was different 

from the 1997 and 2001 H5N1 virus isolates indicating significant antigenic variation amongst 

the H5N1 viruses. Sturm-Ramirez et al (2004)  inoculated mallards with the antigenic variants of 

H5N1 AIVs that were the isolates collected from 1997 to 2003. A systematic infection was 
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observed by inoculation of 2002 AIV isolates in the ducks; greater titers of virus and multi-organ 

lesions, particularly in the brain. Feral aquatic birds generally do not suffer from infection with 

IVs. However, the HPAI viruses cause very high mortality in domestic poultry. The domestic 

poultry may be considered as an intermediate host between feral aquatic birds and humans. 

Domestic ducks are infected with IVs but do not show any clinical signs, despite the fact that 

these birds shed H5N1 virus in large quantity for a longer period of time following the infection 

(Li et al., 2004). Suarez (2005)   revieweded the AI history, particularly the epidemics which 

started in 1997 in Hong Kong and from the diseased hosts an isolate; Orthomyxovirus subtype 

H5N1, virus crossed the inter- species barriers.  

 Epidemiology of H5N1 virus study records indicated evolution of H5N1 due to changes 

in its antigenicity that were due to mutations in internal genes, extension of host range, increased 

virulence for the laboratory animals and relatively greater environmental stability. The extension 

of host range resulted in infection to the migratory birds leading to its rapid spread to avian in 

Central Asian Countries, European Continent, Indian and African territories where this virus was 

regarded as  a definite cause of illness in  avian (Moellering, 2006). Emergence of new infections 

of IVs in the humans has been documented.  It was reported that AIVs continue to cause 

epidemics on a yearly basis and also cause occasionally the human pandemics. A comprehensive 

preparedness program has been initiated in different countries of the world in recent years as a 

result of the possible threats of an influenza pandemic which may arise from the highly 

pathogenic AIV H5N1 (Julian et al., 2010).  

Folorunso et al. (2011) analyzed various risk factors associated with HPAI virus subtype 

H5N1 infection at the poultry farms that were monitored during the 2006–07 AI epidemic in 

Nigeria.  They collected the required epidemiological data using a questionnaire method. The 
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data was collected from 32 disease affected   and 83 uninfected poultry farms and evaluated 

through comparison. The frequency of exposure factors between diseased case farms and healthy 

control farms by employing regression analysis (conditional logistic) was investigated. In the 

analysis involving multivariable, the variables for (i) visitors received on farm premises (odds 

ratio [OR] = 8.32; 95% confidence interval [CI] = 1.87, 36.97; P < 0.01), (ii) the market 

purchased live poultry or their 7products (OR = 11.91; 95% CI = 3.11–45.59; P < 0.01), and (iii) 

the poultry farm workers living outside the farm premises (OR = 8.98; 95% CI = 1.97, 40.77; P < 

0.01) were taken as risk factors for HPAI occurrence at the poultry farms at risk. The improved 

hygiene and bio-security measures at farm level helped in reducing the risk of H5N1 virus 

caused communicable disease in the farm workers.  

Zoonotic importance of AIVs  

 In Hong Kong in 1997, 18 cases of human bird flu due to H5N1 AIV of chicken origin 

were reported by Lin et al. (2000), The infection caused death of six persons which indicated the 

potential of his virus to cause AI outbreaks in humans and poultry. The mass slaughtering of 

poultry in the LBMs led to the control of infection. In March 1999, another pandemic threat was 

observed when an H9N2 virus type infected two girls (age; 13 months; 4 years) in Hong Kong. 

The two  isolates were  quite homologous to the H9N2 virus  isolated in Hong Kong during 1997 

from a quail. Although these isolates differed in the configuration of the surface HA and NA 

proteins, a noticeable character of these isolates of H9N2 viruses were the homology seen at the 

six internal gene encoding components of the viruses to the 1997 H5N1 viruses isolated from 

birds and humans. The comparative  sequence analysis of the nucleotides of the eight encoding 

genes of the two isolates of human origin (99-100% homology) (H9N2) with different bird 

isolates (H9N2) during 1997 revealed a remarkable homology of 99% between the quail 
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(Qa/HK/G1/97) and human genome of isolates (Lin et al., 2000).  In Hong Kong, a 3-year old 

boy  reportedly died due to AIV infection. The patient’s respiratory aspirate indicated the 

presence of H5N1 subtype (A/Hong Kong/ 156/97) virus. Inoculation of this isolate into 19 (03 

week old) white Plymouth Rock and White Leg Horn chicken caused mortality. In addition to 

the above referred case, 12 more H5N1 human influenza cases, 3 of which were fatal, were also 

identified in Hong Kong. All the isolates from the above human cases were closely homologous 

to each other (Sims, 2000).  

  Hatta and Kawaoka (2002) reported the direct transfer of an HPAI H5N1 virus in Hong 

Kong from the commercial live poultry to human beings. They reported that of the total 18 

persons having infection 6 died due to infection with H5N1 virus. They studied the molecular 

basis for this high virulence in mice. They observed a change in amino acid sequence in its PB2 

protein. For elimination of the sources of infection and to check the virus spread, all the birds in  

live bird markets (LBMs) were culled. During the year 1999 in Hong Kong, an AIV H9N2 

infected two children. In 2000–02, H5N1 AIV’s re-infected poultry of Hong Kong. The 

continuous prevalence of HPAI H5N1 and other influenza viruses in Hong Kong could trigger 

the possible human outbreaks due to various influenza viruses in future, which might spread to 

other countries. The H5N1 AI outbreak in Hong Kong indicates that AIV’s may be directly 

transferred from avian to human beings without involving any intermediate host like pigs, 

despite the fact that the pigs have their supposed role of acting as a mixing vessel for genetic re-

assortment of Influenza viruses. The role of other animal species might  be also important in 

transmitting various subtypes of influenza viruses in human beings. Three influenza viruses 

(H5N1 goose origin virus, H6N1 duck related virus H9N2 quail origin virus)  have re-assorted to 
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give rise to the H5N1 virus that was responsible for influenza outbreak  in 1997 in poultry and 

humans (Hatta and Kawaoka, 2002).  

 Kaye and Pringle (2005) reported that the outbreaks due to AIV in domestic poultry in 

East-Asian countries reinforced the concerns that the AIVs possess the potential of crossing 

species barriers and could cause infection in the humans; thereby it may lead to a new AI 

pandemic. The exposed swine or humans harboring AIVs in their body in addition to their own 

type IVs could lead to generation of new influenza virus types that might have greater pandemic 

potential as a result of re-assortment of their genomic subunits from the mammalian and avian 

origin viruses.  

The H5N1 AIV outbreak in domestic poultry, migratory waterfowl and humans in 

various Asian countries in 2005 pose a continued influenza threat in the form of a pandemic. 

Acquiring of new characteristics such as lethality to water-fowl, ferrets, felids, and humans is 

considered as indicative of expanded host range of H5N1 virus. The natural selection of non-

pathogenic viruses from heterogeneous subpopulations of viruses co-circulating in the ducks 

contributed to the transmission and spread of H5N1virus infection in various Asian countries. 

From domestic poultry transmission of HPAIV H5N1 to migratory waterfowl in the areas of 

western China resulted in its greater spread to various countries, (Webster et al., 2006).  

Zoonotic potential of HPAI, H7N3 influenza viruses isolated from Pakistan was studied 

by Uzma et al. (2009). They conducted phylogenetic studies and sequence analyses of IV 

subtype H7N3 isolates of Pakistan obtained during 1995-2002. They reported an increase in the 

pathogenicity of H5 and H7 AIVs after its interspecies transmission. The AIV’s are capable of 

their transmission from birds to humans directly include H5N1 in Africa, Europe and Asia, 
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H7N7 in Netherlands, and H7N3 in Canada. They conducted the comparison of the 

pathogenicity and probable zoonotic potential of the IVs from Pakistan in avian and mammalian 

species. The chicken isolates showed less potential of transmission and high pathogenic potential 

to the birds coming in contact. The infected bird’s cloaca and trachea showed an equivalent viral 

shedding, but the period of virus shedding from cloaca was for longer.  Moreover, the virus had 

more potential of disseminating into the various body tissues. However, the viruses showed poor 

replication potential in 6 week old mallard ducks. In mammals, the two Pakistani isolates of IVs 

subtype H7N3 caused potential weight loss with 40% mortality rate caused by one of the IV in 

mice without prior adaptation. The initial experimentation conducted in ferrets exhibited 

appreciable multiplication level of the virus in the intestines, lungs and conjunctiva. The H7N3 

AIVs isolated from different areas of Pakistan showed little antigenic drift and seemed to have 

evolved in about a period of eight years slowly while circulating in chickens. However, these 

AIVs possess the zoonotic potential and can infect the mammals.  

 In the past, the human pandemics due to influenza A viruses have periodically occurred.  

It is reported that the AIVs residing in their reservoir in aquatic birds are having low 

pathogenicity (LPAIVs). However, there are the studies suggesting that some of the AIVs have 

gained their high virulence by mutation after their transmission and adaptation in different 

susceptible species of poultry. These mutated HPAI viruses then become a cause of mass scale 

mortality in other susceptible birds leading to a vast economic loss to farmers. Although there are 

different subtypes of IVs which are sporadically infecting mammals, the HPAI H5N1 virus in 

Asian countries possesses a strong zoonotic potential as it has been transferred to different types 

of mammalian hosts from birds and also humans. The IVs causing pandemics might directly 

evolve from AIVs or they may develop as a result of genetic re-assortment taking place between 
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viruses of mammals and birds. Up-to-now the HPAI H5N1 virus has already met the two 

conditions necessary for becoming a pandemic virus: as a new subtype it has been up till now not 

seen in humans and even then it has become a cause of infection in about 438 people causing in 

them a severe disease with a high rate of lethality in about 262 humans in the year 2009. 

Acquiring the ability of human-to-human transmission would make it a new pandemic virus. The 

efforts to fight against H5N1 are an important requirement to minimize the pandemic risks 

possible by this virus. Other sub types of different influenza viruses taken as possible pandemic 

candidates are the virus subtypes H2, H7, and H9, as all those subtypes caused human infections 

(Uzma et al., 2009) ;Donata et al., 2010).                                   

 Zoonosis of influenza due to H5N1 virus (avian origin) and H1N1 virus (swine origin) 

has been reviewed and a label-free arrayed sensing system to detect immunogenic response 

developed against IV antigens has been developed.  The emergence of pandemic H5N1 strain 

has been estimated of having a greater zoonotic potential to a pandemic in humans. The 

emergence of swine origin H1N1 IV variant is also a source of potential threat to humanity. In 

order to facilitate the influenza surveillance programs and for the quick comparison and 

judgment of vaccination programs, an assay was greatly needed in supplementing the previous 

standard procedures available, requiring high leveled bio-safety facilities (Charles et al., 2011). 
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CHAPTER 3 

MATERIALS AND METHODS 

Experiment 1 

Isolation and identification of AIV types infecting domestic chicken and the wild birds 

Determination of H7N3 and H9N2 virus types maternal HI antibodies in one day old 

commercial broiler, layer, golden desi and quails chicks 

A total of 100, day old chicks; 25 from each type of commercially available broiler, layer, 

golden desi and quail chicks were purchased from local market. The blood from their jugular 

vein was collected for the detection of maternal antibodies against H7N3 and H9N2 AIVs. The 

blood samples were processed for the separation of serum. The antibody titer was determined 

using HI test according to the protocol described by Allan and Gough, (1974). Briefly, the 

following procedure was employed for testing the presence of HI antibody in the serum using 

96-well micro-titer polysterine plates. 

1. Fifty (microliters) ul of normal saline was added to all the micro wells. 

2.  Fifty ul of the test serum sample was added to the first well, and its serial two fold   

dilutions were made, using a multi-channel pipette, from the micro to well 1 to10.  

3. Fifty ul of 4 HA units of AIV antigen was added to each well of the micro-plate up to 

well 11 (well 12 served as RBC control).  

          4. The micro plates were incubated at a temperature of 22-25 in a room. 
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         5. After 30 minutes of incubation, 50 ul of CRBC’s (0.5%) suspension was added to all 

the wells of the micro-plate. 

6. The plates were agitated backward and forward and from side to side so as to ensure 

even distribution of RBCs in the suspension. 

7. The plates were incubated at room temperature until a clean pattern of HA (Lattice 

Formation) or HI (Button Formation) was seen in wells 11 and 12, respectively. 

8. The maximum dilution of a serum sample causing inhibition of HA was considered as 

HI titer. The HI titer was expressed as reciprocal of the highest dilution of serum 

inhibiting haemagglutination. 

Isolation and identification of AIVs 

Collection of morbid tissue samples 

Various types of morbid tissue samples such as trachea, lungs, spleen, liver, intestines, 

cloacal swabs etc. were collected in the sterile Petri-dishes from the clinically sick, moribund and 

apparently healthy birds; labeled properly and transported to the Microbiology Laboratory, 

University of Veterinary and Animal Sciences, Lahore using an ice-packed cooler. 

Processing of samples for virus isolation 

All the collected tissue samples were ground in a sterile tissue grinder so as to obtain a 20 

percent tissue homogenate in the sterile cold normal saline. The tissue homogenate was 

centrifuged at 500 x g for 30 minutes to remove dead tissue debris and contaminating organic 
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material. The supernatant was decanted and aliquoted in 1 ml quantity and stored in a freezer at –

40 0C till its further use. 

In-ovo inoculation 

A total 200 fertile broiler breeder hen eggs were purchased from M/S Olympia Chicks 

Hatchery, Lahore-Sheikhupura Road and incubated at 99.5 o F with 85% relative humidity. To  

prepare the virus inoculum, the  virus suspension stored at -20o C was thawed at room 

temperature (20-25o C) and to this suspension antibiotics like penicillin 10,000 I.U. /ml, 

gentamycin 1mg/ml, streptomycin 10,000 ug/ml and amphotericin-B 0.02mg/ml were added and 

allowed to react with virus suspension for 3 hrs. Prior to  inoculating the morbid viral material to 

9-11 day-old embryos the egg shells were swabbed with 70% alcohol, and each embryo was 

injected with 0.1 ml of the antibiotic mixed inoculum via the allantoic sac route (Senne, 1986).  

