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ABSTRACT 

The repeated outbreaks of chicken viral respiratory diseases are a major cause of economic losses for the 

poultry industry. In this study, isolation and molecular identification of low pathogenic avian influenza 

virus, Newcastle disease virus, and infectious bronchitis virus were performed on suspected samples 

collected from 03 different sampling sites of poultry diagnostic laboratories in Lahore-Punjab. The 

current study was designed to screen the tracheal and lungs tissue simultaneously for four viral 

respiratory pathogens (AIV H9N2, NDV, IBV, and ILT) using the same PCR thermal conditions in a 

single reaction cycle. In this study, trachea and lungs samples of 413 chickens with history of respiratory 

signs were collected from one hundred poultry flocks. These samples were processed for RT-PCR and 

phylogenetic analysis to diagnose the respiratory pathogens including avian influenza H9N2 virus (AIV-

H9N2), Newcastle disease virus (NDV), infectious bronchitis virus (IBV) and infectious 

laryngotracheitis virus (ILTV). Based on RT-PCR results, number of positive samples for AIV-H9N2, 

NDV, IBV and ILTV were 14, 04, 05 and 0 respectively. In the current study, the detection rate of AIV-

H9N2, ND, IB, and ILT were 14%, 4%, 5%, and 0% respectively. Among these diagnosed viruses, no 

case of co-infection with studied respiratory viruses was detected. AIV-H9N2 strains detected in this 

study were placed in the same clade with G1-lineage viruses reported from Pakistan. Based on all 

essential analyses, the present study concluded that the evolution and distribution of the Newcastle 

disease virus of various genotypes VIIi and VIIl in Pakistan are having significant pathogenic potential.  

Our IBV isolate was placed in a single clade, which is representative of genotype-I lineage 13 

(G1-13) of avian infectious bronchitis virus. The pattern of the severity of microscopic lesions induced in 

trachea and lungs was as follows; IBV>NDV>AIV-H9N2. The pattern of serum interferon-gamma levels 

in infected birds was as follows; IBV>NDV>AIV-H9N2. 

 It is noted that the tracheal and lungs tissues are severely damaged in respiratory viral infection 

i.e. IBV>NDV>AIV-H9N2. Respiratory viruses currently circulating in commercial chicken flocks have 

maximum similarity with strains reported previously from Pakistan and neighboring countries like Iran 

and India.  

 It is suggested that a single flock showing respiratory distress should be tested for multiple viral 

pathogens for accurate diagnosis. Suitable environmental conditions should be maintained to minimize 

health risks especially respiratory stress and tracheal damage to reduce predisposition to pathogens. This 

sensitive and specific molecular technique will provide in time and correct diagnosis that will save losses 

to farmers due to undiagnosed viral respiratory diseases. This study result also emphasizes to develop 

poultry vaccines from indigenous strains for better protection of commercial poultry in Pakistan. 

Circulation of various viral respiratory pathogens in the field is a serious threat to the poultry industry so 

continuous monitoring of flocks for respiratory viruses is key to the control of viral diseases. 
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CHAPTER 1 

INTRODUCTION 

Pakistan is an agricultural state and poultry production is an important vibrant sub-sector of 

agriculture (Sharif et al. 2014). The Poultry sector is the second largest industry in the country with an 

annual growth rate of 8-10%. This segment provides employment to over 2 million people with current 

investment of more than Rs. 750 billion. Chicken is providing quality protein at an affordable price to the 

people as compared to beef and mutton. The average daily consumption of animal protein for humans in 

Pakistan is only 17g per day in comparison with WHO recommendation of 27g per day (Hussain et al. 

2015). Poultry sector faces a lot of challenges as well. Illness in chicken due to infectious diseases 

reduces the availability of eggs and meat, thus aggravates nutritional deficiencies in humans. For 

respiratory system diseases, certain factors play pivotal role in enhancing damage to the respiratory 

system and make the respiratory system prone to pathogens. On the farm, chicken trachea is vulnerable 

to damage by ammonia, dust in the shed, live vaccines (ND, IB) reactions, and immunosuppression. In 

the chicken, tracheal damage may predispose birds to multiple respiratory infections and aggravates the 

prevailing disease. Respiratory bacterial diseases are comparatively easily controlled through the use of 

antibiotics and probiotics. While viral diseases cause more damage as antiviral therapy is usually not 

practiced at a mass level. Among the infectious diseases, RNA viruses remain potential threat for 

commercial poultry due to virus evolving nature. Economically significant viral respiratory diseases 

commonly reported in commercial chicken include Avian Influenza (AI), Newcastle Disease (ND) and 

Infectious Bronchitis (IB). These diseases cause high mortality, reduced production and also results in 

economic losses by trade restrictions. Vaccination and treatment cost of affected flocks also aids in 

economic burden by these potential harmful respiratory viruses. Birds infected with these aforementioned 

diseases exhibit respiratory distress like cough, rales, retarded growth, reduced production and damaged 

trachea and lungs tissues. While Infectious Laryngotracheitis (ILT) also produces similar clinical signs 

and tracheal lesions. It is important to differentiate these diseases which share common clinical sign and 

resembling lesion in the early stages of disease. 

Among the important respiratory viral diseases, ND is caused by enveloped RNA Newcastle 

disease virus (NDV) belonging to genus Avulavirus and family Paramyxoviridae type-1(APMV-1). ND 

isolates of avian species are classified into 9 serotypes (APMV-1 to APMV 9) (Miller et al. 2010). 

Despite the regular use of the vaccines, ND outbreaks are also reported in vaccinated flocks Etriwati et 

al. (2017). It causes highly contagious and fatal disease of poultry characterized by respiratory, digestive, 

and nervous ailments. However, outbreaks in recent past have raised concerns regarding vaccination 

failure which may occur due to the emergence of novel genotypes or due to incompatibility between field 

and vaccine strains (Miller et al. 2010). The phylogenomic studies found that 21 genotypes circulate in 

multiple avian species globally, with genotypes VII, XIII and XXI type of viruses were causing most 

outbreaks in developing countries including Pakistan (Rahman et al. 2020b). A reference index for NDV 

pathotyping can be established through intracerebral pathogenicity index in chicks of age one-day, 

analyzing the disease severity in hosts, and analysis of fusion protein cleavage motifs (Rahman et al. 

2019a). Very virulent NDV isolates had at least three basic amino acids i.e. lysine (K)  or arginine (R) 

starting at positions 112-116 with phenylalanine (F) at position 117, while low virulent virus had basic 

amino acids only at positions 113 and 116 with leucine (L) at position 117 (Alexander et al. 2012). 

Another economically important immunosuppressive disease affecting the chicken respiratory 

system is AI which is also a highly fatal and contagious disease. It is caused by Type-A Avian Influenza 

Virus (AIV) belonging to the family Orthomyxoviridae. It is an enveloped RNA virus having eighteen 

https://www.ncbi.nlm.nih.gov/pubmed/?term=HUSSAIN%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26696690
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hemagglutinin (HA) and eleven neuraminidase antigenically distinctive subtypes. AIV affects the 

respiratory, digestive, and nervous systems of its host (chicken) and it ranges from mild disease to fatal 

pneumonia. H9N2 is a low pathogenic avian influenza virus (LPAIV) virus bearing spikes. Recently, 

H9N2 LPAIV was reported in 5.7% of 905 flocks of commercial and backyard poultry in Pakistan (Umar 

et al., 2019). 

One of the most economically important chicken respiratory system ailments is Infectious 

Bronchitis (IB) disease which is caused by Infectious Bronchitis Virus (IBV) of the Coronaviridae 

family. IBV is a single-stranded, enveloped RNA virus that also bears spikes. It is a highly contagious 

disease and can causes up to 100% morbidity in the affected flock with rapid spreading behavior among 

pen mates. IBV can infect epithelial cells including the respiratory system, kidneys, genital organs and 

many parts of the alimentary system. The birds infected with this disease show coughing, sneezing, and 

tracheal rales. In the birds affected with a respiratory infection, casts were observed in the trachea at the 

level of bifurcation that extended to the lower bronchi. These casts developed as a result of severe 

exudation. IBV is one of the tough diseases to control in poultry production because of the contagious 

nature of respiratory viruses, wide variation in the serotypes, the evolution of recombinants due to co-

infection of multiple virus types, and use of the live vaccine (Bayry et al. 2005). Outbreaks of IB can 

occur in vaccinated birds due to the paucity of cross-protection against antigenically unrelated serotypes 

and variant strains of virus (Maarof et al. 2014). One of the under-focused respiratory system viral 

diseases of commercial chicken is Infectious Laryngotracheitis (ILT). ILT is caused by enveloped DNA 

avian alpha herpesvirus which is a highly contagious virus with spikes on its surface. ILT disease is 

characterized by expectoration of bloody discharge and necrotizing laryngotracheitis. Its vaccine is being 

practiced while it is not detected or reported in in domestic commercial poultry. Regarding tracheal 

epithelium role as barrier against pathogens, Lasota and IB vaccine viruses are a probable cause of 

respiratory reaction (mild to severe) in growing birds and predispose the chicken to secondary infections 

(Mast et al. 2005). 

There are overlapping and similar clinical signs and lesions in chicken respiratory viral diseases 

which hampered accurate diagnosis and hence increase losses due to undiagnosed diseases. It becomes 

difficult to differentiate respiratory pathogens alone by clinical signs, so diseases remain obscure for 

extended period and farmers bear heavy losses. Recognition of disease is the basic of disease control and 

prevention. One way to mitigate losses in viral diseases affecting respiratory system is prompt and 

accurate diagnosis of ongoing disease. The conventional methods of diagnosis are very laborious and 

time-consuming and are further complicated by the inefficiency in differential diagnosis of mixed 

infections. Nonspecific reactions or cross reaction often hamper serological tests. Polymerase chain 

reaction (PCR) is fast and sensitive method to detect pathogens and critical for adopting proper 

preventive and control measures to reduce economic losses. PCR is one of the most sensitive molecular 

tool to diagnose these viral pathogens. PCR is used frequently to diagnose respiratory diseases and has 

been found to be more specific and sensitive as compared to viral culture and antigen detection (Laamiri 

et al. 2016). As for as pathophysiology of disease is concerned, production levels of interferon-gamma 

may contribute significantly. The interferon-gamma reflects host immune response to various pathogens 

especially viruses. So its concentration was analyzed in the infected birds with respiratory viruses 

(Rahman et al. 2020). 

The detection of multiple infections of the respiratory tract in chickens has rarely been 

investigated by combined PCR, histopathological, and molecular characterization of important 

respiratory viruses. Despite intensive vaccination programs for these important viral diseases, outbreaks 
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could re-emergence as consequences of infections with new variants that vary serologically from the 

strains used in vaccines manufacturing (Maarof et al. 2014). Lahore is the second largest city of Pakistan 

and is located at 31.52°N 74.35°E. Established poultry disease diagnostic centers by the public and 

private sectors in Lahore were approached for convenient sampling. The objectives of the present study 

were to 1) detect multiple avian respiratory pathogens (H9N2, NDV, IBV, and ILTV) in a single PCR 

test by using same PCR thermal conditions for 04 respiratory viruses from clinically infected commercial 

chickens showing respiratory distress, 2) molecular characterization of field isolates of respiratory viral 

pathogens, and 3) observe associated gross and histopathological lesions in the respiratory system. This 

study also covered analysis of the respiratory viral genes sequences due to the risk of gene mutation and 

the emergence of new strains. This study findings will be helpful in devising control strategies regarding 

chicken viral respiratory infections which ultimately help to reduce economic losses caused by viral 

respiratory diseases in the poultry industry. 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1. Avian Influenza 

Influenza is highly fatal and acute contagious infection of birds that also affect epidemically the 

humans too. Avian Influenza is the most significant disease of poultry causing high mortality. AIV 

(H9N2) is currently endemic in Pakistan and disease outbreaks are being reported with high morbidity, 

declined production and underweight birds. Conjointly economic losses to the poultry industry, these 

viruses pose a significant threat to public health. 

2.1.1. Etiology 

AIV is an enveloped RNA virus with a segmented genome belonging to the family 

Orthomyxoviridae. Eight gene segments code for 10 structural and at least 9 nonstructural/regulatory 

proteins. PB1, PB2, PA, NP, M1, NS1, and NEP are present internal to the lipid envelope, while M2, HA 

and NA are fixed in the envelope and available for antibody binding (Kosik and Yewdell, 2019). 

Antigenic drift is due to the high mutational tolerance of these surface glycoproteins and frequent 

antigenic shift is due to segmented genome of the organism. There are eighteen HA and 11 NA subtypes 

are known to exist in nature. All but H17N10 and H18N11 subtypes, found to date in bats also circulate 

in wild aquatic birds which are the largest natural AIV reservoirs (Kosik and Yewdell, 2019). 

2.1.2  Clinical Signs, Gross and Microscopic Changes 

Mosleh et al. (2017) observed histopathological changes in chickens experimentally infected with 

LPAIV (H9N2). There was congestion, hemorrhage, hydropic degeneration and necrosis and deciliation 

of epithelium, inflammatory cells infiltration with cast formation in the trachea. There was frequent 

congestion, hemorrhage, edema in the lungs. Congestion, mild necrosis and infiltration of inflammatory 

cells were also noticed in kidneys of infected chickens. 

 Jaleel et al. (2017) determined experimental pathogenesis of H9N2 in broiler chickens. Birds 

showed signs of less severity like anorexia, depression, sneezing, and respiratory distress. On 

histopathology there was necrosis and exfoliation of tracheal mucosal epithelium with cellular infiltration 

and somewhat fibrino-leukocytic exudate. However, lungs tissue showed mild pneumonia and fibrino-

leukocytic exudate with cellular infiltration. 

Ellakany et al. (2019) determined the immunological, biochemical and pathological effects of 

H9N2 infection in broiler chickens. Post H9N2 infection, significant (p≤ 0.05) increase in serum 

transaminases (AST and ALT) and decrease in cell-mediated immunity were determined. Clinically 

chickens were depressed, anorexic with facial edema sneezing, mild conjunctivitis and air saculitis. There 

were interstitial granulocytes and mononuclear cells infiltration in pneumocytes with focal deciliation 

and hemorrhage in the trachea. 

Zaman et al. (2019) determined the effect of various factors linked with the sero-prevalence of 

AIV subtypes in KPK, Pakistan. A total number of 400 Desi chickens from four districts geographically 

distinct were selected and analyzed through hemagglutination inhibition (HI) test for calculation of 

antibodies against subtypes. There was significant difference of sero-prevalence of AIV subtype H5N1 in 

district Tank 78.75% followed by Dera Ismail Khan 63.75%, Peshawar 58.72%, and Abbottabad 52.50% 

and Mansehra 50%. Likewise there was significant difference in seroprevalence in winter months, in sick 

birds, unvaccinated birds and chicken kept in close housing system compared to summer and healthy desi 

chickens, vaccinated and birds reared in open housing system.  
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2.1.3 Identification, Sequencing and phylogenetic analyses of Avian Influenza Virus (H9N2) 

Ali et al. (2018) studied the prevalence of LPAI virus subtype H9N2 in commercial and backyard 

poultry flocks in Punjab Pakistan. For that oropharyngeal and tracheal swab samples were collected from 

commercial and backyard poultry for period of one and half year from 2015 onward. After serological 

confirmation through antisera against subtypes of type A influenza virus and NDV molecular 

confirmation was also made by RT-PCR. Only H9N2 virus was confirmed in 5.7% of 905 tested flocks 

with prevalence in commercial and backyard poultry was 6.7% of 687 flocks and 2.7% of 218 flocks, 

respectively followed by phylogenetic analysis showed 100% with sublineage B2 of Pakistan. There was 

close resemblance between Pakistani and Indian isolates on phylogeny which indicates its cross border 

transmission. 

Chaudhry et al. (2018) conducted a case control study to explore the risk factors of avian 

influenza H9N2 infection in commercial poultry of different districts of Pakistan. For study one hundred 

and thirty-three confirmed cases of H9N2 were matched with negative control farm and risk factors were 

checked. The results of the study were similar to the studies conducted on risk factors of influenza 

infection in many other countries. A total number of 280 swab sample pools (oropharyngeal) were taken 

from 1400 birds in 8 clusters and checked by realtime RTPCR for the matrix (M) gene of type A 

influenza virus and HA gene of three subtypes.  A total number of thirty-four samples were positive for 

M gene, among which 28 were also positive for H9. Other subtypes were not detected. Data collected for 

potential risk factors was analyzed by survey-weighted logistic regression and prevalence odds ratios. 

Alyas et al. (2019) isolated and characterized 12 LPAIV subtype H9N2 on the basis of both HA 

and NA gene from different species like peacocks, ducks, pheasants, geese and black swan in Pakistan 

during 2016. All newly characterized viruses possessed an amino acid substitution Q226L in the 

receptor-binding site of the HA protein which contribute to increased virulence and replication. In 

addition, phylogenetic studies revealed that these H9N2 isolates belonged to the Middle East B genetic 

group of sublineage G1 and closely resembled to viruses isolated from in chickens in Pakistan in 2017. 

This reveals an epidemiologic relation between chicken and other avian species, which is a fact to 

consider H9N2 disease management programs in future. 

Novianti et al. (2019) isolated H9N2 AIV from an apparently healthy chicken at a live-poultry 

market in January 2018. BLAST and phylogenetic analyses showed that segments (PB2 and NA) were 

derived from different groups of H9N2 virus which indicates intra subtype reassortment of segments. 

This was the first report of whole genome sequencing in Indonesia. 

Yunhua et al. (2019) determined current field circulating isolates and matching with vaccine 

strains in different regions of China. A total number of 846 tissue samples (tracheal and lungs) were 

collected on the basis of lesions from different areas and live bird markets in the China. Virus was 

isolated from 67 lung and tracheal tissues, among these 35 strains were confirmed positive by PCR 

followed by sequencing. Genetic distance analysis results showed that 6 strains of the virus were grouped 

into H9.4.2.5.1 subfamily, while 29 strains were grouped in to H9.4.2.5.2 subfamily. While 35 confirmed 

strains had 92.1 to 99.7% homology among themselves HA gene homology analysis. The homology 

between vaccine strain and 35 strains and was 86.1 to 92%. Results revealed two different subfamilies of 

the field virus with different genetic makeup and differ genetically with two vaccine strains (Y280 and 

SY/97) also. 

Abid et al. (2017) conducted a study to determine the phylogenetic relationship of currently 

prevailing isolates (H9N2) in Pakistan. Ten isolates were found positive and confirmed through 

molecular and serological assays from 400 suspected samples. NA genes were sequenced showed 99% 
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homology with the H9N2 AIV recent isolates from Pakistan and G-lineage. Multiple amino acids 

substitutions at different sites of NA genes were identified. The results proposed future research for 

whole genome sequencing of local prevailing H9N2 isolates to understand the genetic nature and 

evolution. 

