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ABSTRACT 

 

Respiratory tract infections are of great importance in poultry industry, causing 

heavy economic losses. Mycoplasma gallisepticum and Mycoplasma synoviae are the 

most pathogenic organisms of the respiratory tract. Other respiratory tract infections 

includes both viral pathogens (Newcastle disease virus, Infectious bronchitis virus, avian 

influenza virus) and bacterial pathogens (Salmonella pullorum, Escherichia coli, 

Avibacterium paragallinarum, etc) cause disease independently and in association with 

each other. The study was designed to check the possible role of Mycoplasma infections 

in disseminating other respiratory pathogens. Further, the different diagnostic techniques 

including serum plate agglutination (SPA) test, cultural isolation and polymerase chain 

reaction (PCR) were applied are compared for their capabilities for the identification of 

the pathogens.  

Serum Plate Agglutination (SPA) test was used for serological screening test for 

Mycoplasma species. Samples including oral/ nasal swabs, lungs trachea and air sac 

swabs were collected from sero-positive and sero-negative flocks. Cultural isolation was 

on Frey’s Modified medium for Mycoplasma isolation, embryonated eggs for viral 

isolation and blood agar for other bacterial isolation. Polymerase chain reaction and 

Reverse transcriptase-polymerase chain reaction was optimized for the molecular 

identification of bacterial and viral pathogens, respectively. 

Multiplex PCR was also optimized for the simultaneous detection of respiratory 

tract pathogens of both bacterial and viral pathogens including Mycoplasma 

gallisepticum, Mycoplasma synoviae, Newcastle disease virus, Avian influenza virus and 

Infectious bronchitis virus using specific primers. To resolve further variation among 

opportunistic pathogenic species, the PCR products were sequenced and phylogenetic 

analysis was carried out. 

In the present study 34 flocks showing respiratory distress were visited for 

serological screening of Mycoplasma involvement in respiratory distress cases. Out of 34 

flocks visited 27 (79.1%) were serologically positive. Based on PCR based diagnosis, 

irrespective of serological status the highest involvement of bacterial pathogens recorded 

was MG (31.8%), followed by E. coli (20.7%), MS (7.9%) and Av. paragallinarum 

(5.3%). Moreover, in case viral pathogens recovery from respiratory distress cases was 

recorded maximum in NDV (24.9%) then IBV (4.3%) and AIV (1.5%). 



The multiplex PCR was efficiently optimized for the simultaneous detection of 

respiratory tract infections including Mycoplasma gallisepticum, Mycoplasma synoviae, 

Newcastle disease virus, Avian influenza virus and Infectious bronchitis virus. 

Mycoplasma gallisepticum amplified 720bp PCR product, while Mycoplasma synoviae, 

yielded 270bp product. In case of viral pathogens Newcastle disease virus was identified 

by amplifying 320bp product, Avian influenza virus, 1050bp PCR product and Infectious 

bronchitis virus yielded 1720bp band. 

DNA sequences of Mycoplasma gallisepticum, Mycoplasma synoviae and 

Newcastle disease virus was submitted to GenBank as Mycoplasma gallisepticum (lp-

gene) strain ABSuafMG2011 partial sequence, (GenBank accession no. JN114112). For 

Mycoplasma synoviae (16SrRNA gene) strain ABSfsdMS2011 partial sequence, 

(GenBank accession no. JN638722). While for Newcastle disease virus (Fusion gene) 

stains ABSuafND2011 partial sequence, (GenBank accession no. JN160608) and strain 

ABSfsdND2011 partial sequence (GenBank accession no. JN377950) 

In conclusion, the incidence of respiratory tract pathogens in sero-positive flocks for 

Mycoplasma was found higher as compared to sero-negative flocks. The true prevalence 

of the Mycoplasma infections is reflected by combining PCR results with SPA test. The 

present study also documented the involvement of indigenous strains of MG, MS and 

NDV in the respiratory distress cases. Multiplex PCR was successfully optimized for the 

simultaneous and early detection of respiratory tract infections.
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Chapter 1 

INTRODUCTION 

 

The ever growing world population especially in the developing countries like 

Pakistan has resulted in acute food deficiency particularly, the animal proteins. The 

availability of per capita animal protein in Pakistan is 19.8 kg of meat and 55 eggs per 

annum, which is one of the highest in South-East Asia, but far shorter than in the 

developed countries (Anonymous, 2005). To overcome this problem, poultry sector in 

Pakistan has provided good alternate of mutton and beef by contributing 23.8% of total 

meat production with 15-20% annual growth rate. The commercial poultry production 

estimated in 2010-2011 was 663.0 million birds, 12457.0 million eggs and 767.0 million 

tons of poultry meat production (Anonymous, 2010). The poultry sector also generates 

employment for 1.5 million people directly or indirectly and a high percentage of rural as 

well as urban families involved in the poultry production in one way or the other (Rashid 

et al., 2009).  

Not with standing its high growth, poultry sector in Pakistan has faced a lot of 

problems over the years in the form of infectious diseases and high feed prices. Among 

the infectious diseases, respiratory tract infections associated with both viral and bacterial 

pathogens including Mycoplasma gallisepticum (MG), Mycoplasma synoviae (MS), 

Escherichia coli (E. coli), Haemophilus gallinarum (H. gallinarum), Newcastle disease 

virus (NDV), Infectious bronchitis virus (IBV) and Avian influenza virus (AIV) are of 

major concern (Ali and Reynolds, 2000). The infected birds suffer from stress, poor 

growth and low production which results in heavy economic losses including the high 

cost of treatment (Pang et al., 2002). The losses due to respiratory tract pathogens 

recorded to the tue of 30 million US dollars by Federal Inspection Service, in Brazil 1994, 

A loss of 34,000 tons of broiler meat was recorded at the end of production cycle 

(Projeto, 1994). 

Mycoplasma infections cause respiratory diseases in a variety of birds including 

chicken and turkeys worldwide. There are a number of Mycoplasma species but only four 

are pathogenic for the domestic poultry birds (Jordon, 1996). Common Mycoplasma 

pathogens of poultry include Mycoplasma gallisepticum and Mycoplasma synoviae, while 
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pathogens for turkeys include Mycoplasma meleagridis and Mycoplasma iowae 

(Nascimento et al., 2005). The losses caused by Mycoplasma infections are due to 

increase in embryo and early chick mortality which may be upto 10-20%, poor feed 

conversion ratio and reduction in weight gain and egg production upto 10-20% together 

with a high medication cost (Kleven, 1990; Yoder Jr, 1991; Ley, 2008).  

Mycoplasmas belong to fastidious (which require specific nutrient requirements 

for growth), smallest bacteria and require a longer incubation period for their growth. 

They lack cell wall and are endowed with capability of replicating outside the cells. 

Mycoplasmas are the members of class Mollicutes, order I, Mycoplasmatales and are 

phylogenetically most closely related to clostridia. They are double-stranded, circular 

deoxyribonucleic acid (DNA) molecule having genome size of 600-1350 kb and G+C 

content of 23-40 % (Razin et al., 1998). 

Mycoplasma gallisepticum (MG) is a pathogenic cause Chronic Respiratory 

Disease (CRD) in poultry causing heavy economic losses. It is worldwide in distribution 

and in turkey causes infectious sinusitis (Levisohn and Kleven, 2000). The MG has been 

designated as notifiable disease by World Organization for Animal Health (OIE, 2004). It 

mainly causes disease in young chicken and signs and symptoms attributed to 

Mycoplasma infections include tracheal rales, coughing, sneezing and airsacculitis. Adult 

birds rarely show signs and the losses occur only in the form of decrease in egg 

production and poor egg quality. Another Mycoplasma which contributes to CRD is 

Mycoplasma synoviae (MS). Mostly, MS infections are sub-clinical with lesions in air sac 

when it combined with secondary infections. Sometimes MS infections become systemic 

and affect the synovial membrane of joints and tendon causing acute and chronic 

infectious synovitis. Both MG and MS are transmitted laterally and vertically, with lateral 

transmission infections occurring via direct contact with infected carrier birds and fomites 

(Stanley et al., 2001).  

The sero-diagnosis of Mycoplasma species is mainly done by serum plate 

agglutination test (SPA), Haemagglutination Inhibition (HI), while direct diagnosis is 

performed through Polymerase Chain reaction (PCR). Isolation and identification 

procedures (gold standard) are time consuming due to long incubation and fastidious 

nature of mycoplasmas (Marois et al., 2000). 
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Newcastle disease is a highly contagious and fatal disease, affecting almost all 

type of birds. It is worldwide in distribution and remain a major threat to poultry birds. 

The severity of disease can vary from sub-clinical to highly virulent form, mainly 

depending upon the virus strain also called pathotypes including, lentogenic, mesogenic, 

and velogenic (Alexander, 1997). Avirulent strain is known as Lentogenic, which is 

mainly used as live vaccines. Moderate virulent strain, usually cause respiratory disease 

and non-fatal, is known as mesogenic, while highly virulent strain is termed as velogenic. 

It is viscerotropic, neurotropic and causes high mortality (Alexander, 2003).  

The disease outbreak caused heavy economic losses in highly poultry populated 

areas of world including Pakistan (Jaffery, 1985). Newcastle disease virus (NDV) 

commonly known as avian paramyxovirus type 1 (APMV-1), belongs to family 

Paramyxoviridae, genus rubulavirus, (Pringle, 1997). it is a negative sense RNA virus 

having single stranded non segmented, containing 5,186 nucleotides (Krishnamurthy and 

Samal, 1998; de Leeuw and Peeters, 1999; Nakaya, et al., 2001), it contain six genes 

which codes for proteins including Nucleocapsid protein (NP), Phosphoprotein (P), 

Matrix protein (M), Fusion protein (F), Heagglutinin neurminidase protein (HN) and 

large polymerase protein (L) (Steward, et al., 1993). The occurance of highly virulent 

strain is categorized as List A disease, which must be reported to OIE (Alexander, 2003).  

The Infectious bronchitis (IB) has economic impact as it may result in decrease 

weight gain due to poor feed efficiency in broilers, while in layers, it causes decline in 

egg production and quality. The virus generally effects chickens of all ages and assume a 

variety of clinical forms, but mainly restricted to respiratory syndrome. Infectious 

bronchitis (IB) is an acute, highly contagious disease of chickens of all ages mainly 

involve reparatory tract, caused by Infectious bronchitis virus (IBV), belong to 

Coronaviridae and genus Coronavirus (Collisson, et al., 1992). It has a nonsegmented, 

enveloped, single-stranded, positive-sense RNA genome. It contains three structural 

proteins including large spike (S), Nucleoprotein (N) and membrane (M) glycoprotein 

(Enjuanes et al., 2000) as major antigens. 

The IBV infection may occur as a part of mixed infections that produces 

airsaculitis in broilers, while death usually caused by secondary infection of bacteria and 

viruses of respiratory tract. The disease is mainly characterized by sneezing tracheal rales 

and coughing. 
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Avian Influenza (AI) is highly contagious disease of poultry caused by Avian 

influenza virus (AIV) which belongs to family Orthomyxoviridae witch contain 

characteristic segmented genome having eight single stranded RNA segments with 

negative polarity (Swayne and Suarez, 2000). Based on Matrix Protein (M-Protein) and 

the Nucleoprotein (NP), They are divided into three types; A, B and C (Fouchier et al., 

2005). Type A Influenza viruses are further subtyped by the antigenic differences in 

surface glycoprotein: Haemagglutinin (HA) and Neuraminidase (NA) while sixteen HA 

subtypes (H1-H16) and nine NA subtypes (N1-N9) have been recognized (Townsend et 

al., 2006).  

 The new influenza virus strains may be emerged due to occurrence of genetic drift 

and genetic shift in HA and NA genes of two influenza A virus strains. The segments of 

genome make genomic reassortment possible when two strains co-infect a permissive 

host cell (Puthawathana et al., 2005). 

Avian influenza viruses may be classified into two groups based on its 

pathogenicity in the poultry birds (Capua and Alexander, 2004). Highly pathogenic avian 

influenza viruses (HPAIV) which includes sub types H5 and H7 responsible to cause 

mortality up to 100%, while low pathogenic avian influenza viruses (LPAIV) includes H9 

types which cause mild to moderate infections in the poultry birds (Mo et al., 1997; 

Alexander, 2000). 

An outbreak of highly pathogenic avian influenza (HPAI) caused by H7N3 

subtype affected Northern Pakistan for the first time in 1995, caused the death of 3.2 

million birds, broiler breeders and commercial broilers were mainly involved. There were 

several reports about outbreaks of H9N2 infection with high mortality (Naeem et al., 

1999; Alexander, 2000; Bano et al., 2003). Co-infection with other respiratory pathogens 

may complicate the respiratory disease syndrome during outbreaks of non-highly 

pathogenic avian influenza viruses and cause severe disease and high mortality. 

The common pathogen of respiratory tract infection is Mycoplasma gallisepticum 

(Levisohn et al., 2000) which produces sub clinical disease and difficult to detect with 

routinely used isolation and identification procedures (Ather et al., 2009). The sub 

clinical Mycoplasma infection may interact synergistically with other pathogens including 

Mycoplasma gallisepticum, Mycoplasma synoviae, E. coli, Avibacterium paragallinarum, 
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Newcastle disease virus, Infectious bronchitis virus and Avian influenza virus which 

aggravate the situation (Watanabe et al., 1977; Sakuma et al., 1981; Yashpal et al., 2004). 

The mixed infection of different respiratory tract pathogens has been reported by different 

workers based on the serological screening (Roussan et al., 2008; Hassan et al., 2002; 

Mohana et al., 2011). 

  

Various diagnostic techniques including serological test and isolation procedures 

have been used for the detection of pathogenic Mycoplasma and viruses. However, 

culture and virus isolation are time consuming and laborious and serological tests can be 

hampered by interspecies cross reaction and non-specific reaction (Sahu and Olson, 

1981). Molecular methods, such as polymerase chain reaction (PCR), have been used for 

rapid and sensitive detection of avian pathogens (Fan et al., 1995; Marois et al., 2002; 

Hong et al., 2005; Ben Abdelmoumen et al., 2005; Garcia et al., 2005; Pourbakhsh et al., 

2010; Ehtisham et al., 2011). The present study was designed to detect different viral and 

bacterial pathogens involved in Mycoplasmosis cases using PCR technique and further 

characterize their different species using sequence analysis. 

 

Objectives: 

 Serological screening of birds for Mycoplasma spp. using Serum Plate 

agglutination test (SPA)  

 To resolve different opportunistic pathogens through improved molecular 

technique of multiplex PCR in a single run. 

 To compare and prioritize the opportunistic pathogens involved in SPA positive 

and SPA negative cases through conventional Diagnostic technique 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 Avian Mycoplasmosis 

The class Mollicutes, known as Mycoplasmas is distinguished from other bacteria 

by its small size, lack of a cell wall (Razin, 1992), complex nutritional requirements 

including serum for their growth which make them fastidious in nature (Kleven et al., 

1996) and deficient in different biochemical pathways (Brown et al., 2007). Due to the 

absence of cell wall, it is highly pleomorphic and cannot be detected by usual Gram 

staining and tissue smear methods. It further makes it resistant to commonly used 

antibiotics which affect the cell wall.  

Mycoplasmas are the smallest known free-living organisms and adapted to a 

specific mode of life as opportunistic pathogens (Poveda, 1998). Because of their small 

genome size, mycoplasmas have limited biosynthetic capacity, which means organism 

lack many biochemical pathways found in the Eubacteria. Mycoplasmas are adapted to 

their host, which provides most of its nutritional requirements for growth. Due to this 

reason, mycoplasmas have only a few biochemical properties that can be investigated in 

the diagnostic laboratory. Consequently, identification of Mycoplasmas is greatly 

dependent upon serological tests based on the recognition of structural membrane 

proteins by specific antiserum. 