The inoculated embryos were candled every 12th  hour and those dying after 24 hour and 

surviving up to 48 hrs post inoculation were chilled at 4oC for an overnight, in a refrigerator. The 

chilled embryos were opened under controlled air flow in a laminar flow safety cabinet. Each of 

the embryos was examined for presence of any pathological abnormality which was recorded. 

The allantoic fluid (AF) was collected and instantly tested for the haemagglutination activity 

using 5 % chicken red blood cells (RBC). 

Testing of Allantoic Fluid for HA activity 

The HA activity of the isolate in AF was examined using the procedure described by 

Allan and Gough (1974). Briefly, using a known HA positive virus strain and the test virus 

isolate separate serial two fold dilutions of the virus in AF were treated with 0.5% chicken red 
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blood cells suspension in ‘’U’’ bottom-well micro-titer plates. The highest dilution of the 

suspension indicating haem-agglutination (even distribution cells in suspension) was considered 

as titer of the virus. 

This isolate was further passaged in the embryonated chicken eggs for six successive 

times (Smiley and Jackwood, 2001). The AF harvested during the serial passages exhibiting HA 

activity was pooled, given an identity number and preserved by freeze drying in universal bottles 

for further use in the laboratory analysis.  

Characterization of isolates 

All the isolates were characterized using the HI test (Allan and Gough, 1974) applying 

mono-specific antisera obtained from Microbiology Department UVAS, Lahore against known 

haem-agglutinating avian viruses such as ND, AIV and IBV. 

Typing of the isolates 

The harvested AF, as source of AIV, showing HA activity up to 8th well (titer= 1:256) 

was pooled.  Four HA units of the virus were used in the HI testing. The HI test was performed 

according to the procedure described by Allan and Gough (1974).  

Isolation of AIV (H5N1) from broiler, broiler breeder, goose, and layer flocks 

A total of eight flocks (including broiler breeder, goose, broiler and layer flocks) showing 

the respiratory illness and mortality ranging from 26-73% were sampled for isolation of H5N1 

AIV. The flocks were designated as A, B, C, D, E, F, G and H; these flocks had a population of 

18000, 5500, 6300, 9000, 200, 5000, 10000 and 14000 birds, respectively. All the flocks were 

found positive for H5N1 except flock G that consisted of layer birds. 
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The isolates were obtained by inoculating the morbid tissue homogenate in 9-11 day old 

chicken embryos, following 72 hrs incubation period of inoculated and un-inoculated eggs and 

testing the AF for hem-agglutination activity with the chicken RBCs. The exclusion studies for 

NDV/IBV/AIV (H7, H9) viruses were conducted using their known specific antisera and 

antigens and through commercial H5N1 diagnostic kits. 

Determination of sero-conversion in (H7N3 and H9N2 imported/local, bivalent vaccines) 

vaccinated broiler breeder flocks 

               A total of six broiler breeders flocks A, B, C, D, E and F housed in district 

Sheikhupura, were monitored for sero-conversion after vaccination with imported and locally 

prepared bivalent H7N3 and H9N2 vaccines. A total of 16 samples were collected from each 

flock 21 days post vaccination. The birds in Flock A were vaccinated once at the age of 02 week, 

those in flock B the age of 03 week, in flock C were vaccinated twice at the age of 02 and 05 

week, those in flock D were vaccinated twice at the age of 02 and 06 week, in flock E were 

vaccinated twice at the age of 02 and 07 week and in flock F were vaccinated twice at the age of 

03 and 08 week. 

      Serum samples from each flock were collected and heat inactivated at 56oC for 15 minutes 

and examined using HA/HI tests as per procedure described by Allan and Gough (1974). 

Titrations for all test samples were conducted at room temperature (25oC) using the same 

negative and positive serum and antigen controls.    
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                              Experiment 2 

Development of AIV inactivated vaccine and comparison of its efficacy with the AIV locally 

manufactured and imported vaccines 

 This experiment was conducted to prepare an inactivated vaccine using  local AI virus 

isolates and to compare its immunologic potential with the other AIV locally manufactured and 

imported vaccines. 

Characteristics of the seed virus 

The H7N3 and H9N2 AIV isolates were used for preparation of vaccines. 

Isolates from sick birds later confirmed as AIVs H7N3 and H9N2 types were checked for its 

purification and for absence of any bacterial contamination, before its inoculation to chicken 

embryos for preparing larger quantity of virus in AF. 

Method of vaccine preparation 

The AI virus in collected AF was diluted in sterile isotonic buffer (PBS at pH 7.2), so as 

to obtain its 103–104 dilution. A 0.1 ml quantity of dilution was inoculated in to the allantoic-

cavity of 9-11 day-old embryonated eggs which were incubated at 37°C with 85% relative 

humidity. On candling, the inoculated eggs indicating dead embryos within 12 hours post 

incubation were discarded and those surviving there-after up to 72 hrs PI were chilled at 4°C for 

overnight before harvesting of AF. For harvesting, the blunt-wide end of the egg was disinfected 

using 70% alcohol, and the egg-shell was cut using sterile scissors. The AF was collected using 

sterile glass pipettes avoiding inclusion of any yolk or albumin in the harvest. The AF from 
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inoculated embryos indicating HA activity was pooled, clarified, tested for absence of bacterial 

contamination, and stored at 4oC.  

Calculation of Embryo Infective Dose50 (EID50) 

The EID-50 of the isolate was calculated using the formula described by Reed and Munch 

(1938). Briefly, sterile PBS (pH 7.2) was autoclaved at 121oC at 15 lbs pressure per square inch 

for 15 minutes. Antibiotics like Penicillin (10,000 I.U./ml), Gentamycin (1mg/ml), Streptomycin 

(10,000 ug/ml) and Amphotericin-B (0.02mg/ml ) were added and the PBS solution was stored at 

4 0C till used. A total of 11 test tubes were sterilized in hot air oven at 170 0C for ½ an hour and 

labeled as serial numbers 1 through 11. To each marked test tube 9 ml of sterile PBS was added. 

In the first test tube 1.00 ml of the virus suspension in AF was added and thoroughly mixed. One 

ml suspension-mixture from the first tube was transferred to 2nd tube. Serial  ten-fold dilutions 

from tube one to the tube number 10 were aseptically prepared so as to obtain the dilutions of 10-

1, 10-2, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 and 10-10, respectively.              

A total of 30, 11-day old vigorously motile chicken embryos were obtained and a 0.1 ml 

quantity from each dilution (10-5 to 10-9) and negative control, was inoculated in five, 11-day old 

developing chicken embryos. The inoculated embryos were incubated at 35 0C for 72 hours, and 

examined for any embryonic mortality every six hrs. At 72 hrs post-inoculation all the dead and 

surviving embryos were chilled at 4 0C overnight and AF was aseptically harvested and 

examined for instant HA activity. The AF of each dilution collection indicating HA activity were 

pooled and used for the EID50 determination as per procedure summarized in table-7. 
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                       Table-7. Determination of EID-50 of AI virus   

Proportional distance (PD) = infectivity above 50%-50/ infectivity above 50 %- infectivity below 

50% 

PD=86-50/86-29=0.6 

The EID50 index calculated using above formula is summarized as under: 

 Dilution resulting in rate of infection above 50% = 107.6 

Dilution of virus 

inoculums 

Number 

of eggs 

infected 

Number 

of eggs 

not 

infected 

 

Accumulated number of 

infected eggs 

 Percentage infected    

 

Infected 

 

 

Not 

infected 

 

Total 

 

10-6 

 

 

5 

 

 

0 

 

 

11 

 

0 

 

11 

 

11/11 = 100% 

 

10-7 

 

 

4 

 

 

1 

 

 

6 

 

1 

 

7 

 

6/7 = 86% 

 

10-8 

 

 

1 

 

 

4 

 

 

2 

 

5 

 

7 

 

2/7 = 29% 

 

10-9 

 

 

1 

 

 

4 

 

 

1 

 

9 

 

10 

 

1/10 = 10% 

 

10-10 

 

 

0 

 

 

5 

 

 

0 

 

14 

 

14 

 

0/14 = 0% 
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(This dilution is marked with *) 

This marked dilution of viral suspension has one EID50 viral unit in 0.1 ml. therefore 1 ml 

of the viral suspension will be having 10 times of the reciprocal of this calculated dilution. Hence 

the Embryo Infectivity Titer of the virus suspension was calculated as under: 

(EID50/ml) = 10 × 107.6 = 108.6 EID50/ml 

The oil-based vaccines were prepared using commercially available Montanide 50% 

(equal quantities of viral suspension and Montanide 50% were mixed thoroughly using electric 

churner in a sterilized closed container to get the homogenized vaccine preparations). 

Testing for the efficacy of inactivation Process 

The efficacy of inactivation process of AIVS was examined using the chicken embryos. 

A total of 10 aliquots of 0.2 ml volume from the each virus batch were collected and each aliquot 

was passaged (in-duplicate) through the 10-day-old developing chicken embryos. The vaccine 

was also inoculated on blood agar and nutrient broth for checking the bacterial contamination.   

Testing of AIV Vaccine for Safety 

Safety of newly prepared AIV-vaccine was evaluated by administering its recommended 

and higher doses to batches of ten 3-week old chickens. The vaccine-inoculated chicks were 

observed for two weeks for the presence of any clinical illness by keeping them in properly 

cleaned and disinfected environment and offering ad libitum feed and water.  . 

Evaluation of potency of AIV vaccine  

The potency of newly prepared AIV vaccine was evaluated by testing its ability of 

inducing sero-conversion in the inoculated chicks. The antibody production in the vaccine 
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inoculates was evaluated using HI and Agar gel precipitation (AGP) tests and ELISA. The 

vaccinated chickens were also challenged with the virulent AIV under strict bio-secure, 

disinfected and isolated environment to determine their potential to resist the live virus infection. 

Comparison of efficacy of existing and newly developed vaccines 

         Three types of AIV vaccines (locally manufactured n=2; imported n=1sample) and one 

sample of vaccine developed in the present study were used for evaluating their comparative 

efficacy of antibody production in chicks which were divided in various experimental groups.   

Experimental Chicks 

A total of 125 day-old broiler Hubbard X Hubbard chicks were purchased from M/S 

Golden Bird Breeding Farms and Hatchery, Sharjah Center, Shadman Market, Lahore. 

All the experimental chicks were transferred to a properly clean, thoroughly washed, 

disinfected and isolated Chicken Housing Facility, Department of Microbiology, University of 

Veterinary and Animal Sciences, Lahore. Those chicks were identified by applying various color 

marks as per following details: 

1-Group A= Red color 

2-Group B= Green color 

3-Group C= Blue color 

4-Group D= Black color  

5-Group E= No color marking  
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All the chicks were reared at 90 0F (in first week of age and then at the decreasing the 

environment temperature by 05 o F every week) on rice husk litter and offered feed and water ad 

libitum.. To avoid any bacterial problem and stress of transport and new environment, to the 

chicks in various groups antibiotic and vitamin mixture (Flumevet-C 20; Symostress) and 

glucose (05%) were offered via drinking water from day 01 to day 07 of their age. 

All the chicks were vaccinated against highly infectious prevalent diseases like 

Newcastle Disease (ND), Infectious Bronchitis (IB), Infectious Bursa Disease (IBD) and Hydro-

pericardium Syndrome (HPS) virus as per vaccination schedule mentioned in table 8. 

                             Table-8. Vaccination Schedule of Experimental Chicks 

 

Age(days) 

                  

                  Vaccination 

 

Route of Vaccination 

      

     01 

 

                      ND & IB 

 

     Eye Dropping 

 

     13 

 

                         IBD 

 

     Drinking Water 

 

     18 

 

                        HPS  

 

    Subcutaneous 

 

Avian Influenza Virus Vaccination 

At the age of one week each experimental chick was administered AIV vaccine as per 

following experimental design. 
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Group A 

 All the chicks in group A were inoculated with Flu-Vac H7 and Gallimune H9 (both the 

vaccines manufactured by Merial France) at a recommended 0.3 ml/ bird dosage level. 

Group B 

All the chicks in group B inoculated with one ml of Avi-flu H7 and H9 vaccine 

(manufactured by M/S Avicenna labs, Sheikhupura, Pakistan) per bird. 

Group C  

All the chicks in group C were injected with one ml of Otto-flu H7 and H9 vaccine 

manufactured by M/S Ottaman Labs, Lahore, Pakistan. 

Group D 

All the chicks in group D marked black were inoculated with the experimental vaccine 

AIV H7 and H9 vaccines prepared in the present study. 

Group E  

The chicks in group E were reared as unvaccinated controls. 

Collection of blood samples 

Blood samples from 5 experimental chicks in each group were collected at one week 

interval randomly for determining sero-conversion (antibody production) against AI virus. One 

ml blood sample was collected from each chick. 
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Separation of serum 

The disposable sterile syringes having blood were incubated at the room temperature (22-

25 0 C) in slanting position for 60 minutes and the serum from each blood sample was collected 

in a separate plastic sample vials, labeled and stored at -20 0C in freezer, until its use in HI test. 

Before its use in the HI test, all the serum samples were thawed and heat-inactivated at 

56oC for 15 minutes in a water bath. These inactivated sera were used in HI test for the presence 

of antibodies against AIV types H7 and H9 per procedure described by Allan and Gough (1974).  

Preparation of 0.5% washed chicken RBC’s suspension 

The 0.5% washed chicken RBC suspension was prepared as follows. 

1. Five ml of chicken blood was collected from the sub-clavian vein of a 04 week old 

broiler in a sterile disposable syringe containing EDTA (anticoagulant).  

2. Using a table top centrifuge, the blood having anticoagulant was centrifuged at 400 x g 

for 5 minutes. 

3. After centrifugation, the supernatant was discarded and the RBCs sediment was re-

suspended in 0.85% normal saline (pH 7.2) and gently mixed. 

4. The RBC and saline suspension was re-centrifuged at 400 x g for 5 minutes, supernatant 

was discarded and the cellular sediment was re-suspended in the saline solution. 

5. This process of centrifugation of RBCs in saline solution was repeated thrice and finally 

the RBCs were re-suspended in the normal saline so as to have 0.5% cell suspension. 
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Haemagglutination (HA) Test 

The HA activity of the known AIV antigens (H7, H9) was determined as per procedure 

described by Allan and Gough (1974). Briefly, the HI test was conducted in the following steps. 