Shahzad et al. (2020) conducted a study in which H9N2 virus was isolated and sequenced and 

analyzed using multiple bioinformatics tools. Results showed high pathogenicity of the isolated strains is 

due to mutations in comparison LPAI virus and they have evolved from Pakistani partridge 2015 H9N2 

virus which showed phylogenetic relationship. High pathogenicity of these isolates is attributed to the 

amino acid substitution. H9N2 is regarded as a low pathogenic influenza virus but this study showed it to 

be highly pathogenic with high mortality more than 75%. 

2.2. Newcastle Disease (ND) 

ND is endemic worldwide including Pakistan particularly Punjab which was firstly identified in 

chickens in Java, Indonesia (1926) and in Newcastle-upon-Tyne, England (1927) (Rahman et al. 2020). 

Generally, the disease spreads through horizontal means among poultry premises which affect both wild 

and domestic avian species. Highly virulent New castle disease virus is a persistent and potential threat to 

the poultry industry of Pakistan and worldwide. It is a contagious viral disease of many wild and domestic 

avian species and causing devastating outbreaks in the poultry industry around the globe. Tracking of highly 

virulent closely related ND viruses is required for effective disease management and control which causes up 

to 100% morbidity and mortality in poultry flocks. Both killed and live ND vaccines are available in 

many countries. Field isolates are characterized into three pathotypes i.e. lentogenic, mesogenic and 

viscerotropic or neurotropic velogenic based on produced severity of the disease, demarcated as low, 

intermediate and high. OIE categorizes the virulent strains as list-A pathogens and requires reporting of 

outbreaks with end result which is trade embargoes. OIE acknowledges reporting of cleavage sequence 

of the F-protein as a primary factor to determine NDV virulence, while 5% of field isolates of NDV 

appeared as virulent, 40% lentogenic, and 55% mesogenic. Based on genome differences, NDV strains 

can be categorized into different genotypes although they may be antigenically single serotype. 

Experimentation showed that ND vaccines made from field strains provide protection against 

virulent disease but such vaccines cannot prevent virus shedding and infection from highly pathogenic 

ND challenge and even outbreaks in vaccinated flocks are common round the year. NDV caused 

mortality of 45 million broiler chickens resulting in economic loss of 6 billion PKR during 2011-2012 

only in Punjab province of Pakistan. Continuous isolation of new genotypes in Pakistan shows the 

evolving nature of virus which results in limiting of its diagnosis and control (Rehan et al. 2019) and 

therefore, causing outbreaks worldwide. Genotypic and sub-genotypic distribution of strains within 

APMV-1 is much elucidated. However, despite a growing number of genome sequencing data for 

APMVs excluding those that are prototypes, there is an absolute paucity of an updated unified 

phylogenetic classification scheme for APMV-2, 4, and 6. In spite of its importance and endemicity in 

Southern Asia, data on the genetic nature of the viruses and epizootological information of the disease is 

scarce. 

2.2.1.  Etiology 
ND is caused by an avian paramyxovirus type-1 (single stranded, negative sense enveloped RNA 

virus). ND affects about 230 avian species of domestic and wild origin. APMV-1 is included in the 

family Paramyxoviridae and superfamily Mononegavirales, having 9 serotypes designated as APMV-1 

to APMV-9. International Committee on Taxonomy of Viruses in 1993 made rearrangements in the order 
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belonging to the genus Paramyxovirus and grouped NDV into genus Rubulavirus. Complete genome of 

NDV is about 15,186 kb that codes for six proteins in 5’ to 3’ direction including fusion (F) protein, 

phosphoprotein (P), matrix (M) protein, hemagglutinin neuraminidase (HN) protein, RNA dependent 

RNA polymerase and nucleoprotein (NP). Avian paramyxoviruses are recently classified into three 

genera i.e. Orthoavulavirus, Metaavulavirus, and Paraavulavirus under the subfamily Avulavirinae of the 

Paramyxoviridae family (Kuhn et al. 2020). 

2.2.2. Clinical Signs, Gross and Microscopic Changes 

Etriwati et al. (2017) used immunohistochemical staining to study the distribution pattern of 

Newcastle disease virus (NDV) in internal organs of chickens. 10 groups of broiler, layer, and domestic 

chicken were collected from suspected cases of Newcastle disease and were confirmed with real-time-

RT-PCR. Histopathological investigations showed tracheitis, pneumonia, proventriculitis, catarrhal 

enteritis, typhlitis, pericarditis, myocarditis, perihepatitis, pancreatitis, spleenitis, atrophy of bursa 

fabricius, nephritis interstitial, and encephalitis were common findings. It was found that distribution 

pattern of NDV in various organs was similar as previously reported.  

Mehmood et al. (2019) investigated pathotyping and genetic characterization of NDV, isolated 

from an outbreak in Okara district of Punjab, Pakistan. Trachea, spleen, lungs, and cloacal contents were 

collected from diseased birds. Virus was isolated and confirmed by hemagglutination, hemagglutination 

inhibition using hyperimmune serum, and ICPI assays alone with F-gene amplification. Thus, it is the 

needed to characterize the indigenous prevalent strains of NDV to develop some novel vaccine for 

efficient control. 

Imran et al. (2019) assessed infectious potential and tissue tropism of prevailing NDV. Clinical 

examination revealed both respiratory and nervous signs among birds infected with NDV. A variable 

degree of microscopic changes which include congested and haemorrhagic trachea, lungs, proventriculus, 

and caecal tonsil. The study concludes the currently prevailing strain is much pathogenic.  

Mast et al. (2005) studied tracheal lesions progression caused by vaccination in one-day-old SPF 

chicks. NDV infection induced hypertrophy and rupture of goblet cells resulting in release of more 

mucus. Goblet cells activation peaked within 4 days post vaccination and gradually subsided due to 

metaplasia of pseudostratified epithelium into simple cuboidal epithelium. Epithelial injury was found 

repaired two weeks post vaccination. This epithelial injury explains the secondary complications of 

vaccination against NDV at the ultrastructural level. 
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2.2.3. Identification, Sequencing and Phylogenetic Analyses of Newcastle Disease Virus 

Xiao et al. (2012) reported complete genome sequences of NDV strains isolated from chickens in 

Indonesia during an outbreak in vaccinated flocks during 2009-10. Phylogenetic analysis showed that 

isolated virus belonged to two new subgroups of genotype VII in the class II that were genetically 

distinct from vaccine strains.  

Munir et al. (2012) conducted biologic and genetic characterization of six isolates from north of 

Pakistan and two isolates from healthy poultry flocks. Based on pathogenicity indices, all these isolates 

were classified as virulent. Phylogenetic analysis revealed emergence of a new genetic group within 

lineage 5 which was distinct from isolates previously reported in the region. Several mutations in the 

functionally important motifs of the F and HN genes and neutralizing epitopes pose a need for re-

evaluation of the currently used vaccine and vaccination practices. The characteristics of NDV as virulent 

(F protein cleavage site, ICPI and MDT) in apparently healthy backyard poultry (BYP) explain that BYP 

can play critical role in the epizootology and spread of the disease.  

Butt et al. (2019) carried a study to extend the applicability of next-generation sequencing (NGS) 

for NDV complete genome analysis to track the evolution of closely related viruses. Phylogeny of the 

NDV complete genome coding sequences was compared to the full and partial fusion genes analysis and 

determined that the approach provided a better phylogenetic resolution. Two distinct lineages of sub-

genotype VIIi NDV were identified to be simultaneously circulating in Pakistani poultry. This method of 

NGS data analysis from formalin fixed paraffin embedded tissue establishes it as affordable method for 

further evolutionary studies to facilitate management of ND in Pakistan. 

Rahman et al. (2020) analyzed complete fusion gene, of under-studied of APMVs strains by 

implementing different tools and criteria. The analysis categorized the strains of each APMV-2 and 6 

into two distinct genotypes (I and II), whereas APMV-4 strains categorized into three genotypes (I, II, 

and III). These outcomes better elucidated the molecular epidemiology of study-included APMVs to 

depict an evolution among outbreaks caused by field circulatory strains. 

2.3. Avian Infectious Bronchitis 

It is acute contagious disease with catastrophic economic impact to world poultry industry. 

Morbidity and mortality due to IBV infection can reach up to 100% and 30% in young chicks 

respectively with slight change in strains. Generally, nephropathogenic IBV strain causes high mortality, 

compared with strains infecting only the respiratory or reproductive systems (Bande et al. 2016). Due to 

complicated evolutionary nature of the virus, it is imperative to learn profoundly the circulating IBVs 

facilitating selecting the candidate vaccine strain against the infections.  

2.3.1 Etiology 

Avian infectious bronchitis virus (IBV) is etiological agent of infectious bronchitis disease of 

chicken. IBV is single stranded RNA virus of family coronaviridae and genus Gammacoronavirus with 

large genome of 27.6 kb. There are six genotypes of IBV consisting of 32 distinct virus serotypes on the 

basis of mutation in spike protein. RNA genome encodes 04 structural proteins, neucleocapsid protein 

(N) and spike glycoprotein (S), membrane glycoprotein (M), envelope protein (E). The S protein is 

involved in virus attachment and activation of fusion of viral and hosts cell membranes to release 

genome. S protein comprises of 1160 amino acids and S protein cleaved by cellular proteases during 

virus maturation into S1 and S2 subunits. For IBV, cleavage is not necessary for fusion of viral and hosts 

cell membranes (Jackwood et al. 2001). There is frequent mutation in the RNA viruses due to lack of 

proof reading mechanism thus resulting in new strains of organisms with no cross protection from 
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vaccines (Cavanagh, 2007). Variation in S1 sequence (point mutation, insertion, deletion) closely 

confirm relative to emergence of variants, the phenotype change, and genetic diversity of IBVs. Thus S1 

is widely used in genotyping and serotyping evolution of IB strains. IBV replicate in epithelium of 

respiratory tract, digestive tract, kidney and oviduct. S1 protein of the major pandemic strains with the 

cleavage recognition motifs (Ji et al. 2011, Leow et al. 2018). The Cleavage site motif is associated with 

virus in different geographic region and motif dose not correlate with neither with serotype not with 

clinical sign and pathogenicity (Jackwood et al. 2001) and dissimilar motif give an idea that isolate may 

be variant unique to a particular geographical site (Leow et al. 2018).  

2.3.2. Clinical Signs, Gross and Microscopic Changes 
Transmission of virus is through respiratory secretions and faecal droplets from infected poultry. 

Following aerosol transmission virus replicates in trachea, kidney, and Bursa of Fabricius 24 hrs (Bayry 

et al. 2005). Generally incubation period for IBV ranges 18 hours to 36 hours but it varies with infective 

dose and route of infection also. 

Khataby et al. (2016) studied the pathogenesis of IBV Italy 02 genotype by experimental intra 

oculo-nasally inoculation of chicken with 103.5 EID50 of Italy-02 viruses. There were respiratory clinical 

signs and macroscopic lesions in the birds. However, there were recorded no lesion in kidneys and 

mortality in all groups. On histopathology examination of morbid tissue, there was mucosal thickening, 

hyperplasia of the surface epithelium, loss of cilia and mononuclear inflammatory cell infiltrate of lamina 

propria in the trachea with epithelial hyperplasia of the lamina propria in the lungs. Re-isolation of virus 

from infected birds and amplification of the viral RNA by real-time PCR. 

Infection starts initially at epithelium of harderian gland, tracheal mucosa, lungs, and air sacs 

followed by kidney and urogenital tract. Clinical signs such as gasping, sneezing, tracheal rales, 

listlessness, and nasal discharges observed in case of respiratory infection (Bayry et al. 2005). 

Nephropathogenic strains are mostly reported in broiler-type chickens.  Reproductive tract infection is 

associated with oviduct lesions leading to decreased egg production and quality as well. Eggs may appear 

misshapen, rough-shelled, or soft with watery egg yolk thus contributing to huge economic loss (Bande 

et al. 2016). Congestion and oedema of tracheal mucosa was observed on gross pathology. Cilia loss, 

rounding of epithelial cells, and lymphocytic infiltration was found on histopathology. Nephropathogenic 

IBV strains cause swelling and congestion of the kidney, tubular degeneration, neutrophil infiltration and 

urate deposits with pallor of ureters sometimes. Cystic oviduct has also been observed in young layers 

following infection with certain IBV strains (Bande et al. 2016). Seifi and Borromand (2015) observed 

subcellular changes in chicken tracheal tissue by IBV serotype 4/91 were observed by transmission 

electron microscopy (TEM). A total number of seventy day old chicks were selected and challenged by 

IBV intranasally at 21 days age. Tracheal tissues were collected on different days post infection and 

electron microscopy. 

Arshad et al. (2003) examined ultrastructural lesions in the epithelial cells of trachea chicken 

experimentally infected with IBV. Post infection tracheal epithelial cells were covered with microvilli 

and viral particles are observed both at cytoplasmic membranes external surface and within cytoplasmic 

vesicles leading to invagination of the cellular membrane with cytopathological changes like cell 

swelling, increased RER, mitochondrial swelling and autophagic vacuoles.  

2.3.3 Identification, Sequencing and phylogenetic analyses of Avian Infectious Bronchitis Virus 

Ignjatovic et al. (2006) characterized previously undetected genetic group of IBV in Australia. 

The subgroup 3 strains had an S1 protein that shared a low level of identity with both subgroups. 

However, the N protein and the 3 untranslated regions were similar to subgroup 1: 90 to 97% identical 

with the N protein of subgroup 1 strains.  
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Callison et al. (2006) developed real-time RT-PCR assay for early and rapid detection of IBV 

from 1329 tracheal swab samples. The assay amplified a 143-bp product and has a limit of detection and 

quantification of 100 template copies per reaction. Evaluation of the assay was completed with 1329 

tracheal swab samples. Among tested 229 tracheal swabs sent to two different diagnostic laboratories, 

79.04% of the tracheal swabs were found positive for IBV by real-time RT-PCR, whereas only 27.51% 

of the samples were positive by virus isolation, which is the reference standard test. The real-time RT-

PCR test described can be used to rapidly distinguish IBV from other respiratory organisms, which is 

important for control of this highly infectious virus. qPCR was extremely sensitive and specific, and can 

be used to quantitate organisms from samples. 

Ahmed et al. (2007) conducted a study to investigate the incidence of IBV in commercial broiler 

and layer flocks in Pakistan. For that serum samples from 16 layers and 9 broiler flocks were checked 

against four strain antigens using HI assay. 88% of the flocks showed antibodies for M-41, whereas 40, 

52, and 8% of the flocks were positive for D-274, D1466, and 4-91 IBV strains, respectively. Likewise 

RT-PCR was a much better M-41 detection tool as compared with the classical agar gel precipitation 

assay. This study clearly demonstrates that four strains of IBV are prevalent in poultry flocks in Pakistan.  

Ji et al. (2011) amplified and sequenced coding region of S1 spike protein gene of IBV strains in 

China. Trachea and kidney tissue homogenate (0.2ml) were used for inoculation to the 10 days old SPF 

embryonated eggs via allantoic cavity for more than three passages. After three passages, there was 

stunting of embryos at 72hours post inoculation. Twenty-eight representative sequences available in 

GenBank were contributed to comparison and phylogenetic analysis in this study, including different 

vaccine strains. Homology result revealed the 75% to 99.8% homology existed among the isolated strains 

and reference strains. S1 genes of identified strains contain insertion, deletion and mutation resulting in 

different length of nucleotides ranging from 1641 to 1662 nucleotides on basis of mutation analysis. In 

the first 300 amino acids in N terminal of the S1 protein of the IBV the variants were found. Routine 

vaccine strains mainly belong to M-41 type branch. QX like IBV strains became dominant genotype 

causing mainly respiratory signs and less often produce swollen kidney.it was concluded from this study 

of Ji et al. (2011), candidate virus strain for vaccination might be selected timely and specifically in a 

geographical region. 

Sun et al. (2011) in a study showed that Mass type (H120 strain) vaccine gave less protection 

against QX strain. It was first reported in Europe and now detected in worldwide except USA (Cook et 

al. 2012). 

Sarueng et al. (2014) proved that protection against heterologous IB serotype challenge can be 

improved by re-vaccination the flocks with different serotypes of IB.  

Leow et al. (2018) carried out molecular characterization of the S1 gene of IB strains isolates. 

Suspected tissue specimen comprising of trachea, kidney, oviduct and intestine were included for 

isolation of RNA followed by amplification of S gene and phylogenetic analysis which showed isolates 

were clustered into five different groups. Phylogenetic analysis of the spike glycoprotein 1 (S1) gene of 

IBV isolated from poultry revealed that field isolates were clustered into five distinct groups.  

The first isolate of IBV was named as Mass serotype and it has been isolated in Europe and Asia 

since 1940s (Leow et al. 2018). Connecticut strain isolated in 1951 was generally believed to be first 

variant of IBV. Mass type IB vaccines include H120, H52, M41, Ma5, and 4/91 type. If IBV is detected 

from Mass vaccinated flock with respiratory signs, it is suggested that it is a re isolation of the vaccine 

strain or can be virulent Mass type IB virus (Leow et al.2018) especially when it is recovered from 

known unvaccinated flock. IBV in one particular area is always unique and distinct. IBV variant seems to 
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be correlated with geographical distribution. These results indicate high variation and low homology 

among the local isolates and reference strains is the S1 gene. The field IBV viruses causing high 

mortalities may have evolved from IB vaccine strain due to recombination of genetic material of vaccine 

strain used (Leow et al. 2018, Zulperi et al. 2009). Serotypes differences arise due to epitope on spike 

protein on envelop. The S protein is involved in virus attachment and activation of fusion of viral and 

hosts cell membranes to release viral genome. S protein comprises of 1160 amino acids and S protein 

cleaved by cellular proteases during virus maturation into S1 (520 amino acids) and S2 (625 amino acids) 

subunits. 



12 

STATEMENT OF PROBLEM 

The respiratory viral pathogens have been a potential threat to the poultry industry in Pakistan. 

These viruses cause significant pathological changes in the chicken respiratory tract. The most common 

chicken respiratory viral diseases with overlapping clinic pathological effects are Newcastle disease, 

Avian Influenza Virus (H9N2), Infectious Bronchitis Virus, Infectious Larygeotrachitits virus. This study 

is designed with following objectives;  

 To detect the respiratory pathogens from clinically suspected commercial chicken showing 

respiratory signs 

 To observe the gross and histopathological changes present in experimentally infected birds (with 

AIV-H9N2, NDV, and IBV) followed by confirmation using real-time PCR 

 To measure interferon-gamma levels in experimentally infected birds 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. Experiment No. 1 
Isolation and Molecular Characterization of Field Isolated Viral Respiratory Pathogens 

3.1.1. Sample Collection 

Tissue samples (trachea, lungs) from 100 commercial chicken flocks showing respiratory illness 

presented at poultry disease diagnostic centers in Lahore were collected from September 2018 to August 

2019. Three sampling sites in Lahore receiving diagnostic specimens across Punjab were selected i.e. 

Postmortem Block, University of Veterinary and Animal Sciences (UVAS) Lahore, University 

Diagnostic Laboratory (UDL) UVAS Lahore, and GP (Pvt) Poultry Laboratory, Lahore. About 3-5 birds 

representing a flock brought at sampling sites were used to collect tissue samples in sterilized zip bags. 