Most of the species of Mycoplasma are pathogenic or act as parasites of animals 

and plants including about 22 species known to infect different poultry birds (Kleven, 

1997) but only four are pathogenic for commercial poultry including Mycoplasma 

gallisepticum (MG), Mycoplasma synoviae (MS), Mycoplasma meleagridis (MM) and 

Mycoplasma iowae (MI) (Jordon, 1996). Among them MG and MS are established 

pathogens of chickens while Mycoplasma meleagridis and Mycoplasma iowae cause 

disease in turkeys (Ley, 2008). Ganapathy and Bradbury (1998) reported Mycoplasma 
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imitans as pathogen of red-legged partridges (Alectoris rufa). Isolation and identification 

procedures for avian mycoplasmas were described by Kleven (2008). 

Mycoplasma gallisepticum is economically significant pathogen of domestic 

poultry (Kleven and Levisohn, 1996) mainly cause chronic respiratory disease (CRD) of 

poultry which results in down grading of carcass in broilers while poor egg quality and 

hatchability in layers even in the absence of clinical signs (Levisohn and Kleven, 2000). 

Moreover, decrease feed intake and poor feed efficiency also cause economic losses 

(Glisson and Kleven, 1985). It alone can cause disease in poultry which is often sub 

clinical or mild in nature. It is also present in multifactorial disease complex with other 

pathogens including Escherichia coli, Haemophilus paragallinarum, Newcastle disease 

virus and infectious bronchitis virus (Jordan, 1972; Kleven, 1998; Naylor et al., 1992).     

Mycoplasmas are very much host specific as reported by Bencina et al. (2006). 

Which showed that the Mycoplasma isolated from different specimen samples were 

antigenically unrelated to avian origin Mycoplasma but showed relatedness to ruminant 

mycoplasma including Mycoplasma capricolum subspecies capricolum (M. capricolum). 

The comparison was made on the basis of 16S rRNA and showed 99.66% identity with 

M. capricolum while the isolated strains were identical on the basis of DnaK gene 

sequence of M. capricolum with 99.64% identity. Moreover, 83% of chickens raised 

antibodies which react with M. capricolum antigens. These finding represents exception 

from Mycoplasma host specificity.  

2.1.1. Diagnostic Methods: 

 To control Mycoplasma in the flock a rapid and precise diagnostic method has 

its importance. Standard diagnostic methods for Mycoplasma are described by National 

Poultry Improvement Program (NPIP) and Manual of Standards for Diagnostic tests and 

vaccines of the Office International des Epizootics (Kleven et al., 1996). Serological 

methods are the basis of any disease control program including screening and 

confirmatory test, while the positives are confirmed through isolation and identification 

procedures. According to NPIP, 10% of the flock must be tested serologically before the 

egg production starts and then regularly at 60-90 days interval. 

 Serum plate agglutination (SPA) test is routinely used for the detection of 

Mycoplasma infections in the flock. Although, it is rapid, sensitive and less expensive test 
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(Kleven, 1981) it has low specificity and false positive reactions are considered as 

disadvantage (Avakian and Kleven, 1990). Further confirmatory test of the positive or 

suspected samples can be carried out using haemagglutination inhibition (HI) test which 

is considered as more specific test (Kleven et al., 1996), while Enzyme Linked Immuno 

Sorbent Assay (ELISA) are also used widely as a confirmatory test (Noormohammadi et 

al., 1999). 

 Biological and biochemical characterization techniques were developed by 

Thomas et al., (1971) for avian Mycoplasma. Different tests including carbohydrate 

fermentation, arginine hydrolysis test, film and spot assay, Tetrazolium reduction test 

showed different patterns for 11 different serotypes while an improved methylene blue 

reduction test for Mycoplasma was developed. These tests are helpful for Mycoplasma 

grouping followed by serological confirmation.  

 Batches of 240 chicken showing chronic respiratory distress were monitored by 

Tiong et al., (1979) and 43.8% were positive were recorded for Mycoplasmosis. The 

mycoplasma was cultured and identified using biochemical and serological tests including 

agar gel diffusion test and disc growth inhibition. The 110 isolates were belongs to 

Mycoplasma gallisepticum (9), Mycoplasma gallinarum (45) avian sero-group –D (48) 

and seven were unclassified. Agar gel diffusion test was modified for sero-typing of 

mycoplasmas using soluble antigens with sodium deoxycholate-glucose solution. 

Sixteen MG strains by PCR were amplified by Nascimento et al., (1993`) using 

Amp L and R primers yielding 732-bp PCR product, but did not amplify DNA other 

species of avian mycoplasmas. It detected and amplified as low as 10
-6

 pg of MG 

chromosomal content by PCR. The amplified product was detected by ethidium bromide 

dye.  

 Species-specific DNA probes for MG was compared by Khan and Kleven, 

(1993), with serological and isolation procedures as a routine diagnostic tool on field 

specimens, which were acquired from chicken flocks experiencing egg-production losses 

and suspects of MG infection. The MG DNA probe clearly identified MG directly from 

tracheal specimens with 2 days, unlike the 7 to 10 days required for culture procedures. 

Cross-reaction of MG with MS continues to be a stumbling block in the serum plate 

agglutination test. 
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 Four pathogenic species and ten nonpathogenic species of Mycoplasma were 

differentiated by were differentiated by Fan et al., (1995) using PCR and restriction 

fragment length polymorphism (RFLP). A 1026 bp sequence of 16S rRNA was amplified 

using PCR with specific primers to amplify all Mycoplasmas tested. Restriction 

endonucleases (REs) were used to restrict the PCR products. The resulting RE fragments 

was visualized by electrophoresis and restriction patterns were compared. Different 

combinations of RE produced unique restriction patterns which differentiate 14 species of 

avian Mycoplasmas. M. imitans and M. gallisepticum gave identical restriction patterns.  

 Specific primers to 16S rRNA were designed to detect the Mycoplasma 

meleagridis and M. iowae in turkey by Boyle et al. (1995). It showed rapid detection and 

species specific results.  The PCR detection of M. meleagridis from the clinical samples 

confirmed through cultural isolation which require 3 weeks for identification, compare to 

PCR procedure completed within a day. 

 Chicken sera from 71 poultry flocks were tested by Ewing et al. (1996a) for 

Mycoplasma synoviae (MS) using Specific plate agglutination test (SPA) using NPIP 

guidelines. Sera (n = 195) showing positive reaction by SPA were subjected to 

confirmatory tests including ELISA and haemagglutination-inhibition (HI). Out of 195 

sera tested 145 (74%) were SPA-positive, 127 (90.2%) samples showed positive result by 

HI test, while ELISA positive samples were 141 (98.6%) resulting in significant 

difference between the two tests (P = 0.0006). Moreover the early infection could not be 

detected by SPA and HI tests while ELISA and PCR detected new infections on these 

farms. It was further mentioned that SPA can't be used as adequate or sole screening test 

for Mycoplasma synoviae nor can HI be used for confirmation of flock infection. While 

PCR may preferably use as confirmatory test as compared to HI and cultural isolation.  

 Two diagnostic methods were applied by Ewing et al. (1996b) for the detection of 

Mycoplasma gallisepticum antibodies including haemagglutination-inhibition (HI) and 

enzyme linked immunosorbent assay (ELISA) for confirmation as mentioned in the  

National Poultry Improvement Plan Program. The commercial broiler birds, fancy birds 

and experimentally infected birds were selected on the basis of MG prevalence level for 

the serological study while Western immunoblots were used as confirmatory test to check 



10 

 

the discrepancies between two tests. Low prevalence (<1%) of MG infection was 

recorded in commercial population, while the two tests showed non-significant results 

(p=0.3157), while fair and exhibition birds showed approximately 40% sero positivity 

and ELISA was found more accurate than HI (p = 0.036). In case of experimentally 

infected birds with MG, no significant difference was found between HI and ELISA test 

results (p= 0.65). On the basis of his results, thus concluded that there was no difference 

between ELISA and HI as confirmatory tests in low prevalence cases of MG infection 

while ELISA showed better results than HI in moderate levels of MG infection. 

In an effort to develop an antigen based ELISA for the rapid identification of MG 

and MS by May and Branton, (1997) compared Fluorescent antibody technique (FAT) 

and ELISA in two trials. MG-F and MG-S6 were inoculated in the broilers and hens and 

clonal cleft swab samples were collected and cultural isolation was done in broth media 

with indicator. A 96-well plate were used for the ELISA and cultured on agar for the 

FAT. The ELISA test confirmed the mycoplasmas in the samples within 8 hr but number 

of isolates was less than FAT. The ELISA has the advantage to identify the Mycoplasma 

at strain level 

Cultural isolation and PCR were compared by Marois et al., (2000) for the 

detection of MS from experimentally infected and field conditions environmental 

samples. From experimental infections 10 and 46 samples out of 96 environmental 

samples including feed, drinking water, dust and droppings were positive for 

Mycoplasma using cultural and PCR techniques, respectively. While in field conditions 7 

and 17 samples out of 28 showed positivity by cultural and PCR techniques. These results 

showed the capacity of PCR as method of epidemiological studies.  

PCR was used to detect Mycoplasma gallisepticum from experimentally and 

naturally infected flocks by Marois et al. (2002). Out of 160 experimentally infected 

environmental samples, 103 samples were found positive by a M. gallisepticum-specific 

PCR (MG-PCR) while six were positive by culture isolation technique. In case 

depopulated positive turkey farm, only three samples out of 12 were positive by MG-

PCR. These results confirm the possible use of PCR technique in epidemiological studies. 

Electron microscopic study was made by Lam, (2003) for MG infection in 

embryonic tracheae. Chicken embryos were infected with MG and examined through 
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scanning electron microscope for the morphological changes in the tracheae. Five day 

infected embryos showed extensive deciliation, surface erosion, and inflammatory cell 

infiltration. Similar declination and erosion was seen in 6 hr infected embryos, which 

indicated the possible role of MG pathogenesis at embryonic stage.  

A PCR test was developed to detect MS from commercial poultry and sequenced 

the PCR product for the initial typing by Hong et al. (2004). The sensitivity and 

specificity of primer were evaluated by N-terminal end of the vlhA gene. The use vlhA 

gene based PCR for MS identification has proved to be sensitive and specific and can be 

used for DNA sequencing for strain identification.  

Thirty four strains of MG were differentiated by Hong et al. (2005) using 

Amplified fragment length polymorphism (AFLP). This method helped to identify and 

differentiate the MG field strains from outbreaks strains and identify the sources of 

infections. It also differentiated the vaccine strains from the field strains. The 

discriminatory potential and reproducibility and AFLP were compared with DNA 

sequence analysis and RAPD assay was found much higher than the other two assays 

Experimental transmission of Mycoplasma synoviae was reported Marois et al. 

(2005) by using specific pathogen free chicken. In this study birds were introduced into 

previously contaminated isolator and after 34 days, the birds were removed and new 

chicks were introduced without disinfecting the isolator while in the last phase chicks 

were kept in isolator having a mixture of food, feathers collected form MS infected flock. 

In the second and third phase Infectious bronchitis (IB) virus was inoculated to 

exacerbate the MS infection. The presence of MS was monitored by cultural isolation, a 

multiplex PCR (mPCR) for M. synoviae. MS was detected on the 13th day, 33 day and 54 

in the three phases of experiments, respectively. The assays showed that M. synoviae 

infected material including feed, water, dust and feathers can infect chicks. 

2.1.2 Multiplex PCR for Mycoplasma species: 

PCR method to detect M. gallisepticum was evaluated by Slavik et al., (1993). 

The PCR method was found to detect as few as two color changing units (CCU) of MG 

and did not give false positive reactions with other avian Mycoplasmas. In chickens 

inoculated with either MG or Mycoplasma synoviae (MS), the PCR method was found to 
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closely correlate with MG culture re-isolation methods in chicken intra-nasally inoculated 

with MG. All chickens inoculated with MS tested negative using the MG PCR method. 

A single set of oligonucleotides primers from known 16S ribosomal RNA (rRNA) 

sequences of M. gallisepticum, M. synoviae and M. iowae was developed by Garcia et al., 

(1995). This set of primers selectively amplifies a 780-base-pair DNA fragment within 

the 16S rRNA gene of MG, MS, and MI but does not amplify other avian Mycoplasmas 

or other bacteria. The detection limit of the multi-species polymerase chain reaction 

(PCR) was approximately 100 mycoplasma (MG, MS, MI) cfu/PCR reaction. The 

amplified product was digested with restriction enzymes HpaI, HpaII, and MboI and 

differentiated. Preliminary results from field samples suggest that this technique could be 

a useful as early diagnostic test for these three pathogenic poultry Mycoplasmas. 

Multiplex PCR for the simultaneous detection four pathogenic avian mycoplasma 

species. Mycoplasma gallisepticum (MG), M. synoviae (MS), M. meleagridis (MM) was 

and M. iowae (MI) reported by Wang et al. (1997) by using four sets of primer and were 

able to detect by agarose gel electrophoreses.  The sensitivity of detection was also 

recorded between 1 pg to 100 pg for different species.  

Polymerase chain reaction (PCR) and DNA sequence analysis was applied and 

validated by Hong et al., (2004) on the N-terminal end of the haem-agglutinin encoding 

gene vlhA as an alternative for the detection and initial typing of field strains of M. 

synoviae in commercial poultry. PCR primers were tested against isolates of M. synoviae 

from various sources along with other avian Mycoplasma and other bacterial species. The 

vlhA gene–targeted PCR assay was highly specific in the identification of M. synoviae, 

with a detection limit of 4.7 x 10
2
 color changing units /ml. DNA sequence analysis of 

amplified products was also conducted to validate the potential for typing M. synoviae 

strains using the N-terminal region of the vlhA gene. For the evaluation of  the test, 

applied the PCR assay to tracheal swabs collected from chickens challenged with M. 

synoviae strain K1968 and compared the results to the serologic detection. The PCR assay 

was also evaluated directly on tracheal samples collected from commercial layers. 

Overall, this vlhA gene-targeted PCR is a useful tool for detection and initial typing of M. 

synoviae and can be applied in the preliminary identification of M. synoviae isolates 

directly from clinical samples. 
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Duplex PCR assay for Mycoplasma synoviae and
 
Mycoplasma gallisepticum was 

optimized using vlhA and pMGA gene primers by Ben Abdelmoumen et al. (2005). The 

PCR assay was proved to
 
be more specific and sensitive for the

 
simultaneous detection 

MG and MS. 

Different diagnostic tests including PCR, rapid plate agglutination test, HI and 

commercially available ELISA kits were campared for the detection of Mycoplasma 

infection from experimentally infected birds with MG, MS and MIM by Feberwee, 

(2005). High percentage of culture and PCR positive and negative was recorded from 

experimentally infected and control negative groups, respectively. MG infected groups 

were more sensitive to serological tests as compared to culture isolation. Field strains 

showed more positivity and cross reations as compared to ATCC strains. The results 

indicated that the false positive results by different serological tests are expected but the 

level of different test varied due to close antigenic relationship of different Mycoplasma 

species. 

Sensitivity and specificity of different developed PCR methods (16S rRNA, mgc2, 

LP, gapA and licensed DNA test kit) for the detection of M. gallisepticum from tracheal 

swabs samples of commercial poultry and fowl was accessed by Garcia et al., (2005). 16S 

rRNA detected DNA of M. gallisepticum and M. imitans while others only amplified M. 

gallisepticum. The sensitivity of all PCR was ranged from 4 to 400 color-changing units/ 

amplification while 16S rRNA and mgc2 was recorded as 40 CCU/reaction and 

4CCU/reaction for ngapA. Three groups were experimentally infected with vaccine 

strains and detected through PCR methods which detected the infected vaccine strains 

from tracheal swabs. Results of isolation and PCR based detection was satisfactorily 

correlated with 0.52 to 1.00 agreement values (k). Better sensitivity was recorded with 

ngapA and mgc2 PCRs compared to the isolation procedures while mgc2 was best among 

the evaluated PCRs. 