1. The HA test was performed in 96 well “U-shapped well” micro-titer plates. 

2. Using a micropipette, a 50ul quantity of PBS was added to wells 1- 12.   

3. Fifty ul of AIV antigen was added to first well of the micro-plate. 

4. The AIV antigen was serially, two-fold diluted from well 1 to 11. 

5. Fifty ul of washed 0.5% RBCs were added to all wells of the micro-plate. 

6. The plates were incubated at room temperature (22-250C) for 20 to 30 minutes and 

results were recorded as under: 

Lattice formation of the RBCs in a well was considered as positive agglutination while 

bead formation of RBCs in the well-bottom was interpreted as negative for agglutination. The 

highest dilution of the virus antigen (H7 or H9) indicating HA activity was considered as 

titer/one HA unit of the virus. 

Calculation of one AIV HA unit 

The reciprocal of the highest dilution indicating HA activity was considered as 1 HA unit 

of virus suspension. Both the virus antigens indicated moderate HA titers (HA titer of 1:64 for 

H7N3; HA titer of 1:128 for H9N2). 

Passage of AIV in the chicken Embryos 

The AIV isolates were passaged in the developing chicken embryos for five successive 

times using the procedure described by Smiley and Jackwood (2001). The AF harvested during 
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the virus passages was separately collected, mark identified, checked for HA and preserved in 

universal bottles as aliquots at -20 0C in the freezer. The HA titers in AF for AIVs H7N3 and 

H9N2 were recorded as 1:512 and 1: 1024, respectively. 

Calculation of 4 HA units of AI viruses 

Four HA units of AIV were calculated as follows: 

As the one HA unit of the AIV (H7N3) was recorded up to the 9th micro-plate well (HA activity 

recorded in1:512 dilution). 

4 HA units =512/4=128 (dilution 1:128) 

One ml of the viral suspension was mixed in 127 ml of the normal saline to achieve the 4 HA 

activity for its use in the HI test. Similarly, as 1 HA unit of the AIV H9N2 virus was recorded up 

to the 10th well. The virus dilution in that well was 1:1024. 

4 HA units= 1024/4 = 256 

The H9N2 virus suspension was diluted to 1:256 so as to contain 4 HA units . 

HI test 

The HI test was conducted to determine antibody titers in the serum samples collected 

during the present investigation. This test was conducted according to procedure described by 

Beard and Thayer (1998). Briefly, the following protocol was employed for testing the presence 

of antibody in the serum using HI test in polystyrene 96-well micro-titer plates. 

1. Fifty ul of normal saline was added to all the micro wells. 
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          2. Fifty ul of the test serum sample was added to the first well, and its serial two fold 

dilutions were made, using a multi-channel pipette, from the micro to well 1 to10.  

          3. Fifty ul of 4HA units of AIV antigen was added to each well of the micro-plate up to 

well 11 (well 12 served as RBC control).  

          4. The micro plates were incubated at a temperature of 22-25 in a room. 

          5. After 30 minutes of incubation, 50 ul of CRBC’s (0.5%) suspension was added to all 

the wells of the micro-plate. 

           6. The plates were agitated backward and forward and from side to side so as to ensure 

even distribution of RBCs in the suspension. 

          7. The plates were incubated at room temperature until a clean pattern of HA (Lattice 

Formation) or HI (Button Formation) was seen in wells 11 and 12, respectively. 

          8. The maximum dilution of a serum inhibiting HA was considered as HI titer. The HI 

titer was expressed as reciprocal of the highest serum dilution inhibiting haemagglutination. 
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                                                                  Experiment 3  

     Evaluation of comparative efficacy of various AI diagnostic procedures 

Various diagnostic procedures recommended for AI infection include HA/HI test, Agar 

gel precipitation tests, Enzyme linked immuno-sorbant assay (ELISA) and Polymerase Chain 

Reaction (PCR). In the present investigation, these test procedures were compared using known 

positive AIVs samples. Known negative and positive controls for evaluating their relative 

efficacy and economics of testing were also used. 

1. HA and HI tests 

The procedures employed for the HA and HI tests have already been explained in 

experiment 2. 

2. Agar Gel Precipitation Test (AGPT) 

The AGPT is conducted on the principle of simultaneous migration of corresponding 

antigen and antibody towards each other through the gel of an agar medium. The high salt 

concentration of the AGP medium facilitates the formation of the precipitate of migrating 

antigen and antibody (corresponding). In case of influenza this test can be used as all the 

influenza A viruses possess similar antigenic nucleocapsid and matrix antigens. So the AGPT 

is useful in detection of these specific antigens and antibodies. Concentrated virus antigenic 

preparations containing AI RNP or matrix type antigens are used in AGP test. The following 

materials were used for conducting AGPT to detect antibodies to AIVs.                     
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           Table-9. Agar Gel Medium composition 

Materials Quantity 

 

NaCl 

 

80g 

 

 

Alcohol (Phenol) 

 

5g 

 

 

Distilled water 

 

1 litre 

 

 

Oxoid Agar No.1 

 

112.5g 

 

The phenol and sodium chloride were dissolved in distilled water and the pH was 

adjusted to 7.5. Oxoid Agar No.1 (112.5) was added and boiled to dissolve, dispensed 

into 20ml amounts and poured in glass bottles, allowed to cool and solidify at the room 

temperature. The media plates were stored at 4ºC.  

 

AGPT procedure 

Using a template cutter, wells were made in the agar medium. A pattern of wells was 

prepared and to adjacent of a suspect serum a known positive serum and antigen were poured in 

the separate wells. Line of identity between the known positive serum and antigens were 

compared with the suspect serum and the AIV antigen. The results were interpreted as line of 

identity, partial identity and non-identity.  
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After adding the reagents, test plates were incubated at 22-25 0C in an air-tight container 

under reduced oxygen tension. The presence of antigen-antibody precipitin lines was checked 

during 24-72 hrs post incubation and the findings were interpreted as under:  

A positive result was the appearance of the precipitation line visible between the known 

positive control wells with the line between the antigen and the test well. The crossing lines 

indicated that the test serum was deficient in antibodies to the homologous antigen. 

Detection of influenza virus infection using ELISA 

The ELISA allows for the rapid detection of influenza virus types A and B in the clinical 

specimens. The benefit of ELISA in animal influenza is earlier detection of causal viruses in the 

infected tissues. The ELISA can be easily performed. For conducting the assay, all the required 

equipment and reagents are included in the test kit. With the commercial kits, ELISA result can 

be obtained within 15 to 20 minutes. Tracheal, nasal or throat swabs are considered suitable 

specimens for immune-assays. However, the fecal samples are not generally preferred (WHO 

Manual on Animal Influenza Diagnosis and Surveillance 2002) 

Materials present in the commercial ELISA kit  

Directigen Flu A Kit 

Becton Dickinson, Cat. # 8560-20 

Clinical specimens (trachea, nose or throat swabs) 
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ELISA Procedure  

ELISA was conducted as per instructions of the manufacturer included in the Directigen 

Flu A Kit, Cat. # 8560 (20), marketed by Becton, Dickinson and Company, USA. The following 

steps were followed for conducting the commercial kit ELISA. 

1. Tri-Pak device was removed from package and placed on focuser tightly. 

2. Eight drops of Reagent A were added to plastic dispense tube. 

3. A volume of 125 µl of clinical specimen was dispensed in the tube and mixed. 

4. The dispensing tip was inserted into dispensing tube and entire contents in the 

dispensing tube were put on to a Tri-Pak membrane and allowed to absorb completely. 

5. The well was filled with Reagent 1 (washing step) and allowed to absorb completely. 

6. The focuser was removed and 4 drops of Reagent 2 were dispensed into well (washing 

and blocking) and allowed to absorb completely. 

7. Four drops of Reagent 3 were dispensed into well (enzyme-labeled monoclonal 

antibodies), and allowed to absorb completely and let stand for 2 - 5 minutes. 

8. The well was filled with Reagent 4 (washing buffer) and allowed to absorb completely. 

9. Four drops of Reagent 5 were added into well and allowed to absorb completely. 

10. Four drops of Reagent 6 (first substrate-chromogen solution) were added into the well 

and allowed to absorb completely. 

NOTE: during this step the membrane had turned yellow 
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11. Four drops of Reagent 7 were dispensed into well (second substrate-chromogen 

solution), allowed to absorb completely, and let the reaction occur for 5 minutes. 

12. The enzyme-substrate reaction was stopped by adding 4 drops of Reagent 8 and the 

results were recorded as per following observations:  

I. A purple triangle of any intensity was considered as a positive test result. 

II. Visibility of less intense staining of purple triangle, a purple dot in the center of the 

triangle was indicative of appropriate function of the membrane and the ELISA test reagents. 

III- A purple dot in the center of the filter with no evidence of a stained triangle was 

considered as indicative of a negative test finding. Appearance of this purple dot indicated 

appropriate function of the membrane and the ELISA reagents. 

Any other appearance of the membrane after completing the test was read as negative 

test. 

Detection of influenza viruses using Reverse Transcriptase Polymerase Chain Reaction 

(RT-PCR) 

Materials 

Ready-to-use K127 100 Tests kits for conducting PCR, manufactured by Genekam 

Biotechnology AG, Germany, were used for the detection of Avian Influenza Virus H7N3 and 

H9N2 types.  

For the isolation of RNA Innu Prep RNA Mini 50 Test Kits; Catalog No.020900102 

manufactured by Aj Roboscreen Germany were used. 
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Composition of kits 

The test kit contained the following materials: 

• RNA kit  

• Tube A (for H5) 

• Tube B (containing 3 tubes) 

• Tube C (for H9) 

• Tube H (for H7) 

• Positive (+ve) control (D1): cDNA H5 only 

• Negative (-ve) control (tube D2): molecular water 

• Marker (tube E) : 100bp 

• Dye (tube F) 

• cDNA control   

Equipment used in PCR 

• Polymerase Chain Reaction Thermo-cycler 

• Refrigerated centrifuge 

• UV plate-form 

• UV safety goggles 
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• Micro-tubes (0-2 ml) 

• Pipettes with and without filter (20µl, 5µl & 1µl) 

• Gel Agarose chamber 

• Micro tube (50 µl) 

• Agarose  

• Staining (Ethium Bromide) material 

• 1 X TAE buffer 

• Vortexer 

Testing Procedures  

Part1. Conversion of RNA into cDNA 

Step A 

1. Micro-tubes with the sample number and one with +ve control (Known positive 

antigen control) were identified by fixing appropriate marks. 

2. Two µl of isolated RNA from the samples were added. 

3. Two µl of RNA (+ve control RNA) were added. 

4. To each tube 1µl of HX tube and 9µl of DH (water) were added. 

The contents were centrifuged for 10-15 seconds and incubated at 70°C for 5 minutes and 

cooled down to 4°C in the thermo-cycler. 
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5. Four µl of PF (buffer), 1µl of RI (enzyme) and 2µl of NTP (dNTP-mixture) were 

added to each tube to make a total volume of 7µl in the tube. 

6. Incubated at 25°C for 5 minutes, and 1µl of RET (reverse transcriptase) was added to 

each tube. 

7. The equal volume (level) was checked in each tube before proceeding to the next step. 

8. The contents were processed in thermo-cycler at:- 

25°C for 10 minutes 

42°C for 60 minutes 

70°C for 10 minutes and 

4°C for 5 minutes 

The isolated cDNA was stored at -20°C before proceeding to part 2. 

Part2. One step PCR 

Both, the H7N3 and H9N2 viruses were identified using one step PCR. 

Step A: Detection of H9 virus 

The band was visible at 383bp. This step was done with cDNA from part 1. 

1. Thawed the tubes B, C, D1, D2, E and F.  

2. Marked the micro tubes with sample number, positive Control and negative Control. 

3. Added 8µl of tube C material to each tube. 
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4. Added 10µl of B contents to each micro tube while avoiding to touch the wall of the   

micro tubes. 

5. Added 2µl of cDNA template (cDNA made in cDNA-synthesis, (Part A) with pipette 

tip with filter to each micro tube according to the label except positive and negative 

(avoiding touching the wall).  Every time for each sample a new pipette tip was used and 

contents in the microtube were throughly mixed. 

6. Using new pipette tip with filter 2µl of +ve cDNA (made in PART 1) were added to 

+ve control, avoiding touching the wall, and the contents were gently mixed using a new 

pipette tip. 

6a. Using a new pipette tip with filter, added 2µl of cDNA from the positive control H9  

tube, which was supplied with the kit, and  mixed it gently. 

7. Using a new pipette tip, added 2µl of cDNA negative (tube D2) to negative control 

(avoiding touching the wall) and mixed it gently. 

8. All the tubes were centrifuged for 20 seconds at 8000 rpm. 

9. Processed the thermo-cycler as follows:- 

A. For 900 seconds at 95°C 

B. For 30 seconds at 94°C, 30 seconds at 55°C 40 cycles, 30   

    seconds at 72°C   

C. For 120 seconds at 72°C  
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     10.  After completion of the step 9, took out the micro-tubes and centrifuged for a 2 minutes. 

(Next was Step C for electrophoresis). 

Step B: Detection of H7 virus 

In positive sample, the band was at 380 bp. This step was undertaken with cDNA from 

part 1. 

1. In this step tube H was thawed.  

2. The micro tubes were marked with the sample number, positive and negative controls. 

3. Thirteen 13µl of contents from tube H were added to each tube. 

4. Fived 5µl of contents of tube B were added to each micro tube, avoiding touching the 

walls of the micro-tubes. 

5. Two 2µl of cDNA template (cDNA made in cDNA-synthesis were added (Part 1) with 

pipette tip with filter to each micro tube according to the label except the positive and 

negative controls (avoiding touching the walls).  Every time a new pipette tip (for each 

sample) was used to mix the contents. 

6. Using a new pipette tip with filter, 2µl of positive cDNA (made in Part 1) were added 

to positive control (avoiding to touch the wall), and using a new pipette tip, mixed 

thoroughly. 

7. Using a new pipette tip, 2µl of negative (tube D2) were added to negative control and 

mixed. 

8. All the tubes were centrifuged for 20 seconds at 8000 rpm. 
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9. The thermo-cycler program was run as under: 

A. For 120 seconds at 94°C 

B. For 30 seconds at 94°C, 30 seconds at 55°C for 35      

     cycles, 60 seconds at 68°C.  