Clinical signs and gross pathological lesions were documented. Tissue samples were divided into two 

portions i.e. portion “A” with ice bags for PCR assay and “B” portion in 10% neutral buffered formalin 

for histopathology. Inclusion Criteria: clinical samples from birds showing signs of respiratory illness 

like nasal and ocular discharge, tracheal rales and asphyxia. Trachea and lungs showing gross 

pathological lesions at necropsy were also included in sample collection. Exclusion criteria: Domestic 

poultry, day-old chicks, and diseased birds other than respiratory illness. 

3.1.2. Inoculation in Embryonated Eggs 

7-9th days old embryonated chicken eggs (ECE) were purchased from a local commercial 

hatchery. Candling was performed to check embryos viability and eggs with dead embryos were 

discarded. A lead pencil was used to mark air sac. Then eggs were transferred to the biosafety cabinet for 

inoculation and sterilization with 70% ethanol. A thumb pin was used to make a small hole at the level of 

the air sac. With the help of sterile 1 ml syringes, 0.2 ml supernatant solution was injected via the 

allantoic sac route. Then the punctured hole was sealed with molten wax of candles and eggs were placed 

in an incubator at 37 0C temperature for 3 days. Candling was done twice every 24 hours to identify and 

separate eggs with dead embryos. Death of embryos during the first 24 hours of incubation was thought 

to be non-specific due to contamination and these eggs were discarded without any fluid collection. 

3.1.3. Allantoic Fluid Harvesting 

72 hours post incubation at 37 0C, eggs with surviving embryos were transferred to refrigerator at 

4 0C for overnight chilling which caused death of embryos and blood clotting in embryo’s blood vessels 

to avoid any mixing of blood with allantoic fluid. Eggs were placed in safety cabinet and 70% Ethanol 

was sprayed over them. With the help of sterile scissors, egg shells at place of air sac were removed and 

membrane was punctured with sterile syringes. Allantoic fluid was collected with 1mL nuclease-free 

micropipette tips and placed in 15ml autoclaved falcon tubes. Then it was centrifuged @ 5000 rpm for 5 

minutes to remove any tissue debris or blood in the allantoic fluid. Samples were passaged three times in 

ECE. 

3.1.4. Hemagglutination Assay 

To detect any haemagglutinating antigen (virus) in allantoic fluid harvested from ECE, 

haemagglutination assay (HA) was performed and titre was calculated for every sample. HA test was 

performed in 96 welled u-bottomed immunotitre plates. PBS was used to make all dilutions of the virus. 

Blood was washed three times with PBS by centrifuging @ 3000 rpm for 10 minutes. The supernatant 
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was discarded with the help of Pasteur pipet and settled RBC’s were re-suspended in PBS. In the end, 

RBC’s were suspended in PBS @ 1% to be used for HA test as follows:- 

i. 50 µl PBS was added in each (12) well of 96 welled plate. 

ii. 50 µl allantoic fluid was added to 1st well and two folds dilution was made till the 11th well. 

iii. 50 µl washed RBC’s were added in all 12 wells in each row. 

iv. 12th well contained PBS + RBC’s and served as a negative control. Plate covered with aluminum 

foil was then placed at room temperature (25 0C) for 30 minutes. 

v. Then the result was recorded and HA titre was expressed as log2 of the reciprocal of possible 

highest virus dilution that show almost complete (75%) haemagglutination. 

While haemagglutination inhibition (HI) tests for ND, AIV-H9N2, and ELISA test for IBV were 

performed at the University Diagnostic Laboratory UVAS, Lahore. 

3.1.5. Molecular Confirmation of RNA Viruses 

3.1.5.1. Ribonucleic acid (RNA) Extraction 

 RNA was extracted from HI positive harvested allantoic fluid using TRIzol-LS (Guanidine 

thiocyanate-Phenol-Chloroform extraction method) reagent. TRIzol-LS (WizolTM Reagent, Cat. No: 

W76100 by Korean Wizbiosolutions) is a mono-phasic total RNA isolation solution of guanidine 

thiocyanate and phenol which causes denaturation of proteins and solubilization of biological 

components of a mixture. The addition of chloroform causes the formation of three layers. An upper 

aqueous layer containing RNA, inter-phase containing DNA and protein goes to the organic layer. The 

complete procedure is as follows:- 

i. 750 µl TRIzol-LS was taken in a 1.5 ml nuclease-free eppendorf tube and 250 µl allantoic fluid 

was added to it (TRIzol to sample ratio was maintained at 1:3). 

ii. The mixture was homogenized by pipetting up and down several times. 

iii. The homogenized mixture was incubated at room temperature for 10 minutes. 

iv. 200 µl (molecular grade) chloroform was added to mixture and vigorously shacked it with hands 

for 15 seconds. 

v. The mixture was again incubated at room temperature for 10 minutes. 

vi. The mixture was centrifuged @ 12000 rpm at 4 0C for 10 minutes in a refrigerated centrifuge 

(5418R Eppendorf ™).). 

vii. Now it was divided into three layers. About 400 µl RNA (60% of the total solution) presents in 

upper aqueous layer was carefully shifted to another nuclease-free 2ml tube. 

viii. 500 µl cold isopropanol (kept on ice block) was added for precipitation of RNA. The mixture was 

vortexed and then incubated at room temperature for 20 minutes. 

ix. The tube was centrifuged @ 10000 rpm at 4 0C for 10 minutes in a refrigerated centrifuge which 

resulted in a tiny RNA pellet (gel-like) at bottom of the tube. 

x. The Supernatant was discarded and 500 µl 100% cold (Molecular grade) ethanol was added and 

mixed by pipetting it several times. Ethanol was used for washing of RNA. 

xi. The Tube was centrifuged @ 10000 rpm at 4 0C for 10 minutes in a refrigerated centrifuge. 

xii. The Supernatant was discarded and again 500 µl 100% cold (Molecular grade) Ethanol was 

added and pellet was mixed by pipetting. 

xiii. Centrifuged @ 10000 rpm at 4 0C for 10 minutes in refrigerated centrifuge. Again supernatant 

was discarded. 



Materials and Methods 

15 

xiv. Pellet was air-dried by allowing it to be placed for 25 minutes and 20 µl DEPC (Diethyl 

pyrocarbonate) nuclease-free water was added to the pellet and mixed by pipetting. 

After extraction, the extracted RNA was quantified using Nanodrop 1000 (Thermo Scientific™).  

3.1.5.2. Complementary DNA (cDNA) Synthesis 
 cDNA was synthesized using Thermo Scientific™ RevertAid First Strand cDNA Synthesis Kit 

(Cat number:  K1622) according to manufacturer’s instructions. Reaction mixture was prepared as 

follows (Table 3.1). All ingredients in required concentrations were gently mixed and spin down for 

complete dissolution. Reaction mixture was incubated at 37 0C for 60 minutes. Then incubated at 70 0C 

for 10 minutes for RT inactivation and cooled on ice. Prepared cDNA was immediately stored at -20 oC 

to be further used as template for PCR.  

 
Table 3.1: Complementary DNA (cDNA) synthesis 

Sr. No. Reagents Concentration Quantity 

1 Random hexamer primer 50 pm 1 µl 

2 Ribolock RNase Inhibitor 20 U/µl 1 µl 

3 Reverse Transcriptase 200 U/µl 1 µl 

4 dNTP’s mix 10 mM 2 µl 

5 PCR reaction mixture 2 X 4 µl 

6 RNase free water Nil 6 µl 

Total Volume 15 µl 

3.1.5.3. DNA Extraction 

 Tissues samples were processed for DNA extraction by using Thermo Scientific™ GeneJET 

Genomic DNA Purification Kit. (Cat No: K0721) by following the instruction laid by the manufacturer. 

Gel electrophoresis on extracted DNA was used to confirm sufficient DNA extraction. The extracted 

DNA was kept in -20°C freezer. 

3.1.5.4. Primers Detail 

 Following primers were used in this study for detection and sequencing of the respiratory 

pathogens (table 3.2). 
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Table 3.2: Detail of primers sequences  

Sr. 

No. 

Primer 

Name 
Primers Sequence (5`- 3`) 

Amplicon 

size (bp) 
Target Gene 

1 

AIV-

HA0002F 
GCAAAAGCAGGGGAATTTCT 

918 

Hemmagglutinin gene 

(HA) 

Ali et al. (2019) 

AIV-

HA0921R 
GTGTACTGTTTAAGCCACCT 

2 

AIV-

HA0786F 
ATGGTATGGACACGTTCTCT  

948 
AIV-

HA1734R 
ACAAGGGTGTTTTTGCTAACT 

3 

AIV-NA F GCAGGAGTGAAAATGAATCCAAATC 

833 
Partial (NA Gene) 
(Ali et al. 2018) 

AIV-NA R ATGCTGAGCACTTCCTGACAGT 

4 

ILT -F CGTTGGAGGTAGGTGGTA 

647 
Thymidine kinase 

(TK) gene 

Fusion gene (F) 

Pang et al.(2002) 

ILT -R ACGATGACTCCGACTTTC 

5 

ND-F GGAGGATGTTGGCAGCATT 

589 

ND R GTCAACATATACACCTCATC 

6 

ND-F 575 CCCATTAGAGGCATACAACAG 

374 Rehmani et al. (2015) 

ND R 575 CAATATAGGGTAGCCGGTGAT 

7 

IBV-F 149 GCTTTTGAGCCTAGCGTT 

149 
Spike gene (S) 

Callison et al. (2006) 
IBV-R 149 GCCATGTTGTCACTGTCTATT 

8 

IBV-F 1677 AAGACTGAACAAAAGACCGACT 

1670 Ji et al. (2011) 

IBV-R 1677 CAAAACCTGCCATAACTAACATA 
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3.1.5.5. Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

 25 µl final volume was made (Table 3.3) for every amplification reaction containing cDNA, 

forward and reverse primers, Nuclease free water and 2X prepared Master mix which included DNA Taq 

polymerase, Magnesium chloride (MgCl2), Taq buffer, dNTP’s and green dye (By using Thermo 

Scientific™ DreamTaq Green PCR Master Mix (2X) Catalog number:  K1081). Bio-Rad thermal cycler 

was used for PCR at Department of Pathology, University of Veterinary and Animal Sciences Lahore. 

Table 3.3: PCR reaction mixture 

Ingredients 
Recipe  

1 2 3 4 5 

PCR Master Mix (2X) 05 10 12.5 15 25 

DNA template 1 1.5 2 2.5 3 

Primer (Forward) 0.75 1 1.25 2 2.5 

Primer (Reverse) 0.75 1 1.25 2 2.5 

DEPC 2.5 6.5 8 8.5 17 

Total Volume (μL) 10 20 25 30 50 

3.1.5.6.  PCR Reaction Conditions 

 In RT-PCR amplification, first step includes initial denaturation at 95 0C for 2 minutes (one 

cycle only). Second step included 35 cycles of denaturation (10 seconds at 95 0C), annealing (30 seconds 

at 53 0C) and extension (45 seconds at 72 0C). In third steps, final extension was carried out at 72 0C for 5 

minutes (Table 3.4). 

Table 3.4: PCR reaction conditions for respiratory viruses at single PCR thermal conditions 

Amplification Steps 

Amplification Conditions 

Cycles 
Temperature Time 

Initial Denaturation 95℃ 02 min 1 

Cyclic 

Denaturation 95℃ 10 sec 

35 Annealing *53℃ 30 sec 

Extension 72℃ 45 sec 

Final Extension 72℃ 05 min 1 

*Note. For NA gene primer, annealing temperature was 57.8℃.  
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3.1.5.7. Optimization of PCR for Simultaneous Detection of 04 Respiratory Viral Pathogens using 

same PCR conditions 

By using the above mentioned already reported primers for simultaneous detection and 

differentiation of four chicken respiratory viruses (AIV H9N2, NDV, IBV and ILTV) (table 3.2), single 

PCR test was optimized using same PCR thermal conditions (table 3.4). Initially cDNA was synthesized 

in reverse transcription procedure from extracted RNA followed by PCR amplification carried out in 

various combination of reagent recipe (table 3.3) with consistent producing the positive PCR bands. 

Total time to run a single PCR test was one hour and 30 minutes. Through the aforementioned PCR test 

by using seven sets of specific oligonucleotide primers, products size for these four viruses to be 

differentiated were 918 and 948bp (AIV-H9N2), 647bp (ILTV), 380 and 575bp (NDV), and 149bp (IBV) 

to easily differentiate positive samples. 

3.1.5.8. Gel Electrophoresis 

To see molecular size of PCR product, gel electrophoresis was performed as follow: 

i. 100 ml 1X TAE (Tris acetate EDTA having pH of 6.8) buffer was taken in a flask and 1.5 gram 

agarose was mixed in it to prepare 1.5% agarose gel solution. 

ii. Mixture was gently shacked and then placed in microwave oven @ 58-60 0C for gentle mixing of 

agarose. 

iii. After 2 minutes of boiling in microwave oven, gel was allowed to cool (50-60 0C) for about 1 

minute. 

iv. 10 µl of ethidium bromide was added and mixed in gel solution and then gel was poured in a 

casting tray and comb of particular size was submerged in it to create wells. 

v. Gel was given time (30 minutes at room temperature) to become completely solidified, after that 

comb was removed and gel was kept in electrophoresis chamber containing 1X TAE buffer. 

vi. 5 µl of PCR product after spinning from each sample was gently loaded into the wells. 

vii. 5 µl each negative (DEPC water) and positive control was loaded. 

viii. 3 µl 1Kb DNA ladder marker was also loaded in last well. 

ix. Electrophoresis was done at 110Volts, 230 Ampere for about 30 minutes. 

x. Gel was observed under UV trans-illuminator and then Gel documentation system (Bio-Rad) and 
photographs were taken. 

3.1.5.9. Genetic Sequence Analysis 

After performing polymerase chain reaction, unpurified PCR product was sent for processing of 

sequencing reaction. 

3.1.6. Histopathological Examination 

The histopathology of the tissue samples was performed according to the standard procedures 

(Bayry et al. 2005). Tissue samples were processed, embedded with paraffin, sliced with microtome and 

stained with hematoxylin and eosin stain.   
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3.1.6.1. Histopathological Procedure 

The 2 x 1 x 0.5 cm3 part of the affected tissue was collected in the pre labelled plastic containers 

having at least ten times more formalin than the tissues and then all these tissues were processed through 

these entire steps (table. 3.5).  

Table 3.5: Steps of Tissue Fixation and Processing 

Sr. No. Name of Step Reagent used Duration 

1 Fixation 10% neutral buffered formalin 24-72 hours 

After fixation, the tissues were taken out from the container and 5mm thick section of the representative 

area of the tissues were cut, placed in the pre labelled tissue cassettes, the lid of the cassette was closed 

and the cassettes were placed in the running tape water for washing. 

2 Washing Running tap water 2-4 hours 

3 Dehydration Graded alcohol 

70% 

01 hour each 

80% 

95% 

100% 

100% 

4 Clearing Xylene 
Xylene 1 

30 minutes each 
Xylene 2 

5 Embedding Paraffin wax at 58ºC 
Paraffin wax 1 

30 minutes each 
Paraffin wax 2 

3.1.6.2. Block Preparation 

            Blocks were prepared by the use of steel molds through embedding station and were kept in the 

refrigerator till sectioning. 

3.1.6.3. Sectioning 

            Thin sections having thickness of 3-5 μm were cut by microtome and were spread in the warm 

water in a water bath having temperature of 45ºC.  

3.1.6.4. Section Mounting on Glass Slides 

The frosted glass slides were labeled. Floating wax ribbons having tissues inside it on the warm 

water were picked up on the pre smeared (with Mayer’s egg albumin) glass slide. The slides were kept in 

the hot air oven at 37 ºC for drying purpose. 
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3.1.6.5. Hematoxylin and Eosin Staining 

            The tissues were stained with the help of Hematoxylin and Eosin staining procedure. Different 

reagents were used in this procedure. The protocol of technique and role of the reagents is listed below in 

the table 3.6. 

Table 3.6: Hematoxylin and Eosin (H and E) Staining Protocol 

Reagents Time Role 

Xylene I, II 15 minutes each  To remove the paraffin wax from the tissues 

Ab. Alcohol I 

03 minutes each 
To remove the xylene from the tissues 90% Alcohol 

70% Alcohol 

D. Water To remove alcohol from the tissues 

Hematoxylin 15 minutes For staining of nucleus and basophilic parts of the cell 

D. Water 03 minutes For washing 

Acid Alcohol 03-05 dips 
To remove the stain from the background of the tissue 

section 

D. Water 01 minutes For washing 

Ammonia Water 

03 minutes each 

For restoration of nucleus blue colour (Blueing) 

D. Water For washing 

70% Alcohol For dehydration  

Eosin 15 minutes For staining of eosinophilic parts of the cell 

D. Water 01 minutes For washing 

70% Alcohol 

03 minutes each 

The mounting material does not miscible with the water 

found in the tissues. Therefore, water was eliminated by 

placing slides in ethyl alcohol in ascending order Ab. Alcohol I, II 

Xylene I, II 15 minutes each 

Permanent tissue sections must be translucent. Therefore, 

slides were dipped in the xylene as xylene is miscible with 

mounting medium 

The last step of H and E staining protocol is mounting in which the tissue sections were mounted with 

DPX covered with cover slip and were observed under low and high magnifications of a compound 

microscope in order to detect any pathological change in the tissues.  
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3.2. Experiment No. 2 

3.2.1. Study of Pathological Changes in Experimental Infected Birds 

3.2.1.1. Birds and Housing 

A total of one hundred boiler chicks (day-old) were purchased from a local hatchery. The chicks 

were housed in experimental poultry sheds of the department of pathology, UVAS Lahore, for 28 days. 

The standard protocol was followed to rear the birds. Feed and water were available ad libitum 

throughout the experiment. Chicks were reared without any vaccination upto experiment completion day. 
 

3.2.1.2. Experimental Design 
 

Birds were distributed into four groups; G1-G4 (three replicates in each group) in a completely 

randomized block design. The dried floors of the eight pens were covered with wood shavings from the 

same source. Hence, a total of 12 replicates were stocked at the same time by meat-type chicks, and 

originating from the same breeder flock, to ensure that they carry the same average maternal immunity. 

Group (G1) were considered as negative, with no infection and treatment. Group (G2) was AIV H9N2 

infected, group (G3) was NDV infected and group (G4) was IBV infected. For the H9N2, NDV and IBV, 

50% egg infective dose (EID50) for each of the virus were calculated using the Reed and Muench (Reed 

and Muench, 1938). Accordingly, birds of each group were administered the infective dose through 

ocular and intranasal route on age of day 20. Each group was maintained in separate experimental poultry 

sheds with assistance of separate attendant for each group. A brief description of experimental design is 

shown as follow (Table 3.7). 