Mycoplasma gallisepticum was characterized using molecular techniques 

including RAPD and PFGE by Mettifogo et al., (2006). Vicinal strains and field isolates 

already characterized by RAPD and PFGE were evaluated using mathematical models. 

Results indicated that these methods can be used to improve typeability of 

epidemiological studies to differentiate the vaccinal and field strain. Further the RAPD 

was considered as quick and inexpensive as compared to PFGE. 
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2.2 Newcastle Disease: 

Newcastle disease (ND) is a highly contagious infection of poultry having 

considerable economic impact on poultry industry (Alexander et al., 2003). It is caused 

by newcastle disease virus (NDV), designated as avian paramyxovirus-1 which is a 

member of paramywoviridae family, subfamily Paramywovirinae, order Mononegavirales 

and genus Avulavirus (Wakamatsu et al., 2006). It occurs worldwide and produces heavy 

economic loses in world poultry industry (Jorgensen et al., 1998). Serious outbreak of 

NDV is reported even in vaccinated flocks (Siddique et al., 1986; Numan et al., 2005; 

Nakamura et al., 2008). Velogenic and mesogenic pathotypes of NDV are considered to 

be responsible for the disease outbreak in vaccinated flocks (Akram et al., 2000). 

NDV is an enveloped virus having negative-sense, single stranded RNA genome. 

The genome contains six genes; 3' –NP-P-M-F-HN-L- 5' which encodes six major 

proteins, the nucleoprotein (NP), phosphoprotein (P), matrix protein(M), fusion protein 

(F), haemagglutinin-neuraminidase (NH) and the polymerase protein (L) (Alexander et 

al., 2003). The aminoacid sequence of the cleavage site of F protein is different in 

vareous pathotypes of NDV which recognizes the virulence of the virus (Glickman et al., 

1988; Ogasawara et al., 1992).  

In outbreaks in chicken due to the velogenic pathotype, clinical signs often begin 

with listlessness, increased respiration, weakness, greenish diarrhea, muscle tremors, 

torticollis, paralysis of legs and wings ending with prostration and death. Neurotropic 

velogenic form of NDV in chicken is marked by sudden onset of severe respiratory 

disease followed by neurologic signs but diarrhea is usually absent (Ojok and Brown, 

1996; Mishra et al., 2001; Alexander et al., 2003). 

Mesogenic pathotypes of NDV usually cause respiratory disease in field 

infections. In adult birds, there may be a marked drop in egg production. Nervous signs 

may also develop. Lentogenic viruses do not usually cause disease in adults. In young, 

fully susceptible birds, serious respiratory disease problums can be seen (Alexande and 

Senne, 2003). 
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Various serological tests as haemagglutination (HA) and haemagglutination 

inhibition tests (HI) (Maff, 1984), enzyme linked immunosorbent assay (ELISA) (Roy 

and Venugopalan, 1999), fluorescent antibody technique (FAT) (Wu et al., 1999) and 

insitu hybridization (ISH) (Oldonia et al., 2005) are used for the diagnosis and 

pathotyping of NDV. Intracerebral pathogenesity index (ICPI), Intravenous 

pathogenesityindex (IVPI) and mean death time (MDT) have been used for pathotyping 

of NDV (Akram et al., 2000; Roy and Venugopalan, 2005). These methods are time 

consuming, labour intensive and sometimes not dicisive (Seal et al., 1995; Namthkumar 

et al., 2000). 

Newcastle disease virus was characterized using MDT, ICPI and IVPI values by 

Roy et al. (1998). Birds belonging to seven different species were selected. All the birds 

are healthy apparently. The viral isolates were obtained from the feces of these birds and 

inoculated into embryonated chicken eggs. Chicken embryos inoculated with NDV 

isolates were found dead by 46.6-58.6 hrs post inoculation. Serological identification of 

the isolates was done using haemagglutination (HA) and haemagglutination inhibition 

(HI) tests. For this purpose allantoic fluid was collected from the dead embryos which 

caused the agglutination of chicken RBCs in HA test. The isolates agglutinating RBCs in 

HA test were confirmed for ND and HI test. NDV specific antiserum was used for this 

test. Seven isolates were found positive for NDV. All these isolates were characterized as 

velogenic on the basis of their MDT values in chicken embryonated eggs and their ICPI 

values in one day old chicks. All the positive isolates were found to have MDT value >60 

hrs and ICPI value <1.5. On the basis of these results, the isolates were classified as 

velogenic. Three of the isolates were placed in group c1 depending on their reactions with 

monoclonal antibodies. In the present study, it was observed that the birds belonging to 

the columbiformes, psittaciformes, phasianiformes and passeriformes were found to be 

shedding velogenic NDV in their feces without showing clinical signs. Since wild birds 

are reservoirs and are a potential source of spreading virulent NDV to other susceptible 

birds, it was therefore suggested to screen captive wild birds in order to control ND 

among poultry. 

Newcastle disease virus was isolated by Ke et al. (2001) from the field outbreaks 

and characterized it with the help of RT-PCR. The isolates were inoculated into SPF 

chicken embryonated eggs. The virus isolates were confirmed for ND using HA and HI 
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tests. Allantoic fluid of the isolates was used for the extraction of RNA. RT-PCR product 

535bp was amplified with primers specific to fusion gene and a product of 426 was 

amplified with primers specific to haemagglutinin neuraminidase protein genes. To 

determine the correlation between virulence and amino acid sequences, sequence analysis 

of the isolates was conducted. This sequence analysis confirmed the relationship between 

virulence and amino acid sequence. On the basis of the results of sequence analysis, all 

the virus isolates were categorized as velogenic NDV. The amino acid sequence of the 

isolates was carried out by phylogenetic tree based analysis which categorized the isolates 

into two genotypes like VI and VII. The genotypes were found to be responsible for the 

outbreaks of ND in Taiwan. 

Newcastle disease virus isolates were pathotyped using RT-PCR by Yu et al. 

(2001). The isolates were differentiated into mesogenic and velogenic pathotypes by 

characterizing them pathotypically and genotypically after phylogentical analysis. The 

isolates were recovered from the outbreak ND in peagons and chickens in China and 

Taiwan during 1996-2000.The isolates were pathotyped by using in vivo method of 

pathotyping like MDT and ICPI. The isolates were inoculated into embryonated chicken 

eggs to determine their MDT which was found to be lower than 60 hrs. The isolates 

Ch/98-1which was isolated from pigeon showed MDT of 80 hrs. The isolates were 

declared virulent depending on their MDT. The ICPI value for virulent NDV was found 

to be 1.83-1.89 while 1.48 values were found for moderate virulent isolates. It was 

observed that the isolates which were found to be highly pathogenic induced viscerotropic 

lesions in day old chicks which were used to determine the ICPI values. Some of the 

isolates produced neurotropic lesions. The isolates obtained from the pigeon showed no 

prominent lesions. The isolates were analyzed pathogenically to determine the genetic 

relationship of ND virus strains. The isolates were pathotyped as viscerotropic velogenic, 

neurotropic velogenic and mesogenic NDV by using this technique. 

Twenty strains of NDV were characterized by Liu et al. (2003) using RT-PCR by 

conducting pathotypical and genotypical studies. The isolates were recovered from 

outbreak in chicken and goose flocks in China from 1985-2001. The isolates were found 

to be velogenic except one isolate depending on the MDT and ICPI values. MDT of these 

isolates in embryonated chicken eggs was found in the range of 45.6-60.0hrs and ICPI of 

1.64 to 1.96 in day old chicks. On the basis of these results, these isolates were declared 
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as velogenic. The isolates recovered from pigeon, showed MDT of 88.8 hrs and ICPI 

value of 1.44. Based on these results, the pigeon isolates were pathotyped as mesogenic. 

Further, the sequences of isolates were compared with the sequence of NDV strains from 

Genbank to characterize the isolates on the basis of their genotypes. For this purpose, 

phylogenetic tree analysis, analysis of residue substitution and restriction site mapping 

specific to fusion protein gene were conducted. On the basis of the results, it was 

concluded that the strains characterized were of the members of six novel genetic groups 

which were represented as VIf, VIg, VIIc, VIId, VIIe and IX. The cross protection testing 

was conducted to determine that whether the field isolates of ND could cause outbreak in 

vaccinated flocks. The cross protection test results revealed that SPF chickens vaccinated 

with La Sota vaccines could resist challenges by strains from genetic groups VIb, VIg, 

VIId and IX. 

Multiplex RT-PCR was used to differentiate of velogenic, mesogenic and 

lentogenic pathotypes of NDV by Songhua et al. (2003). The virus was isolated from the 

field isolates of chicken, pigeon and ostrich. Along with field strains, vaccinal strains 

were also used for virus isolation. The virus isolates were inoculated into embryonated 

chicken eggs. Allantoic fluid was used for RNA extraction. Oligonucleotide primers were 

designed specific to cleavage site of fusion protein of ND virus. A RT-PCR product of 

204 bp was amplified with RNA isolated from velogenic and mesogenic NDV pathotypes 

while a 364 bp RT-PCR product was amplified with RNA isolated from mesogenic and 

lentogenic pathotypes. A total of 34NDV strains were differentiated as velogenic, 

mesogenic and lentogenic by using multiplex RT-PCR, one of the latest molecular 

techniques, could be used for confirmed and rapid pathotyping of NDV. Further, it could 

be used for the determination of the origin of ND virus, differentiation of different 

pathotypes of NDV and its molecular based epidemiological analysis. 

Work on pathotyping of ND virus using RT-PCR was reported by Li and Zhang 

(2004). Fifteen NDV isolates and five vaccinal strains were selected. The isolates were 

inoculated into embryonated chicken eggs. Allantoic fluid was collected from the eggs 

aseptically to exact RNA. Oligonucleotide primers and probes (NC22 and VC22) were 

designed to pathotype ND virus isolates. The working efficiency of the probes was 

assessed by the differentiation of ND virus isolates that were obtained from organs of the 

birds challenged with ND. Labeling of the probes was carried out with digowigenin to 
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differentiate NDV pathotype which were recovered from allantoic fluid and tissues of 

birds challenged with ND. The isolates of ND virus amplified in RT-PCR were 

hybridized with particular probes. It was observed that the VC22 probes detected 

pathogenic pathotypes and the NC22 probes were confined to non-virulent pathotypes. 

The findings obtained after hybridizing the isolates with probes were in accordance to 

their intra cerebral pathogenecity index values. NC22 probes were checked for their 

sensitivity while both the probes were assessed for their specificity. Sensitivity of NC22 

probes showed that they were capable of detecting upto10
-8

 times dilutions obtained from 

800fg viral RNA. On the basis of the results of this study, it was this technique can be 

used for the pathotyping and differentiation of ND virus isolates. This technique was 

found to be so rapid that the whole process was found to be accomplished within one day 

starting from clinical samples upto the results of the assay, so this technique being 

sensitive, specific and rapid could be used for pathotyping of NDV isolates. 

Newcastle disease virus was characterized as velogenic NDV by RT-PCR. NDV 

was isolated from chickens. The virus isolates were recovered from the clinically diseased 

birds. For the isolation of virus, various organs, swab samples and stool samples were 

selected from NDV challenged birds by Otim et al. (2004). A set of specific 

oligonucleotide primers and TaqMan probes were designed encoding the cleavage site of 

fusion protein. The use of degenerate primers and TaqMan Minor Groove Binder probes 

increase the specificity of the assay. By using this technique, thirty nine ND virus strains 

of all the genotypes and pathotypes like lentogenic, mesogenic and velogenic strains were 

differentiated successfully and rapidly. Talking about the sensitivity of the assay, it was 

observed that this type of RT-PCR was able to detect 10 to 20 copies of the molecule per 

reaction specific to lentogenic and velogenic or mesogenic strains, respectively. Based on 

the results of this study, it was concluded that the Real Time PCR technique could be 

readily used to detect and pathotype ND virus isolates and could be further used to 

measure the infection load qualitatively and quantitatively. 

 

Newcastle disease virus was confirmed from intestinal contents of broiler and 

layer by using HI test and patho-typing of the virus was done by Samiullah et al. (2004) 

with the help of intra-cerebral pathogenicity index value in adult birds. For this purpose, 

200 intestinal pieces (100 from broiler and 100 from layers) having 8 cm length were 
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collected from the poultry sale shops of Faisalabad city. The intestinal pieces were cut to 

open and their contents were shaken into normal saline. Centrifugation of this suspension 

was carried out and the supernatant was collected. 2% chicken RBCs solution was 

prepared to conduct spot haemagglutination test. 95% isolates from layer and 75% from 

broiler were found to be positive in post haemagglutination test. Confirmation of the 

isolates for NDV was done by using HI test. Specific NDV antiserum was raised to 

conduct the test. The results of the HI test showed that eighty-five samples obtained from 

layer and sixty-six samples obtained from broiler were positive for NDV. 10% isolates 

obtained from layer and 9% from broiler were found to be negative for NDV in the HI 

test indicating that they may be belonging to other haemagglutinating viruses. For patho-

typing of the NDV, twenty samples were inoculated into embryonated chicken eggs via 

allantoic cavity route to isolate the virus. Confirmation of the isolates was done by HI 

test. Five isolates were inoculated into day old chicks to get ICPI values which were 

found to be 0.28, 0.31, 0.37, 0.38 and 0.46. These isolates were characterized as 

lentogenic NDV. 

Mechanism of ND outbreak in vaccinated broilers was evaluated by Nakamura et 

al. (2008). Twenty two to forty six, day old broilers infected with ND were selected for 

pathological and immune-histochemical studies. Vaccination of the birds was done with 

the help of live ND vaccines by mixing the vaccine in drinkers. Birds showed nervous 

and respiratory signs as a parameter of clinical disease. Birds showing clinical signs were 

euthanized to conduct post mortem examination. Post mortem examination of the birds 

showed that bursa of fabricious was reduced in size, whitish spots were observed on the 

pancreas, kidney and spleen were found to be enlarged and discolored. Microscopic 

changes seen in serebrum, medula oblongata and cerebellum included perivascular 

cuffing, necrosis and degeneration of neurons. The birds having more pathological 

changes in brain showed rarefaction and malacia in the parenchymatous area. The acinar 

cells of pancreas were found to be degenerated, depleted and necrotic. Lungs were seen 

congested with proliferating macrophages. The pathological changes seen in liver 

included necrosis of hepatocytes along with thrombosis in the sinusoids. Kidneys showed 

tubolo-interstitial nephritis. Depletion of lymphocytes was found in the bursa. Immuno-

histochemical observation of the lesions revealed NDV antigens. On the basis of the 

results of this study, it was concluded that the NDV isolated in this study was not able to 

induce pancreatitis and encephalitis in SPF chickens but it caused mortality in chickens 
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with thrombosis of sinusoids of hepatocytes in the conjunctiva, necrosis of spleen and 

lymphocytes.  

RT-PCR for the detection and differentiation of air borne NDV was reported by Li 

et al. (2009). For this purpose, five poultry sheds were selected. From every shed, 15 air 

samples were collected by special instruments. The pathogenicity of the air borne NDV 

was determined by using in vivo methods of pathotyping. Degenerate oligonucleotide 

primers were designed to evaluate these isolates by using RT-PCR. On the basis of RT-

PCR results, it was observed that four poultry shed were infected with non-virulent virus. 

Two poultry sheds were found to be infected with virulent viruses as observed in RT-

PCR. A total of 7 strains were recovered from the air samples found positive in RT-PCR. 