10. After step 9, the micro tubes were taken out and centrifuged for 10-15 seconds and 

proceeded to start Step C for electrophoresis. 

Step C: Electrophoresis 

1. An agarose gel 1.5% - 2% in 1X TAE buffer was prepared and dried and on this was 

added to TAE (1x) buffer in the gel chamber. 

2. After finishing the PCR step, material and preparations for agarose gel electrophoresis 

were made. 

A 2 µl quantity of dye from tube F was collected and added to each       micro tube (with 

the same number as PCR micro-tubes including the positive, negative and cDNA 

controls). 

3. Ten µl of marker from tube E: 100bp were added to first and last lane of 

electrophoresis. 

4. Changing the pipette tip each time, 10 µl of mix of step 4 were added to each lane of 

gel agarose (between first and last lane).   

5. The gel was run for 50-55 minutes at 120 volts.  
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6. The staining solution was prepared and the gel was immersed in the staining solution 

(0.5µg/ml) for 5-15 minutes, dried and viewed under the UV light. 

7. Dense bands were seen in positive control and no such bands were seen in negative 

control. 

Bands at 380bp were visible in positive control and in samples positive for H7 virus. 

Bands at 383bp were also seen in positive control and the samples positive for H9 virus. 

However, no such bands were visible in the negative control. 
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CHAPTER 4 

RESULTS 

                      Experiment 1               

Isolation and identification of AIVs infecting chicken and wild birds Determination of 

maternal HI antibody against H7N3 and H9N2 viruses in day old broiler, layer, golden desi 

and quails chicks 

Maternal antibody titer against H7N3 virus 

A total of 100 one day old chicks; 25 each for broiler, layer, golden desi and quails were 

purchased from local chick hatcheries and brought to the Microbiology Laboratory for collection 

of blood from jugular vein so as to determine maternal antibody titers against H7N3 AIV. The 

collected blood samples were kept at room temperature for 30 minutes and then processed for the 

separation of serum. The antibody titer was determined using HI test according to the protocol 

described by Allan and Gough, 1974. 

The HI antibody titer was observed to be in the range of 02-08 for day old broiler chicks, 02-

04 day old layer chicks, 02-04 for desi/golden day old chicks and 00-00 for the quail-day-old-

chicks. The GM titer values for day old broiler, layer, desi/golden and quail chicks were 

calculated to be at 4.3, 2.5, 2.3 and 0.0, respectively. 
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Table-10. Determination of maternal HI antibody against AIV H7N3 in commercial day old 

chicks 

 

Number of 

Chicks 

 

Type of Chicks 

 

HI antibody 

range 

 

GMT 

 

Remarks 

 

25 

 

Broiler 

 

02-08 

 

4.3 

 

Very low titers 

 

25 

 

Layer 

 

02-04 

 

2.5 

 

Very low titers 

 

25 

 

Golden Desi 

 

02-04 

 

2.3 

 

Very low titers 

 

25 

 

Quails 

 

00-00 

 

0.0 

 

Zero titer 

 

Maternal antibody titer against H9N2 virus 

A total of 100 day old commercial chicks; 25 each from broiler, layer, golden desi and 

quail chicks were purchased from chick hatcheries around Lahore and brought to the 

Microbiology Laboratory, University of Veterinary & Animal Sciences, Lahore for collection of 

blood from their jugular veins and detection of serum maternal antibodies against H9N2 AIV. 

The blood samples were incubated at room temperature (22 0C) for 30 minutes and then 

processed for the separation of serum using slow speed centrifugation. The antibody titer was 

determined using the HI test according to the protocol described by Allan and Gough (1974).  
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In the broiler, layer, golden desi and the quail chicks the HI antibody titers were recorded  in 

the range of 02-08, 02-04, 02-04 and 00-00, respectively. The GMT values were calculated as 

3.2, 2.5, 2.5 and 0.0 for the broiler, layer, golden desi and quail chicks, respectively. 

Table11. Determination of maternal HI antibody against AIV H9N2 in commercial day old 

chicks 

 

Number of 

Chicks 

 

Type of Chicks 

 

HI antibody 

range 

 

GMT 

 

Remarks 

 

25 

 

Broiler 

 

02-08 

 

3.2 

 

Very low titers 

 

25 

 

Layer 

 

02-04 

 

2.5 

 

Very low titers 

 

25 

 

Golden Desi 

 

02-04 

 

2.5  

 

Very low titers 

 

25 

 

Quails 

 

00-00 

 

0.0 

 

Zero titer 

 

Isolation of AIV from tissue samples 

A total of 100 tissue samples consisting of trachea (n=20), lungs (n=20), spleen (n=20), 

liver (n=20), intestine (n=20) were collected from 10 commercial broiler poultry farms (ten 

samples/farms identified as PF-1 to PF-10. Each of the tissue samples was collected using sterile 

scissors in sterile glass petri dish from the clinically sick, moribund and normal chicken, labeled 

properly for its future use and brought to the Microbiology Laboratory, University of Veterinary 

and Animal Sciences, Lahore in a cooler filled with dry ice packs. 
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Each of the samples was processed for its clarification by subjecting its 10 per cent 

homogenate in sterile NSS to centrifugation, adding the antibiotics to combat the bacterial and 

fungus contamination. The suspected sample was inoculated in developing 9-11 day old embryos 

of chicken (5 embryos for each sample). The AF from the each sample inoculate was harvested 

and tested for HA activity using HA negative and positive controls. The detail of AIV positive 

samples obtained from a total of 100 samples is summarized in Table 11.  

 Of the total 10 farms, 03 were positive for H7N3 virus infection and 02 were positive for 

H9N2 virus infection. Isolation of H7N3 virus was possible from the broiler flocks, aged 4-7 

weeks which had indicated respiratory distress signs, had suffered mortality of 15-25%. These 

farms were located in the districts of Lahore and Gujranwala of Punjab Province, Pakistan. The 

H9N2 positive broiler flocks (age 04 weeks and 06 weeks) suffering from respiratory signs, poor 

growth and weight gain with mortality from 05 to 11 percent were located in district Lahore. As 

per history, these flocks were being offered commercial feed (developer and finisher rations) and 

drinking water ad libitum through various stages of their rearing. None of those flocks had 

received any locally prepared or imported AIV killed vaccination. The HI antibody titers in those 

flocks were not significant and ranged between 0-2 log2 titers. Clinically the infected birds 

indicated poor musculature development and poor weight gains per week.  
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                       Table12. Isolation of AIV from the commercial broiler flocks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flock ID 

 

Morbid 

Samples 

 

 

 

Farm location 

Virus type Isolated 

 

 

H7N3 

 

 

 

H9N2 

PF-1 10 District Kasur Nil Nil 

PF-2 10 District Lahore Yes Nil 

PF-3 10 District 

Gujranwala 

Yes Nil 

PF-4 10 District 

Sheikhupura 

Nil Nil 

PF-5 10 District Lahore Nil Yes 

PF-6 10 District Lahore 

 

Nil Nil 

PF-7 10 District Lahore 

 

Yes Nil 

PF-8 10 District Lahore 

 

Nil Yes 

 

PF-9 

 

10 

 

District Lahore  

 

Nil 

 

Nil 

PF-10 10  District Lahore Nil Nil 
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Isolation of AIV from the cloacal swab samples 

A total of 200 cloacal swabs were collected from 20 different broiler breeder flocks (10 

swabs per flock) housed in district Sheikhupura. The collected samples were processed, for the 

virus isolation. However, none of the samples was found positive for AIV (Table13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



133 

 

Table-13 Isolation of H7N3 and H9N2 viruses from broiler breeders 

Flock ID  

Sampl

es 

Cloac

al 

Swab

s 

Trach

eal 

Swab

s 

 

AIV 

Isolated 

H7/H9 

Vaccine Status 

Flock No.06 10 + - Nil Non Vaccinated 

Flock No.07 -do- + - Nil Non vaccinated 

Flock No.71 -do- + - Nil Vaccinated for H7&H9 

Flock No.72 -do- + - Nil Vaccinated for H7 &H9 

Flock No.73 -do- + - Nil Vaccinated for H7 &H9 

Flock No.74 -do- + - Nil Vaccinated for H7 &H9 

Flock No.75 -do- + - Nil Vaccinated for H7 &H9 

Flock No.76 -do- + - Nil Vaccinated for H7 &H9 

Flock No.77 (A) -do- + - Nil Non Vaccinated 

Flock No.77 (B) -do- + - Nil Non vaccinated 

Flock No.77 (C) -do- + - Nil Vaccinated for H7&H9 

Flock No.77(D) -do- + - Nil Vaccinated for H7 &H9 

Flock No.78 (A) -do- + - Nil Non Vaccinated 

Flock No.78 (B) -do- + - Nil Non vaccinated 

Flock No.78 (C) -do- + - Nil Non vaccinated 

Flock No.78 (D) -do- + - Nil Non vaccinated  

Flock No.79 (A) -do- + - Nil Non vaccinated  

Flock No.79 (B) -do- + - Nil Non vaccinated  

Flock No.79 (C) -do- + - Nil Non vaccinated  

Flock No.79 (D) -do- + - Nil Non vaccinated  
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AIV isolation from desi chicken, ducks, pigeons, quails and sparrows 

A total of 100 cloacal swabs were collected from different avian species including ducks, 

pigeons, quails, sparrows and desi chicken (20 swabs from each species). The swab samples 

were processed for AI virus isolation. All attempts to isolate AIV failed as none of the samples 

was positive for AIV (Table-14), upon inoculation of material from the swab samples to 11-day 

old embryos, even after its 3rd passage. 

                      Table-14 Isolation of AIV from sparrows, pigeons, quails, ducks  

                                                  and desi chickens 

 

Sr. No. 

 

Bird Species 

 

Swab Samples 

Collected 

 

 

*Virus Isolation  

 

1. 

 

Sparrows 

 

20 

 

NIL 

 

2. 

 

Pigeons 

 

20 

 

NIL 

 

3. 

 

Quails 

 

20 

 

NIL 

 

4. 

 

Ducks 

 

20 

 

NIL 

 

5. 

 

Desi Chickens 

 

 

20 

 

NIL 

   *The AF obtained after different time intervals post swab samples inoculation (6, 12, 24, 36 

and 48 hrs) did not indicate the presence of any hem-agglutinating virus. The AF also did not 

react with known H7 or H9 antisera in the HI test. None of the inoculated embryo indicated any 

lesion on its body. Over 80% of embryos hatched into chicks between 19 to 21 days and none of 

those chicks indicated any clinical abnormality.  

 



135 

 

Isolation of AIV (H5N1) from broiler, broiler breeder, goose, and layer flocks 

A total of eight flocks (including broiler breeder, goose, broiler and layer flocks 

respectively) showing the respiratory illness and mortality ranging from 26-73%, were sampled. 

These flocks identified as A,B,C,D,E,F,G and H had bird population of 18000, 5500, 6300, 9000, 

200, 5000, 10000 and 14000, respectively. All the flocks were found to be positive for H5N1 

except flock G (layer birds).  The isolates were obtained by inoculating the supernatant of 10 per 

cent morbid tissue homogenate in 9-11 day old chicken embryos and testing the AF 72 hrs post-

inoculation for hem-agglutination activity with 5 per cent chicken RBCs. The exclusion studies 

for NDV/IBV/AIV (H7, H9) viruses were conducted using their known negative and positive 

anti-sera and antigens (HA/HI test) and through commercial H5N1 diagnostic kits. 
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                                               Table-15 Isolation of AIV type H5N1 

Flock Number 

of birds 

Type 

of 

birds 

Clinical 

Findings 

Virus 

Isolation 

A 18000 
Broiler 

Breeder 

Respiratory 

illness, mortality 

≥ 65% 

Positive 

B 5500 
Broiler 

Breeder 

Respiratory 

illness, mortality 

≥ 56% 

Positive 

C 6300 
Broiler 

Breeder 
Mortality ≥ 35% Positive 

D 9000 
Broiler 

Breeder 

Cyanosis of 

combs & 

wattles, 

mortality ≥ 73% 

Positive 

E 200 Goose 
Sneezing, 

mortality ≥ 26% 
Positive 

F 5000 
Broiler 

Breeder 

Sneezing, moist 

rales, mortality 

≥ 45% 

Positive 

G 10,000 Layer 

Severe 

respiratory 

depression, 

decreased egg 

lay, mortality ≥ 

30% 

Negative 

H 14,000 Broiler 

Respiratory 

illness, mortality 

≥ 52% 

Positive 
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Determination of seroconversion in imported, bivalent H7N3and H9N2 types vaccinated 

broiler breeder flocks 

             Six broiler breeders flocks A, B, C, D, E and F housed in district Sheikhupura were 

monitored for sero-conversion following their vaccination with H7N3 and H9N2 virus imported 

and locally manufactured bivalent vaccines. A total of sixteen samples were collected from each 

flock at day 21 post-vaccination. 