Table 3.7: Experimental Design 

Groups 
Challenged with Bird’s Sampling Age 

(Days) AIV H9N2 NDV  IBV 

G1 - - - 

20,23,25,27 
G2 YES - - 

G3 - YES - 

G4 - - YES 

3.2.1.3. Clinical Sign and Gross Lesion Examination 

Clinical signs in birds of all groups were observed and noted throughout the trail period. After 

slaughtering the chicken, gross lesions in respiratory system were observed and recorded (Table 3.8). 

3.2.1.4. Histopathological Changes in Tissue  

Tissues (trachea, lungs) were collected from 05 birds of each group at 0, 3, 5 and 7 days post 

infection and preserved in 10% NBF. These tissue sections of 4-5 micron thickness were prepared and 

stained with H & E to observe the histopathological alteration under the compound microscope coupled 

with imaging facility at Department of Pathology University of Veterinary and Animal Sciences, Lahore.   
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Figure 3.1: Pictorial presentation of experimental trial research work 

 

  



Materials and Methods 

23 

3.2.1.5. Procedure for Real time Polymerase Chain Reaction (real time PCR) 

 Tissue samples were homogenized in PBS to isolate RNA and cDNA synthesis. SYBR-green 

based real-time PCR was performed on Rotor gene qPCR Thermal Cycler at Institute of Biochemistry 

and Biotechnology, UVAS, Lahore (Table 3.9). Real-time PCR for detection of respiratory viruses was 

performed by using Solis BioDyne 5X HOT FIREPol® EvaGreen® qPCR Supermix by following the 

primer detail (table 3.2), volume of reaction mixture (table 3.3) and PCR thermal conditions (table 3.4) as 

described earlier. 

3.2.1.6. Determination of the Level of Chicken Interferon-Gamma (IFN-γ) 

Serum samples from 05 birds of each group were collected on 0, 3, 5 and 7 days post infection. 

Interferon-gamma (IFN-γ) from the plasma samples was determined by using chicken interferon-gamma 

(IFN-γ) quantitative sandwich ELISA Kit (catalog number: MBS700243). The protocol of assay as 

described below: 

3.2.1.6.1. Assay Procedure 

i. Wash solution (20X) was diluted with deionized water, i.e., 1 part of wash solution was mixed 

with 19 parts of deionized water to make a wash solution (1X) 

ii. Set the standard, blank and sample wells in duplicate in ELISA plate  

iii. 50μl of standard was added in each standard well 

iv. 50μl of sample diluent was dispensed into each blank well 

v. 50μl of plasma sample was dispensed into each sample well 

vi. 100μl of HRP-conjugate reagent was dispensed into each well  

vii. Covered the wells and incubated at 37°C for 60 minutes 

viii. Washed the plate four times with wash solution (1X) 

ix. 50μl of chromogen solution A was dispensed into each well 

x. 50μl of chromogen solution B was dispensed into each well 

xi. Gently mixed the plate and kept it in the dark place to protect from light to incubate for 15 

minutes at 37°C 

xii. 50μl of stop solution was dispensed into each well 

xiii. Color of wells was changed from blue to yellow 

xiv. Optical density was read at 450 nm using an ELISA reader within 15 minutes after adding stop 

Solution 

3.2.1.6.2. Calculation of results 

 For the standard curve, average the duplicate readings of the standard was subtracted from average 

optical density readings of the blank (VB) 

 For determination of the level of interferon-gamma level (IFN-γ), average the duplicate readings of 

the sample was subtracted from average optical density readings of the blank (VB) and calculated the 

values by using the standard curve. 

  

3.3. Statistical Analysis 

The Mean ± Standard Deviation of all the parameters were compared among the different 

treatments by ANOVA followed by Tukey’s test with the help of a statistical package of social sciences 

(IBM SPSS, version 23), reporting significant differences in means at P<0.05.  



Materials and Methods 

24 

 
Figure 3.2: Pictorial presentation of laboratory research work 
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CHAPTER 4 

RESULTS 

Experiment No. 1 

4.1. Isolation and Molecular Characterization of Field Isolated Respiratory Pathogens 

4.1.1. Detection of Field Isolated Respiratory Pathogens 

In this experiment, tissue samples of 413 chickens with history of respiratory signs were collected 

from one hundred poultry flocks located in the territory of Lahore. These samples were processed for 

RT-PCR and phylogenetic analysis to diagnose the respiratory pathogens including avian influenza 

H9N2 virus, Newcastle disease virus, infectious bronchitis virus and infectious laryngotracheitis virus. 

Based on RT-PCR results, no. of positive samples for avian influenza H9N2 virus Newcastle disease 

virus, infectious bronchitis virus and infectious laryngotracheitis virus were 14, 04, 05 and 0 respectively. 

Among these tested flock for respiratory viruses, neither infectious laryngotracheitis virus positive case 

detected nor any sample detected positive for co-infection (Table 4.1). 

Table 4.1: Number of field isolated respiratory pathogens 

Sr. No. Field isolated respiratory pathogens Positive cases Percentage P-value (P<0.05) 

1. Avian Influenza H9N2 Virus 14 14% 

<0.0001 2. Newcastle Disease Virus 04 04% 

3. Infectious Bronchitis Virus 05 05% 

4.1.2. Genetic Sequences Analysis and Identified Isolates. 

The positive samples of Avian Influenza H9N2 Virus, Newcastle Disease Virus and Infectious 

Bronchitis Virus (figure 4.3 to 4.7) were further processed for sequence analysis. After sequencing 

through Sanger sequence technology and sequence analysis on the National Center for Biotechnology 

Information (NCBI-Blast) program, sequences of identified isolates were submitted in NCBI GenBank 

database to the get accession numbers as shown in table 4.2 and figure 4.1 and 4.2. 

Table 4.2: Identified isolates with their accession number  

Sr. No. Isolate Accession No. Amplicon  

1.  
Influenza A virus (A/chicken/Pak/PATH-I/2019(H9N2)) 

segment 4 hemagglutinin (HA) gene 
MN726540 918 bp 

2.  
Influenza A virus (A/chicken/Pak/PATH-II/2019(H9N2)) 

segment 4 hemagglutinin (HA) gene 
MN726541 918 bp 

3.  
Influenza A virus (A/chicken/Pak/PATH-IV/2019(H9N2)) 

segment 4 hemagglutinin (HA) gene 
MW332259 918 bp 
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4.  
Influenza A virus (A/chicken/Pakistan/PATH-

III/2019(H9N2)) segment 6 neuraminidase (NA) gene 
MW287133 833bp 

5. Avian avulavirus 1 isolate chicken/Pak/PATH-IV/2019 MW295940 589 bp 

6. Avian avulavirus 1 isolate chicken/Pak/PATH-VI/2018 MW427214 589 bp 

7. IB isolate chicken/UVAS/PATH XI/2019 MW856023 1670 bp 

 

 

Figure 4.1: Submitted gene sequences in NCBI for chicken respiratory viruses (H9N2) 
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Figure 4.2: Submitted gene sequences in NCBI for chicken respiratory viruses (NDV, IBV) 

 

Figure 4.3: PCR results of influenza A virus H9N2 (HA gene) 

Lane A: DNA Ladder 1kb . Lane D, G, I: Positive samples of Influenza A virus H9N2. Lane E, F, 

H, J: Negative samples. Lane B: Positive Control, Lane C: Negative control 
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Figure 4.4: PCR results of influenza A virus H9N2 (NA gene) 

Lane A: DNA Ladder 1kb marking, Lane B. DNA Ladder 1kb, Lane C: Positive control, Lane D: 

positive sample. Lane E: Negative samples 
 

 

 

Figure 4.5: PCR results of avian avulavirus NDV 1 (F gene) 

Lane A: DNA Ladder 1kb .Lane D, E: Positive samples (589 amplicon size). Lane F to N: Negative 

samples. Lane B: Positive Control, Lane C: Negative control 
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Figure 4.6: PCR results of IBV. (Left). Lane A: DNA Ladder DL 500. Lane B to D: Positive samples 

of IBV, Lane E: Positive Control, Lane F: Negative Control. (Right). Lane A: DNA Ladder 1kb, Lane 

B to D: Positive samples of IBV, Lane E: Positive Control, Lane F: Negative Control 

 
Figure 4.7: PCR results of ILTV (Thymidine kinase gene), Lane A: DNA Ladder 1kb. Lane B. 

Positive Control, Lane C to D. Negative samples. Lane E: Negative control 
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4.1.3. Molecular characterization of Influenza A virus (H9N2) 

Due to high similarity (above 99%) of nucleotide and amino acid sequences among the current study 

isolates for HA gene, one isolate with accession number MN726540 is described as representative isolate 

of current study. 

4.1.3.1. Sequence of Influenza A virus (A/chicken/Pakistan/PATH-I/2019(H9N2)) segment 4 

hemagglutinin (HA) gene (918bp)-Accession number: MN726540. 

AGTGGTAATTGTGTGGTACAATGTCAGACTGAAAAAGGTGGCTTAAACAGTACACTACCAT

TCCACAATATCAGTAAATATGCATTTGGGACATGCCCCAAGTATATAGGAGTCAAGAGTCTC

AAGCTGGCAATCGGTCTGAGAAACGTGCCTGCCAAGTCAAGCAGAGGGCTATTTGGAGCCA

TAGCTGGATTCATAGAAGGAGGTTGGCCAGGGCTAGTTGCTGGTTGGTATGGTTTCCAGCAT

TCAAATGACCAAGGGGTTGGTATAGCAGCAGACAGAGGTTCAACTCAGAAAGCAGTTGATA

AGATAACATCTAAAGTGAACAATATAATTGATAAGATGAACAGACAATATGAGATAATTGA

TCATGAATTCAGTGAGATTGAAACTAGACTCAATATGATCAACAACAAGATTGATGATCAA

ATACAAGACGTATGGGCATATAATGCAGAGTTGCTGATACTACTTGAAAATCAGAAGACAC

TTGATGAACATGATGCAAACGTGAACAATCTATACAACAAGGTGAAAAGGGCATTGGGTTC

CAATGCTATGGAAGATGGGAAGGGTTGTTTCGAGCTATACCATAAATGTGATGATCAATGC

ATGGAAACAATTCGAAACGGGACATATAATAGAAGGAAATATACAGAGGAGTCAAGGCTA

GAAAGGCAGAAAATAGATGGGGTTAAACTGGAATCTGAGGGGACTTACAAAATTCTTACCA

TTTATTCTACTGTCGCCTCATCCCTTGTACTTGCAATGGGGGTTGCTGCCTTCTTGTTCTGGG

CCATGTCCAATGGATCATGCAGATGCAACATTTGTATA 

4.1.3.2. Nucleotide percentage identity matrix of Influenza A virus (A/chicken/Pakistan/PATH-

I/2019(H9N2)), Accession number: MN726540 with other isolates/strains 

After pairwise distance analysis of nucleotide sequences of hemagglutinin gene of Influenza A 

virus (A/chicken/Pakistan/PATH-I/2019(H9N2)), it was found that Influenza A virus 

(A/chicken/Pakistan/PATH-I/2019(H9N2)) had the 95.68%-99.97% homology with Pakistan originated 

isolates. While A/chicken/Pakistan/PATH-I/2019 was 83.69%-91.13% identical with isolates of 

neighboring countries i.e. China, India and Bangladesh. Isolates of Middle East Territories were 88.56%-

91.49% identical with our isolate. Isolates of Germany, USA, Russia, Japan, Hong Kong, South Africa, 

Libya, Vietnam and Korea showed 81.64%-85.92% homology with our isolate. The G1-lineage ancestor 

isolate (A/Quail/Hong Kong/G1/97) was 90.04% identical with our isolate. Nucleotide percentage 

homology of Influenza A virus is shown in table 4.3 and mean pairwise nucleotide identity of study 

isolated Influenza A virus (H9N2) is shown in figure 4.8 to 4.9.   
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Table 4.3. Nucleotide percentage homology of Influenza A virus (A/chicken/Pakistan/PATH-

I/2019(H9N2)), Accession number: MN726540.1 with other isolates/strains 

Accession number Strains/isolates 
Percent 

identity 

MN726541 A/chicken/Pakistan/PATH-II/2019 99.97% 

MW332259 A/chicken/Pakistan/PATH-IV/2019 95.74% 

MH180435 A/chicken/Pakistan/981/2015 98.32% 

MK348241 A/Aves/Pakistan/310/2018 97.24% 

AF156378 A/Quail/Hong Kong/G1/97 90.04% 

KM922684 A/chicken/India/82588/2008 90.77% 

JX273539 A/chicken/Bangladesh/627/2007 90.53% 

MH360730 A/chicken/Iran/GHA/2017 90.65% 

MH997629 A/chicken/Egypt/A-chicken-1/2017 90.21% 

KX783416 A/turkey/Israel/241/2016 88.61% 

JX273556 A/chicken/Saudi Arabia/582/2005 91.49% 

JX273538 A/avian/Libya/RV35D/2006 90.77% 

KF188238 A/dove/United Arab Emirates/466/2006 91.25% 

KX838872 A/ferret/Maryland/P10-UMD/2012 91.01% 

AF156376 A/Duck/Hong Kong/Y280/97 84.86% 

KR073662 A/chicken/XinjiangBaicheng/1/2014 83.69% 

AB545593 A/duck/Vietnam/OIE-2313/2009 84.77% 

GQ404721 A/ostrich/South Africa/AI1586/2008 82.97% 

KF188265 A/duck/Hong Kong/Y439/1997 83.69% 

AB125928 A/duck/Hokkaido/49/98 83.93% 

HE802066 A/duck/Germany/113/1995 84.65% 

MF682648 A/mallard duck/Netherlands/1/2005 83.45% 

DQ787797 A/teal/Primorie/3628/02 83.45% 
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. 

   
 Figure 4.8: Mean pairwise nucleotide identity of study isolated Influenza A virus (H9N2) with 

other strains/isolates reported in different geographical regions (281-420 bp). Identity line 

Green:100% identity, Green to brown: >30% and <100% identity. 

   

 Figure 4.9: Mean pairwise nucleotide identity of study isolated Ianfluenza A virus (H9N2) with 

other strains/isolates reported in different geographical regions (421-560 bp). Identity line 

Green:100% identity, Green to brown: >30% and <100% identity. 
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4.1.3.3. Nucleotide sequence of Influenza A virus (A/chicken/Pakistan/PATH-III/2019(H9N2)) 

segment 6 neuraminidase (NA) gene (833bp) Accession number: MW287133.1 

ATGAATCCAAATCAAAAGATAATAGCACTTGGCTCTGCTTCTCTAACTATCGCTACAGTGTG

TTTACTCATTCAAATTGCCATCTTAGCAACGACTATGACACTACATTTCAATCGGAATGAAT

ACACCAACTCTTCGGAAAACCATGTAGTGCATTGTGACCCGGTCATTATAGAAAGAAACAT

GACAGAGGTAGTGCATTTGAATGGTACTRTCATAAAGAAGGAAAGTTGTCCCAAAGCAGCA

GAATACAAGAATTGGTTAAAACCTCAATGTCGAATTACAGGGTTCGTTCCTTTCTCCAAGGA

CAACTCAATTAGGCTTTCTGCAGGTGGGGACATCTGGATAACGAGAGAACCTTATGTGTCGT

GCGGTCTCAGTAAATGTTACCAATTTGCACTTGGACAGGGAACCACTTTGAACAACAAACA

CTCAAATGGCACAACACATGATAGAAGTCCTTATAGAACCCTTCTAATGAGCGAGCTGG 

GTGTTCCATTTCATTTGGGAACCAAACAAGTGTGTATTGCATGGTCCAGCTCAAGCTGTCAT

GATGGTAGAGCATGGTTGCATGTTTGTGTCACCGGGGATGATAGAAATGCTACTGCTAGCAT

TATTTATGACGGTATGCTTACCGACAGTATTGGTTCATGGTCTCAAAACATTCTCCGAACTC

AAGAGTCGGAGTGCGTTTGCATCAACGGAACTTGTACAGTAGTAATGACTGATGGAAGTGC

ATCAGGAAGGGCTGACACGAGAATACTATTCATTAGAGAAGGGAGAATTATCCACATCAGT

CCACTGTCAGGAAGTGCTCAGCATA 

4.1.3.4. Amino acid sequence of Influenza A virus (A/chicken/Pakistan/PATH-I/2019(H9N2)) 

segment 4 hemagglutinin (HA) gene (278 AA) (Accession number: MN726540.1) 

SGNCVVQCQTEKGGLNSTLPFHNISKYAFGTCPKYIGVKSLKLAIGLRNVPAKSSRGLFGAIAGFI

EGGWPGLVAGWYGFQHSNDQGVGIAADRGSTQKAVDKITSKVNNIIDKMNRQYEIIDHEFSEIE

TRLNMINNKIDDQIQDVWAYNAELLILLENQKTLDEHDANVNNLYNKVKRALGSNAMEDGKG

CFELYHKCDDQCMETIRNGTYNRRKYTEESRLERQKIDGVKLESEGTYKILTIYSTVASSLVLAM

GVAAFLFWAMSNGSCRCNICI 

Cleavage site in HA gene of H9N2 field isolates showed that it belong to low pathogenic AIV 

due to presence of specific amino acid sequence PAKSSR (Figure 4.10). 