The in vivo pathogenicity tests categorized 3 out of 7 isolates as pathogenic viruses and 4 

other strains were found to be non-pathogenic. On the basis of the results of this study, it 

was declared that the RT-PCR technique can be used for the detection and differentiation 

of pathogenic and non-pathogenic ND virus strains and might be helpful in controlling 

ND outbreaks. 

Respiratory pathogens were differentiated with the help of multiplex RT-PCR by 

Rashid et al. (2009). The respiratory pathogens including Infectious bronchitis virus 

(IBV), type A influenza viruses, avian influenza virus subtype H7, H9 and H5, ND virus 

and infectious laryngotrachitis virus (ILTV) were differentiated by using this technique. 

Seven sets of oligonucleotide primers encoding the cleavage site of 'M' gene of AIV and 

haemagglutinin gene of subtypes H7, H9 andH5 were designed to differentiate them. 

These sets of oligonucleotide primers were designed for the differentiation of NDV, IBV 

and ILT viruses. The visualization of the amplicons of the multiplex RT-PCR was 

facilitated by agarose gel electrophoresis. The RT-PCR product of 1023bp was amplified 

by using 'M' gene of AIV. The isolates of IBV generated amplicons of 149bp. The 

primers encoding the F gene of fusion protein specific to ND virus generated a RT-PCR 

amplicons of 320bp while amplicons of 647bp were generated by using primer specific to 

ILTV. The primer designed for the differentiation of H7N3, H9N2 and H5N1 generated 

amplicons of 300bp for H7, 808bp for H9 and 456bp for H5. The sensitivity and 

specificity of the assay was evaluated. This evolution revealed that the multiplex RT-PCR 

is sensitive and specific to differentiate AIV and other respiratory viruses of poultry. This 

study was aimed to standardize the multiplex RT-PCR technique for the simultaneous 
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detection and differentiation of the subtypes of AIV and three most important and more 

frequent pathogens of respiratory system of poultry. The results of this study clearly 

showed that this technique was found to be successful in the detection and differentiation 

of respiratory pathogens of birds which might be helpful in the early detection of the 

disease to control the outbreaks in poultry and transmission of the disease in human being 

as well as technique might be helpful to identify the actual cause of the respiratory 

problem in a mixed type of respiratory infection. 

NDV from peacock were isolated and characterized by Vijayarani et al., (2010) 

using RT-PCR. The clinical findings observed in peacock included sudden death, 

congested lungs, petechial hemorrhages in the epicedium, congestion of intestine mucosa 

and inflamated kidney. The virus was isolated from spleen. Embryonated chicken eggs 

were inoculated by suspension of spleen cells. The viral suspension killed the embryos 

within 60 hrs post inoculation. The confirmation of viral isolates was done by H1 test 

using specific known NDV antiserum. In vivo assessment of isolates was carried out to 

differentiate them using MDT and ICPI. MDT of viral isolates was found to be 47 hrs 

while ICPI values were found to be 1.71. Sequence analysis was done in automated 

genetic analyzer which revealed that the isolates were having the multiple basic amino 

acids sequence (
110

GG RR QR RFI G 
119

) at the cleavage site of their fusion protein gene. 

The pathogenicity test and the RT-PCR results showed that the isolates were velogenic. 

Oligonucleotide primers specific to the cleavage site of fusion protein gene of ND virus 

were designed which generated RT-PCR product of 254bp. The isolates were placed in 

genotype II after phylogenetic analysis.  

2.3 Avian Influenza  

A TaqMan based real time PCR assay was developed by Elden et al., (2000), a 

rapid and sensitive method to detect of influenza virus type A and B. M-protein gene 

from highly conserved region of AIV A and HA gene segment of AIV B were used as a 

primers and probes in the assay, which was found to be more sensitive as compared to 

that conventional viral isolation methods. 

Influenza A virus (H9N2) was isolated and correlated from human and different 

hosts by Guo et al. (2001). For this they passaged the virus in embryonated hen eggs and 

RT-PCR was performed on these isolates. The RT-PCR products were subjected to RNA 



22 

 

sequencing technique and resolved that human influenza A (H9N2) virus was related to 

chicken H9N2 virus. 

Conditions of single step mRT-PCR for the detection of type and subtype of 

influenza virus were optimized by Poddar (2001). Different conditions were optimized to 

simultaneously for typing, sub typing using specific primers. For this RNA from H1N1, 

H3N2, and H5N1 from influenza virus A and B was amplified and analyzed by agarose 

gel electrophoresis for the presence of specific types and sub types  

HA subtypes of AIV were identified by RT-PCR using different primers each 

specific for HA gene subtype. The results were correlated with conventional serological 

methods as confirmed by gene sequencing by Lee et al. (2001).  

Phylogenetic analysis of HA gene of AI virus subtype H9N2 was performed from 

isolates of outbreaks in Tehran province of Iran Karimi et al. (2004). Primers from highly 

conserved region of HA were designed from Genebank and amplified PCR products of 

430 bp from isolates were sequenced and aligned as reported in Genebank. The isolates 

showed 97-99% similarity with the Iranian isolates and 98% homology with the isolates 

from Pakistan and Japan. The study concluded that the H9N2 AI outbreak in Iran was 

transferred from Pakistan due to quarantine measures.  

Thai avian influenza A virus were characterized from an epidemic during early of 

2004 by Viseshakul et al. (2004). The molecular characterization of the HA gene showed 

a 20 codon deletion in a NA gene common characteristic of HPAI. They concluded that 

the Thai AI virus has closely related genetic sequences to Influenza 

A/Duck/China/E319.2/03 (H5N1) as Thai AI showed similarity to HA and NA gene from 

AI virus isolated from human epidemic 

Four influenza viruses including H4N6, H5N2 and H9N3 were isolated from 

healthy ducks from 189 live birds and 18 environmental samples in a study in Vietnam by 

Nguyen et al., (2004). The HA genes of two H5N1 viruses isolated from experimentally 

infected chickens showed multiple amino acid motifs at cleavage site and hence 

characterized as HPAI virus.   

ELISA was used to determine the prevalence of avian influenza in the broiler-

breeder flocks Al-Natour and Abo-Shehada, (2005). Thirty blood samples were randomly 
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collected from each of 38 flocks visited and 71% true sero-prevalence was recorded. The 

examined flocks showed no clinical signs with normal mortality rang and egg production. 

The positive flocks were not correlated with age of the birds. They concluded that 

migrating birds might be source of spread of nonpathogenic AI virus infects in these 

flocks. 

Waterfowl of Mainland was identified in China on the basis of virological and 

serological results as origin of infection of spread of HPAI (H5N1) in the Asian countries. 

For this 493 serum samples were collected from 15 migratory wild waterfowl species 

Chen et al., (2006). Low-level of antibodies was recorded in AI subtypes including H2, 

H9 and H10.  

Performance of standard isolation technique, serological tests and sensitive RT-

PCR-ELISA assay for Avian influenza virus was compared by Chaharaein et al., (2006). 

RT-PCR-ELISA was developed on the basis of NP and H9 to detect subtype H9N2 of 

AIV with 100% sensitivity recorded with similar detection limit to isolation and ten times 

higher than the conventional PCR techniques confirmed through serial diluted tracheal 

swabs 

Multiplex RT-PCR was developed and optimized by Xie et al., (2006) to 

simultaneously detection and differentiation of H5, H7 and H9 of AI virus type A. 

Different oligonucleotide primers were used for amplification of cDNA and product was 

visualized by gel electrophoresis and band size on 860, 634, 488 were visualized for H5, 

H7 and H9, respectively, while common set primer for type A influenza virus yielded 244 

bp band size. The detection limit recorded for H5 and H7 was 100pg while 10pg for H9 

and type AIV.  

Multiplex RT-PCR was optimized to detect H5N1 AI type A virus from allantoic 

fluid and from samples using Guandinium isothiocyanate reagent for rapid specific 

detection of AI virus. Amplified RT-PCR products were analyzed through agarose gel 

electrophoresis (Wei et al., 2006).  

Highly specific RT-PCR test for the detection of AI type A virus of H5N1 was 

developed by Lisa et al. (2006). The test showed 100% detection from allantoic fluid of 

H5N1 positive samples from Vietnam and Malaysia and suggested RT-PCR a reliable test 

for detection. 
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2.3.1 Local Work 

AI H7N3 was reported by Naeem and Hussain (1995) in Pakistan for the first time 

with typical clinical signs including anorexia, ruffled feathers, swollen face with cyanotic 

combs and swollen hocks. The antigen was detected with imunodeffusion test, which 

cause high mortality in affected flocks while the antibodies were confirmed through HI 

test. 

Influenza H9N2 subtype outbreak was reported by Naeem et al. (1999) in 

Pakistan resulted in 10-20% mortality and 10%-75% decrease in egg production. 

Diagnostic facilities for AI virus using virus isolation, RT-PCR and ELISA were 

developed by Naeem et al. (2005). During the surveillance of disease an outbreak of 

H5N1 was diagnosed in poultry rearing areas, which was dealt with effective control 

strategy by the provincial government.  

H5N1 influenza outbreak was identified in 66 commercial poultry and 40 backyard 

poultry farms in Rawalpindi, Islamabad, Abbotabad and Mansehra involving about 280000 

birds (Anonymous 2006).  

2.4 Infectious Bronchitis virus 

Two reference strains of IBV including Massachusetts and 4/91 were isolated and 

classified from unvaccinated flocks using RT-PCR and RFLP by El- Bouqdaoui et al. 

(1995). Restriction enzymes including Hae III and Alu 1 were used to study the RFLP 

pattern of amplified S1 gene (1720 bp), showed that Moroccan isolates were of five 

genotypes and three genotypes were different from vaccine strains, due to which 

Massachusetts type vaccine do not protect the bird against these genotype challenge. 

RT-PCR and direct sequencing technology was used to identify the genetic 

variation between isolated IBV and vicinal strain H120 by Chang and Tsai, (1999). The 

sequenced data was compared with published reference IBV strain in GeneBank. 

Similarities recorded were ranged from 51.8% to 58.3%. Comparison of the sequences 

with genotypes of Taiwan group II, Massachusetts, American, European and Dutch 

group, the similarities were ranged from 42.0% to 53.4%, and it was 82.9% with Taiwan 
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group I genotype. Indicating prevalent strains closely related to Taiwan group 1 and 

further genetic variations did occur in the field in the past five years.  

A trypsin-induced hemagglutination (THA) assay was optimized by Mahmood et 

al. (2004) to detect IBV. Samples from 5 different layer farms were collected and 

inoculated in embryonated eggs and allantoic fluid was harvested. Trypsin was added in 

the allantoic fluid with different concentrations. The results showed that 1.0% tripsin 

cause HA for 3 hours while 2.0% showed HA after 30 minutes of incubation. Trypsin 

induced HA showed higher sensitivity of 92% while agar gel precipitation test showed 

76% sensitivity.  

Sero-prevalence of Infectious bronchitis virus was done by Hussain et al. (2005) 

along with polypeptide analysis. A total of 360 samples from 21 non vaccinated farms 

were collected and subjected to agar gel precipitation and trypsin induced 

haemagglutination inhibition tests. The samples includes trachea, kidney and serum 

samples. The serological tests showed 2.22% seroprevalence with significantly higher IB 

prevalence in birds with 1-2 weeks of age (5.36%). Polypeptide analysis was carried out 

using SDS-PAGE to the purified virus which showed that the virus consisted of six major 

polypeptides having 84, 51, 36, 31, 28 and 23 kDa molecular weight. 

Infectious bronchitis virus was isolated from broiler in California and characterized 

by Jackwood et al. (2007). The variant strains were also compared on the basis of 

molecular, serological and pathogenicity studies with the vaccine serotypes being used in 

USA. The isolated IBV strains were designated  as CA557/03, CA706/03, and CA1737/04, 

on the basis of genetic variation. Phylogenetic analysis by GenBank analysis of S1 gene  

showed the CA557/03 variant to be 81.8% similar to the CAV/CA56b/91 whereas the 

CA706/03 and CA1737/04 variant viruses were only distantly related to Dutch/D1466/81 

(72.2%), a vaccine strain used in Europe, and Korea/K142/02 (72.7%), a Korean field 

isolate, respectively. While no virus was serologically related to each other or the vaccinal 

strains. While all the variant viruses were pathogenic in 1-wk-old broilers. Further the 

California variant viruses showed no similarity to those isolated in 1970s and 1980s. the 

study indicated that new IBV variants continue to emerge and cause disease in commercial 

chickens in California. 
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Characterization of IBV using phylogenetical analysis using S1 variable region was 

done by Lee et al. (2008) using 33 field isolates from Korea. The phylogenetic analysis 

showed that the IBV isolates formed K-I, K-II, and K-III based on phylogenetic analysis. 

K-I type consisted of indigenous, while 13 isolates were evolved from the Kr-EJ/95 strain 

are shown resemblance to nephropathogenic strains of China and Japan and K-III type was  

related to enteric IBV variants from the Chinese strains.  

A multiplex polymerase chain reaction (PCR) was developed and optimized by 

Pang et al., (2002) to detect the respiratory tracts infections. Oligonucleotide primers for six 

respiratory tract pathogens including IBV, AIV, ILTV, NDV, MG and MS were used. The 

detection limit with agarose gel electrophoresis was 10pg for IBV, AIV, MG, and ILTV 

and 100pg for NDV and MS for PCR. Similar results were recorded with erimentally 

infected birds. Multiplex PCR detected all the experimentally infected chickens compared 

to serological tests which confirmed the specific antibodies 2 weeks post vaccination. It 

also detected seprately co-infection with two or more pathogens. 

Real-time RT-PCR was developed and reported by Callison, et al., (2006) to 

differentiate in infectious bronchitis virus from other respiratory tract viruses Newcastle 

disease virus and avian influenza virus which shows similar signs at early stage of 

infection. Taqman®-labeled probes were used to develop and test the RT-PCR assay for 

early detection of causative agent. A 142 bp PCR product was amplified from 15 IBV 

strains rested including Turkey coronavirus, while none of other pathogens was 

amplified. The assay was tested with sero positive and negative flocks. A total of 229 

tracheal swabs from diagnostic laboratories were tested which revealed 27.51% positivity 

using RT-PCR. The test described was extremely sensitive and specific for ABV and able 

to distinguish from other respiratory tract pathogens.  



27 

 

CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Sample collection 

 A total 34 flocks of chicken showing typical signs of respiratory distress were 

visited and samples were collected for serology and identification of causative agent by 

cultural isolation and Polymerase chain reaction. Flocks with respiratory distress were 

reported by field veterinarians and samples were collected from birds showing signs of 

respiratory distress. Samples from live birds included oral and nasal swabs while trachea, 

lungs and air sac swabs samples were collected from dead or post mortem birds as 

suggested by Ferguson et al., 2003.  

3.2 Sample size 

The sample size was calculated using following formula described by (Cannon 

and Roe, 1982)   

n= [1-(1-0.99)1/d] x [N-d/2] +1 

Where,   

N= 7000 flock size   d= 10% infection rate 

Confidence level= 99% 

n= [1-(1-0.99)1/700] x (7000-700/2) + 1 

n~ 45      

 

3.3 Serological screening 

Serum plate agglutination (SPA) test was used for the serological screening of 

Mycoplasma gallisepticum and Mycoplasma synoviae using method described by 

(Luciano et al., 2011). 