Determination of sero-conversion against H7N3 virus in broiler breeders vaccinated at the 

age of 02-10 week with imported bivalent H7N3 and H9N2 virus types 

The HI titers in flocks A, B, C, D, E and F ranged from 02-16, 02-16, 08-16, 16-32, 16-

64 and 08-64 respectively. Flock A was vaccinated once at the age of 02 week, flock B was 

vaccinated once at 03 week of age, flock C was vaccinated twice at 02 and 05 week of age, flock 

D was vaccinated twice at the age of 02 and 06 week, flock E vaccinated twice at the age of 02 

and 07 week and flock F was vaccinated twice at the age of 03 and 08 week. The GM titer values 

of flocks A, B, C, D, E and F were 3.7, 3.7, 11.3, 13, 27.9 and 27.9, respectively. 
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Table.16 Determination of sero-conversion against H7N3, H9N2 (Bivalent, Imported) and 

H7N3, H9N2 (Bivalent, Locally Manufactured) virus in broiler breeders vaccinated at the age of 

02-10 week 

 

Flocks

* 

 

Popula

tion 

Age 

(wk

s) 

Num

ber 

of 

vacci

nes/A

ge 

 

Samp

les 

HI antibody titer and GMT 21 days PV 

H7N3 H9N2 H7N3 H9N2 

Tite

r 

GM

T 

Tite

r 

GM

T 

Titer GM

T 

Titer GMT 

 

A 

  

10000 

 

05 

 

One/0

2 

week 

 

16 

 

02-

16 

 

3.7 

 

02-

16 

 

5.7 

 

02-16 

 

6.1 

 

04-16 

 

13.9 

 

B 

 

5000 

 

06 

 

One/0

3 

week 

 

16 

 

02-

16 

 

3.7 

 

 

04-

32 

 

11.3 

 

04-16 

 

8 

 

04-32 

 

14.9 

 

C 

 

10000 

 

07 

 

Two/

02,05 

week 

 

16 

 

08-

16 

 

11.3 

 

16-

32 

 

22.6 

 

16-32 

 

22.6 

 

16-32 

 

22.6 

 

D 

 

10000 

 

08 

 

Two/

02,06 

week 

 

16 

 

16-

32 

 

13 

 

16-

32 

 

22.6 

 

16-64 

 

24.3 

 

16-64 

 

48.5 

 

E 

 

10000 

 

09 

 

Two/

02,07 

week 

 

16 

 

16-

64 

 

27.9 

 

16-

64 

 

24.3 

 

08-64 

 

22.6 

 

16-64 

 

55.7 

 

F 

 

5000 

 

10 

 

Two/

03,08 

week 

 

16 

 

08-

64 

 

27.9 

 

16-

64 

 

26 

 

16-64 

 

29.9 

 

04-16 

 

13.9 

* Serum samples from each flock were heat inactivated at 56oC for 15 minutes and examined 

using HA/HI tests. Titrations for all test samples were conducted at room temperature (25oC) 

using the same negative and positive serum and antigen controls. 
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Determination of sero-conversion against H9N2 virus in broiler breeders vaccinated at the 

age of 02-10 week with imported bivalent H7N3 and H9N2 virus types. 

          The same six broiler breeders flocks A, B, C, D, E and F were also monitored for 

seroconversion against H9N2 virus after administration of imported bivalent H7N3 and H9N2 

virus vaccine. A total of 16 samples were collected from each flock 21 days post vaccination. 

The HI titer of flocks A, B, C, D, E and F ranged from 02-16, 04-32, 16-32, 16-32, 16-64 and 16-

64 respectively. Flock A was vaccinated once at the age of 02 week, flock B was vaccinated 

once at age of 03 week, flock C was vaccinated twice at the age of 02 and 05 week, flock D was 

vaccinated twice at the age of 02 and 06 week, flock E was vaccinated twice at the age of 02 and 

07 week and flock F was vaccinated twice at the age of 03 and 08 week. The GMT of flocks A, 

B, C, D, E and F were found to be 5.7, 11.3, 22.6, 22.6, 24.3 and 26, respectively.   

Determination of sero-conversion against H7N3 virus in broiler breeder flocks vaccinated 

with locally manufactured bivalent H7N3 and H9N2 virus vaccine  

          A total of six broiler breeder flocks designated as flock A, B, C, D, E and F were 

monitored for serum conversion after their vaccination with a H7N3 virus locally prepared 

vaccine. A total of sixteen samples were collected from each flock at 21st day post vaccination. 

The HI titer of flock A, B, C, D, E and F ranged from 02-16, 04-16, 16-32, 16-64, 08-64 

and 16-64, respectively. Flock A was vaccinated once at the age of 02 week, flock B was 

vaccinated once at age of 03 week, flock C was vaccinated twice at the age of 02 and 05 week, 

flock D was vaccinated twice at the age of 02 and 06 week, flock E was vaccinated twice at the 

age of 02 and 07 week and flock F was vaccinated twice at the age of 03 and 08 week. The GMT 

values for flocks A, B, C, D, E and F were 6.1, 8, 22.6, 24.3, 22.6 and 29.9, respectively. 
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Determination of sero-conversion against H9N2 virus in broiler breeder flocks vaccinated 

with locally manufactured bivalent H7N3 and H9N2 virus vaccine  

 The same six broiler breeders flocks A, B, C, D, E and F were monitored for 

seroconversion after vaccination with H9N2 locally prepared vaccine. A total of sixteen samples 

were collected from each flock 21 days post vaccination. The HI titer ranged from 04-16, 04-32, 

16-32, 16-64, 16-64 and 32-64 respectively. Flock A was vaccinated once at the age of 02 week, 

flock B was vaccinated once at age of 03 week, flock C was vaccinated twice at the age of 02 

and 05 week, flock D was vaccinated twice at the age of 02 and 06 week, flock E was vaccinated 

twice at the age of 02 and 07 week and flock F was vaccinated twice at the age of 03 and 08 

week. The GMT values were found to be 13.9, 14.9, 22.6, 48.5, 55.7 and 48.5 respectively. 

 

 

 

 

             

 

 

 

 

 



141 

 

                          EXPERIMENT 2 

Preparation of in-activated AI Virus vaccines and comparison of immune response of 

locally prepared and imported vaccines 

Table-17 Immune response of various groups vaccinated with H7N3 vaccines 

 

*The HI antibody titrations were conducted using H7N3 AI virus. Four HA units of virus 

suspension were used for conducting HI test with sera samples collected at days 7, 14 and 21, 

using 0.5% chicken RBC suspension. Negative and positive H7N3 anti-sera were used as HI 

controls. All titration were carried at room temperature (22-25o C). 

**Each group comprising 20 birds. Group A, B, C and D were inoculated with Flu-Vac, Avi-Flu, 

Otto-Flu and self made H7N3 vaccines respectively. Group E was kept as un-vaccinated control. 

PV period 

 

 

Groups*

* 

 

Distribution of HI Titers* 

GMT 
 

 1:2  

1:4 

 

1:8 

 

1:1

6 

 

1:32 

 

1:6

4 

 

1:12

8 

 

1:25

6 

 

1:51

2 

 

1:10

24 

7th day 

A - 8 12 - - - - - - - 6.1 

B 2 8 8 2 - - - - - - 5.7 

C 1 7 11 1 - - - - - - 6.1 

D 3 7 8 2 - - - - - - 5.7 

E 8 10 2 - - - - - - - 3.2 

14th day 

A - - 7 10 3 - - - - - 13.9 

B - - 8 11 1 - - - - - 13.0 

C - - 1 11 8 - - - - - 21.1 

D - 5 6 7 2 - - - - - 9.8 

E 3 17 - - - - - - - - 3.7 

21st day 

A - - - - 6 13 1 - - - 55.7 

B - - - - 3 11 6 - - - 52.0 

C - - - - 7 8 5 - - - 59.7 

D - - 1 7 5 7 - - - - 29.9 

E 14 6 - - - - - - - - 2.5 
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     Immune Response of Chicks in Group A inoculated with H7N3 virus (Flu-Vac) vaccine 

All the chicks (n=20) in Group A  were mark identified and subcutaneously inoculated 

with Flu-Vac H7N3 virus vaccine manufactured by M/S Merial, France at the recommended 

dosage of 0.3 ml per bird. 

At day 07 post vaccination (PV), all the chicks were tested for development of HI 

antibody against the H7N3 virus. The HI serum antibody titer in the vaccine inoculates ranged 

from 1:4 to 1:8.  A titer of 1:4 was recorded in eight chicks and titer of 1:8 was detected in 

twelve birds. The flock GMT value was calculated as 6.1. 

On day 14 PV, the HI titers registered an increase and the titers were recorded from 1:8 to 

1:32. Serum samples from three chicks showed HI titer of 1:32, ten chicks indicated HI titer of 

1:16 and seven chicks had HI titer of 1:8. The value of GMT was found to be 13.9.   

On day 21 PV, one chick showed a HI titer of 1:128, 06 chick titer of 1:32, and 13 chicks 

exhibited HI titer of 1:64. The GM HI titer was calculated as 55.7. 

HI Antibody response of Chicks in Group B inoculated with H7N3 (Avi-flu) vaccine 

All the chicks in Group B were color marked and inoculated with one ml of Avi-flu 

H7N3 virus vaccine manufactured by M/S Avicenna laboratories, District Sheikhupura, Pakistan.  

On day 07 PV, the minimum HI titer of 1:2 and maximum titer of 1:16 was detected in 

serum samples of two chicks. A titer of 1:4 and 1: 8 was detected in sera each of 08chicks. The 

group GMT was recorded as 5.7. 
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On day 14 PV, the HI titers in serum samples of vaccinated chicken ranged from 1:8 to 

1:32. At that day, an HI titer of 1:32 was observed in serum sample of one chick, titer of 1:16 in 

serum samples of 11 birds and titer of 1:8 in 08 birds. The GMT HI titer was calculated as13 

On 21st day PV, serum samples of 03 birds had titer of 1:32, sera of 06 birds had titer 

1:128 each and serum samples of 11 birds a titer of 1:64 each. The group GM HI titer was 

recorded as 52. 

Post vaccination H7N3 virus antibody response of chicks in Group C vaccinated with H7N3 

(Otto-flu) 

All the chicks in Group C were marked with blue color and were inoculated with one ml 

of Otto-flu H7N3 virus vaccine manufactured by M/S Ottoman Labs, Lahore, Pakistan. 

On day 07 post-vaccination, an HI titer of 1:2 was recorded in serum sample of one chick and 

a titer of 1:4 was observed in each serum sample of 07 chicks; a titer of 1:8 in each serum sample 

of 11 birds and a titer of 1:16 was recorded in serum sample of one bird. 

On 14th day post vaccination, the serum HI antibody titers ranged from 1:8 to 1:32. Serum 

samples from eight birds indicated HI titer of 1:32 each, 11 a titer of 11.16 and serum sample of 

one bird had HI titer 1:8. The group GM HI titer was calculated as 21.1. 

On day 21, the chickens registered a good rise in their HI antibody titers against H7 virus. At 

that day PV HI titer of 1:32, 1:64 and 1:128 were recorded in serum samples each of 07, 08 and 

05 chickens, respectively. The GMT HI titer of chicken at day 21 was calculated as 59.7. 
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HI antibody response of chicks in Group D inoculated with the H7N3 virus vaccine 

prepared in the present study 

Each chick in Group D was marked with black color and inoculated with one ml of H7N3 

virus vaccine that was developed in the present study. 

On day 07 PV, HI titers of 1:2, 1:4, 1:8, and 1:16 were recorded in sera of 03, 07, 08 and 02 

chicks, respectively. The HI GMT on day 07 was calculated as 5.7. On day 14 PV, the serum HI 

antibody titers of chicks in group D ranged from 1:4 to 1:32. The HI titers of 1:4, 1:8, 1:16 and 

1:32 were recorded in serum samples of 05, 06, 07 and 02 chicks, respectively. The group GMT 

HI titer was recorded as 9.8. 

On day 21 PV, the HI antibody of group registered an increase. The HI titers of 1:8, 1:16, 

1:32, 1:64 and 1:128 were recorded in serum samples of 01, 07, 05, 06 and 01 chick, 

respectively. The group GMT titer on day 21 was calculated as 29.9. 

 

Serum HI antibody titers of chicks in unvaccinated control Group E 

On day 07, the chicks in group E also indicated negligible levels of serum HI antibody 

titers against H7N3 AI virus. A titer of 1:2, 1:4 and 1:8 was recorded in serum samples from 08, 

10 and 02 chicks, respectively. The group GM HI titer was calculated as 3.2. On day 14, the HI 

titers of chicks ranged from 1:2 to 1:4. A total 17 chicks indicated a serum titer of 1:2 and 03 

chicks indicated serum titer of 1:4. The GM HI titer of group was recorded as 3.7. 

On day 21, HI titers ranged between 1:2 and 1:4. A total of 14 birds indicated HI titer of 

1:2 and 06 chicks indicated a HI titer of 1:4. The group GM HI titer was calculated as 2.5. 
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                     Table-18 Immune response of various groups vaccinated with H9N2 vaccines 

 

*The HI antibody titrations were conducted using H9N2 AI virus. Four HA units of virus 

suspension were used for conducting HI test with sera samples collected at days 7, 14 and 21, 

using 0.5% chicken RBC suspension. Negative and positive H9N2 anti-sera were used as HI 

controls. All titration were carried at room temperature (22-25o C). 

**Each group comprising 20 birds. Group A, B, C and D were inoculated with Gallimune, Avi-

Flu, Otto-Flu and self made H9N2 vaccines respectively. Group E was kept as un-vaccinated 

control. 

 

PV period 

 

 

Groups*

* 

 

Distribution of HI Titers* 

GMT 
 

 1:2  

1:4 

 

1:8 

 

1:1

6 

 

1:32 

 

1:6

4 

 

1:12

8 

 

1:25

6 

 

1:51

2 

 

1:10

24 

7th day 

A 7 13 - - - - - - - - 3.2 

B 2 7 8 3 - - - - - - 6.1 

C 1 5 12 2 - - - - - - 7.0 

D - 7 7 6 - - - - - - 8.0 

E 10 7 3 - - - - - - - 3.2 

14th day 

A - 6 8 6 - - - - - - 8.0 

B - 1 6 12 1 - - - - - 13.0 

C - - 3 9 8 - - - - - 19.7 

D - 5 6 7 2 - - - - - 9.8 

E 4 16 - - - - - - - - 3.5 

21st day 

A - - - 5 14 1 - - - - 27.9 

B - - - - 4 10 6 - - - 68.6 

C - - - - 6 8 6 - - - 64.0 

D - - 3 8     4 4 1 - - - 24.3 

E 14 6 - - - - - - - - 2.5 
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HI antibody response of chicks in Group A against H9N2 (Gallimune) vaccine 

On day 07, the serum HI titer against H9N2 virus vaccination was quite negligible as a 

titer of 1:2 was shown by 07 birds and a titer of 1:4 was recorded in 13 chicks. The group GMT 

was recorded as 3.2.  

On day 14, the serum HI titers ranged from 1:4 to 1:16 with six birds showing a titer of 

1:4; 08 birds 1:8 and 06 chicks a HI titer of 1:16. The GMT HI was found to be 8. 

On day 21 PV, an HI titer of 1:16 was recorded in 05 birds, a titer of 1:32 in 14 birds and 

a titer of 1:64 in one bird. The group GM HI titer against H9N2 virus was calculated as 27.9. 