 
Figure. 4.10:  Amino acid cleavage sequence of HA protein cleavage site from current study H9N2 

isolates (MN726540) showing low-pathogenic H9N2 in green marked are analyzed by using 

WebLogo 3.1.  
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4.1.3.5. Amino acid percentage identity matrix of Influenza A virus (A/chicken/Pakistan/PATH-

I/2019(H9N2)), Accession number: MN726540.1 with other isolates/strains 

After pairwise distance analysis of amino acid sequences of hemagglutinin gene of Influenza A virus 

(A/chicken/Pakistan/PATH-I/2019(H9N2)) it was found that Influenza A virus 

(A/chicken/Pakistan/PATH-I/2019(H9N2)) had the 97.75%-99.90% homology with Pakistan originated 

isolates. While A/chicken/Pakistan/PATH-I/2019 was 89.57%-96.04% identical with isolates of 

neighboring countries i.e. China, India and Bangladesh. Isolates of Middle East Territories were 94.41%-

96.04% identical with our isolate. Isolates of Germany, USA, Russia, Japan, Hong Kong, South Africa, 

Libya, Vietnam and Korea showed 89.38%-96.40% homology with our isolate. The G1-lineage ancestor 

isolate (A/Quail/Hong Kong/G1/97) was 94.64% identical with our isolate. Amino acid percentage 

homology of Influenza A virus is shown in table 4.4 and mean pairwise amino acid identity of study 

isolated Influenza A virus is shown in figure 4.11-4.15. 
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Table 4.4: Amino acid percentage homology of Influenza A virus (A/chicken/Pakistan/PATH-

I/2019(H9N2)), Accession number: MN726540.1 with other isolates/strains 

Accession number 
Strains/isolates 

Percent 

identity 

MN726541 A/chicken/Pakistan/PATH-II/2019 99.90% 

MW332259 A/chicken/Pakistan/PATH-IV/2019 98.20% 

MH180435 A/chicken/Pakistan/981/2015 98.56% 

MK801266 A/Phasianus /PATH87/2018 98.20% 

AF156378 A/Quail/Hong Kong/G1/97 94.64% 

KM922684 A/chicken/India/82588/2008 94.96% 

KC757975 A/pigeon/Bangladesh/4303/2009 94.96% 

MH360730 A/chicken/Karaj/GHA/2017 95.68% 

MH997629 A/chicken/Egypt/A-chicken-1/2017 95.59% 

KX783416 A/turkey/Israel/241/2016 95.32% 

GU050287 A/avian/Saudi Arabia/910135/2006 96.04% 

JX273538 A/avian/Libya/RV35D/2006 96.04% 

KF188238 A/dove/UAE/466/2006 95.68% 

KX838872 A/ferret/Maryland/P10-UMD/2012 96.40% 

FJ464718 A/avian/Israel/313/2008 95.32% 

AF156376 A/Duck/Hong Kong/Y280/97 90.83% 

KR073662 A/chicken/XinjiangBaicheng/1/2014 89.57% 

HQ221691 A/chicken/Korea/SH0914/2009 90.51% 

AB545593 A/duck/Vietnam/OIE-2313/2009 92.45% 

GQ404721 A/ostrich/SAfrica/AI1586/2008 91.37% 

KF188265 A/duck/Hong Kong/Y439/1997 91.37% 

AB125928 A/duck/Hokkaido/49/98 91.01% 

HE802066 A/duck/Germany/113/1995 91.01% 

DQ787797 A/teal/Primorie/3628/02 91.37% 
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Figure 4.11: Mean pairwise amino acid identity of study isolated Influenza A virus (H9N2) with 

other strains/isolates (1-60 AA). Identity line: Green: 100% identity, Green to brown: > 30% and < 

100% identity 

 

Figure 4.12: Mean pairwise amino acid identity of study isolated Influenza A virus (H9N2) with 

other strains/isolates (61-120 AA).Identity line: Green: 100% identity, Green to brown: >30% and 

<100% identity 
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Figure 4.13: Mean pairwise amino acid identity of study isolated Influenza A virus (H9N2) with 

other isolates (121-180 AA). Identity line: Green: 100% identity, Green to brown: >30% and <100% 

identity 

 

Figure 4.14: Mean pairwise amino acid identity of study isolated Influenza A virus (H9N2) with 

other strains (181-240 AA). Identity line: Green: 100% identity, Green to brown: >30% and <100% 

identity 
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Figure 4.15: Mean pairwise amino acid identity of study isolated Influenza A virus (H9N2) with 

other strains (241-278 AA). Identity line: Green: 100% identity, Green to brown: >30% and <100% 

identity. 

4.1.3.5. Amino acid sequence of Influenza A virus (A/chicken/Pakistan/PATH-III/2019(H9N2)) 

segment 6 neuraminidase (NA) gene (833bp)- Accession number: MW287133.1 

MNPNQKIIALGSASLTIATVCLLIQIAILATTMTLHFNRNEYTNSSENHVVHCDPVIIERNMTEVV

HLNGTXIKKESCPKAAEYKNWLKPQCRITGFVPFSKDNSIRLSAGGDIWITREPYVSCGLSKCYQ

FALGQGTTLNNKHSNGTTHDRSPYRTLLMSELGVPFHLGTKQVCIAWSSSSCHDGRAWLHVCV

TGDDRNATASIIYDGMLTDSIGSWSQNILRTQESECVCINGTCTVVMTDGSASGRADTRILFIREG

RIIHISPLSGSAQH 

 Stalk domain is one of the three potential regions (other two are HB loop, HB site) in NA gene 

involved in pathogenicity of H9N2 virus. Two mutations are constant in all isolated viruses of B2 sub-

lineage i.e. Gln39Arg (R) and Lys (K) 47Glu (E) (figure 4.16).  
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Figure 4.16: Potential pathogenic residues of stalk domain in NA protein from currently isolated 

H9N2 viral (stalk domain at amino acid 38-39, 46-50, 62-64). One letter code used in the table 

represents the following amino acids. N, Asparagine; R, Arginine; S, Serine; E, Glutamic acid; H, 

Histidine; V, Valine; M, Methionine. 

            Mutation in certain glycosylation sites of the viral proteins may have a significant effect on the 

virus virulence, and the function of the affected viral proteins. NA gene amino acid sequence is found to 

have marked glycosylation site from current study isolate (figure 4.17). 
 

 

Figure 4.17: Glycosylation sites in NA gene of H9N2 amino acid sequences (MW287133.1) 
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4.1.3.6. Phylogenetic analysis of avian influenza H9N2 virus 

A phylogenetic tree based on the haemagglutinin gene was constructed, as shown in the figure 

(4.18). Phylogenetic analysis revealed that our three isolates; Influenza A virus, 

(A/chicken/Pakistan/PATH-I/2019(H9N2)), (A/chicken/Pakistan/PATH-II/2019(H9N2)) and 

(A/chicken/Pakistan/PATH-IV/2019(H9N2)) were placed in a single sister clade that contains Pakistan 

originated Influenza A H9N2 virus. Further, India, Bangladesh, Iran, Hong Kong, Middle East Territories 

and Pakistan originated H9N2 virus formed a monophyletic group known as G1-Lineage. In comparison, 

the G9 (Y280)-Lineage includes isolates derived from China and Hong Kong. Similarly, Y439-Lineage 

includes H9N2 isolates reported in Korea, Japan, Hong Kong, Russia, Vietnam, Germany, Netherlands 

and South Africa, as represented in the figure 4.18. 

For Neuraminidase gene (NA), constructed phylogenetic tree shows that current study isolate 

marked as triangle is grouped with other Pakistani isolates belonging to B2 sub lineage of G1 lineage 

(figure 4.19). 
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Figure 4.18: Evolutionary tree of Influenza A virus H9N2 (HA gene). The lengths of the horizontal 

lines are relative to the minimum number of nucleotide differences required to join nodes. Triangle 

shows current study isolate, square marks showing reference strains and circle is showing vaccine 

strain. 

 KF188347(Pak/2005)

 CY038482(Pak/2007)

 CY038426(Pak/2006)

 JN540066(Pak/2008)

 CY038410(Pak/2005)

 KX759091(Pak/2004)

 KX759091(Pak/2004)(2)

 JX273555(KSA/2006)

 JX273538(Libya/2006)

 MH558949(Israel/2017)

 KM922684(India/2008)

 JX273542(India/2003)

 JX273552(Pak/2003)

 GQ120559(Israel/2007)

 JX456177(Iran/2008)

 JX456179(Iran/2009)

Pakistani B1 Sub-Lineage

 KF800940(Iran/2011)

 MN726540 (Pak/2019)

 MH180431(Pak/2015)

 MH180417(Pak/2016)

 MW287132(Pak/2019)

 MK159013(Iran/2017)

 MK603216(Pak/2017)

 MH180424(Pak/2015)

 MK774727(Pak/2019)

 MH105306(Pak/2018)

 MZ340551(Pak/2020)

 MW774320(Pak/2020)

Pakistani B2 Sub-Lineage

 JX273545(Kuwait/2004)

 KC758060(Bangladesh/2010)

 MH791920(Bangladesh/2017)

 AF156378(Hong Kong/G1/97(Referecne))

 CY055140(Hong Kong/2009(Vaccine))

G1 Lineage

 AF156376(A/Duck/Hong Kong/Y280/97(Refence))

 MG925535(China/2010)

 MK053870(China/2018)

 KR073662(Pak/2014)

Y280/G9 Lineage

 MH068463(USA/2017)

 HQ221691(Korea/2009)

 KF188265(Hong Kong/Y439/1997(Refence))

 HE802066(Germany/1995)

 CY184149(Sweden/2007)

 MF682648(Netherlands/2005)

 JX273566(England/2006)

Y439 Lineage
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Figure 4.19: Evolutionary tree of Influenza A virus H9N2 (NA gene). The lengths of the horizontal 

lines are relative to the minimum number of nucleotide differences required to join nodes. Triangle 

shows current study isolate, square marks showing reference strains and circle is showing vaccine 

strain. 

 CY038476(Pak/2008)

 CY038468(Pak/2008)

 CY038460(Pak/UDL/2008)

 CY038452(Pak/UDL/2007)

 CY038484(Pak/2007)

 CY038404(Pak/2006)

 CY038404(Pak/UDL/2006)

 KF188404(Pak/2005)

 JN540059(PAK/2006)

Pak B1 Sub Lineage

 MF280169(Pak/2015)

 MF280168(Pak/2015)

 KU042904(Pak/2015)

 MF280170(Pak/2015)

 MW786666 (Pak/2020)

 MZ067724(Pak/2019)

 MW287133(Pak/2019)

 MH180500(Pak/2015)

 MH180499(Pak/2015)

 MH180538(Pak/2016)

 MH180509(Pak/2015)

 MF959753(Pak/2016)

Pak B2 Sub Lineage

 AF156396 (/Hong Kong/G1/97 (Reference))

G1 Lineage

 AF156394(Hong Kong/Y280/97 (Reference))

 KF746837(China/2004)

 DQ064430(China/96)

 KM455874(China/2013)

 KX808590(China/2016)

 KY415731(China/2016)

 KF188368.1 (Hong Kong/G9/1997)

 AY043024(China/99)

 CY055142 (Hong Kong/2009(Vaccine))

 KX867851(China/2004)

 DQ226128(China/2003)

 MW397160(China/2005)

Y280/G9 Lineage

 AF156395 (Hong Kong/Y439/97(Reference))

 JF917105 (Korea/2010)
Y439 Lineage
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4.1.3.7. Histopathological examination of chicken naturally affected with H9N2 AIV 

Trachea and lungs tissue from commercial chicken found positive for H9N2 AIV by reverse 

transcriptase PCR in this study were processed for histopathology and changes were recorded (Figure 

4.20). 

 
Fig. 4.20: Photomicrographs of H9N2 AIV naturally infected bird tissues (H&E; 10X) a: 

Normal trachea with intact pseudostratified ciliated columnar epithelium (blue arrow), mucous 

gland (black arrow) and hyaline cartilage (red arrow). b: Sloughing of epithelium (black 

arrow), necrotic cells (blue arrow) and lymphoplasmacytic infiltration (red arrow) in trachea of 

H9N2 LPAIV infected birds. c. Normal lungs with intact parabronchi (blue arrow) and intact 

simple cuboidal epithelium with atrium and infundibulum (black arrow). d. Congestion (black 

arrow), distorted epithelium (blue arrow) and mononuclear cells (MNCs) infiltration (red 

arrow) in lungs of H9N2 LPAIV infected birds.  
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4.1.4. Molecular characterization of avian avulavirus 1 

4.1.4.1. Nucleotide sequence of avian avulavirus 1 isolate chicken/Pakistan/PATH-IV/2019 fusion 

protein gene (589 bp)-Accession number: MW295940 

CCATTAGAGGCATACAACAGAACACTGACTACTTTGCTCACTCCTCTTGGCGACTCAATCCG

CAAGATCCAAGGGTCTGTGTCCACGTCTGGAGGAAGGAGGCAAAAACGTTTTATAGGTGCT

GTTATTGGCAGTGTAGCTCTTGGGGTTGCAACAGCGGCACAGATAACAGCAGCTGCGGCCC

TAATACAAGCCAATCAAAATGCCGCCAACATCCTCCAGCTTAAGGAGAGCATTGCTGCAAC

CAATGAAGCTGTGCATGAAGTCACCAACGGATTATCACAGCTATCAGTGGCAGTTGGGAAA

ATGCAGCAGTTTATCAATGACCAGTTTAATAATACGGCGCGAGAATTGGACTGTATAAAAA

TCACACAACAAGTTGGTGTAGAACTCAACCTATACCTAACTGAATTGACCACAGTATTCGGG

CCACAGATCACCTCCCCTGCATTAACTCAGCTGACCATCCAGGCACTTTATAATTTAGCTGG

TGGTAATATAGATTACTTATTAACCAAGTTAGGTATAGGGAACAATCAACTCAGCTCCTTAA

TTGGTAGCGGCTTGATCACCGGCTACCCTATATTGA 

4.1.4.2. Nucleotide sequence of avian avulavirus 1 isolate chicken/Pakistan/PATH-VI/2018 fusion 

protein gene (589 bp)-Accession number: MW427214 

CCATTAGAGGCATACAACAGAACACTGACTACCTTGCTCACTCCCCTTGGCGATTCCATCCG

TAAGATCCAAGGGTCGGTGGCCACAACCGGAGGAAGGAGACAAAAACGCTTTATAGGTGC

CGTTATTGGCAGTGTAGCTCTCGGGGTTGCGACAGCGGCACAGATAACAGCAGCTGCGGCC

TTAATACAAGCCAACCAAAATGCCGCCAACATCCTCCGGCTTAAAGAGAGCATTGCTGCAA

CCAATGAAGCTGTGCACGAAGTTACCGATGGATTATCACAACTATCAGTGGCAGTTGGAAA

GATGCAGCAATTCGTCAATGACCAGTTTAATAATACGGCGCGAGAATTGGACTGTATAAAG

ATTACACAACAAGTTGGTGTAGAACTCAACCTATACCTAACTGAGTTGACTACAGTATTCGG

GCCACAGATCACTTCCCCTGCCTTAACTCAGCTGACTATACAGGCACTCTACAATCTAGCTG

GCGGCAATATGGATTACTTGTTAACTAAGTTAGGTGTAGGGAACAATCAACTCAGCTCATTA

ATTGGTAGCGGCTTGATCACCGGCTACCCTATATTG 

4.1.4.3. Nucleotide percentage identity matrix of avian avulavirus 1 isolate 

chicken/Pakistan/PATH-IV/2019, Accession number: MW295940 with other isolates/strains 

After pairwise distance analysis of nucleotide sequences of F gene of avian avulavirus 1 isolate 

chicken/Pakistan/PATH-IV/2019 it was found that this isolate has maximum homology (91.50%-

99.49%) with the members of Class II, Genotype VII. Our isolate did not show > 90% similarity with any 

other genotype. Interestingly our isolate was 99.49% identical to Ck/IR/EMA132/2018 and 

Ck/IR/EMA148/2019 recently reported in neighbor country, Iran in 2018 and 2019. The percentage 

homology and mean pairwise nucleotide identity is shown in table 4.5 and figure 4.21-4.24, respectively.  

  



Results 

45 

Table 4.5: Nucleotide percentage homology of avian avulavirus 1 isolate chicken/Pakistan/PATH-

IV/2019, Accession number: MW295940 with other isolates/strains 

Accession Name 
Geno

type 

Year of 

isolation 
Host Country 

Percent 

identity 

AY935500 I-2progenitor I 2006 Avian Australia 84.18% 

AF077761 LaSota II 1998 Avian Netherland 83.67% 

FJ430160 JS/9/05/Go 
III 

2005 Avian China 85.88% 

EF201805 Mukteswar 2007 Avian China 85.71% 

AY562987 Fowl/U.S.(CA)/211472/02 V 2002 
Game 

fowl 
USA 86.73% 

KJ808820 Pigeon/China/SD2012 VI 2012 Pigeon China 88.44% 

KP776462 Chicken/NDV/Pak/AW-14 
VII 

2014 Chicken Pakistan 91.67% 

KM670337 Pak/QOL/SFR-611/13 2013 Chicken Pakistan 91.84% 

MW427214 Pak/PATH-VI/2018 

VII 

2018 Chicken Pakistan 91.84% 

FJ872531 
Duck/China/FP1/02 2002 Duck China 96.60% 

MN481201 Ck/IR/EMA148/2019 2019 Chicken Iran 99.49% 

FJ751919 QH4 
VIII 

1985 Chicken China 87.59% 

MN393176 NDV-F8 1998 Avian Vietnam 87.41% 

HQ317394 GD09-2 IX 2009 Duck China 87.59% 

KX857718 Black duck/USA/2009 X 2009 Duck USA 83.67% 

HQ266603 MG_1992 XI 1992 Chicken Madgascar 83.33% 

MH019281 PK1 XIII 2015 Chicken Pakistan 88.44% 

KY042135 Pigeon/Pak//2015 XXI 2015 Pigeon Pakistan 89.46% 

KX236100 Pigeon/Pak/21A/2015 XXI 2015 Pigeon Pakistan 88.95% 

JQ013039 Teal/France/100011/2010 
Class 

I 
2010 Teal France 72.62% 

Note. A highlighted sequence has maximum homology with current study NDV isolate. 
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Figure 4.21: Mean pairwise nucleotide identity of study isolated avian avulavirus 1 with other 

strains/isolates (1-50 bp). Identity line:  Green: 100% identity, Green to brown: > 30% and < 100% 

identity 

 

Figure 4.22: Mean pairwise nucleotide identity of study isolated avian avulavirus 1 with other 

strains/isolates (51-100bp). Identity line: Green: 100% identity, Green to brown:> 30% and < 

100% identity 
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Figure 4.23: Mean pairwise nucleotide identity of study isolated avian avulavirus 1 with other 

strains/isolates (101-150 bp). Identity line:Green:100% identity, Green to brown:>30% and < 

100% identity 

  
 

Figure 4.24: Mean pairwise nucleotide identity of study isolated avian avulavirus 1 with other 

strains/isolates (151-200 bp). Identity line:Green:100% identity, Green to brown:>30% and < 

100% identity 
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4.1.4.4. Amino acid sequence of avian avulavirus 1 isolate chicken/Pakistan/PATH-IV/2019 fusion 

protein (196 AA)-Accession number: MW295940 

PLEAYNRTLTTLLTPLGDSIRKIQGSVSTSGGRRQKRFIGAVIGSVALGVATAAQITAAAALIQAN

QNAANILQLKESIAATNEAVHEVTNGLSQLSVAVGKMQQFINDQFNNTARELDCIKITQQVGVE

LNLYLTELTTVFGPQITSPALTQLTIQALYNLAGGNIDYLLTKLGIGNNQLSSLIGSGLITGYPIL 

4.1.4.5. Amino acid sequence of avian avulavirus 1 isolate chicken/Pakistan/PATH-VI/2018 fusion 

protein (196 AA), Accession number: MW427214 with other isolates/strains 

PLEAYNRTLTTLLTPLGDSIRKIQGSVATTGGRRQKRFIGAVIGSVALGVATAAQITAAAALIQAN

QNAANILRLKESIAATNEAVHEVTDGLSQLSVAVGKMQQFVNDQFNNTARELDCIKITQQVGVE

LNLYLTELTTVFGPQITSPALTQLTIQALYNLAGGNMDYLLTKLGVGNNQLSSLIGSGLITGYPIL 

4.1.4.6. Amino acid percentage identity matrix of fusion protein of avian avulavirus 1 isolate 

chicken/Pakistan/PATH-IV/2019, Accession number: MW295940 with other isolates/strains 

The pairwise distance analysis of fusion protein indicated that our isolate chicken/Pakistan/PATH-

IV/2019 showed maximum homology (95.92%-100.00%) with the members of Class II, Genotype VII. 