3.3.1 Preparation of Stained antigen 

 Stained antigen was prepared by using reference strains of Mycoplasma 

gallisepticum and Mycoplasma synoviae received from Poultry diagnostic and research 

center (PDRS), University of Georgia, Athens, U.S.A. (Table 3.1) 
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Table 3.1 List of Reference strains used to prepare stained antigens for Serum 

Plate Agglutination test 

 

S. No Culture Strain Inoculation Media 

1 Mycoplasma gallisepticum 
R Frey's modified 

6/85 Frey's modified 

2 Mycoplasma synoviae 
MS-H Frey's modified 

F10-2AS Frey's modified 

 

3.3.2 Procedure 

Antigen was stained using following protocol (Roberts and Olesiuk, 1967) 

a. A 5 ml of actively growing cultures of M. gallisepticum and M. synoviae was 

added into 500 ml of broth culture separately. 

b. Incubated at 37 
O
C for 7 days 

c. Antigen was harvested using refrigerated centrifuge at 14000 Xg 

d. The sediment was resuspended in phosphate buffer saline (pH 7.0) to a final 

concentration of 2.0 McFarland turbidity standards. 

e. The antigen suspension was inactivated by 0.05% formalin addition and kept 

under stirring  

f.  Finally stain (Carbal fuscin) was added to final concentration of 1:10,000 

g. The suspension was poured into 50ml screw capped sterilized Pyrex bottels under 

8
O
C for further use. 

3.4 Cultural Isolation 

The specimen samples collected (oral and nasal swabs, trachea, lungs, air sac 

swabs) were subjected to different culture media and nine day old embryonated eggs for 

bacterial and viral isolation. Pleuro pneumonia like organism (PPLO) media, Frey's 

modified broth were used for the isolation of Mycoplasma species while other pathogenic 

organism were isolated using 5% sheep blood agar, chocolate agar and MacConkey's 

agar.  
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3.4.1 Preparation of Culture Media for Mycoplasma species 

3.4.2 PPLO broth medium 

 PPLO broth (modified Frey’s broth medium) was prepared (Table 3.2) following 

the method of demonstrated by Kleven, (1998).  

 

Table 3.2 Composition of PPLO broth medium 

 

Ingredients Quantities 

PPLO broth base (Oxoid
R
, Hampshire, England)  12.5 g 

Glucose  1.5 g 

Horse serum  50 ml 

Yeast extract 12.5 ml 

Cysteine hydrochloride 0.5 g 

β-Nicotinamide adenine dinucleotide (NAD)  0.05 g 

Phenol red (1%)  1.75 ml 

Thallium acetate (10%)  2.5 ml 

Ampicillin   10
3
 unit 

Distilled Water  q.s.500 ml 

The pH was adjusted to 7.8 with N/10 NaOH and filter sterilize. 

 

3.4.3 Modified Frey’s solid medium 

 Modified Frey’s solid medium (Table 3.3) was prepared following the method as 

demonstrated by Kleven, (1998).   
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Table 3.3 Composition of Modified Frey’s solid medium 

 

Ingredients Quantities 

PPLO broth base (Oxoid
R
, Hampshire, England)  18.0 g 

Glucose  1.5 g 

Horse serum  50 ml 

Yeast extract 12.5 ml 

Cysteine hydrochloride 0.5 g 

β-Nicotinamide adenine dinucleotide (NAD)  0.05 g 

Phenol red (1%)  1.75 ml 

Thallium acetate (10%)  2.5 ml 

Ampicillin   10
3
 unit 

Distilled Water  q.s.500 ml 

The pH was adjusted to 7.8 with N/10 NaOH and filter sterilize. 

 

Mycoplasma agar/broth base, glucose, yeast extract, phenol red and thallium 

acetate were mixed in distilled water and autoclaved at 121°C for 15 minutes at 15 lbs 

pressure. After cooling of the autoclaved media to 50 
O
C, horse serum, cysteine 

hydrochloride, NAD and ampicillin were added aseptically after filtration through 

membrane filters of 0.8 µm and 0.45-µm average pore diameters using negative pressure 

obtained through glass assembly (Millipore, USA).  PPLO broth was dispensed to 

McCartney's bottle while Frey's modified agar was poured to depth of approximately 5 

mm in the sterilized petri plates.  
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3.4.4 Cultural isolation from the samples 

 The specimen samples and swab samples were inoculated into the PPLO broth 

and incubated at 37
o
C for 72 hours. Positive samples were transferred to Frey's modified 

agar while negative samples were further passaged in PPLO broth three times before 

taking it as negative. Change of color of phenol red from red to yellow was indicative of 

positive reaction.  

3.4.5 Identification of the Isolates 

 Isolates were identified by cultural, morphological, biochemical and serological 

parameters (Kreig and Holt, 1984; Stipkovits and Kempf, 1996). The incubated plates 

were daily observed for colony growth, under light microscope using low magnification 

(4 X and 10 X) with reduced light intensity. 

3.4.6 Biochemical Tests 

 The number of tests designed to detect specific enzymatic activity or nutritional 

requirements of mycoplasmas was relatively small. These tests constituted a significant 

part of the basis for differentiation of mycoplasmas at the family and genus level. These 

tests included glucose fermentation test, Arginine hydrolysis, Phosphatase activity, film 

and spot production, tetrazolium reduction and Casein digestion (Thomas et al., 1971; 

Kleven, 1998; Stipkovits and Kempf, 1996). 

3.4.6.1 Glucose Fermentation Test 

 The materials and methods of “Glucose fermentation test” included: 

Test medium 

 Heart infusion broth containing 10% inactivated horse serum, 1% glucose and 

0.005% phenol red, adjusted to pH 7.6. Dispense aseptically in 5 ml amounts into test 

tubes. 

Control medium Preceding medium without glucose. 

Procedure  

a. A 0.1 ml of diluted culture was transferred to test tubes containing test medium 

(with glucose) and control medium (no glucose).  

b. It was incubated at 37
O
C for 48 hours and observed the color change.  

c. Decrease in pH below 7.0 caused the color of indicator to change from red to 

yellow. 
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3.4.6.2  Arginine hydrolysis test  

Test medium 

 Brain heart infusion broth base enriched with 5% horse serum, 10% yeast extract, 

0.2% arginine hydrochloride and 0.02% phenol red was used. The pH of the medium was 

adjusted to 7.0 and dispensed in screw caped bottles. 

 

Procedure 

o Each test included: 

1. Mycoplasma test organism(s) inoculated in broth with arginine  

2. Mycoplasma test organism inoculated in broth without arginine  

3. Uninoculated broth containing arginine. 

o The cultures were incubated at 37
O
C for 72 hours.  

o The color change from red to yellow indicated the positive test. 

3.4.6.3   Phosphatase Production 

Test medium 

 Broth culture of Mycoplasma organism and agar plates containing 0.01% sodium 

phenolphthalein diphosphate.  

Procedure 

a. Plates having 0.01 % sodium phenolphthalein diphosphate were inoculated with 

test culture 

b. Plates were incubated at 37
o
C and examined daily for growth of Mycoplasma. 

c. The plates were flooded with 5 M NaOH 

d. Pink color in the area of colonies after 30 seconds was indicative of positive 

reaction  

 

3.4.6.4  Film and spot assay 

Test medium  

Heart infusion agar (90 ml) was added with horse serum, 20 ml, and egg yolk 

emulsion (equal volume of concentrated egg yolk emulsion and 0.9% NaCl), 13.6 ml and 

dispense into Petri dishes. 
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Procedure 

a. Egg yolk agar plates were inoculated with Mycoplasma cultures by spreading a 

drop of culture over the surface.  

b. Plates were incubated at 37
O
C in a moist atmosphere  

c. Pearly film was seen where growth was heavy with tiny black spots. 

 

3.4.6.5  Tetrazolium reduction test 

Materials Agar plates containing mycoplasma colonies and mixture of the 2, 3, 5-

triphenyltetrazolium chloride and 1.3% Ion agar in equal parts. 

Procedure 

a. Four ml of 2, 3, 5-triphenyltetrazolium-ion agar mixture was poured into each 

plate 

b. Test culture was inoculated with droplet method. 

c. It was incubated at 37
O
C.  

d. Plates were examined for color change after 15 minutes of incubation. 

e. The colonies that were positive developed initially a pink color to dark reddish 

purple. 

 

3.4.6.6  Casein Digestion 

 The test was performed by following these steps 

a. A 32% (w/v) sterile stock suspension of commercial dried skimmed milk in 

distilled water was prepared. 

b. One volume of the suspension was added to 7 volumes of brain heart infusion agar 

medium and dispensed into petri dishes. 

c. The inoculated plates were incubated at 37
O
C and observed daily for the clearing 

of medium in and around the area of growth. 
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3.5 Isolation of bacterial pathogens other than Mycoplasma species 

Bacterial cultural isolation, purification and identification from respiratory distress 

cases were carried out using selective and differential media. Samples from SPA positive 

and SPA negative flocks were cultured on Nutrient agar (Oxoid), Nutrient broth (Oxoid), 

Staph-110 agar medium (Oxoid), 5% sheep blood agar, MacConkey’s (Oxoid) and Eosin 

methylene blue (EMB) agar (Oxoid).The bacterial growth was identified and recorded 

after incubation of petri plates at 37°C for 48 hours. The pathogens were identified on the 

basis of cultural and morphological features of their primary growth. Macroscopic and 

morphological characteristics of colonies of organisms were recorded. Smears were made 

from different colonies and were stained with Gram staining method and examined under 

microscope and finally pathogens were confirmed using standard biochemical procedures. 

The primary growth was purified by frequent sub-culturing on selective and differential 

media. E. coli was identified by Gram-staining and growth of rose pink and red colonies 

on MacConkey’s agar while Avibacterium paragallinarum (Av. paragallinarum) 

previously known as Haemophillus paragallinarum was isolated on 5% sheep blood agar 

supplemented with reduced Nicotinamide adenine dinucleotide (NADH) and identified 

using biochemical tests (Blackall, 1999). 

 

3.6  Isolation of Viral Pathogens (Newcastle disease virus, Infectious 

bronchitis virus and Avian influenza virus)  

For viral isolation, the specimen samples including trachea, lungs, oral and nasal 

swabs were diluted in normal saline @ 10% w/v and triturated in tissue homogenizer. 

Centrifugation was done at 1000 rpm for 10 min and supernatant was collected. The 

inoculum was prepared by mixing penicillin @ 2000 IU/ml and Nystatin @ 1000 IU/ml 

to avoid bacterial and fungal contamination. The inoculum from each sample was 

inoculated into 9-day old embryonated chicken eggs at the rate 0.2ml using allantoic 

cavity route. Eggs were incubated at 37
O
C in egg incubator. Candling was done after 48 

hours to check the dead embryo. Embryos died after 48 hours were chilled at 4
O
C and 

allantoic fluid was collected aseptically and stored at -20
O
C for further use (OIE, 2009). 
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3.6.1 Serological Identification  

Allantoic fluid was tested for haemagglutination activity using haemagglutination 

(HA) test. Confirmation of NDV and AIV was done using haemagglutination inhibition 

(HI) test with specific know antiserum while IBV was confirmed using indirect 

haemagglutination (IHA) test as described by EL-Bouqdaoui et al., 2005a. 

 

3.6.1.1  Haemagglutination Test  

The test was performed in micro titration plate (U-bottomed) using 1% chicken 

RBCs. It involves following steps:  

a. A 50µl of Phosphate buffered saline (PBS) was dispensed into each well of micro 

titration plate  

b. A 50µl of virus suspension (allantoic fluid) was added into 1
st
 well of plate 

c. Two fold serial dilution was made up to 11
th

 well and 50µl was discarded from 

11
th

 well keeping last well as virus control.  

d.  A 50µl of 1% chicken RBCs were added in all the wells and incubated at 37
O
C 

for 40 min.  

e. The plate/wells were checked for button formation and agglutination.  

f. A 4HA unit was calculated for further performance of HI test  

 

3.6.1.2  Haemagglutination Inhibition Test  

 

 After standardization of virus, the haemagglutinaion test was proceeded as follows  

a. A 50µl of PBS was dispensed into all the wells of micro titration plate.  

b. A 50µl of known serum was added into first well and two fold serial dilution was 

made up to 10
th

 well.  

c. A 50µl of 4HA unit of virus suspension was added up to 11
th

 well and plate was 

incubated at 37
O
C for 30 min  

d. A 50µl of 1% washed chicken RBCs was added in all the wells and incubation at 

37
O
C for 30 min was done.  

e. Button shape settling was considered as positive and the maximum dilution 

causing HI was recorded.  
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3.6.1.3   Indirect Haemagglutination Inhibition Test  

The IHA was performed to confirm the Infectious bronchitis virus. Indirect method is 

used for those RBC which have Ag determinant on their surface e.g. Sheep RBC, Rabbit 

(A & B) we use coupling agents to hide Ag determinant. These coupling agents coat 

RBC’s. The common coupling agents used are: Tannic acid, CrCl2, Guteraldehyde. 

a. Sheep RBCs were washed using Normal Saline (NS)  

b. Take 2 ml of RBC + 2 ml of coupling agent and incubate suspension at 37 
o
C for 

30 min. 

c. Centrifuge suspension and remove supernatant and collect RBC’s. 

d. Take 2 ml of RBC + 2 ml of Ag + 4 ml of N.S. and incubate at 37 
o
C for 45 min. 

e. Centrifuge and discard N.S. and excessive Ag and washing to remove loosely 

attach RBC. 

Procedure 

a. A 50 µl of N.S. was dispensed in all wells of micro titration plate. 

b. A 50 µl of serum in the 1
st
 well and make 2 fold dilution upto 11 well. 

c. A 50 µl of Ag coated RBCs was added in all wells. 

d. Incubate at 37 
o
C for 15 min and agglutination was noted 

 

3.7  Molecular confirmation  

The M. gallisepticum, M. synoviae NDV, IBV and AIV were confirmed through 

multiplex Polymerase Chain Reaction (PCR) as described by Pang et al., 2002.   

3.7.1 DNA Extraction:  

The DNA from the isolates was extracted using phenol chloroform method as 

detailed by Silveria et al., 1996.  



37 

 

Phenol Chloroform Method 

a. An equal volume of TE-saturated phenol was added to the DNA sample contained 

in a 1.5 ml microcentrifuge tube and mixed for 30 seconds. 

b. Mixture was centrifuged for 5 minutes at room temperature to separate the phases. 

c. Upper aqueous layer was removed in a clean tube carefully avoiding proteins at 

the aqueous phenol interface. 

d. Equal volume of water saturated ether was added, mixed and centrifuged for 3 

minutes at room temperature. DNA was precipitated by adding ethanol-acetate 

and collected in clean eppendorf and stored until further use. 

 

3.7.2 DNA confirmation: 

The DNA was confirmed through Spectrophotometeric method. 

a. A series of DNA solutions of different concentrations (e.g., 0 to 20g / m L) ;  

4L o f  e ach  o f  a  D N A  so l u t i on s  an d  an  e th i d i um -b ro mi de  

s o l u t i on  ( 1g / m L)  w e r e  mix ed  t o ge the r  and the same thing was done 

with 4 of the DNA solution, whose concentration was determined. 

b. Plastic foil was put on the bank of the UV light and then solution was pipetted 

side by side and drop by drop. 

c. Concentration was determined by comparison with the standards. 

d. Positive samples were screened out by using dot drop method. 

 

3.7.3 RNA Extraction  

 

Trizol reagent was used for RNA isolation with following protocol (Jackwood et 

al., 2007) 

a. Allantoic fluid / triturated specimen sample was mixed with 1ml TRIZOL reagent 

and homogenized by vigorous shaking.  

b. Incubation at room temperature (15-30)
 O

C for 5 min. 
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c. A 0.2ml chloroform was added and mixed by vigorous shaking followed by 

incubation at room temperature for 5min. 

d. Centrifugation was done at 12000rpm for 15 min (2-8
O
C) and supernatant was 

collected into fresh eppendorf tube. 

e. A 0.5ml Isopropyl alcohol was added and incubated at room temperature for 10 

min, followed by centrifugation at 12000rpm and supernatant was removed while 

RNA pellet at the bottom of tubes. 

f. Washing of RNA pellet was done with 1 ml of 17% Ethanol mixed with vortex 

shaking. The supernatant was removed after centrifugation at 7500rpm for 10 min. 

g. The sediment was air dry and the pellet was dissolved in 20µl DEPC treated 

water. 

h. Extracted RNA was stored at -20
O
C for further use.       