HI antibody response of chicks in Group B inoculated with Avi-flu (H9N2 virus) vaccine  

On 14th day PV, a rise in antibody HI titers of chicks in group B was noted. At that day, 

HI titers of 1:4, 1:8, 1:16 and 1:32 were recorded in the serum samples obtained from 01, 06, 12 

and 01 experimental chick, respectively. The HI GMT was recorded as 13. 

On day 21 PV, a good increase in the HI titers. HI titers of 1:32, 1:64 and 1:128 were 

recorded in sera obtained from 04, 10 and 06 birds. The GM HI was observed at a value of 68.6. 

HI antibody response of chicks in Group C inoculated with Otto-flu H9N2 vaccine 

On day 07, PV, HI titers of 1:2, 1:4, 1:8 and 1:16 were noted in sera of 03, 07, 08 and 02 

chicks, respectively. The H9N2 virus GMT HI titer in vaccinates at day 07 was recorded as 7. 

On day 14 PV a rise in serum HI titers in H9N2 virus vaccinates was noted. Serum 

samples from 03 chicks indicated a titer of 1:8, from 09 chicks an individual titer 1:16 each and 

from 08 birds an individual titer of 1:32 each. The group GMT HI titer was calculated at 19.7.  
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On day 21, PV, a further rise in HI titers in vaccinates against H9N2 virus was recorded 

through HI test. A titer of 1:32 was recorded in each of the 06 chicks, 1:64 in each of the 08 birds 

and 1:28 was recorded in 06 birds. The GM HI antibody titer was at a value of 64. 

      Antibody response of chicks in Group D vaccinated with own manufactured H9N2 vaccine 

On day 07 PV, the serum HI titers of 1:4, 1:8 and 1:16 were recorded in each of the sera from 

07, 07 and 06 chicks, respectively. The group GM HI titer was calculated as 8.00. 

On day 14 PV, the recorded serum HI antibody titers were better than those at day 07. Of the 

total birds, each of the 05 chicks indicated HI titer of 1:4; each of the six chicks had HI titer of 

1:8; each of the 07 chicks indicated a titer of 1:16 and of the 02 birds each indicated HI titer of 

32 each. The GMT HI titer was determined to be 9.8. 

On day 21, PV, the HI titer further improved. A total of 03 birds had a titer of 1:8 each, four 

a titer of 1:16 each, four 1:32 each; one 1:64 and one bird had a titer of 1:128. The GM HI titer 

was calculated at a value of 24.3. 

 

  Antibody titers of chicks in unvaccinated controls Group E  

  

A total of 20 chicks were used as unvaccinated control in Group E. The blood samples 

from these chicks were also collected on days 07, 14 and 21, and analyzed. On day 07, a total of 

10 chicks had maternal antibody titer of 1:2 each; 07 chicks a titer of 1:4 and of 03 chicks each 

indicated a titer of 1:8 H9N2 virus. The GMT HI titer value at 07th day was calculated as 3.2. On 

day 14 the HI titers in these non-vaccinates were still at low levels; each of the 16 chicks 
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exhibiting a titer of 1:4 and 03 chicks indicating a titer of 1:8 each. The GMT HI titer was 

calculated as 3.5. 

On day 21, the HI titers in unvaccinated chicks further waned than those on day 07 (GMT 

2.5 Vs GMT 3.2) indicating that the maternal antibody titer was decreasing.   
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             Experiment 3 

Evaluation of comparative efficacy and economics of HI, AGPT, ELISA and PCR as AI 

diagnostic tests  

1-Comparison of HA/HI and AGP Tests 

The procedure for conducting the HA/HI test was the same as described by Beard and 

Thayer (1998). The brief description of HA/HI and AGP tests methodology has already been 

given in chapter 3. A total of 50 known positive (4HA units) AIVs H7N3 and H9N2 virus 

samples were comparatively evaluated using diagnostic tests like HA, HI and AGPT.  

Table-19. Comparative sensitivity of the HI and AGP tests 

in detecting H7N3 AIV. 

 

 

TEST 

 

 

STATUS 

 

AIV 

NEGATIVE 

SAMPLES 

 

 

 

 SAMPLES FROM 

EXPERIMENTAL 

GROUP 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

 

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

AGPT 

 

 

+ 

 

0 

 

 

39 

 

S=78% 

 

- 

 

50 

 

 

11 

 

FN=22% 

The fifty known positive samples subjected to HA/HI showed 98% sensitivity while 2% 

appeared to be false negative (49 showed positive results while 01 indicated negative findings. 

The fifty known positive samples subjected to AGPT showed 78% sensitivity with 22 % 

appeared to be false negative (39 found to be positive and 11 were found to be negative). 

      



150 

 

Table20. Relative Sensitivity of HA/HI and AGPT using H9N2 AIV  

 

 

TEST 

 

 

STATUS 

 

NEGATIVE 

SAMPLES 

(CONTROL 

GROUP) 

 

 

POSITIVE 

SAMPLES 

(EXPERIMENTAL 

GROUP) 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

  

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

AGPT 

 

 

+ 

 

0 

 

 

41 

 

S=82% 

 

- 

 

50 

 

 

9 

 

FN=18% 

 

The fifty known positive samples subjected to HA/HI showed 98% sensitivity while 2% 

appeared to be false negative (49 showed positive result while 01 showed negative result). 

The fifty known positive samples subjected to AGPT showed 82% sensitivity with 18 % 

appeared to be false negative (41 found to be positive and 9 were found to be negative). 

Comparison of HI test with ELISA 

The ELISA was performed according to the instructions given in the Directigen Flu A 

Kit, manufactured by Becton Dickinson, Cat. # 8560-20. The commercial enzyme immunoassays 

are advantageous in having their ready to use rapid diagnosis of IVs type A and B in a variety of 

clinical samples. These types of ready to use kits are being marketed by many manufacturers 
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from many years. The ease of these tests is their convenience in use in any laboratory anywhere. 

Moreover, all the required reagents and equipments are provided in the test kit. The result can be 

seen in just 15-20 minutes. These kits are much beneficial in the detection of IV infection earlier 

and it helps a lot in animal influenza studies. For these test kits, the tracheal, throat or nasal 

swabs are considered to be suitable. However, the fecal samples are not recommended for use in 

the commercial ELISA.  

The detailed procedure followed in conducting the ELISA has been already described in 

chapter 3. 
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Table-21  Relative Sensitivity of HA/HI and ELISA in detection of 

H7N3 AIV 

 

 

TEST 

 

 

STATUS 

 

NEGATIVE 

SAMPLES 

(CONTROL 

GROUP) 

 

 

POSITIVE 

SAMPLES 

(EXPERIMENTAL 

GROUP) 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

  

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

ELISA 

 

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

The sensitivity of the fifty positive samples against H7N3 virus subjected to ELISA were 

found to be 98% with 02 % samples appearing as false negative. 
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Table-22 Comparison of sensitivity of HI with ELISA for detecting 

H9N2 AIV 

 

 

TEST 

 

 

STATUS 

 

NEGATIVE 

SAMPLES 

(CONTROL 

GROUP) 

 

 

POSITIVE 

SAMPLES 

(EXPERIMENTAL 

GROUP) 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

  

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

ELISA 

 

 

+ 

 

0 

 

 

50 

 

S=100% 

 

- 

 

50 

 

 

0 

 

FN=0% 

 

For detecting H9N2 AIV the relative sensitivity for ELISA was 100% as no false 

negative samples was detected. 

Comparison of HA/HI with RT-PCR: 

To detect Avian Influenza virus types H7N3 and H9N2, Reverse Transcriptase 

Polymerase Chain Reaction was performed using ready to use RT-PCR kits manufactured by 

Genekam Biotechnology AG, Germany.  
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           Table-23 Comparison of HA/HI with RT-PCR in detecting H7N3 AIV infection. 

 

RT-PCR showed 100% relative sensitivity as no sample was found to be false negative 

by  RT-PCR against H7N3 or H9N2 AIVs. 

                     

 

 

 

 

 

 

 

 

TEST 

 

 

STATUS 

 

NEGATIVE 

SAMPLES 

(CONTROL 

GROUP) 

 

 

POSITIVE 

SAMPLES 

(EXPERIMENTAL 

GROUP) 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

  

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

RT-PCR 

 

 

+ 

 

0 

 

 

50 

 

S=100% 

 

- 

 

50 

 

 

0 

 

FN=0% 



155 

 

Table-24 Comparison of efficacy of HA/HI and RT-PCR in detecting H9N2 AIV infection. 

 

 

Comparative economics of different diagnostic tests used for the Avian influenza 

A total of 25 known positive samples were tested using each diagnostic procedure 

(HA/HI, AGPT, ELISA and RT-PCR. 

Cost of HA/HI test 

The cost of one HA/HI test was calculated to be at about Rs.200-300, keeping in view the 

following factors. 

Cost of micro plate 

Cost of known antigen 

Cost of known antiserum 

 

 

TEST 

 

 

STATUS 

 

NEGATIVE 

SAMPLES 

(CONTROL 

GROUP) 

 

 

POSITIVE 

SAMPLES 

(EXPERIMENTAL 

GROUP) 

 

RELATIVE 

SENSITIVITY(S) 

AND FALSE 

NEGATIVE(FN) 

PERCENTAGE 

 

 

 

 

HA/HI 

  

 

+ 

 

0 

 

 

49 

 

S=98% 

 

- 

 

50 

 

 

1 

 

FN=2% 

 

 

 

RT-PCR 

 

 

+ 

 

0 

 

 

50 

 

S=100% 

 

- 

 

50 

 

 

0 

 

FN=0% 
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Cost for red blood cells 

Skilled labor cost 

Cost of glass-ware used 

Charges for electricity, gas, water etc 

This test was found to be relatively reliable with relative sensitivity of 98%. This test was 

easy to perform in routine in a functional microbiological laboratory. This test is lesser time 

consuming and labor as compared to the AGPT. 

AGPT 

This diagnostic test for the AIVs infection was found to be quite economical. The cost of 

one AGP test was calculated to be about Rs.100-200 to test a single sample. The following 

factors were considered while calculating the per test cost. 

Cost of AGP test agar 

Cost of known antigen 

Cost of known antiserum 

Skilled labor cost 

Cost of glass-ware used 

Charges for electricity, gas, water etc 

It was observed that the AGP procedure was quite time consuming and the test indicated 

relatively more percentage of false negative finding. 



157 

 

ELISA 

ELISA is sensitive as compared to AGPT and HA/HI but it is costly. It takes about 

Rs.1000-1500 to perform a single ELISA test. The assay procedure is rather quite lengthy and 

laborious. 

RT-PCR 

RT-PCR is the test of choice for detection of AIVs with 100% sensitivity with no false 

negative findings. It needs state-of-the art equipment and is conducted in a molecular biological 

laboratory and highly skilled labor. It takes 1-2 days to test a sample and it costs about Rs.5000-

6000   per test. 

The costs of all the procedures are estimated on the basis of the consumable items only. By 

adding the costs of the equipment usage the cost will multiply the expenditure on each test to 

many folds.  
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Table-25 Comparative cost for one AI diagnostic test using various procedures 

  

 

Procedure 

 

 

Number of 

Samples 

 

 

Number of 

Controls 

 

Cost per Test 

(Rs.) 

 

Remarks 

 

HA/HI 

 

25 

 

05 

 

200-300 

Known positive 

and negative 

controls are 

needed 

 

AGPT 

 

25 

 

05 

 

100-200 

Cheapest but 

laborious and 

time consuming  

 

ELISA 

 

25 

 

05 

 

1000-1500 

More sensitive 

than HA/HI but 

less specific 

 

RT-PCR 

 

 25 

 

05 

 

5000-6000 

High cost but 

specific and 

sensitive 
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Table-26 Comparative advantages and draw backs of various diagnostic procedures (HA/HI, 

AGPT, ELISA and RT-PCR) 

 

Name of Diagnostic 

procedure 

 

  

Advantages 

 

Drawbacks 

 

 

 

HA/HI 

 

1-Easy to perform 

2-No need of highly skilled 

manpower 

3-Rapid to perform and 

gives rapid results(in about 

01 hour) 

 

 

1-Needs known positive 

and negative controls 

 

 

 

 

 

AGPT 

 

1-Easy to perform as 

compared to ELISA/RT-

PCR 

2-No need of highly skilled 

manpower as in case of 

ELISA/RT-PCR 

3-Less time consuming as 

compared to RT-PCR(gives 

results in about 12-24 

hours) 

 

 

 

1-Needs laborious 

preparations of Agar Gel 

plates in advance 

2-High false negative 

results 

 

 

ELISA 

 

 

1-High sensitivity 

2-Consumes less time as 

compared to RT-PCR 

1-Costly equipment 

2-High cost/test as 

compared to HA/HI and 

AGPT 

3-Less specific 

 

 

 

RT-PCR 

 

 

 

1-Highly specific and 

sensitive 

1-Very costly 

2-Needs highly skilled 

manpower 

3-Laborious and time 

consuming(takes about 24-

36 hours) 
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CHAPTER 5 

DISCUSSION 

Keeping in view the very high infectious nature of AI (Easterday et al., 1997), isolation of AI 

H7N3, H5N1 and H9N2 serotypes from poultry and the economic loss to the poultry farmers 

caused by those AIV serotypes in Pakistan (Muneer et al, 2001; Muhammad et al., 2001; Naeem 

et al., 1999), possibility of presence of HPAI and LPAI mixed infections in flocks (Capua and 

Marangon, 2000) and highly  negative effects of AI on the poultry production; high morbidity 

and mortality (Naeem and Ullah, 2002), zoonotic importance of AI viruses (Trampuz et al. ,2004 

;Jong and Hien, 2006),  mutation with possible pandemic threat due to emergence of new AIV 

types(Potter, 2001) and poor biosecurity at farms and low standard poultry husbandry practices 

in the open shed systems in Pakistan; especially the rearing of poultry in  required-facilities 

deficient open sheds; the present study was undertaken to achieve  the following objectives:  

1. To isolate and identify various AIV types infecting domestic chicken and wild birds in and 

around Lahore.  

2. To develop inactivated (monovalent/bivalent) AIV vaccines and compare their efficacy with 

the locally manufactured and imported vaccines.  