This isolate was 100% identical to isolates Ck/IR/EMA132/2018 and Ck/IR/EMA148/2019 reported in 

Iran in 2018 and 2019, based on amino acid percentage matrix analysis. The percentage identity and 

mean pairwise amino acid identity are shown in the table 4.6 and figure 4.31-4.34, respectively. 

This study NDV isolates showed the presence of F gene amino acid multibasic cleavage sequence 

(GRRQKRF) specific for velogenic NDV (Fig. 4.25) (Rehan et al. 2019).  

  
Figure. 4.25:  Amino acid cleavage sequence of F protein cleavage site from current study NDV 

isolates (MW295940,MW427214) starting at position 113 showing virulent NDV in green marked 

are analyzed by using WebLogo 3.1. 
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4.1.4.7. Amino acid percentage identity matrix of fusion protein of avian avulavirus 1 isolate 

chicken/Pakistan/PATH-VI/2018, Accession number: MW427214 with other isolates/strains 

The pairwise distance analysis of fusion protein of avian avulavirus 1 isolate chicken/Pakistan/PATH-

VI/2018 revealed that our isolate showed maximum identity (96.43%-100.00%) to members of Class II, 

Genotype VII. Based on amino acid percentage matrix analysis, this isolate was 100% identical with 

chicken/Pakistan/1002/1A/2015, reported in Pakistan in 2015. Amino acid percentage homology of avian 

avulavirus 1 isolate chicken/Pakistan/PATH-VI/2018, Accession number: MW295940 with other 

isolates/strain are shown in table 4.6 and mean pairwise amino acid identity of study isolated avian 

avulavirus 1 with other strains/isolates reported in other geographical regions are shown in figure 4.26-

4.29. 
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Table 4.6: Amino acid percentage homology of avian avulavirus 1 isolate chicken/Pakistan/PATH-

VI/2018, Accession number: MW295940 with other isolates/strains 

Accession Name 
Genot

ype 

Year of 

isolation 
Host Country 

Percent 

identity 

AY935500 I-2progenitor I 2006 Avian Australia 89.80% 

AF077761 LaSota 
II 

1998 Avian Netherland 88.78% 

AF375823 B1/Takaaki 2001 Avian USA 89.29% 

FJ430160 JS/9/05/Go 
III 

2005 Avian China 91.84% 

EF201805 Mukteswar 2007 Avian China 91.33% 

AY562987 Gamefowl/U.S.(CA)/211472/02 V 2002 Game fowl USA 91.84% 

KJ808820 Pigeon/China/SD2012 VI 2012 Pigeon China 93.88% 

KP776462 chicken/NDV/Pak/AW-14 
VII 

2014 Chicken Pakistan 96.94% 

KM670337 chicken/Pak/QOL/SFR-611/13 2013 Chicken Pakistan 96.94% 

MW427214 chicken/Pakistan/PATH-VI/2018 

VII 

2018 Chicken Pakistan 96.43% 

KX791184 
backyard/Pak/SFR-144A/2016 2016 Poultry Pakistan 95.92% 

MN481197 Ck/IR/EMA132/2018 2018 Chicken Iran 100.0% 

J751919 QH4 

VIII 

1985 Chicken China 94.39% 

FJ751918 QH1 1979 Chicken China 94.39% 

MN393176 NDV-F8 1998 Avian Vietnam 94.39% 

KP027403 Layer/China/Yulin/10 IX 2010 Layer China 92.35% 

KX857718 Duck/USA/MN/AI09-3836/2009 X 2009 Duck USA 89.80% 

HQ266602 MG_725_08 XI 2008 Chicken Madgascar 87.76% 

MF422124 229-13B 
XIII 

2013 Chicken India 94.39% 

MH019281 PK1 2015 Chicken Pakistan 94.90% 

KY042135 pigeon/Pakistan/22A/1001/2015 XXI 2015 Pigeon Pakistan 94.39% 

KU862297 Pigeon/Pak/Lahore/AW-1/2014 
XXI 

2014 Pigeon Pakistan 95.41% 

KY042134 pigeon/Egypt/84/1113/2015 2015 Pigeon Egypt 92.86% 

JQ013039 Teal/France/100011/2010 
Class 

I 
2010 Teal France 87.76% 
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Figure 4.26: Mean pairwise amino acid identity of study isolated avian avulavirus 1 with other 
strains/isolates reported in other geographical regions (1-50 AA) 
Identity line:  Green: 100% identity, Green to brown: above 30% and below 100% identity 

 
Figure 4.27: Mean pairwise amino acid identity of study isolated avian avulavirus 1 with other 
strains/isolates reported in other geographical regions (51-100 AA) 
Identity line:  Green: 100% identity, Green to brown: above 30% and below 100% identity 
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Figure 4.28: Mean pairwise amino acid identity of study isolated avian avulavirus 1 with other 
strains/isolates reported in other geographical regions (101-150 AA) 
Identity line:  Green: 100% identity, Green to brown: above 30% and below 100% identity 

 
Figure 4.29: Mean pairwise amino acid identity of study isolated avian avulavirus 1 with other 
strains/isolates reported in other geographical regions (151-196 AA) 
Identity line:  Green: 100% identity, Green to brown: above 30% and below 100% identity 
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4.1.4.8. Phylogenetic analysis of Newcastle disease virus  

The phylogenetic tree of avian avulavirus 1 was constructed based on complete and partial F gene 

sequences for comparative study with the representative of different genotypes of avian originated 

avulavirus across the globe. The ClustalW aligned the oligonucleotide sequences on BioEdit version 

7.2.5. The phylogenetic tree was constructed using the distance-based neighbor-joining model in MEGA 

X. The reliability of the tree was evaluated using 1,000 bootstrap replicates. Blue colored taxa represent 

our study isolates, while green colored taxa are Pakistan originated avian avulavirus 1. Our isolates 

(chicken/Pakistan/PATH IV/2019 and chicken/Pakistan/PATH VI/2018) were placed in a single clade, 

which is representative of Class II, Genotype VII of avian avulavirus 1 as shown in the figure. Further, 

the evolutionary tree revealed that Pakistan-originated isolates showed close resemblance with Genotype 

XIII and Genotype XXI members and therefore placed in relevant monophyletic groups as shown in the 

figure 4.30 and 4.31. 

 

Figure 4.30: Evolutionary tree constructed based on F-gene sequences of NDV genotype VII 

reported in different geographical regions of the world. Blue triangle marked highlighted isolates 

present study isolates (G VIIi and G VIIl) and green box showing Pakistani NDV isolates (G VIIi).  
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Figure 4.31: Evolutionary tree of avian avulavirus 1 (Genotypes class l & ll) based on F gene. Blue 

text sequences are current study NDV isolates. Green highlighted isolates belong to Pakistan.   
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4.1.4.9. Gross and Histopathological examination of chicken naturally affected with NDV 

Following gross picture were reorded in birds affected with NDV (figure 4.32). 

 
Figure 4.32: Photographs of NDV infected bird’s morbid tissues (a) necrotic button like 

ulcer on Jejunum (arrow) (b) pulmonary oedema and congestion (c) congested tracheal 

mucosa with exudate (arrow) (d) inflammed and hemorrhagic caecal tonsils (arrow) (e) 

ecchymotic hemorrhages on proventiculus mucosal glands tips (arrow). 
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Trachea and lungs tissue from commercial chicken found positive for NDV by reverse 

transcriptase PCR in this study were processed for histopathology and changes were recorded (Figure 

4.33). 

 

Figure. 4.33: Photomicrographs of tissues from NDV infected birds (H&E stain, 10X), (a) Normal 

trachea with intact pseudostratified ciliated columnar epithelium (blue arrow), mucous gland 

(black arrow) and hyaline cartilage (red arrow) (b) lymphoplasmacytic infiltration in lamina 

propria of trachea, (c) Normal lungs with intact parabronchi (blue arrow) and intact simple 

cuboidal epithelium with atrium and infundibulum (black arrow). (d) fibrinoheterophilic exudate 

present in parabronchial lumen.   
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4.1.5. Molecular characterization of infectious bronchitis isolate 

4.1.5.1. Nucleotide sequence of infectious bronchitis isolate chicken/UVAS/PATH-Xl/2019 spike 

protein gene (1642 bp)-Accession number: MW856023 

CTTTTACTAGTGACTCTTTGGTATGCACTATGTAGTGCTTTGCTCTATGATAATAATACTTAC

GTTTACTACTACCAAAGTGCCTTTAGGCCTGGTCCAGGTTGGCACCTACATGGGGGTGCTTA

TGCAGTAGATAGGGTTTTTAATGAAACCAACAATGCAGGCAGTGCATCTGATTGCACTGCTG

GTACTTTTTATGAAAGCTATAATATTTCTGCTGCTTCTGTAGCCATGACAGTACCACCTGCTG

GTATGTCTTGGTCAGTTTCACAGTTTTGTACAGCTCATTGTAACTTCTCAGAGTTTACAGTGT

TTGTTACGCATTGTTTTAAAAGTCAACAAGGTAGTTGTCCATTGACAGGTATGATTCCTCAG

AATCATATTCGTATTTCTGCTATGAGATCTGGATTTTTGTTTTATAATTTAACAGTTAGCGTA

TCTAAATACCCTAAATTTAAATCGCTTCAATGTGTTGGCAATTCTACATCTGTCTATTTAAAT

GGTGATCTTGTTTTCACTTCTAATGAAACAACTCACGTTACGGGTGCAGGCGTTTATTTTAA

AAGTGGTGGGCCTGTAACTTATAAAGTTATGAAAGAAGTTAAAGCCCTAGCCTACTTTATTA

ATGGTACCGTACAAGAGGTTATTTTATGTGATAACTCACCTAGAGGTTTGCTTGCATGTCAG

TATAACACTGGTAATTTTTCAGATGGATTCTACCCTTTTACTAATTCTTCTTTAGTTAAGGAT

AGGTTTATTGTATATCGAGAAAGTAGCACTAACACTACTTTAGAGTTAACTAATTTCACTTT

TACTAATGTAAGTAATGCTTCTCCTAATTCAGGTGGCGTTGATACTTTCCAATTATATCAAAC

ACAGACTGCTCAGGATGGTTATTATAATTTTAATTTATCATTTCTGAGTAGTTTTGTGTATAA

AGCATCTGATTTTATGTATGGGTCATACCACCCAAATTGTAATTTTAGACCAGAGAATATTA

ATAATGGCTTATGGTTTAATTCATTATCTGTGTCACTTACTTACGGACCCATTCAAGGTGGTT

GTAAGCAATCTGTTTTTAGTAATAAAGCAACTTGTTGCTATGCTTATTCTTACCGAGGTCCTA

CTAGATGTAAGGGTGTTTATAGAGGGGAGCTAACGCAATACTTTGAATGTGGACTTCTAGTT

TATGTAACTAAGAGTGATGGCTCTCGTATACAAACTAGAAGTGAACCACTGGTGTTAACTCA

ATATAATTATAACAACATTACTTTAAATAAGTGTGTTGAGTATAATATATATGGTAGAGTTG

GTCAAGGTTTTATTACTAATGTAACTGAAGCAACTGCTAATTATACTTATCTAGCAGATGGT

GGTTTAGCTATTTTAGATACTTCAGGAGCCATAGACATATTTGTTGTTCGAGGTGCATATGG

TCTTAATTATTATAAGGTTAATCCCTGTGAAGATGTTAACCAACAGTTTGTAGTGTCTGGTG

GCAATTTAGTTGGCATTCTTACATCTCATAATGAAACAGATTCTGAATTTATTGAGAACCGG

TTTTACATCAAACTCACTAACGGAACACGTCGCTCTAGACGTTCTGTTACTGGGAATGTTAC

AAATTGCCCTTATGTTAGTT 

4.1.5.2. Nucleotide percentage identity matrix of infectious bronchitis virus isolate 

chicken/Pakistan/PATH-XI/2019, Accession number: MW856023 with other isolates/strains 

After pairwise distance analysis of nucleotide sequences of spike protein gene of infectious 

bronchitis virus isolate chicken/Pakistan/PATH-IX/2019, it was found that this isolate has maximum 

homology (93.10%-99.80%) with the members of Genotype GI, Lineage 13 (Table 4.7). It has 99.8% 

homology with IBV Pakistani isolate chicken/Attok/NARC-786/2013 (accession number KU145467). 

This study isolate has maximum homology of 95.97%, 69.13% with UK vaccinal strain 4/91 (accession 

number: JN192154) and M41 vaccinal strain (accession number: AY561711) respectively. This 

nucleotide homology data is shown in Table 4.7. 
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Table 4.7: Nucleotide percentage homologies of infectious bronchitis isolate chicken/UVAS/PATH 

XI/2019 with other isolates/strains 

Accession 

No. 
Strain Genotype Country 

Percent 

identity 

KU145467 chicken/Attock/NARC-786/2013 GI-13 Pakistan 99.80% 

LT599496 gammaCoV/AvCoV/chicken/Pakistan/142/2015 GI-13 Pakistan 95.97% 

JN192154 4/91(UK) GI-13 UK 95.97% 

FJ888351 H120 GI-1 Netherland 68.46% 

KY588135 Pakistan/Mass/1009/13A/2015 GI-1 Pakistan 68.46% 

AY561711 M41 GI-1 USA 69.13% 

MK689242 CK/PK/UVAS-GM-026-Lalamusa/2019 GI-24 Pakistan 67.79% 

KX013102 chicken/Rawalpindi/NARC-15-973/2015 GI-24 Pakistan 63.09% 

KF809796 IBV506 GI-24 India 66.44% 

AF193423 QXIBV GI-19 China 67.79% 

KX640829 ck/CH/LGX/111119 GI-28 China 67.79% 

KY407556 gammaCoV/ck/China/I0114/14 G-29 China 65.77% 

DQ167147 CK/CH/LSC/99I GI-22 China 67.79% 

KP085595 GA/12274/2012 GI-25 USA 65.77% 

AY606320 TP/64 GI-7 Taiwan 69.80% 

X15832 D274 GI-12 Netherland 68.46% 

EF030995 CK/CH/LDL/97I GI-16 China 71.14% 

AF093796 Variant 2 GI-23 Israel 65.77% 

DQ064808 Spain/98/313 GI-21 Spain 65.77% 

X87238 Belgian isolate B1648 GI-14 Belgium 70.47% 

GU393336 Holte GI-2 USA 64.43% 

L14069 Gray GI-3 USA 66.44% 

JQ964066 L613 GI-8 USA 69.80% 

L18988 Holte GI-4 USA 74.50% 

AF006624 Ark DPI GI-9 USA 72.48% 
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AF349620 Qu16 GI-20 Canada 67.11% 

DQ490215 V2-02 GI-5 Australia 71.14% 

AY257068 K210-02 GI-15 S. Korea 69.80% 

AY296744 JP8127 GI-18 Japan 71.14% 

AF510656 AL/6609/98 GI-17 USA 69.13% 

GU301925 Georgia 08 GI-27 USA 76.51% 

DQ515802 J9 GI-6 China 71.14% 

AF151960 T6 GI-10 
New 

Zealand 
72.48% 

GU393339 IBV/Brasil/351/1984 GI-11 Brazil 71.14% 

JX182783 UFMG/1141 GI-11 Brazil 67.79% 

FN182268 NGA/BP61/2007 GI-26 Nigeria 65.77% 

FJ235194 N1/03 G-V Australia 62.30% 

MH924835 gammaCoV/ck/China/I0636/16 G-VII China 48.32% 

U29450 N1/88 G-III Australia 67.79% 

GQ265948 TC07-2 G-VI China 71.14% 

M21971 D1466 G-II Netherland 50.34% 
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4.1.5.3. Amino acid sequence of infectious bronchitis isolate chicken/UVAS/PATH-Xl/2019 spike 

protein gene (1642 bp)-Accession number: MW856023 

LLLVTLWYALCSALLYDNNTYVYYYQSAFRPGPGWHLHGGAYAVDRVFNETNNAGSASD
CTAGTFYESYNISAASVAMTVPPAGMSWSVSQFCTAHCNFSEFTVFVTHCFKSQQGSCP
LTGMIPQNHIRISAMRSGFLFYNLTVSVSKYPKFKSLQCVGNSTSVYLNGDLVFTSNETTH
VTGAGVYFKSGGPVTYKVMKEVKALAYFINGTVQEVILCDNSPRGLLACQYNTGNFSDGF
YPFTNSSLVKDRFIVYRESSTNTTLELTNFTFTNVSNASPNSGGVDTFQLYQTQTAQDGYY
NFNLSFLSSFVYKASDFMYGSYHPNCNFRPENINNGLWFNSLSVSLTYGPIQGGCKQSVF
SNKATCCYAYSYRGPTRCKGVYRGELTQYFECGLLVYVTKSDGSRIQTRSEPLVLTQYNY
NNITLNKCVEYNIYGRVGQGFITNVTEATANYTYLADGGLAILDTSGAIDIFVVRGAYGLNYY
KVNPCEDVNQQFVVSGGNLVGILTSHNETDSEFIENRFYIKLTNGTRRSRRSVTGNVTNCP
YVS 

4.1.5.4. Amino acid percentage identity matrix of infectious bronchitis virus isolate 

chicken/Pakistan/PATH-IX/2019, Accession number: MW856023 with other isolates/strains 

After pairwise distance analysis of amino acid sequences of spike protein gene of infectious 

bronchitis virus isolate chicken/Pakistan/PATH-IX/2019, it was found that this isolate has maximum 

homology (87.60%-99.90%) with the members of Genotype GI, Lineage 13 (Table 4.8).  
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Table 4.8: Amino acid homology of infectious bronchitis isolate chicken/UVAS/PATH XI/2019 