 

3.8  Procedure of Reverse transcription: 

The RNA was converted to cDNA by reverse transcriptase process using following 

protocol: 

a. In the first step extracted RNA was prepared for reverse transcription using 

following ratio. 
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Table 3.4: Preparation RNA for Reverse transcription 

Reagents Quantity (µl) 

RNA extracted 5 µl 

Random hexamer primer   2 µl 

DEPC treated water 3 µl 

 

b. Incubation at 70
O
C for 5 min and then cool at room temperature. 

c. Centrifuge briefly to ensure the entire sample at the bottom of tube 

d. 10 µl  of RT buffer mix (Table 3.5) was added  

 

Table 3.5: Buffer solution for Reverse Transcription  

 

Reagents Quantity (µl) 

5X RT buffer 4 µl 

BSA (acetylated 1mg/ml) 2 µl 

DTT (0.1M) 2 µl 

dNTPs (10mM each) 1 µl 

Reverse transcriptase (200U) 1 µl 

 

e. The 10 µl RNA mix and 10 µl RT buffer mix was added and incubated at 37
O
C 

for 1 hour and stored at -20
O
C until further use. 
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3.8.1 Selection of Primers for multiplex PCR 

The species specific primers were synthesized from E. oligos, Fermentas NY, USA with 

following sequences 

3.8.1.1  MG lp-PCR 

 MG-lpF 5'- GGA TCC CAT CTC GAC CAC GAG AAA A -3' 

 MG-lpR 5'- CCT TCA ATC AGT GAG TAA CTG ATG A -3' 

       (Niscimento et al., 1991) 

 

3.8.1.2  MS 16SrRNA-PCR 

 MS F  5'- GAA GCA AAT AGT GAT ATC A- 3' 

 MS R  5'- GTC GTC TCG AAG TTA ACA A – 3' 

       (Lauerman et al., 1993) 

3.8.1.3  ND F-PCR 

 NDFF  5'- GGA GGA TGT TGG CAG CAT T - 3' 

 NDFR  5'- GTC AAC ATA TAC ACC TCA TC-3' 

       (Stauber et al., 1995) 

3.8.1.4  IB S-PCR 

 IBSF  5'- CAT AAC TAA CAT AAG GGC A- 3' 

 IBSR  5'- TGA AAA CTG AAC AAA AGA CA-3' 

       (Kwon et al., 1993) 

3.8.1.5  AI HI-PCR 

 AIF  5'- AGC AAA AGC AGG GGA TAC-3' 

 AIR  5 - GTC TGA AAC CAT ACC ATC C-3' 

       (Pang et al., 2002) 
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3.9 Preparation of PCR cocktail 

 

The PCR reaction mixture containing ingredients (Table 3.6) was used for the 

amplification of cDNA. 

 

Table 3.6 Cocktail for multiplex PCR 

PCR reagents Amount (l) 

10 PCR buffer (50Mm Tris HCl, 100mM NaCl, 0.1 mM         

EDTA, 1 Mm dithiothreitol, 50% Glycerol and 1% triton X-100) pH 

8.0 at 25
 o
C, 

5l 

dNTP deoxynucleoside triphosphate (10mM) 1 l 

Reverse primer (50 M) 1 l each 

Forward primer (50 M) 1 l each 

MgCl2 (25 mM) 4 l 

Taq- polymerase (5U) (Invetrogen, USA) 
1 l 

cDNA product 
5 l 

DEPC treated water 
Upto 50 l 

3.10    Thermal cycler conditions 

The thermal cycler conditions were optimized in Peqlab advanced Prmus 25thermal 

cycler (PeqmanLab- Germany). The protocol for thermal cycler was optimized as initial 

denaturation at 94
O
C for 5 min followed by 40 cycles of denaturation at 94

O
C for 15 sec, 

annealing at 950
O
C for 30 sec and elongation at 72

O
C for 60 sec, while final extension 

was done at 72
O
C for 3 min. The amplicons were visualized through 1.5% agarose gel 

electrophoresis. 
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3.11  Analysis of RT-PCR product 

PCR products were electrophoresed on a 1.5% agarose gel containing ethidium bromide. 

A quantity of 3μl of 6x Loading Dye and 7μl of PCR product was mixed and loaded in 

the wells of agarose gel. A 100bp DNA ladder (Fermentas, USA) was loaded in the first 

well to compare the PCR/RT-PCR product. An electric current of 100volts was applied 

for 35 min and visualized under Gel documentation system (Dolphin Doc, USA) as 

described by (Liu et al., 2001) 

3.12 DNA sequencing 

The PCR products were purified using Ethanol precipitating method involving 

following steps. 

a. The PCR product was take in 1.5ml micro centrifuge tube containing 5µl of 3M 

sodium acetate (NaOAc) and 100µl of 95% ethanol and vortex to mix thoroughly  

b. Incubation was done at -20
O
C for 40 min to precipitate the PCR product. 

c. Centrifugation was done at 14,000rpm for 20 min and supernatant was removed 

carefully. 

d. Rinse the pallet with 300µl of 70% ethanol and centrifuge at 14,000 rpm for 5 min 

and supernatant was discarded. 

e. The pellet was vacuum dried and suspended in 50µl DEPC treated water. 

The Precipitated PCR product was submitted for sequencing to Institute of Biochemistry 

and Biotechnology, University of Veterinary and Animal Sciences, Lahore-Pakistan. 

 

3.13 Histopathological Studies 

 

Visceral organs showing typical signs of respiratory distress cases including 

Trachea and lungs were used for histopathological studies. Histopathology was done 

following the procedure, described by Bancroft and Gamble (2002). The various steps of 

this procedure are described below. 

Fixation of tissues 

For histopathological studies trachea and lungs were fixed in 10% neutral-

buffered formalin for at least two weeks to prevent postmortem changes and to get the 

tissues texture hard which is required for histopathological examination. The composition 

of 10% neutral-buffered formalin is given below: 
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Chemicals Quantity 

Formalin 37% (w/v) 100 ml 

Distilled Water 900 ml 

Sodium Dihydrogen Phosphate 4.0 g/L 

Disodium Hydrogen Phosphate 6.5 g/L 

 

Washing of Tissues 

The formalin preserved tissues were cut 1-2 mm thick in size and hydrated 

overnight in running tap water to remove excessive fixative. 

Dehydration 

Dehydration of the tissues was done in ascending grades of alcohol followed by 

clearance in xylene and mounting in paraffin. Different concentrations of alcohol used for 

dehydration and the duration for which tissues kept in them is given in table 3. 7 

Clearing 

 Clearing of the tissues was done by keeping them in xylene to remove the 

dehydrating agent as shown in table 3.8 

Infiltration 

 Tissues were infiltrated with the embedding agent (paraffin) to fix them and to 

remove xylene as shown in table 3.9 
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Table 3.7 Dehydration schedule of tissues using Alcohol 

 

Dehydrating agent Time (hrs) 

Alcohol 70% 6 

Alcohol 85% 6 

Alcohol 95% 6 

Absolute alcohol-1 2 

Absolute alcohol-II 1 

Alcohol + Xylene 45 min 

 

Table 3.8 Clearing of Tissues by Xylene 

 

Clearing agent Time (min) 

Xylene-I 30 

Xylene-II 30 

 

Table 3.9 Infiltration of Tissues by paraffin 

 

Infiltration agent Time (hrs) 

Paraffin-I 2 

Paraffin-II 2 

Paraffin-III 2 

 

Embedding 

 After infiltration, embedding of the tissues was done using tissue-tech machine. 

Paraffin wax was used for this purpose and the temperature of paraffin was kept at 70
O
C. 

The steel and plastic molds were used for blocking purpose. 
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Procedure 

a. Small amount of paraffin was poured into steel mold and then tissues were placed 

in the centre of steel molds 

b. Then it was covered with the plastic mold and paraffin was poured around the 

tissues. 

c. The blocks were cooled at -4
O
C to solidify paraffin and remove the steel molds. 

d. Extra wax over the tissues was removed with the help of a glass slide 

e. Blocks were stored in refrigerator till further use 

 

Sectioning 

 Before sectioning, blocks were soaked in water for 5-6 hrs. Sectioning was done 

with the help of microtome machine by the following procedure. 

Procedure 

a. Microtome was well oiled and cleaned with the help of xylene to remove any dirt 

particles. 

b. Thickness of the sections was adjusted at 4 µm. 

c. Object disk mounting block was placed in the tissue carrier and the clamp was 

tightened.  

d. Knife was adjusted in the knife clamp at a proper angle to paraffin tissue block 

e. With the help of screw handle, the cutting edge of the knife was faced to the tissue 

block. 

f. Microtome was run so as to cut the sections in the form of ribbons of tissues. 

g. The ribbons of tissues were placed in water bath at 48
O
C to open the folds of the 

tissues sections. 

h. The sections of the ribbons were separated from each other with the help of a 

needle 

 

Mounting 

 After sectioning, tissues sections were mounted on clean glass slides. A thin smear 

of egg albumin was applied on the glass slides having identification marks on them. The 

slides were dipped under the sections to get them impregnated with tissues. Slides were 

dried at 40
O
C for 3 hrs and then incubated in oven at 50

O
C for 1 hr. 
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Staining 

 The mounted sections were stained with H & E staining method. Different 

staining agents and the duration for which tissues were placed in them are shown in table 

3.10 Stained slides were mounted with DPX mount. A drop of DPX was put on the cover 

slips and slides were inverted on the cover slips. To avoid and bubbles, slides were 

pressed. To fix the DPX, slides were placed in oven. Slides were examined by light 

microscope at different magnifications for histopathological changes. 

 

Table 3.10 H & E Staining 

 

Staining agent Time (min) 

Xylene I 6 

Xylene II 6 

70% Alcohol 3 

Absolute Alcohol I 3 

Absolute Alcohol II 3 

Water 5 

Hematoxyline 12 

Water 7 

Acid alcohol 3 dips 

Water 3 

Ammonia Alcohol 3 

Water 5 

70% Alcohol 3 

Eosine 2 

70% Alcohol 1 

Absolute Alcohol I 3 

Absolute Alcohol II 3 

Xylene I 3 

Xylene II 3 
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3.14  Statistical Analysis 

In order to establish the statistical significance of the differences observed 

between any two groups and among three or more groups, the Mann-Whiteny U-test and 

Kruskal-Wallis test for multiple comparisons were used respectively. The subsequent 

parametric comparisons were made using Analysis of Variance (ANOVA) and Fisher’s 

exact test. Statistical significance was considered to be present when the P-values 

obtained were P<0.05. All statistical calculations were performed with the Minitab 

release 15 software program while 95% confidence interval (CI) was calculated by 

WinPepi software. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

The present work was carried out to record the serological involvement of 

Mycoplasma species including Mycoplasma gallisepticum (MG) and Mycoplasma 

synoviae (MS) in the respiratory distress cases of poultry birds including breeder, layer 

and broiler to record its impact on the involvement of other respiratory tract pathogens of 

bacterial and viral origin including Escherichia coli (E. coli), Avibacterium 

paragallinarum (Av. paragallinarum), Newcastle disease virus (NDV), Infectious 

bronchitis virus (IBV) and Avian influenza virus (AIV). Out of 77 flocks visited only 34 

(44.1%) complained about the respiratory distress including two (2) broiler breeder, 

fifteen (15) layer and seventeen (17) broiler flocks. The frequent forms of respiratory 

distress included coughing, sneezing, tracheal rales and wet nostrils. These flocks were 

distributed in different districts of Punjab including Faisalabad, Sheikhupura, Gujranwala, 

Gujrat, Rawalpindi and Multan. The serum samples were subjected to Serum Plate 

Agglutination (SPA) test for serological screening of Mycoplasma spp. On the basis of 

results of this serological test, two groups were made including SPA positive and SPA 

negative. Tissue specimen and swab samples including trachea, lungs, air sac swab and 

oral/nasal swabs were found to carry out variety of bacterial and viral pathogens not only 

in sero-positive but in sero-negative respiratory distress cases. 

The specimen samples were collected from infected and dead birds showing 

characteristic signs for isolation of pathogens.  

Breed wise sero-positivity in broiler breeder flocks was 50%, in layer it was 

highest at 86.6% while in broiler it was 76.5% as detailed in table. 4.1 and table 4.2. flock 

wise sero-positivity was highest at 63% in broiler breeder whereas, it ranges from 27-67% 

in layer and 31-61% in broilers. 
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Table 4.1  Flock-wise distribution of serological results for Mycoplasma species 

recorded through Serum Plate Agglutination test 
 

Farm no. 
Types of 

birds 

Total 

birds 

Sample 

collected  

(n) 

SPA +ve 

(n) 

SPA +ve 

(%) 
95% C.I. 

1 Br 29,000 186 117 63 55.79 - 69.62 

2 Br 50,000 321 - - - 

3 L 25000 161 88 55 47.54 - 62.83 

4 L 40,000 257 98 38 32.34 - 44.19 

5 L 10,000 65 32 49 37.24 - 61.29 

6 L 24,900 160 - - - 

7 L 6,000 39 26 67 50.89 - 80.05 

8 L 18,000 115 62 54 44.76 - 62.87 

9 L 15000 96 26 27 18.91 - 36.62 

10 L 30,000 193 75 39 32.17 - 45.88 

11 L 28,000 180 - - - 

12 L 23,000 148 83 56 48.01 - 63.92 

13 L 15,000 96 42 44 34.08 - 53.79 

14 L 49,000 315 122 39 33.77 - 44.52 

15 L 24,800 160 67 42 34.41 - 49.63 

16 L 28,500 183 95 52 44.67 - 59.09 

17 L 18,000 115 56 50 41.34 - 59.51 

18 B 12,000 77 40 52 40.82 - 62.93 

19 B 5,000 32 - - - 

20 B 17,000 110 43 39 30.31 - 48.44 

21 B 9,800 63 28 44 32.56 - 56.83 

22 B 14,000 90 46 51 40.83 - 61.32 

23 B 13,000 84 41 49 38.25 - 59.45 

24 B 10,000 64 39 61 48.62 - 72.28 

25 B 12,600 81 - - - 

26 B 20,000 129 42 33 25.60 - 41.80 

27 B 24,500 158 66 42 34.26 - 49.58 

28 B 23,000 148 46 31 24.02 - 38.88 

29 B 9,800 63 30 47 35.53 - 59.92 

30 B 10,000 64 33 52 39.39 - 63.60 

31 B 14,500 93 - - - 

32 B 11,800 76 42 55 43.99 - 66.14 

33 B 3,800 25 14 59 40.21 - 77.59 

34 B 5,800 37 - - - 
Br=Breeder, L= layer, B= Broiler, SPA=Serum Plate Agglutination, C.I.=Confidence interval 

 

 

 

Table 4.2: Breed-wise distribution of serological results for Mycoplasma 

gallisepticum and Mycoplasma synoviae recorded through Serum Plate 

Agglutination test 
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Types of birds 
Total farm 

visited 

SPA +ve 

(n) 

%age 

positivity 
95% C. I 

Breeder 2 1 50 2.50 - 97.50 

Layer 15 13 86.6 62.48 - 97.70 

Broiler 17 13 76.5 52.50 - 92.04 

Total 34 27 79.4 63.47 - 90.52 
Highly significant difference(X

2
=8.157;P<0.004)in the sero-positive and ser-negative flocks based 

on SPA test 

 

SPA=Serum Plate Agglutination test, C.I.=Confidence interval  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 Multiplex PCR based detection of opportunistic pathogens in sero-

positive broiler breeder flocks  

Out of SPA positive breeder flocks the highest recovery recorded was belonged to 

Mycoplasma gallisepticum (39.2%) followed by Newcastle disease virus (14.9%), E. coli 

(12.2%), Infectious bronchitis (5.4%), and avian influenza virus (2.7%) while 1.4% 

isolates were remained unidentified (table 4.3 & 4.4). Fisher exact test (P>0.05) 
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illustrated that the cultural recovery of MG (P=0.028 one-way ANOVA post hoc Tukey 

and Fisher exact) was significantly higher than other bacterial isolates while viral 

pathogens recovery was non-significant in sero-positive flocks of broiler breeder.  