3. To compare the relative efficacy and economics of diagnostic tests such as HA/HI, AGPT, 

ELISA and PCR against various AI virus types infecting poultry.  
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Isolation and identification of AIV types infecting poultry in Pakistan  

This experiment was conducted to determine the sero prevalence of economically 

important AIV types like H7N3, H9N2 and H5N1 viruses in poultry/wild birds in the districts of 

Lahore Gujranwala, Kasur and Sheikhupura in the Punjab Province and also in poultry being 

reared in other poultry dense areas of Pakistan. For this purpose, maternal HI antibody titers 

against AIV H7N3 and H9N2 in commercial day old chicks (broiler, layer, golden desi and quail 

chicks) from various hatchery sources were examined.  A total of 100 day old chicks; 25 from 

each type of birds, the broiler, layer, golden desi and quails were purchased from poultry 

hatcheries, and their blood samples from jugular vein or directly from the heart were collected. 

The blood sera were separated and subjected to HI test using the recommended procedure (Allan 

and Gough, 1974) so as to determine the level of maternal antibodies against H7N3 and H9N2 

AIV types in the (day-old) progeny chicks. This study indicated very low maternal HI titers 

(range of 00-08; tables 15 and 16) in the sera of the day old chicks indicating that the progeny 

chicks produced by breeder poultry companies in Pakistan were quite susceptible to infection 

with various AIV types right from its early life as the low titers to any prevalent pathogenic virus 

in poultry cannot resist heavy virus challenge especially during the outbreaks in the surrounding 

environments of chicks rearing facilites. These findings further indicate that the poultry breeder 

flocks also do not have enough serum antibodies so as to transfer it to their progeny chicks. Maas 

et. al. (2011) reported that the high maternal HI antibody titers were needed to offer protection 

against clinical infection with AI (H5N1) virus. Muneer et. al., 2001); Kim et al., 2010) also 

reported the determination of AIV serum antibody through HI test.  They further suggested that, 

the lower levels of maternal antibody interfere with the efficacy of vaccine (. The findings of 
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present study indicate that the maternal antibody levels to AIV were quite low and as such these 

could not prevent the occurrence of clinical disease in progeny chicks.    .  

Isolation of AIVs from tissue samples was attempted by collecting 100 tissue samples 

(trachea, lungs, spleen, liver, intestines etc) from 10 commercial; clinically sick, moribund and 

normal chicken populated at broiler poultry farms. Of the total ten farms suffering from various 

degrees of  respiratory distress, and quit high mortality (between 15-25%), 3 were tested positive 

for H7N3 virus infection and 2 were positive for H9N2 virus infection. It was reported that none 

of those flocks had received any locally prepared or imported AIV vaccination. The HI antibody 

titers in those flocks were not so high and ranged between 0-2 log 2 titers. The possible reason 

for the negligible HI titers in these flocks could be that in past they were not exposed to H7N3 

and H9N2 types that are now-a-days circulating in the environment surrounding the poultry 

farms in Punjab and Khyber-Pakhtoon Khawah provinces. Similar findings have been reported 

by Kim et. al. (2010). In the present study it was further noted that the H9N2 virus infected birds 

indicated poor musculature development and poor body weight gains per week.  

The morbid samples of tissues from the sick birds were inoculated to the 10 day old 

developing chick embryos for isolation of AI virus. Muneer et al. (2001) also grew the AIVs in 

the developing chick embryos and demonstrated HA in the AF of virus inoculated embryos.   

Isolation of AIV from the cloacal swabs of broiler breeder flocks was also attempted. For 

the purpose, a total 200 cloacal swabs were collected from 20 flocks housed in Punjab and 

processed for the virus isolation through inoculation in developing chicken embryos. However, 

none of the tested samples was found positive for AIV (Table-18) upon its inoculation in the 

developing embryos. Muneer et al. (2001); Perdue et al. (1990), Shane (1995) and Muhammad 

javascript:openDSC(38262692,%2037,%20'7731');
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et al. (2001) also used the chicken embryos for the virus isolation. Similarly, all attempts to 

isolate AIVs from cloacal swabs of ducks, pigeons, quails, sparrows and desi chicken were 

unsuccessful, upon inoculation of morbid material from these bird species to 11-day old 

embryos, even after its 3rd passage. The failure to isolate AI virus from the breeder hen or the 

pigeons, quails, sparrows and desi chicken indicated that these birds did not harbor the AI virus 

at the time of sampling.  

Isolation of AIV (H5N1) from broiler, broiler breeder, goose, and layer flocks was also 

attempted. A total of eight flocks (including broiler breeder, goose, broiler and layer chicks) 

showing the respiratory illness and mortality ranging from 26-73% were sampled. All these 

flocks (except one) were positive for H5N1 virus isolation, indicating that the H5N1 virus 

infection causes the respiratory signs and high mortality in such type of flocks. Naeem et al. 

(2006) also reported isolation of H5N1 from similar type of birds. Easterday et al. (1997) 

reported that AI is characterized by significant respiratory signs with high morbidity and 

mortality depending on the virulence of serotype of AIV and the health/immunity status of the 

host birds. The overall findings of present study on virus isolation are congruent with those 

reported by Easterday et al. (1997) and Naeem et. al. (2006).  

Muhammad et al. (2001) reported outbreaks of respiratory syndrome in broiler and layer 

flocks suffering from 100% morbidity and 50% mortality in Karachi and Abbotabad. The 

infected birds had hyperemic trachea and congested lungs. They also isolated an HA agent upon 

inoculation of suspected material in 9 days old embryonating chicken eggs and demonstrated the 

presence of a hemagglutinating virus in AF which was later confirmed as avian influenza type 

H9 virus. Similar type of work in broilers flocks was also conducted by Otasuki (1996); Capua 

et al., (2002) and Marandi and Fard (2002). In present study, 200 tissue and 200 cloacal swab 
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samples from broiler and broiler breeder farms located in four districts and 100 cloacal swab 

samples from ducks, pigeons, quails, sparrows and desi chicken were collected and processed for 

isolation of AIVs. The number of samples found positive for AIVs H7N3, H9N2 and H5N1 in 

the examined flocks is indicated in the tables 17-20. The findings on AIVs are in line with the 

research reports of Otasuki (1996), Capua et al. (2002) and Marandi and Fard (2002). Guan et 

al. (2000) also observed that the H9N2 AIV infected a high proportion of avian including 

pigeons, pheasants, quails, guinea fowls, and chukkas, in south eastern areas of China. 

A/Quail/Hong Kong/ G 1/97 like and A/Duck/Hong Kong/Y280/97 like viruses were isolated 

from the live poultry markets. Ficken et al. (1989), Hopkin et al. (1990), Sivanandan et al. 

(1991), Hlinak et al. (1998), Morishita et al. (1998), Alexander (2000b) and Charlton (2000) 

have also reported similar findings. 

 In the present work, a total of 100 cloacal swab samples from ducks, pigeons, quails, 

sparrows and desi chicken (20 samples from each species) were collected and investigated for 

virus isolation. Moellering (2006) reported that the ability of H5N1 influenza virus in extending 

its host range to migratory birds was attributed to its rapid spread to birds in Africa, central Asia, 

Indian Subcontinent and Europe as in these countries this virus had shown the potential to cause 

a definite disease in different bird species.   Josanne et al. (2011) also worked on isolation of 

influenza A viruses and reported that the wild bird species harboring LPAI viruses belong to the 

Anseriformes (swans, ducks and geese) and Charadriiformes (terns, gulls and waders). These 

species constitute the major natural virus reservoir allowing the virus transmission mostly by the 

fecal-oral route between susceptible birds and potentially allow temporal and spatial connectivity 

of virus populations in different host populations.  Until 2005, HPAI viruses had been isolated 

only sporadically from wild birds.  However, during 2005 a large-scale HPAI H5N1 virus 
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outbreak occurred in wild migratory birds and it affected large numbers of wild birds such as 

geese, gulls, and cormorants.  In the present study none of the samples from ducks, quails, desi 

birds and sparrows was positive for AIV. This finding is not in agreement with the reports 

published by above mentioned scientists. This difference in finding could be due to non-

circulation of high concentrations of AIVs in the avian species during present work.  

 AIV VACCINATION 

Vaccination plays an important role in increasing resistance in poultry to AIVs 

circulating in the field; reducing virus shedding level in vaccinates and thus reducing its further 

transmission to living hosts virus from the contaminated environment. In the present work in the 

vaccinated flocks the maximum antibody titer was observed mostly in the third week post 

inoculation. However, no appreciable antibody titers were seen in day old commercial chicks 

originating from different parent flocks, indicating poor antibody levels to AIVs in the parents 

and necessitating progeny chicks vaccination for provoking good immune responses. As per 

reports of Werner, 2006; Swayne, 2000; Abbas et al., 1991; Capua, 2007; Deborah et al., 2007 

and Jennifer, 2003, vaccination has a vital role in prevention of AI by inducing protective 

seroconversion not only in humans but also in equines, swine and avian species. An effective AI 

eradication program in developed countries stresses on use of bio-security along with good 

immunization of various types of populations through vaccination. However, such a vaccination 

must lead to production of high antibody titers against prevailing AIV strains. In many Asian 

countries including Pakistan where avian influenza has been a common malady in poultry since 

1994, seroconversion is now obtained by routine vaccination of few commercial flocks 

(including broiler breeder, broiler and layer flocks).with H7N3, H5N1, and H9N2 type virus 

strains poultry Ring AI H5N1 vaccination of flocks housed in 3-4 KM radius areas of infected 
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farms helped to control the further spread of H5N1 virus infection (OIE, 2006; Muneer, 2006; 

Muneer & Azeem, 2009). It is however, needed that the back yard poultry in the rural and urban 

should also be vaccinated against the AIV strains especially the H9N2 virus which is now 

infecting the poultry flocks through all provinces of Pakistan. Presently H9N2 AIV has also 

become endemic in poultry in many countries (Cameron et al, 2000). It has been reported that a 

LPAIV H7N1 circulated in the poultry flocks in Italy for many months till the emergence of a 

pathogenic virus of the same subtype. During the 3 months period this virus caused deaths of 

millions of birds. It is a considered view that high density of susceptible populations; poultry 

industry structure in the contaminated area and co-circulation of LPAI virus were the major 

factors responsible for the precipitation of AIV infections as these lead to delay in the proper and 

rapid diagnosis of HPAIV and also interfered in proper interpretation of test findings obtained 

through various laboratory procedures. It is further believed that the mixed infections of LPAI 

and HPAI viruses in a population might also complicate interpretation of diagnostic findings and 

as such delay the implementation of bio-security measures at the farms experiencing AI 

outbreaks (Capua and Marangon, 2000).   
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Development of AIV inactivated vaccine and comparison of its efficacy with the already 

available locally manufactured and imported vaccines.  

 In the developed countries implementing strict bio-security measures at the poultry farms 

along with the use of inactivated monovalent/polyvalent vaccines has helped in controlling AI 

(Werner, 2006). Stone (1988) reported that inactivated mono-valent and polyvalent virus 

adjuvant containing vaccines induce antibody production and offer protection against egg laying 

declines, bird morbidity and mortality. In many countries having AI problem in poultry, 

vaccination is routinely used or is used as a means of emergency measure during epizootics of 

HPAI (Swayne, 2000).  

The slow and long lasting antigen liberation is induced by the vaccines which stimulates 

the immune response in a sustained manner and results in the production of humoral immune 

response. Potentiating non- specific resistance of the birds to multiples of microbes also offers 

resistance against AIVs (Abbas et al.,1991). The AI control programs include vaccination of 

poultry at a wider scale (Capua, 2007). The haem-agglutinin based AI vaccines conferred 

protection against multiples of homologous HA subtype viruses (Kodihalli et al., 2000 and 

Swayne et al., 2000).  Efficacy of H5N1 inactivated vaccines to cope with infection caused by AI 

in ducks has been reported by various workers. Deborah et al. (2007) compared a bivalent 

vaccine comprising H5N9 and H7N1 oil emulsion vaccine to a mono-valent H5N3 oil emulsion 

vaccine in ducks. The vaccines were prepared from H5 A/chicken/Vietnam/C58/04 by reverse 

genetics. An effective protection against AI morbidity was induced by both the vaccines. A 

javascript:openDSC(7766992,%2037,%20'4792');
javascript:openDSC(7766992,%2037,%20'4780');


168 

 

greater protection was conferred by the monovalent vaccine, giving no serological response to 

the challenge and no shedding of the challenge virus (H5N1) following the vaccination.  

In the present work vaccination was done with a commercially available H5N2 virus 

vaccine and it proved immunogenic for all the species tested. The effectiveness of the 

immunogenic response was studied by measuring the antibody titers produced against prototype 

strains of prevailing subtype H5N1. The collected data proved that the immunization is quite 

beneficial preventive measures against an outbreak and it also decreases the contamination of 

environment by HPAI H5N1 virus. Mads et al. (2007) also used H5N9 inactivated vaccine to 

study serological response of vaccine against AI in zoo birds. The birds in three zoos were 

vaccinated by giving an interval of 6 week using an H5N9 inactivated vaccine.  Using HI they 

measured immunogenic effect produced at 4–6 weeks of second vaccination. A seroconversion 

in majority of birds (84%) was developed with 76% of them having a titer of ≥32. The GMT 

value post vaccination was found to be 137. They noted a significant difference in producing 

immunogenic response in different species. A low titer was observed in ducks, penguins, geese, 

pelicans, herons, lovebirds, cranes, Guinea fowls, reduced titers were observed in flamingos, 

rheas, ibis, black-winged stilts, Congo peafowl, Amazon parrots and kookaburras. Jae et al. 

(2008) generated and evaluated H9N2 reassortant influenza vaccines prepared by reverse 

genetics. Protection against challenge (field isolates) and sero conversion (high HI titers) proved 

the efficacy of the prepared vaccines.  