(Accession number: MW856023) with other isolates/strains 

Accession 

No. 
Strain Genotype Country 

Percent 

identity 

KU145467 chicken/Attock/NARC-786/2013 GI-13 Pakistan 99.90 

LT599496 gammaCoV/AvCoV/chicken/Pakistan/142/2015 GI-13 Pakistan 89.80 

JN192154 4/91(UK) GI-13 UK 89.80 

FN182268 NGA/BP61/2007 GI-26 Nigeria 44.90 

FJ888351 H120 GI-1 Netherland 53.06 

KY588135 Pakistan/Mass/1009/13A/2015 GI-1 Pakistan 53.06 

AY561711 M41 GI-1 USA 53.06 

MK689242 CK/PK/UVAS-GM-026-Lalamusa/2019 GI-24 Pakistan 51.02 

KX013102 chicken/Rawalpindi/NARC-15-973/2015 GI-24 Pakistan 42.86 

AY606320 TP/64 GI-7 Taiwan 53.06 

KX640829 ck/CH/LGX/111119 GI-28 China 53.06 

AF193423 QXIBV GI-19 China 51.02 

KP085595 GA/12274/2012 GI-25 USA 46.94 

KY407556 gammaCoV/ck/China/I0114/14 G-29 China 57.14 

AJ457137 Italy-02 GI-21 Italy 59.18 

AF151960 T6 GI-10 N. Zealand 65.31 

X87238 Belgian isolate B1648 GI-14 Belgium 65.31 

GU393339 IBV/Brasil/351/1984 GI-11 Brazil 65.31 

X15832 D274 GI-12 Netherland 63.27 

EF030995 CK/CH/LDL/97I GI-16 China 65.31 

DQ490215 V2-02 GI-5 Australia 65.31 

AF349620 Qu16 GI-20 Canada 63.27 

FJ807944 K620/02 GI-15 S. Korea 63.27 

EU780077 IS/1494/06 GI-23 Israel 61.22 

L18988 Holte GI-4 USA 65.31 
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DQ515802 J9 GI-6 China 67.35 

M99484 SE17 GI-8 USA 67.35 

M99482 ARK99 GI-9 USA 69.39 

AF510656 AL/6609/98 GI-17 USA 67.35 

AY296744 JP8127 GI-18 Japan 73.47 

GU301925 Georgia 08 GI-27 USA 75.51 

GU393336 Holte GI-2 USA 59.18 

L14069 Gray GI-3 USA 61.22 

KM365468 GX-NN130021 G-VII China 32.65 

M21968 V1397 G-II Netherland 40.82 

AF274436 AR/6386/97 G-IV USA 28.57 

FJ235194 N1/03 G-V Australia 55.00 

U29450 N1/88 G-III Australia 63.27 

GQ265948 TC07-2 G-VI China 63.27 

4.1.5.5. Phylogenetic analysis of infectious bronchitis virus 

The phylogenetic tree of infectious bronchitis virus was constructed based on complete and 

partial S gene sequences for comparative study with the representative of different genotypes of avian 

originated IBV across the globe. The ClustalW aligned the oligonucleotide sequences on BioEdit version 

7.2.5. The phylogenetic tree was constructed using the distance-based neighbor-joining model in MEGA 

X. The reliability of the tree was evaluated using 1,000 bootstrap replicates. Red colored taxa represent 

our study isolates, while blue colored taxa are Pakistan originated infectious bronchitis virus. Our isolates 

(chicken/UVAS/PATH XI/2019) were placed in a single clade, which is representative of Genotype I of 

avian IBV. The evolutionary tree revealed that Pakistan-originated isolates showed close resemblance 

with our isolate and therefore placed in relevant monophyletic group (figure 4.34)
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Figure 4.34: Evolutionary tree of infectious bronchitis virus. This study isolate is shown as red text.  
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4.1.5.6. Histopathological examination of chicken naturally affected with IBV 

Trachea and lungs tissue from commercial chicken found positive for IBV by reverse 

transcriptase PCR in this study were processed for histopathology and changes were recorded (Figure 

4.35). 

 
Figure 4.35: Photomicrographs of IBV naturally infected birds (H&E stain, 10X). (a) Normal 

Trachea showing monolayer of pseudostratified columnar epithelium (black arrow) and goblet 

cells devoid of any inflammatory cells (blue area). (b) Necrosed and sloughed epithelial cells (black 

arrow), degenerated epithelial cells (red arrow), Edema in lamina propria (blue arrow). (c) Normal 

Lungs tissue showing empty lumen of parabronchi (black arrow) and pneumocapillaries (blue 

arrow). (d) Infiltration of inflammatory cells in interstitium of parabronchi (black arrow) and 

lumen of parabronchi (blue arrow), Congested parabronchi (red arrow). 
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4.2. Optimization of PCR for Simultaneous Detection of 04 Respiratory Viral Pathogens using 

same PCR conditions. 

From well 12 upto 15, four different respiratory viruses produced consistently required bands in a 

single PCR test by using separate PCR tube for each of the four viruses. While no consistent results 

achieved when all four viruses were aimed to be detected by using single reaction mixture as shown in 

wells from 2-11, on same PCR thermal conditions for simultaneous screening of a single sample for four 
respiratory viruses (Figure 4.36). 

 
Figure 4.36: Agarose gel electrophoresis of reverse transcriptase PCR amplified products (from well. 2 

to 16) for four respiratory viral pathogens detection. Well 1:- Abm 100bp  Ladder, Well 2:- 

IB+ND+ILT, Well 3:-ND, Well 4:- IB+ILT, Well 5:- IB+ND, Well 6:- ILT, Well 7:- ND, Well 8:-IB, 

Well 9:- ND, Well 10:-IB, Well 11:- ND, Well 12:- H9, Well 13:- ILT, Well 14:- ND, Well 15:- IBV. Well 

16: control negative. 
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Experiment No. 2 

4.3. Histopathological Examination of Experimental Birds. 

4.3.1. Trachea 

Microscopic lesions score for trachea were assigned in table 4.9, as described by Stipkovits et al. (2012); 

Table 4.9: Microscopic lesion score criteria for trachea  

Lesion Score Description 

0 
Normal pseudo stratified columnar epithelium, no lymphocytic infiltration in lamina 

propria, no degenerative changes 

1 
Presence of focal lesions, few degenerative changes in epithelial cells, small area of 

lacking cilia, no lymphocytic infiltration 

2 
Multifocal areas lacking cilia accompanied by necrotic change in epithelial cells, 

noticeable infiltration of lymphocytes, mild congestion, complete loss cilia 

3 
Severe epithelial hyperplasia, moderate to severe congestion, moderate hemorrhages, 

heavy aggregation of lymphocytes in lamina propria 

The lesion score of three birds (5 sections/slide) of each group were summed for statistical comparison of 

the severity of lesions between the groups. The mean microscopic lesions scores of each group are shown 

in table 4.10 and figure 4.37.  

Table 4.10: Mean microscopic lesion score of trachea of all groups at different days  

Days 
Groups  

P-value (P<0.05) 
G1 (Control) G2 (H9) G3 (ND) G4 (IB) 

20 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 ---- 

23 0.00±0.00 1.23±0.43 1.15±0.38 1.38±0.50 <0.01 

25 0.00±0.00 2.23±0.60 2.08±0.49 2.62±0.51 <0.01 

27 0.00±0.00 2.08±0.28 1.85±0.38 2.23±0.44 <0.01 
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Figure 4.37: Mean microscopic lesion score of trachea of all groups at different days 

Histopathological studies revealed that no microscopic lesions were seen in the trachea of all 

groups before the challenge (day 20) as shown in figure 4.41. Similarly, the negative control group 

showed no noticeable lesions on day 23, 25, and 27. In group G2 birds, there was mild necrosis of 

epithelial cells at day 23, multifocal degenerative changes in epithelium with some areas of no cilia at 

day 25, moderate necrotic changes in epithelium accompanied by mild lymphoplasmacytic infiltration in 

the mucosa, and mild hemorrhages at day 27. In group G3, there were focal degenerative changes in 

epithelium with few areas of clumping of cilia at day 23, mild hemorrhages, and moderate 

lymphoplasmacytic infiltration at day 25, diffuse degenerative changes in pseudostratified columnar 

epithelium, mild hemorrhages and moderate lymphoplasmacytic accumulation at day 27. In group G4, 

there was mild hydropic degeneration in the epithelium on day 23, marked mucosal and submucosal 

lymphoplasmacytic infiltration accompanied by multifocal necrosis of epithelial cells, some fibrin 

exudation, and patchy loss of cilia at day 25, diffuse degenerative changes in mucosal epithelium, loss of 

cilia moderate mucosal lymphoplasmacytic infiltration and moderate hemorrhages in mucosa.  
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The histopathological changes observed in trachea in avian influenza H9N2 virus, newcastle 

diseases virus and infectious bronchitis virus at day 20, 23, 25 and 27 are shown below in figure 

4.38,4.9, and 4.40. 

 
Figure 4.38: Histopathological Examination of Trachea at Day 23. A. Normal trachea of non-

challenged chicken. Intact pseudostratified ciliated columnar epithelium (green arrow) and goblet 

cells (blue arrow). 10X. B. Trachea of AIV H9N2 infected birds. Loss of cilia and hypertrophied 

goblet cells (green arrow). 10X. C. Trachea of NDV infected birds. Focal epithelial degeneration 

(blue arrow). 10X. D. Trachea of IBV infected birds. Epithelial cells desquamation (blue arrow) 

10X. 
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Figure 4.39: Histopathological Examination of Trachea at Day 25. A. Normal Trachea of non-

challenged chicken. Intact pseudostratified ciliated columnar epithelium (green arrow) and goblet 

cells (blue arrow). 10X. B. Trachea of AIV H9N2 infected birds. Focal degenerative changes in 

epithelium (green arrow). 10X. C. Trachea of NDV infected bird. Loss of cilia and denuded 

epithelium (blue arrow), congested capillaries (red arrow). Sub epithelial edema (black arrow). 

10X. D. Trachea of IBV infected bird. Marked mucosal and submucosal lymphoplasmacytic 

infiltration (black arrow), discontinued epithelium and loss of cillia (red arrow). 10X 
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Figure 4.40: Histopathological Examination of Trachea at Day 27. A. Normal Trachea of non-

challenged chicken. Intact pseudostratified ciliated columnar epithelium (green arrow) and goblet 

cells (blue arrow). 10X. B. Trachea of AIV H9N2 infected birds. Distorted mucus gland (green 

arrow), mild congested mucosa (red arrow), mild edema in lamina propria (black arrow). 10X. C. 

Trachea of NDV infected birds. Necrosed epithelium (green arrow), marked sub epithelial 

lymphoid infiltrate (black arrow), congested capillaries (red arrow). 10X. D. Trachea of IBV 

infected birds. Degenerated epithelium with metaplasia (green arrow), hypertrophied mucus 

glands (blue arrow), congested capillaries (red arrow), infiltration of   lymphocyte and histiocytes 

(black arrow). 10X. 
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4.3.2. Lungs  

Microscopic lesions score for lungs were assigned in table 4.11, as described by Provvido et al. 

(2018); 

Table 4.11: Microscopic lesion score criteria for lungs 

Lesion 

Score 
Description 

0 No lesions 

1 Mild degeneration, necrosis, hemorrhage, congestion, edema, inflammatory cell infiltration 

2 
Moderate degeneration, necrosis, hemorrhages, congestion, edema, inflammatory cell 

infiltration 

3 Severe degeneration, necrosis, hemorrhage, congestion, edema, inflammatory cell infiltration 

The lesion score of five birds (5 sections/slide) of each group were summed for statistical 

comparison of the severity of lesions between the groups. The mean microscopic lesions scores of each 

group is shown in Table 4.12 and figure 4.41. 

Table 4.12: Mean microscopic lesion score of lungs of all groups at different days  

Days 
Groups  

P-value 

(P<0.05) 
G1 (Control) G2 (H9) G3 (ND) G4 (IB) 

20 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 ---- 

23 0.00±0.00d 1.89±0.98b 1.19±0.47c 1.98±0.60a <0.01 

25 0.00±0.00d 2.31±0.32b 2.01±0.52c 2.71±0.19a <0.01 

27 0.00±0.00d 2.39±0.43b 1.99±0.87c 2.80±0.11a <0.01 

 

 

Figure 4.41: Mean microscopic lesion score of lungs of all groups at different days  
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The histopathological changes observed in lungs in avian influenza H9N2 virus, newcastle diseases 

virus and infectious bronchitis virus at day 20, 23, 25 and 27 are shown below in figure 4.42, 4.43 

and 4.44. 

 
Figure 4.42: Photomicrographs of Lung at Day 23. A. Normal lung. Normal respiratory lobules 

with intact parabronchi (green arrow), atrium (blue arrow), infundibulum (red arrow) and 

capillary beds (black arrow). 10X.B. Lung of AIV-H9N2 infected bird: Mild hemorrhages (blue 

arrow) in pulmonary lobules with intact parabronchi (green arrow). 10X.C. Lung of NDV infected 

bird: Degenerative changes in simple squamous epithelium of parabronchi (red arrow) and 

congested respiratory capillary beds (black arrow), exudate in lumen (blue arrow).10X.D. Lung of 

IBV infected bird: Degenerative changes in simple squamous epithelium of parabronchi (red 

arrow), accumulation of necrotic debris in the lumen with mild hemorrhages (blue arrow) and 

congested respiratory capillary beds (yellow arrow). 10X 
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Figure 4.43: Photomicrographs of Lung at Day 25. A. Normal lung: Normal respiratory lobules 

with intact parabronchi (green arrow), atrium (blue arrow), infundibulum (red arrow) and 

capillary beds (black arrow). 10X. B. lungs of AIVH9N2 infected bird: Mild degenerative changes 

in simple squamous epithelium of parabronchi (red arrow), mild hemorrhages (blue arrow) and 

mild congestion (yellow arrow). 10X . C. Lungs of NDV infected bird: Moderate necrosis in 

epithelial cells of pulmonary lobules (red arrow), accumulation of necrotic debris in the 

parabronchi lumen and mild hemorrhages (blue arrow), moderate congested parabronchi (yellow 

arrow). 10X.D. Lungs of IBV infected bird: Moderate hemorrhages (blue arrow), moderate 

congested pneumocapillaries (yellow arrow) and.10X. 
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Figure 4.44: Photomicrographs of Lung at DAY 27. A. Normal lung: Normal respiratory lobules 

with intact parabronchi (green arrow), atrium (blue arrow), infundibulum (red arrow) and 

capillary beds (black arrow). 10X B. Lungs of AIVH9N2 infected bird: Accumulation of edematous 

fluid in lumen of parabronchi (red arrow), mild inflammatory cells infiltration in mucosa of 

respiratory lobules (blue arrow). 10X. C. Lungs of NDV infected bird: Moderate pulmonary 

congestion (blue arrow), moderate congested blood air capillary network (black arrow). 10X. D. 

Lungs of IBV infected bird: Moderate degenerative changes in epithelium of parabronchi (red 

arrow), severe hemorrhages (blue arrow) and inflammatory cells infiltration in interstitium (yellow 

arrow).10X.  
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4.4. Detection of respiratory pathogens by Real-Time PCR 

The number of positive cases of avian influenza H9N2 virus detected in experimental birds at day 

3, 5 and 7 post-infection were 2/5, 4/5 and 5/5 respectively (Figure 4.45). Hence percentage of positivity 

at day 3, 5 and 7 post-infection were 40%, 80% and 100% respectively. Similarly, the number of positive 

cases of Newcastle disease virus detected in experimental birds at day 3, 5 and 7 post-infection were 3/5, 

5/5 and 5/5 respectively (Figure 4.46). Hence percentage of positivity at day 3, 5 and 7 post-infection 

were 60%, 100% and 100% respectively. The number of positive cases of infectious bronchitis virus 

detected in experimental birds at day 3, 5 and 7 post-infection were 3/5, 5/5 and 5/5 respectively. Hence 

percentage of positivity at day 3, 5 and 7 post-infection were 60%, 100% and 100% respectively (Table 

4.13).  

Table 4.13: Number of positive cases of respiratory pathogens detected in experimental birds at 

different days 

Days post 

infection 

Respiratory pathogens 

P-value 

(P<0.05) 

Avian influenza H9N2 

virus 

Newcastle disease 

virus 

Infectious bronchitis 

virus 

Positive 

cases 
(%) 

Positive 

cases 
(%) 

Positive 

cases 
(%) 

03 2/5 40% 3/5 60% 3/5 60% 0.765 

05 4/5 80% 5/5 100% 5/5 100% 0.342 

07 5/5 100% 5/5 100% 5/5 100% ---- 
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Figure 4.45: Detection of avian influenza H9N2 virus by Real Time RT-PCR  
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Figure 4.46: Detection of Newcastle disease virus by Real Time RT-PCR  
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Figure 4.47: Detection of infectious bronchitis virus by Real Time RT-PCR  
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4.5. Determination of interferon-gamma (IFN-𝛄) level in birds 

At day 20, interferon-gamma (IFN-𝛄) level in birds of groups G1 (normal group), G2 (avian 

influenza H9N2 virus infected group), G3 (Newcastle disease virus infected group), and G4 (infectious 

bronchitis virus infected group) were 9.100±0.85, 8.950±0.83, 8.700±0.80 and 9.050±0.83 pg/ml 

respectively with no significant observable difference (P>0.05) between the groups. At day 23 interferon-

gamma (IFN-𝛄) level in birds of groups G1, G2, G3, and G4 were 9.850±0.81, 28.950±3.12, 29.250±2.36 

and 41.050±5.25 pg/ml respectively. At day 25 interferon-gamma (IFN-𝛄) level in birds of groups G1, 

G2, G3, and G4 were 9.300±0.80, 32.25±2.64, 39.40±3.31 and 53.35±8.83 pg/ml respectively. While At 

day 27 interferon-gamma (IFN-𝛄) level in birds of groups G1, G2, G3, and G4 were 8.800±0.89, 

33.50±3.68, 42.24±3.29 and 49.50±5.63 pg/ml respectively. Significantly high (P<0.05) interferon-

gamma (IFN-𝛄) level was noted in infectious bronchitis virus infected group followed by Newcastle 

disease virus infected group, and avian influenza H9N2 virus infected group (Table 4.14) and figure 4.48, 

4.49, 4.50, 4.51 and 4.52. 

Table 4.14: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at different 

days 

Days 
Groups 

P-Value (P<0.05) 
G1 (Control) G2 (H9) G3 (ND) G4 (IB) 

Day 20 9.10±0.85a 8.95±0.83a 8.70±0.80a 9.05±0.83a 0.825 

Day 23 9.85±0.81a 28.95±3.12b
 29.25±2.36b 41.05±5.25c 0.00 

Day 25 9.30±0.80a 32.25±2.64b 39.40±3.31b 53.35±8.83c 0.00 

Day 27 8.80±0.890a 33.50±3.68b 42.24±3.29b 49.50±5.63c 0.00 

*Values of interferon-gamma (IFN-𝛄) were determined in pg/ml 
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Figure 4.48: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at day 20 

 

 

 

Figure 4.49: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at day 23 
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Figure 4.50: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at day 25 

 

 

Figure 4.51: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at day 27 
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Figure 4.52: Comparison of interferon-gamma (IFN-𝛄) level in birds of different groups at 

different days
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CHAPTER 5 

DISCUSSION 

Respiratory viral pathogens have been a persistent threat to the commercial poultry in Pakistan 

even despite of flock vaccination. These viruses cause significant pathological changes in the chicken 

respiratory tract and cause huge economic losses and hamper availability of chicken as cheap and easily 

available protein source. The most common chicken respiratory viral diseases with overlapping clinic 

pathological effects are Newcastle disease, Avian Influenza Virus (H9N2), Infectious Bronchitis Virus 

and Infectious Larygeotrachitits virus. These viral respiratory diseases further aggravate situation due to 

similar clinical sign and lesion especially in respiratory system tissue. Therefore, scope of study was 

focused to exploit the potential of trachea and lungs tissues for diseases diagnosis through PCR and to 

record pathological effects of these aforementioned viral diseases. This study was designed with 

objectives to detect the respiratory pathogens from clinically suspected commercial chicken showing 

respiratory signs, to observe the gross and histopathological changes present in experimentally infected 

birds (with AIV-H9N2, NDV, and IBV) followed by confirmation using real-time PCR and to measure 

interferon-gamma levels in experimentally infected birds. In this study, trachea and lungs samples of 413 

chickens with history of respiratory signs were collected from one hundred poultry flocks brought at 

poultry disease diagnostic centers in Lahore during September 2018 to August 2019. These samples were 

processed for RT-PCR and phylogenetic analysis to diagnose the respiratory pathogens including avian 

influenza H9N2 virus (AIV-H9N2), Newcastle disease virus (NDV), infectious bronchitis virus (IBV) 

and infectious laryngotracheitis virus (ILTV). These tissues were subjected to histopathological 

sectioning to record the naturally infected chicken respiratory tissue microscopic alterations. In second 

part of study, an experiment was conducted in which birds were given challenged to these viruses and 

respiratory tissue histopathology, detection of pathogens and interferon level was measured at day 0,3,5 

and 7 days post infection to chicken. 