4.2  Multiplex PCR based detection of opportunistic pathogens in sero-

negative broiler breeder flocks 

In case of breeder flocks with SPA negative status the percentage recovery 

was highest for Newcastle disease virus (11.9%) followed by Mycoplasma gallisepticum 

(5.9%), Mycoplasma synoviae (4.8%), E. coli (3.6%), Infectious bronchitis (3.6 %), and 

avian influenza virus (1.2%) as shown in Table 4.5 & 4.6. One-way ANOVA with post 

hoc comparison tests revealed that the difference among the bacterial and viral infections 

was not significant at 5 % significance level. 

Among bacterial pathogens, the sero-positive are significantly different from sero-

negative (one-way ANOVA P=0.038), while viral pathogens showed non-significant 

results among SPA +ve and SPA -ve flocks. 

 

 

 

 

 

 

Table 4.3  PCR based positivity of bacterial pathogens from breeder flocks out of 

Serum Plate Agglutination positive cases 

 

 

Farm 

No 

Specimen wise 

distribution 
Culture isolated 

Samples n 
MG 

(n) 
MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

Misc. 

(n) 

1 

Oral swabs 29 9 - 4 - 1 

Trachea 8 6 - 3 -  

Nasal swabs 20 14 - 2 -  

Lungs 17 - - - - 1 

 Total 74 29 - 9 - 2 

 Percentage  39.2  12.2  2.7 
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 95% C.I  
28.58 - 

50.63 
 

6.10 - 

21.14 
 

0.46 - 

8.64 
 

MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous, 

 

Table 4.4 PCR based positivity of Viral pathogens from breeder flocks out of Serum 

Plate Agglutination positive cases  

Farm No 

Specimen wise 

distribution 
Culture isolated 

Samples N 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

1 

Oral swabs 29 4 1 - - 

Trachea 8 2 1 - 1 

Nasal swabs 20 - - - - 

Lungs 17 5 2 2 - 

 Total 74 11 4 2 1 

 %age  14.9 5.4 2.7 1.4 

 95% C.I.  
8.07 - 

24.36 
1.74-12.52 

0.46 - 

8.64 

0.07 - 

6.48 

 
ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus 
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Table 4.5 Bacterial pathogens positivity by PCR from breeder flocks out of Serum 

Plate Agglutination negative cases 

Farm 

No 

Specimen wise 

distribution 
Culture isolated 

Samples n 
MG 

(n) 
MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

Misc. 

(n) 

2 

Oral swabs 39 2 1 - - 2 

Trachea 6 1 1 - - - 

Nasal swabs 33 2 2 2 - - 

Lungs 6 - - 1 - - 

 Total 84 5 4 3 - 2 

 %age  5.9 4.8 3.6 - 2.4 

 95% C.I.  
2.21-

12.7 

1.53-

11.09 

0.92-

9.41 
- 0.40-7.64 

 
MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous  

 

 

Table 4.6 Viral pathogens positivity by PCR from breeder flocks out of Serum Plate 

Agglutination negative cases 

Farm No 

Specimen wise 

distribution 
Culture isolated 

Samples (n) 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

2 

Oral swabs 39 1 2 - - 

Trachea 6 3 - 1 - 

Nasal 

swabs 
33 2 1 - 1 

Lungs 6 4 - - - 

 Total 84 10 3 1 1 

 %age  11.9 3.6 1.2 1.2 

 95% C.I.  6.21-20.19 
0.92 - 

9.41 
0.06-5.73 0.06-5.73 

ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus 
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4.3  Multiplex PCR based detection of opportunistic pathogens in sero-

positive layer Flocks 

 The recovery percentage of pathogens from layer flocks with sero-positive status 

was recorded as Mycoplasma gallisepticum (39.7%), E. coli (23.9%), Mycoplasma 

synoviae (7.1) and Av. paragallinarum (5.2). Among the bacterial pathogens (Table 4.7), 

MG was significantly different from other bacterial pathogens (P<0.001) one-way 

ANOVA (unstacked) with post hoc Tukey/Fisher exact test). With non-parametric 

analysis MG was significantly different from MS (P<0.001) and Av. Paragallinarum 

(P<0.001) by Kruskal-Wallis: All pair wise comparison as shown in Fig 4.1  

In case viral pathogens percentage recovery recorded was Newcastle disease virus 

(26.9%), Infectious bronchitis (4.9%), and avian influenza virus (1.3%) as detailed in 

table 4.8. Statistically, Newcastle disease virus was significantly different from IB 

(P<0.003) one-way ANOVA (unstaked) at 5% confidence interval while the Kruskal-

Wallis: All pairwise comparisons showed significant results for NDV as compared to IBV 

(P<0.001) and AIV (P<0.002) as represented in Fig 4.2 

4.4  Multiplex PCR based detection of respiratory tract pathogens in 

sero-negative layer Flocks 

  In case of serologically negative layer flocks the detection of respiratory tract 

bacterial pathogens was found highest for E. coli (10.9%), Mycoplasma gallisepticum 

(9.1%), Mycoplasma synoviae (5.5) and Av. paragallinarum (1.8%) as detailed in table 

4.9. Non-significant results were calculated among bacterial pathogens of serologically 

negative layer flocks.  

Among the viral pathogens highest recovery recorded belong to Newcastle disease 

virus (26.9%) followed by Infectious bronchitis (4.9%) and Avian influenza virus (1.3%) 

as described in table 4.10 while Newcastle disease virus shown statistically significant 

results.   
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Table 4.7 PCR based positivity of bacterial pathogens from layer flocks out of 

Serum Plate Agglutination positive cases 

Farm 

No 

Specimen wise 

distribution 
Culture isolated  

Samples (n) 
MG 

n (%) 
MS 
n (%) 

E. coli 

n(%) 

Av. 

paragallinarum 

n(%) 

Misc. 

n (%) 

3 

Oral swabs 21 7(33.3) - 2(9.5) -  

Trachea 8 6(45) - 3(37.5) -  

Lungs 9 3(33.3) - 3(33.3) -  

4 

Oral swabs 32 18(56.3) - 4(12.5) 1(3.1) 1(3) 

Trachea 17 12(70.6) - 1(5.9) -  

Lungs 14 - - - -  

5 

Oral swabs 20 11(55) - 6(30) -  

Trachea 8 4(50) - 2(25) -  

Lungs 09 - - - -  

Nasal swabs 31 12(38.7) - 4(12.9) - 2(6) 

7 

Nasal swabs 16 9(56.3) - 5(31.3) 2(12.5)  

Air sacs swabs 08 2(25) - 3(37.5) 1(12.5)  

Trachea 16 12(75) - 5(41.6) 1(6.25)  

8 
Lungs 12 - - - -  

Trachea 12 7(58.3) 3(25) 5(41.6) 2(16.7)  

9 

Oral swabs 16 6(37.5) 2(12.5) 5(31.3) 1(6.25) 1(6) 

Lungs 12 9(75) 3(25) 4(33.3) 2(16.6)  

Air sacs swabs 08 3(37.5) 1(12.5) 2(25) 2(25)  

10 
Trachea 7 4(57.1) 2(28.8) 2(28.8) 1(14.3)  

Nasal swabs 9 2(22.2) 1(11.1) 4(44.4) -  

12 
Trachea 16 6(37.5) 2(12.5) 6(37.5) 3(18.8)  

Lungs 14 7(50) 3(21.4) 4(28.6) 1(7.1)  

13 
Trachea 7 4(57.1) - 2(28.6) -  

Lungs 6 - - - -  

14 

Trachea 23 10(43.5) 4(17.4) 15(65.2) 2(8.7) 2(8) 

Nasal swabs 12 6(50) 2(16.6) 4(33.3) 1(8.33)  

Oral swabs 08 3(37.5) 2(25) 3(37.5) -  

15 
Trachea 11 6(54.5) 4(36.4) 3(27.3) -  

Lungs 09 - - - -  

16 
Trachea 16 2(12.5) - 3(18.8) 1(6.25)  

Air sac swabs 09 1(11.1) - 5(55.6) 1(11.1)  

17 

Lungs 17 - - - -  

Oral swabs 14 8(57.1) 2(14.3) 5(35.7) 2(14.2)  

Nasal swabs 17 4(23.5) 2(11.8) 1(5.9) -  
 Total 464 184 33 111 24 6 

 %age  39.7 7.1 23.9 5.2 1.3 
 95% C.I.  35.27-44.16 5.03-9.73 20.21-27.96 3.42-7.48 0.53-2.6 

MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous  
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Table 4.8 Recovery percentage of respiratory virus through PCR out of Serum Plate 

Agglutination positive layer flocks 

Farm No 

Specimen wise distribution Culture isolated 

Samples (n) 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

3 

Oral swabs 21 15 1 - - 

Trachea 8 2 - - - 

Lungs 09 8 1 - - 

4 

Oral swabs 32 3 2 - 2 

Trachea 17 4 - - - 

Lungs 14 8 2 1 - 

5 

Oral swabs 20 2 - - - 

Trachea 8 3 - - - 

Lungs 09 7 1 - - 

Nasal swabs 31 - - - 3 

7 

Nasal swabs 16 - - - - 

Air sacs swabs 08 4 1 - - 

Trachea 16 2 - - - 

8 
Lungs 12 8 1 - - 

Trachea 12 2 - - - 

9 

Oral swabs 16 2 1 - - 

Lungs 12 3 - - - 

Air sacs swabs 08 2 - - - 

10 
Trachea 7 3 1 - - 

Nasal swabs 9 1 - - - 

12 
Trachea 16 4 - 1 - 

Lungs 14 2 - - - 

13 
Trachea 7 3 1 1 - 

Lungs 6 1 1 1 - 

14 

Trachea 23 5 1 - 1 

Nasal swabs 12 1 - - - 

Oral swabs 08 - - - - 

15 
Trachea 11 2 1 - - 

Lungs 09 7 2 1 - 

16 
Trachea 16 1 - - - 

Air sac swabs 09 4 2 1 - 

17 

Lungs 17 13 2 - - 

Oral swabs 14 2 2 - - 

Nasal swabs 17 1 - - 1 

 Total 464 125 23 6 7 

 %age  26.9 4.9 1.3 1.5 

 95% C.I  23.05-31.1 3.24-7.23 0.5-2.6 0.6-2.9 
ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus 
 

Table 4.9 Bacterial pathogens positivity by PCR from layer flocks out of Serum 

Plate Agglutination negative cases 

 

Farm 

No 

Specimen wise 

distribution 
Culture isolated 
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Samples (n) 
MG 

(n) 
MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

Misc. 

(n) 

6 

Oral swabs 13 2 1 2 - - 

Trachea 2 - - 1 - - 

Nasal swabs 9 - 1 1 - - 

Lungs 2 1 - - - - 

11 

Lungs 8 - - 1 1 - 

Oral swabs 9 - 1 1 - - 

Trachea 12 2 - - - 1 

 Total 55 5 3 6 1 1 

 %age  9.1 5.5 10.9 1.8 1.8 

 95% C. I  
3.4- 

19.0 

1.4-

14.1 

4.54-

21.31 
0.09-8.64 0.09-8.64 

 
MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous  
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Table 4.10 PCR based positivity of viral pathogens from layer farms with Serum Plate 

Agglutination negative status 

Farm No 

Specimen wise 

distribution 
Culture isolated 

Samples (n) 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

6 

Oral swabs 13 2 1 - - 

Trachea 2 - - - - 

Nasal swabs 9 - - - 1 

Lungs 2 2 - - - 

11 

Lungs 8 2 - - - 

Oral swabs 9 1 1 - - 

Trachea 12 3 - -  

 Total 55 10 2 - 1 

 %age  18.2 3.6 - 1.8 

 95% C.I  9.62-30.02 0.61-11.50 - 0.09-8.6 
 

ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus  



59 

 

Multiple Comparisons Chart

Misc.BH.gallE.coliMSMG

7

6

5

4

3

2

1

D
a

ta

H.gall

E.coli

MS

MG

Misc.B

Misc.B

H.gall

M isc.B

H.gall

E.coli

M isc.B

H.gall

E.coli

MS

Z0-Z

Normal (0 ,1) Distr ibution

Sign Confidence Intervals
Desired C onfidence: 90,003

Family  A lpha: 0,2

Bonferroni Indiv idual A lpha: 0,02

Pairwise Comparisons
C omparisons: 10

|Bonferroni Z-v alue|: 2,326  

Figure 4.1:  Kruskal-Wallis: All Pairwise Comparisons (Minitab Inc.). Multiple 

comparisons of SPA positive bacterial infections in Layer flock. The left panel (boxplot) 

in the figure shows the significant confidence intervals for the bacterial infections, MG is 

significantly different from MS, Av. paragallinrum and Misc. B. In the right panel the 

pairwise comparisons are illustrated. E.coli is also significantly different from Av. 

paragallinrum. 
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Figure 4.2: Kruskal-Wallis: All Pairwise Comparisons (Minitab Inc.).Multiple 

comparisons of SPA positive viral infections in Layer flock. The left panel (boxplot) in 

the figure shows the significant confidence intervals for the viral infections, ND is 

significantly different from both the IB and AI. In the right panel the pairwise 

comparisons are illustrated.   

4.5  Multiplex PCR based detection of opportunistic pathogens in sero-

positive Broiler Flocks  

Out of SPA positive broiler flocks the highest percentage bacterial recovery 

belongs to Mycoplasma gallisepticum (39.6%) followed by E. coli (27.6%), Mycoplasma 

synoviae (13.1%) and Av. paragallinarum (7.7%) as presented in table 4.11. According to 
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statistical results, MG was found significantly different from that of MS and Av. 

paragallinarum at P<0.001 and P=0.002 respectively, while MS significantly different 

from E. coli (P=0.0119) and E. coli showed significant results from Av. paragallinarum 

with P=0.0002 (Kruskal-Wallis: All Pairwise Comparisons) as shown in Fig 4.3. 

In case of viral pathogens percentage recovery recorded was Newcastle disease 

virus (33.9%), Infectious bronchitis (2.5%) and avian influenza virus (1.6%) while 1.5% 

isolates were unidentified (table 4.12). The statistical analysis of the data revealed that 

Newcastle disease virus was significantly different from IB (P<0.0007) and AIV 

(P<0.0232) with Kruskal-Wallis: All Pairwise non-parametric Comparisons at 5 % 

significance level (Figure 4.4).  

4.6  Multiplex PCR based detection of opportunistic pathogens in sero-

negative Broiler Flocks  

In case of broiler flocks with SPA negative status the highest percentage recovery 

was highest for Newcastle disease virus (10.7%) and E. coli (10.7%), followed by Av. 

paragallinarum (7.4%), Mycoplasma synoviae (4.9%), Mycoplasma gallisepticum 

(4.1%), Infectious bronchitis (2.5 %), and avian influenza virus (1.6%) as shown in Table 

4.13 & 4.14. Statistically non-significant difference was recorded among bacterial as well 

as viral pathogens from SPA negative broiler flock at 5% significance level. 

The bacterial as well as the viral isolates showed statistically significant results 

among SPA positive and negative flocks with P< 0.001 and P<0.0039 (adjusted for ties) 

at 5 % significance level (non-parametric Mann-Whitney Test, Minitab 15, Inc.) 