Ning et al. (2008) evaluated inactivated reassortant trivalent vaccine comprising avian, 

human and swine AIVs. The trivalent formalized vaccine contained H1, H3 and H9 subtypes of 

IV antigens from avian, human and swine origin.  The vaccination provoked high HI titers 

producing IV specific immunoglobulins G (IgG) without showing any cross reactivity 
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antigenically. A 100% protection was noted on virulent virus challenge by 

A/chicken/Guangdong/126/2002. Findings of the present investigation are close to those reported 

by Ning et al. (2008).  Saori et al. (2008) prepared a vaccine by using a non-virulent IV subtype 

H7N7 obtained from natural environmental reservoirs. This vaccine provided protection against 

disease by inducing an immunogenic response against the lethal dose of challenge with HPAIV 

strain. The vaccinates were completely protected and did not develop any clinical signs upon 

challenge with H7 HPAIV lethal dose. Takashi et al. (2009) studied the immune response in 

chickens using a single dose of influenza vaccine. They prepared the vaccine by inactivation of 

HPAI H5N1 virus (A/duck/Hokkaido/Vac-1/04) using anhydro-mannitol-octadecenoate-ether 

(AMOE) as adjuvant. They inoculated a single shot of vaccine intramuscularly into five chickens 

which were 4 week old. They challenged the chicks at 138 weeks post vaccination intra-nasally 

using 100 times of 50% lethal dose of chicken of subtype H5N1 HPAI virus 

(A/chicken/Yamaguchi/7/04). All the 5 vaccinated chickens survived showing no clinical signs. 

However 2 days post virulent virus challenge 3 vaccinates indicated the limited shedding of viral 

titers in the laryngo-pharyngeal swabs.  Dawn et al. (2010) studied the efficacy of commercially 

prepared Central American H5N2 AI vaccines in poultry and reported that the vaccination was 

helpful in controlling the ill effects of both H5N2 LPAI and HPAI viruses. Miriam et al. (2010) 

inoculated a licensed, inactivated LPAI vaccine to evaluate virus strain H5N2 in layers 

maintained under field conditions. The efficacy of the vaccine was determined by measuring 

specific antibodies and by challenge using HPAI H5N1 virus. Basic immunization was achieved 

by two shots of vaccine which induced clinical protection. Shedding of the virus by vaccinates 

compared to non-vaccinates was reduced.   
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Yasushi et al. (2010) reported that the subcutaneous vaccination comprising of whole 

virus particle manufactured from a non-pathogenic virus induced effective immune response 

against IV subtype H7N7 HPAI in cynomolgus macaques. They observed the production of 

antibodies and T cells derived immune responses against the vaccine strain of virus by 

inoculation via the subcutaneous route using the whole virus with or without the addition of 

adjuvant (alum) in cynomolgus macaques. They observed no significant difference regarding the 

level of immune response between vaccinates with or without use of alum as adjuvant. However, 

presence of alum in vaccine as an adjuvant developed a greater response of CD8 + T cells than 

the vaccines without addition of alum.  On challenging unvaccinated macaques using HPAIV 

subtype H7N7, the nasal swabs were found positive for virus up to 8 days. The same was 

observed for 1 day in vaccinates (vaccine either with or without alum). However a rise in body 

temperature was seen in macaques for a short time inoculated with vaccine containing alum as 

adjuvant. The results indicated the pathogenic nature of H7N7 HPAI virus strain to macaques. It 

also demonstrated that immunization conferred protective immunity to macaques providing 

effective shelter against HPAI H7N7 viral attack.  

In the present study, the comparative efficacy of three different types of local and 

imported vaccines, was studied along with one  vaccine type prepared in the present 

investigation. The post vaccination HI antibody response of chicks in different groups was 

determined using standard procedure of Allan and Gough (1974). The highest immune response 

was observed in vaccinates at the third week post-vaccination. The GMTs of the HI titers of 

chicks in groups A, B, C and D on 21st day post vaccination were recorded as 55.7, 52, 59.7 and 

29.9 against H7N3 virus. The chicks in control group had extremely negligible titer that could be 

those of  maternal immunity. This observation is congruent with the findings of Deborah et al; 
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(2007) who also reported maximum antibody titer during third week post vaccination. The 

presence of negligible antibody titer in unvaccinated control birds has also been reported by 

Stone (1988), Abbas et al (1991);  Kodihalli et al. (2000), Swayne et al. (2000), Werner (2006), 

Capua (2007), Deborah et al. (2007), Joost et al. (2007), Mads et al. (2007), Jae et al. (2008), 

Ning et al. (2008); Saori et al. (2008), Takashi et al. (2009), Dawn et al. (2010) and Miriam et al. 

(2010). The findings of present work are congruent with those reported by above workers. In our 

study no significant difference in the HI response between combined and separate H7N3 and 

H9N2 vaccines inoculation in chicks was observed. This finding is congruent with the findings 

of Henery (1987) who also observed that if the conditions of poultry rearing and vaccination 

remain good and the procedures adopted are reliable then optimum sero conversion can be 

obtained.   Ning et al. (2008) also reported similar findings.  

Evaluation of comparative efficacy of various AI diagnostic techniques  

In the present study fifty known positive field isolates along with fifty known negative 

samples were tested each for H7N3 and H9N2 AIV subtypes using HA/HI, AGPT, ELISA and 

RT-PCR. A sensitivity of 98%, 78%, 98% and 100% for H7N3 was observed. The results 

obtained for H9N2 subtype were 98%, 82%, 100% and 100% respectively. This is in accordance 

to the results reported by Zarkov, (2007). He reported that the sensitivity, specificity and test 

agreement was 100% for HI test and AG- ID test and 93.1% for ELISA on the background of a 

specificity of 100 %. The comparison showed a specificity of 100 % for AG-ID and HI tests and 

93.1% for ELISA, sensitivity of 100 % and test agreement of 97.4 % for ELISA. The data for 

detection of type-specific antigens showed 93.1 % sensitivity for AG-ID test and ELISA, 

specificity of 100 % and test agreement of 97.4 %. The results of the present work are congruent 

with the findings obtained by Ming-Shiuh et al. (2001); Adam et al. (2006), Da Peng et al. 
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(2007); Hao-tai et al. (2008), Sumathy et al. (2008), Yixin et al. (2008), Ana et al. (2009), Bao-

Feng et al. (2009), Heather et al. (2009), Ben Shabat et al. (2010), Jeanet et al. (2010), John et 

al. (2010), Ok-Mi et al. (2010), Françoise et al. (2011) and Natsumi et al. (2011).  However, 

there is need for further investigations to generate data for formulating a national policy on use 

of AIVS vaccines in breeder flocks.  

CONCLUSIONS 

From the overall findings of present investigation it can be concluded that:  

1. AIVs types H7N3, H9N2 and H5N1 are prevalent in broiler and broiler breeder flocks 

in and around Lahore and the infected flocks suffer from respiratory problems, high mortality 

and poor growth.  

2. Low titers of maternal antibody were observed in the day old commercial chicks from 

different hatchery sources.   

3. Currently available commercial vaccines have the potential to generate protective 

immune response in the vaccinated birds.  

4. Maximum HI antibody titers are observed at 12 to 14 days post AIV inactivated 

vaccination.  

5. Both the monovalent and bivalent AI vaccines confer recognizable immunity in the 

chicks.  
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6. In terms of test sensitivity, specificity, ease of use and economics all the diagnostic 

procedures studied in this experiment have their own merits and demerits. However, based on 

economy of testing, the HA/HI is considered as the method of choice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



174 

 

CHAPTER 6 

 

SUMMARY 

This study was conducted to (1) isolate and identify various AIV types infecting domestic 

chicken and wild birds in and around Lahore, (2) develop inactivated (monovalent/bivalent) AIV 

vaccines and compare their efficacy with the locally manufactured and imported vaccines, (3) 

compare the relative efficacy and economics of diagnostic tests such as HA/HI, AGPT, ELISA 

and PCR against various AI virus types infecting poultry.  

A total of 100 day old chicks, 25 from each type of broiler, layer, golden desi and quails 

were examined for the presence of HI maternal antibodies produced in response to H7N3 and 

H9N2 AIVs. Very low HI titers in the range of 0-8 were observed in the day old chicks.  

Isolation of AIVs from 100 tissue samples (trachea, lungs, spleen, liver, intestines etc) 

collected from 10 poultry farms was attempted.  These samples were inoculated in developing 9 -

11 day old chicken embryos. The AF from the inoculated embryos was harvested and tested for 

HA activity. Of the total ten farms, 3 were positive for H7N3 virus infection and 2 were positive 

for H9N2 virus infection. Isolation of H7N3 virus was possible from the broiler flocks, aged 4-7 

weeks which had suffered from respiratory distress signs and mortality of 15-25%. The H9N2 

positive broiler flocks (age 4 weeks and 6 weeks) also suffered from respiratory signs, poor 

growth and weight gain with 5-11% mortality. None of those flocks had received any locally 

prepared or imported AIV killed vaccination. The AIV HI antibody titers in those flocks were 

not significant and ranged between 0-2 log 2 titers.  

javascript:openDSC(1119984772,%2043,%20'11805');


175 

 

Isolation of AIV from 200 cloacal swab samples obtained from 20 different broiler 

breeder flocks was also attempted. None of the samples was found positive for AIV. The AIV 

isolation was also attempted from desi chicken, ducks, pigeons, quails and sparrows using their 

100 cloacal swab samples. All attempts to isolate AIV failed as none of the samples was positive 

for AIV, upon inoculation of material from the swab samples to 11-day old embryos.  

The attempts to isolate AIV (H5N1) from broiler, broiler breeder, goose, and layer flocks 

showing the respiratory illness and mortality ranging from 26-73% were also made. All the 

examined flocks (except one layer flock) were positive for H5N1 virus infection.  

Seroconversion in H7N3 and H9N2 virus (imported/local, bivalent) vaccine inoculated 

six broiler breeder flocks was also studied. The maximum GMT titers were observed as 27.9 and 

29.9 for H7N3 virus and 26 and 55.7 for H9N2 virus in the vaccinated birds.  

The efficacy of three commercially available vaccines and one newly prepared vaccine 

was studied. The experimental findings indicated that all the three commercially available 

vaccines were able to generate good immune response in chicks housed under controlled 

hygienic conditions. The maximum titer was achieved after 12 -15 days of vaccination. The 

GMTs of the HI titers of chicks in groups A, B, C and D on 21st day post vaccination were 

recorded as 55.7, 52, 59.7 and 29.9 against H7N3 and 27.9, 68.6, 64 and 24.3 against H9N2 

virus, respectively.  

Comparative efficacy of various diagnostic procedures for AIVs was also studied. The 

results indicated that ELISA and RT-PCR have good relative specificity but are costly 

procedures as compared to HA/HI and AGP tests. Fifty known positive field isolates along with 

fifty known negative samples were run each for H7N3 and H9N2 AIVs by HA/HI, AGPT, 
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ELISA and RT-PCR. A sensitivity of 98%, 78%, 98% and 100% for H7N3 was observed each 

for HA/HI, AGPT, ELISA and RT-PCR, respectively. The results obtained for H9N2 subtype 

were 98%, 82%, 100% and 100% respectively for HA/HI, AGPT, ELISA and RT-PCR. As far as 

economics of AIV diagnosis is concerned, the HA/HI is recommended as the method of choice 

as it is highly efficient and economical. However, selection of any diagnostic procedures 

described depends upon the time, facilities and the financial resources available. 
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Appendix 1-Abbreviations Used 

mAbs Monoclonal Antibodies RT-LAMP Reverse Transcription 
Loop Mediated Isothermal 

Amplification 

A H Haemaglutinin 

AF Allantoic Fluid HA Haemaglutination 

AGID Agar Gel Immuno 
Diffusion 

HA NP Haemaglutinin Nucleo 
Protein 

AI Avian Influenza HI Haemagglutination 
Inhibition 

AIMS Avian Immune Sysytem HPAI Highly Pathogenic Avian 
Influenza  

AI NS Avian Influenza Non 
Structural 

HPAIV Highly Pathogenic Avian 
Influenza Virus 

AIV Avian Influenza Virus HPS Hydro Pericardium 
Syndrome 

AIVI Avian Influenza Viral 
Infection 

I 

AIVs Avian Influenza Viruses IB Infectious Bronchitis 

AMOE Anhydro Mannitol 
Octadecenoate Ether 

IBD Infectious Bursal Disease 

AS ODNs Antisense 
Oligonucleotides 

IBV Infectious Bronchitis Virus 

B IFA  

BC British Columbia IFN- γ Interferon Gamma 

BHK 21 Baby Hamster Kidney 21 
Cell Line 

IgG Immunoglobulin G 

  C IN/IT Intra-nasally and Intra-
tracheally 

cDNA Complementary DNA IP Incubation Period 

CI Confidence Interval IV Influenza virus 

CTL Cytotoxic Lymphocytes IVP           Intravenous 
Pathogenicity Index 

 

D IPC Internal Positive Control 

DNA Deoxyribo Nucleic Acid   

DIVA Differentiation of Infected 
from Vaccinated Animals 

iIFAT Immunofluorescent 
Antibody Test 

E K 

EDS Egg Drop Syndrome KDa Kilo Daltron 

EID50 Embryo Infective Dose50 KKT Ko-Ken Tang 

ELISA Enzyme Linked Immuno 
Sorbant Assay 

L 

G LBM Live Bird Market 

GMT Geometric Mean Titer LPAI Low Pathogenic Avian 
Influenza 

H LPAIV Low Pathogenic Avian 
Influenza Virus 
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MDCK Madin–Darby Canine 
Kidney 

S 
  

MDT Mean Death Time SPF Specific Pathogen Free 

MHC Major Histo-compatability 
Complex 

 T  

M1 Matrix 1 TS Temperature Sensitive 

N TCID50 Tissue Culture Infectious 
Dose50 

N Neuraminidase U 

NA Neuraminidase UK United kingdom 

NARC National Agricultural 
Research Council  

USA United States of America 

ND New Castle Disease UV Ultra Violet 

NEP Nuclear Export Protein UVAS University of Veterinary 
and Animals Sciences 

NS Non Specific   V 
  

NWFP North Western Frontier 
Province 

VLA Veterinary Laboratory 
Agency 

O VLPs Virus Like Particles 

OIE World Organization of 
Animal Health (Office 

International des 
Epizooties) 

VNT Virus Neutralisation Test 

OR Odds Ratio vRNA Viral Ribonucleic Acid 

P vRNP Viral Ribonucleic Protein 

PB2 Polymerase Basic Protein 
2 

W 

PBUH Peace Be Upon Him WHO World Health Organisation 

PCR Polymerase Chain 
Reaction 

 

PI Post Infection 

PRRSV Porcine Reproductive and 
Respiratory Syndrome 

Virus 

R 

RBC Red Blood Cell 

RNA Ribo Nucleic Acid 

rRT-PCR Real Time Reverse 
Transcriptase-PCR 

 

 