A PCR product of 918 bp corresponding to a fragment of the HA1 gene was detected in 14 

samples out of 100 chicken flocks’ samples. After nucleotide sequencing and alignment, the positive 

samples were grouped into three isolates; MN726540, MN726541 and MW332259. Phylogenetic and 

antigenic analyses indicated that H9N2 LPAIV are grouped into G1 lineage, Y280 lineage, and the 

Y439/Korean lineage associated with specific genetic changes suggesting their increased pandemic 

potential (Butt et al. 2010). The phylogenetic analysis revealed that both study isolates were homologous 

to H9N2 strains previously reported from Pakistan and clustered with H9N2 strains in G1-lineage. In 

Pakistan, the first outbreak of H9N2 LPAIV was published in 1998 which was genetically close to the 

G1-lineage virus circulating in Hong Kong during 1997 and subsequently reported in Asia, Middle East 

and Africa (Kariithi et al. 2020; Lee et al. 2016). Nucleotide similarity matrix based on HA gene 

indicated that both sequences have high similarities with HA sequences of H9N2 strains reported in 

neighbouring countries, i.e. India, Iran, and Bangladesh. There was some degree of variation between 

studied isolates, other Pakistan originated isolates, and a referenced A/Quail/Hong Kong/G1/97 strain. 

Our isolates shared 95.02-98.85% nucleotide identity, and 90.04-98.21% amino acid similarity with other 

Pakistan originated H9N2 LPAIV. In comparison, both isolates shared 94.64% (nucleotide) and 90.04% 

(amino acid) identities with A/Quail/Hong Kong/G1/97 strain. 

On necropsy, a slight air sacculitis, congestion and petechial haemorrhages in tracheal mucosa 

and mildly congested lungs were grossly seen in H9N2 LPAIV naturally infected birds which are in 

concurrence with the conclusions of Eladl et al. (2019) and Kariithi et al. (2020). Histopathological 
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examinations revealed sloughing of epithelial cells in the trachea, dilated mucus glands with thinned 

epithelium, lymphoplasmacytic aggregations and necrosis of individual mucosal cells. In the lungs, 

mononuclear cells (MNCs) infiltration, necrosis of parabronchi walls, pulmonary congestion, and 

engorgement of red blood cells in capillary beds were noticed. The microscopic lesions in trachea and 

lungs were found in agreement with the reports of Awadin et al. (2018) and Purohit et al. (2020).  

Poultry production remains under challenge by infectious diseases. Despite vigorous vaccination, 

Newcastle disease (ND) is one of the prevalent diseases in Pakistan causing economic losses to the 

farmers. NDV F gene is well recognized genetic marker and capable of generating evolutionary 

information. F gene in NDV requires activation by proteolytic cleavage for infectivity. OIE categories 

NDV as velogenic when multiple basic amino acid sequences are present at cleavage sites of position 

112-116 and phenylalanine (F) at position 117 in the F gene amino acid chain (Reference). Based on RT-

PCR results, 04/100 (4%) samples were found positive for NDV by amplifying the product size 589bp). 

Due to high genome sequence similarities, they were grouped into two isolates. The partial gene 

sequences of the present study were submitted to the NCBI-GenBank database under accession numbers 

MW295940 (Avian avulavirus 1 isolate chicken/Pakistan/PATH-IV/2019) and MW427214 (Avian 

avulavirus 1 isolate chicken/Pakistan/PATH-VI/2018). In this study, NDV isolates showed the presence 

of multibasic amino acid cleavage sequence (RRQKRF) is present in F gene. The phylogenetic analysis 

represented that all retrieved isolates were clustered into two classes i.e., class 1 (avirulent in chicken) 

and class ll (virulent in chicken). While NDV–class ll was categorized into 21 genotypes. The pairwise 

homology distance matrix analysis revealed that our isolates had a maximum percent identity matrix 

(nucleotide: 91.33% to 99.49% and amino acid: 96.43% to 100.00%) with NDV genotype VII. Current 

study isolates were grouped within genotype VII where most of the recent Pakistani NDV isolates have 

been reported. Percentage nucleotide similarity showed that one isolate has maximum similarity with 

Iranian isolate (MH481362) of genotype VII and sub-genotype l which is not earlier reported from 

Pakistan. While second NDV isolate of the current study showed maximum similarity with already NDV 

isolate reported from Pakistan in 2018 belonging to genotype Vll and sub-genotype. In Pakistan, NDV 

genotype VII, XIII and XXI are primarily reported in a wide range of hosts. Apart from this, genotype 

VII is crucial because of its prevalence in the clinically healthy backyard and asymptomatic wild 

waterfowl Rahman et al. (2019b). This highlights the possibility of introducing this strain through the 

transboundary trade of poultry flocks as well as a possible way of NDV spread through migratory birds. 

The clinical sign observed in the birds representing NDV affected flock were greenish diarrhea, 

depression, anorexia, discharge from the oral cavity, respiratory discomfort, oculonasal discharge, 

torticollis and up to 40% mortality. Similar clinical signs were recorded in an experimental velogenic 

NDV infection to chicken by Rahman et al. (2019c). Among the gross lesion observed, congestion and 

oedematous lungs were noted in NDV affected birds. Trachea showed scattered haemorrhages with 

exudate in lumen were most predominant macroscopic lesions in the respiratory tract which are 

consistent with earlier reports in chicken with velogenic viscerotropic NDV infection Brar et al. (2017). 

Pinpoint haemorrhages were found on the mucosal tips of proventriculus papillae. In the intestine wall, 

clearly demarcated button-like hemorrhagic ulcers were present. The pathologic changes observed in the 

proventriculus, and small intestine are the pathognomonic lesions of velogenic viscerotropic NDV strain 

Fentie et al. (2014). Hemorrhagic caecal tonsils were present in the NDV positive birds. The gross 

pathology in the present study suggested that the extent of lesions was more severe in the proventriculus, 

intestine, trachea, lungs, and caecal tonsils  which were also recorded in previous studies (Etriwati et al., 

2017; Nakamura et al., 2014; Rahman et al., 2019a). In the histopathological examination of morbid 
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tissues, tracheal tissue showed degeneration and necrosis of mucosal epithelium along with congested 

capillaries. In the lung parenchyma, there were infiltration of mononuclear cells were observed along 

with congestion in the lumen of parabronchi. Intestinal tissue showed sloughed villi epithelium and 

marked infiltration of lymphohistiocytes in the mucosa. Brar et al. (2017) also reported the following 

lesions of velogenic NDV infected chickens; degenerative changes in tracheal epithelial cells, pulmonary 

congestion, and sloughing of intestinal villi. ND live vaccines being currently used in Pakistan belongs to 

G-1I (Lasota) and G-III (Mukhteswar). However, there are reports of morbidity and mortality even in 

vaccinated poultry flocks (Etriwati et al., 2017; Mehmood et al., 2019; Perozo et al., 2012). Rehmani et 

al. (2015) has found virulent NDV genotype VIIi in vaccinated chicken in Pakistan. In the present study, 

NDV of G-VIIi and G-VIIl in vaccinated flocks with a high degree of morbidity and mortality imparts 

significance to the development of ND vaccine from indigenous isolate for better immunity, regular 

monitoring of antibody tire so the virulent virus cannot hit the flock with low immunity against the 

diseases. It can be drawn from the study results that NDV killed vaccine belonging to genotype VII 

prepared from indigenous isolate should be included in vaccination regime for protection against the 

current circulating NDV belong to G-VII. It is the first to report NDV G VIIl isolated from broiler 

chicken in Pakistan to the best of our knowledge. The current study demonstrated the molecular 

characteristics and pathology of field circulating NDV. Based on the gross lesion, histopathological 

examination and amino acid sequence of F gene, it is elucidated that isolated NDV has the pathogenic 

potential of velogenic NDV strain. ND in vaccinated flocks with a high degree of morbidity and 

mortality imparts significance to develop ND vaccine from indigenous isolate for better immunity and 

strict biosecurity measures be adopted which otherwise can breach the bird’s immunity against the 

diseases. Robust research and development activities are still warranted to save huge losses in the poultry 

industry of Pakistan. Therefore, in disease-endemic countries, continuous surveillance of viral evolution 

should be ensured for disease control interventions. 

After nucleotide sequencing and alignment, IB positive samples were grouped into one isolate; 

MW856023. Analysis of this study IBV isolate based on spike gene revealed that it clustered with 

genotype G1 and sub genotype 13 (G1-13). This outcome is in line with result of Umar et al. (2019) in 

which Pakistani IBV isolates clustered with G1-13 genotype (previously known as 4/91 or 793/B strains). 

Previous study based on phylogenetic analysis in India by Sumi et al. (2012) reflected that IBV isolates 

were characterized as Mass genotype (G1-1). While data from neighboring country Iran showed 

prevalence of G1-13 IBV genotype (Najafi et al. 2016). In Pakistan, Ahmed et al. (2007) recorded that 

seropositive data of 25 commercial poultry flocks showed highest incidence of M-41 in 23 flocks, D-274 

in 10 flocks, D-1466 in 13 flocks and 4/91 in 2 flocks. In Pakistan, most commonly used vaccines for 

immunization of commercial chicken against IB contain M-41 and H-120 strains belonging to G1-1 

lineage (Classical Massachusetts lineage). While IBV isolates reported earlier in Pakistan clustered with 

genotype G1-1 (KY588135), G1-13 (KU145467), and G1-24 (MK689242, KX013102). Findings of 

Ahmed et al. (2007) supports the finding of current study regarding use of reverse transcriptase PCR as 

better detection tool than agar gel precipitation assay for IBV (M-41) by using trachea and lungs tissue 

homogenate. 

Being a coronavirus, IBV is prone to constant genome change due to recombination and 

mutation, with the consequence of changing clinical and pathological manifestations. To minimize the 

risk of emergence of new strain in region, there should be rational use of multiple available IBV vaccines 

to avoid intrusion of non-prevalent IBV strains of distant genotype and sub genotypes. On the other hand, 

Chhabra et al. (2015) determined those vaccination regimes which follow more than one serotype 



Discussion 

86 

produced better immune cell recruitment in the respiratory mucosa and better cross protection (Cook et 

al. 1999) as compared to vaccination with a same serotype vaccine. Thus by optimizing IB vaccination 

strategies, protective immune response can be induced in chicken against IBV variants.  

Histopathological alteration induced in chicken naturally infected with IBV revealed that trachea showed 

necrosis and sloughing of epithelial cells. In lamina propria of trachea, lymphoplasmacytic infiltration 

was present accompanied with congested capillaries in lamina propria. While lungs showed congestion in 

lumen of parabronchi and haemorrhages in the interstitium of parabronchi. 

No sample was found positive in this study for ILTV. This finding is in agreement to past study 

conducted in Pakistan in which ILTV was not detected (Umar et al. 2019). 

It is often difficult to differentiate chicken respiratory diseases by relying on clinical signs and 

gross pathology. When tissue sample is subjected to PCR test for a suspected disease, it may lead to 

obscure the detection of another disease especially targeting respiratory system with similar clinical sign 

and lesion. Subsequently, by analyzing the tissue sample for diagnosis of ongoing disease, there is 

chance that co infection may remain obscure thus aggravating the situation. There are already reported 

procedures for multiplex PCR which requires costly chemicals and therefore is discouraged for routine 

diagnostic practices particularly in developing countries. In this study, different set of primers were used 

by using economical chemicals for simultaneous detection of 04 respiratory viruses in single PCR 

thermal conditions. By the use of reported primers with fragments size in the range of 149 to 948 bp, this 

technique is found economical by easily visualization of bands on agarose gel electrophoresis. In this 

way, one flock affected with viral respiratory infection can be screened in a single PCR test by using 

separate reaction mixture for each of the four respiratory viruses. While no consistent results achieved 

when all four viruses were aimed to be detected by using single reaction mixture.  

There are mild, moderate and severe pathological changes observed in trachea and lungs tissue 

after experimental infection to chicken individually with AIV-H9N2, NDV and IBV respectively, at 0, 3, 

5 and 7 days post infection. 

As for as pathophysiology of disease is concerned, production levels of interferon-gamma may 

contribute significantly. IFN-𝛄 is antiviral protein produced by virus infected dendritic cells (DCs) in 

innate immune response. More IFN-𝛄 production resulted in better antiviral response in the host. 

Interferon-gamma (IFN-𝛄) level was significantly different among the three experimental infected 

chicken groups and significant high level of IFN-𝛄 was observed in group infected with IBV, followed 

by NDV and AIV-H9N2 group birds. These are in line with the result of Westenius et al. (2014) that 

H9N2 infection may even be asymptomatic which enables virus to remain recognized by immune 

system. This finding is not in accordance with another study carried out by Huang et al. (2013) and Lee 

et al. (2013) which stated that H9N2 virus activates innate immune response including interferon. While 

IFN-𝛄 concentration did not show any significant change within the infected group birds. This may be 

due to more production of pro inflammatory response in IBV and NDV infected chicken which resulted 

in host tissue damage and high production losses due to immunosuppression. 

Conclusions: 

i. Trachea and lungs are severe damaged in experimental respiratory viral infection i.e. 

IBV>NDV>AIV H9N2. Thus damaged trachea allows the entry of secondary infection in the 

chicken and aggravates the situation. Tracheal mucosal health should be prime protected from the 

injurious agents i.e. ammonia, dust and live vaccines. 
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ii. Our data shows that AIV (H9N2), NDV and IBV are circulating in commercial poultry despite of 

rigorous vaccination practices. Role of immunosuppressive agents like mycotoxins, heat stress, 

immunosuppressive infectious agents along with unnecessary use of antibiotics are detrimental to 

build protective antibodies titer in vaccinated birds. 

iii. Respiratory viruses currently circulating in commercial chicken flocks have maximum similarity 

with strains reported previously from Pakistan and neighboring countries like Iran and India. This 

study revealed that H9N2 found to be low pathogenic based on amno acid sequence (PAKSSR) 

and belonging to one monophyletic group, G1-lineage. While NDV isolates found to be 

velogenic due to presence of amino acid sequence (GRRQKRF) and belonged to genotype VIIi 

and VIIl and IBV isolate belonged to G1-13 lineage. 

iv. Birds showing respiratory distress can be screened using same PCR conditions against four 

important viral respiratory pathogens. This sensitive and specific molecular technique will 

provide in time and correct diagnosis that will save losses to farmer due to undiagnosed viral 

respiratory diseases. 

v. It can be inferred from this study that despite of genetic recombination and emergence of some 

new genotypes of H9N2, NDV and IBV, the vaccines currently used in Pakistan are still giving 

effective immunity under experimental conditions. Its findings emphasize the potential threats of 

to the poultry industry globally, in general, and in Pakistan, in particular. 

Suggestion: 

• A single flock showing respiratory distress should be tested for multiple viral pathogens for 

correct diagnosis. It will save losses due to undiagnosed viral respiratory diseases showing 

similar clinical signs and lesions. 

• Suitable environmental conditions should be maintained to minimize tracheal damage to reduce 

predisposition to pathogens. 

• Circulation of various viral respiratory pathogens in the field is a serious threat to poultry 

industry so continuous monitoring of flocks for respiratory viruses is the vital to control of 

respiratory viral diseases. 

• Further studies at mass scale are need of time in order to control the inclined disease burden in 

commercial chicken so quality meat and eggs may be available to combat the threat of 

malnutrition in the developing country like Pakistan. 

 Immuno potentiating as adjuvant in vaccine and therapeutic potential of antiviral cytokine be 

explored.
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CHAPTER 6 

SUMMARY 

In this study, tissue samples of 413 chickens with history of respiratory signs were collected from 

one hundred poultry flocks located in the territory of Lahore. These samples were processed for RT-PCR 

and phylogenetic analysis to diagnose the respiratory pathogens including avian influenza H9N2 virus, 

Newcastle disease virus, infectious bronchitis virus and infectious laryngotracheitis virus. Based on RT-

PCR results, number of positive samples for AIV H9N2, NDV, IBV and ILTV were 14, 5, 5 and 0 

respectively.  

Endemics of low pathogenic Avian Influenza virus H9N2 are being constantly reported in 

Punjab, Pakistan. These repeated outbreaks are major source of economic losses for poultry industry. In 

this study, isolation and molecular identification of AIV H9N2, NDV IBV and ILTV was carried out. 

Suspected samples collected during 2018-2019. The isolated H9N2 was categorized as low pathogenic 

avian influenza virus based on amino acid sequence at proteolytic cleavage site of HA gene with 

PAKSSR/G. The results of our experiment highlight potential risk of H9N2, NDV and IBV in the poultry 

and continual active surveillance is essential in order to monitor these diseases in the field. For 

simultaneously molecular detection of four viral respiratory pathogens (AIV H9N2, NDV, IBV,ILTV, 

affected chicken’s tracheal and lungs tissue samples can be collected to processed for proceed same PCR 

condition. 

 Out of total 100 cases, positive samples for AIVH9N2, NDV, IBV and ILTV were 14%, 

04%, 05% and 0.0% respectively. 

 AIV-H9N2 strains detected in this study are placed in same clade with G1-lineage viruses 

reported from Pakistan. NDV strains are placed in monophyletic group with members of 

class-II, genotype VIIi and VIIl. IBV isolate clustered with genotype G1-13. 

 A flock exhibiting respiratory distress can be screened against four important respiratory 

viruses by using optimized PCR thermal conditions. It will reduce the chance of disease to 

remain obscure. 

 Pattern of severity of microscopic lesions and serum interferon gamma level in trachea and 

lungs induced in experimental infections; IBV>NDV>AIV-H9N2 
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