 

Table 4.11 Detection of bacterial pathogens using PCR from Broiler flocks out of 

Serum Plate Agglutination positive cases 

Farm No 

Specimen wise 

distribution 
Culture isolated 

Samples (n) 
MG 

(n) 
MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

Misc. 

(n) 

18 

Oral swabs 22 16 7 5 1 3 

Trachea 14 7 1 4 2 - 

Nasal swabs 17 9 3 5 1 - 

Lungs 10 6 2 4 2 - 

20 

Oral swabs 20 - - - - 2 

Lungs 10 6 2 3 1 - 

Trachea 06 3 1 4 - - 



61 

 

21 

Lungs 02 1 - 1 1 - 

Trachea 4 1 - 2 1 - 

Nasal swabs 1 1 - 1 - - 

22 
Trachea 13 6 2 4 2 - 

Lungs 13 - - - - 1 

23 
Trachea 6 3 1 2 1 - 

Nasal swabs 11 4 1 3 1 - 

24 

Trachea 14 7 2 4 1 - 

Oral swabs 18 6 1 3 2 - 

Nasal swabs 10 5 2 4 1 - 

26 

Oral swab 17 3 1 6 2 - 

Trachea 15 8 4 6 2 - 

Nasal swabs 11 4 1 6 1 - 

27 
Trachea 06 - - - - - 

Lungs 18 11 3 2 1 - 

28 
Trachea 10 6 3 3 2 - 

Lungs 10 4 2 2 - - 

29 

Air sac swab 03 1 - 1 - - 

Lungs 06 2 - 3 - - 

Trachea 06 1 1 2 - - 

Oral swabs 06 - - - - - 

30 

Trachea 02 1 - 1 - - 

Lungs 02 1 - 1 - - 

Oral swabs 06 1 - 3 - - 

32 
Trachea 04 - - - - 1 

Lungs 04 2 1 2 - - 

33 
Trachea 07 4 2 2 1 - 

Nasal swabs 12 3 1 4 - - 
Total 336 133 44 93 26 7 

%age  39.6 13.1 27.6 7.7 2.1 

95% C.I  
34.45 to 

44.89 

9.80-

17.03 

23.09- 

32.65 
5.23-10.98 0.92-4.08 

MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous  

Table 4.12 Viral pathogen detection through RT-PCR from Broiler flocks out of 

Serum Plate Agglutination positive status 

Farm No 

Specimen wise distribution Culture isolated 

Samples (n) 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

18 

Oral swabs 22 6 2 - 1 

Trachea 14 6 1 1 1 

Nasal swabs 17 4 - - - 

Lungs 10 3 - - - 

20 

Oral swabs 20 8 - - 1 

Lungs 10 2 - - - 

Trachea 06 1 - - - 

21 

Lungs 02 1 - - - 

Trachea 4 3 - - - 

Nasal swabs 1 1 - - - 

22 Trachea 13 6 1 - - 
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Lungs 13 6 2 2 - 

23 
Trachea 6 3 1 - - 

Nasal swabs 11 2 - - - 

24 

Trachea 14 6 1 - - 

Oral swabs 18 2 - - 2 

Nasal swabs 10 4 - - - 

26 

Oral swab 17 7 1 - - 

Trachea 15 2 - - - 

Nasal swabs 11 4 - - - 

27 
Trachea 06 4 - 2 - 

Lungs 18 2 - - 1 

28 
Trachea 10 5 2 - - 

Lungs 10 4 1 - - 

29 

Air sac swab 03 1 - - - 

Lungs 06 2 - - - 

Trachea 06 1 - - - 

Oral swabs 06 4 1 1 - 

30 

Trachea 02 1 - - - 

Lungs 02 1 - - - 

Oral swabs 06 2 - - - 

32 
Trachea 04 2 - - - 

Lungs 04 1 - - - 

33 
Trachea 07 3 - - - 

Nasal swabs 12 4 1 - - 

Total 336 114 14 6 5 

%age  33.9 4.2 1.8 1.5 

95% C. I  29.01-39.12 
2.39-

6.73 
0.73-3.68 0.55-3.27 

ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus 
Table 4.13 Detection of bacterial pathogens using PCR from Broiler flocks out of 

Serum Plate Agglutination negative cases 

 

Farm 

No 

Specimen wise 

distribution 
Culture isolated 

Samples (n) 
MG 

(n) 
MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

Misc. 

(n) 

19 

Oral 

swabs 
19 - 1 3 - 1 

Trachea 2 - - 2 - - 

Lungs 9 - - 1 2 - 

Nasal 

swabs 
17 1 - - 1 2 

25 

Lungs 07 2 - - 1 - 

Oral 

swabs 
9 - 1 1 2 - 

31 
Trachea 7 1 1 1 1 - 

Lungs 7 - 1 2 - - 

34 Lungs 16 1 - 1 1 - 
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Oral 

swabs 
14 - 1 - 1 - 

Trachea 15 - 1 2 - 1 

Total 122 5 6 13 9 4 

%age  4.1 4.9 10.7 7.4 3.3 

95% C.I.  
1.52- 

8.85 

2.02- 

9.95 

6.06 - 

17.11 
3.66 - 13.10 1.05-7.72 

  
MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous  
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Table 4.14 RT-PCR based detection of viral pathogens from Broiler flocks out with 

Serum Plate Agglutination negative status 

 

Farm No 

Specimen wise 

distribution 
Culture isolated 

Samples (n) 
ND 

(n) 
IB 

(n) 
AI 

(n) 
Misc. 

(n) 

19 

Oral swabs 19 2 1 - 1 

Trachea 2 1 - - - 

Lungs 9 - - - - 

Nasal swabs 17 2 - - 1 

25 
Lungs 07 2 - 1 - 

Oral swabs 9 - - - - 

31 
Trachea 7 1 - - - 

Lungs 7 1 - 1 - 

34 

Lungs 16 1 1 - - 

Oral swabs 14 2 1 - - 

Trachea 15 1 - - - 

Total 122 13 3 2 2 

%age  10.7 2.5 1.6 1.6 

95% C.I.  6.06-17.11 
0.63-

6.54 

0.28-

5.31 

0.28-

5.31 

 
ND= Newcastle disease virus, IB= Infectious bronchitis virus, AI- Avian influenza virus 
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Figure 4.3 Data illustration for bacterial infections recovered from SPA positive Broiler 

flocks. Each dot shows the individual value of a virus and cart-wheel shows 

the mean value for that bacteria. 
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Figure 4.4: Bacterial pathogens data from Sero-positive Broiler flock is illustrated in 

boxplot. The line bar in the box shows the median value for the respective bacteria while 

the box size describes the range of the values. The asterisks are the outlier for the group.     
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Multiple Comparisons Chart
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|Bonferroni Z-v alue|: 2,326  

Figure 4.5  Kruskal-Wallis: All Pairwise Comparisons (Minitab Inc.). Multiple 

comparisons of Sero-positive bacterial infections in Broiler flock. The left panel (boxplot) 

in the figure shows the significant confidence intervals for the bacterial infections, MG is 

significantly different from MS and Av. paragallinarum. In the right panel the pairwise 

comparisons are illustrated. Significant results MS from E. coli as well as E. coli itself is 

significantly different from that of Av. paragallinarum, when tested at 5 % significance 

level. 
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Figure 4.6  Data illustration for viral infections recovered from SPA positive Broiler 

flocks. Each dot shows the individual value of a virus and cart-wheel shows the mean 

value for that virus. 
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Figure 4.7: Viral infections data SPA positive Broiler flock is illustrated in boxplot. The 

line bar in the box shows the median value for the respective virus while the box size 

describes the range of the values. The asterisk is the outlier for the group. 
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Figure 4.8: Kruskal-Wallis: All Pairwise Comparisons (Minitab Inc.). Multiple 

comparisons of SPA positive viral infections in Broiler flock. The left panel (boxplot) in 

the figure shows the significant confidence intervals for the viral infections, ND is 

significantly different from IB. In the right panel the pairwise comparisons are illustrated. 
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4.7 Comparative breed-wise distribution of PCR based positive 

pathogens between sero-positive and sero-negative birds 
 Among the breeder, layer and broiler flocks with sero-positive status, highest 

recovery of bacterial pathogens was belong to MG (39.6%) followed by E. coli (24.4%), 

MS (8.8%) and Av. Paragallinarum (5.7%) as detailed in table 4.15. The statistical results 

showed that in SPA positive the bacterial infections are significantly different among 

each other at 5% significance level (One-way ANOVA Minitab release 15). The p-value 

is P=0.010, after post hoc pairwise comparisons as mentioned later of overall analysis. 

MS and Av. gallinarum are significantly less found as compared to that of MG among the 

bacterial infections (Fig 4.9 & 4.10).  

While in case of viral pathogens the recovery percentage was recorded as NDV 

(28.6%), IBV (4.7%) and AIV (1.6%) as discussed in table 4.15. Statically, the viral, SPA 

positive infections are significantly different among each other at 5% significance level 

(One-way ANOVA Minitab release 15), with p-value is P=0.003. with post hoc pairwise 

comparisons of overall analysis as shown in Fig 4.11 & 4.12, IBV and AIV are 

significantly less found as compared to that of NDV among the viral infections (Tukey`s 

and Fisher post hoc pairwise comparisons at 95% confidence interval. 

The recovery percentage of bacterial pathogens from sero-negative flocks 

including breeder, layer and broiler flocks the recovery percentage was recorded as E. 

coli (8.4%), MG (5.8%), MS (4.9%) and Av. paragallinarum (3.8%). While in case 

of viral pathogens the recovery rate was NDV (12.6%), IBV (3.1%) and AIV (1.1%) as 

detailed in table 4.16. 

All the SPA negative isolates were analyzed separately (bacterial and viral) 

irrespective of the identification of breed. The bacterial isolates showed no statistically 

significant difference among different bacterial infections. The data for SPA negative 

bacterial infections is shown in figures 4.13 & 4.14. 

 The SPA negative viral isolates` analysis showed significant difference among 

different virus when analyzed the data from all breeds` flocks. IB and AI out of SPA 

negative isolates were significantly decreased (P=0.005) from that of ND when analyzed 

with One-way ANOVA (Unstacked); both Tukey`s and Fisher post hoc tests at 95% 

confidence interval (Fig 4.15 & Fig 4.16). 

 

Table 4.15 Overall PCR based distribution among different chicken with sero-positive 

status.  
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Breed 

 

 

(n) 
MG 

(n) 

MS 

(n) 

E. coli 

(n) 

Av. 

paragallinarum 

(n) 

ND 

(n) 

IB 

(n) 

AI 

(n) 

Breeder 74 29 - 9 - 11 4 2 

Layer 464 184 33 111 24 125 23 6 

Broiler 336 133 44 93 26 114 14 6 

Total 874 346 77 213 50 250 41 14 

%age 39.6 8.8 24.4 5.7 28.6 4.7 1.6 

95% C.I 
36.38-

42.86 

7.06-

10.83 

21.61-

27.30 
4.32-7.41 

25.68-

31.67 

3.43-

6.25 

0.91-

2.61 

 
MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous, ND= Newcastle disease virus, 

IB=Infectious bronchitis virus, AI- Avian influenza virus 

 

Table 4.16 Overall breed wise distribution of bacterial and viral pathogen by PCR 

from Serum Plate Agglutination negative cases 

 

 

 

(n) MG 

(n) 
MS 

(n) 
E. coli 

(n) 

Av. 
paragallinarum 

(n) 

ND 

(n) 
IB 

(n) 
AI 

(n) 

Breeder 84 5 4 3 - 10 3 1 

Layer 55 5 3 6 1 10 2 - 

Broiler 122 5 6 13 9 13 3 2 

Total 261 15 13 22 10 33 8 3 

%age 5.8 4.9 8.4 3.8 12.6 3.1 1.1 

95% C.I 
3.38-

9.10 

2.80-

8.16 

5.49-

12.28 
1.96-6.72 

9.01-

17.1 

1.43-

5.74 

0.29-

3.10 

 
MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, Misc= Miscellaneous, ND= Newcastle disease virus, 

IB=Infectious bronchitis virus, AI- Avian influenza virus 
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Fig 4.9:  Scatter plot of individual bacterial values in sero-positive data. Each dot 

shows the individual value while the cart circle shows the mean value for 

the group. 
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Fig 4. 10:   Boxplot of SPA positive bacterial data. The dark line in the box is median 

value for the bacteria, while cart-wheel shows the mean values for the 

same bacteria. MS and Av.galli are significantly different from that of MG 

(One-way ANOVA). 
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Fig.4. 11:  Scatter plot of individual viral values in SPA positive data. Each dot shows 

the individual value while the cart circle shows the mean value for the 

group. 
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Fig 4.12:  Boxplot of SPA positive viral data. The dark line in the box is median 

value for the virused, while cart-wheel shows the mean values for the same 

virus. IB and AI are significantly different from that of ND (One-way 

ANOVA). 
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Fig  4. 13:  Scatter plot of individual bacterial values in SPA negative data. Each dot 

shows the individual value while the cart circle shows the mean value for 

the group. 
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Fig 4.14:  Boxplot of SPA negative bacterial data. The dark line in the box is median 

value for the bacterium, while cart-wheel shows the mean values for the 

same bacteria (One-way ANOVA). 

 

 



73 

 

AI_1IB_1ND_1

12

10

8

6

4

2

0

D
a

ta

Individual Value Plot of ND_1; IB_1; AI_1

 
Fig. 4.15:  Scatter plot of individual viral values of SPA negative isolates. Each dot 

shows the individual value while the cart circle shows the mean value for 

the group. 
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Fig. 4.16:  Boxplot of SPA negative viral data. The dark line in the box is median 

value for the viruses, while cart-wheel shows the mean values for the same 

virus. IB and AI  are significantly different from that of ND (One-way 

ANOVA). 

 

4.8 overall PCR based recovery of bacterial and viral pathogens from 

respiratory distress cases 
In case of respiratory distress cases of chicks irrespective of serological status the 

highest involvement of bacterial pathogens recorded was MG (31.8%), followed by E. 

coli (20.7%), MS (7.9%) and Av. paragallinarum (5.3%). In overall, there is significant 

difference among bacterial infections (P=0.012) at 5% significance level, One-way 

ANOVA (Unstacked) with Tukey`s and Fisher post hoc tests. The individual scatter as 

well as the boxplot for bacterial data is presented in Fig.4.17 and 4.18 respectively. In 
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bacteria, MS and Av. paragallinarum are both significantly less (different) from that of 

MG at 95% confidence interval in Tukey`s and Fisher post hoc pairwise comparison. 

Moreover, in case viral pathogens recovery from respiratory distress cases was 

recorded maximum in NDV (24.9%) then IBV (4.3%) and AIV (1.5%). In overall, there 

is also significant difference among viral infections (P=0.004) at 5% significance level, 

One-way ANOVA (Unstacked) with Tukey`s and Fisher post hoc tests. The individual 

scatter as well as the boxplot for viral data is presented in Fig 4.19 and 4.20, respectively.  

In viruses, NDV was significantly higher (different) from that of IBV and AIV at 

95% confidence interval in Tukey`s and Fisher post hoc pairwise comparison.
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Fig 4.17:  Scatter plot of individual bacterial values in overall data. Each dot shows 

the individual value while the blue colored cart circle shows the mean 

value for the group. 
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Fig 4.18:   Boxplot of overall bacterial data. The dark line in the box is median value 

for the bacteria, while cart-wheel shows the mean values for the same 

bacteria. MS and Av. paragallinarum are significantly different from that 

of MG (One-way ANOVA). 
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Fig 4.19:  Scatter plot of individual viral values in overall data. Each dot shows the 

individual value while the blue colored cart circle shows the mean value 

for the group. 
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Fig 4.20:  Boxplot of overall viral data. The dark line in the box is median value for 

the viruses, while cart-wheel shows the mean values for the same virus. IB 

and AI are significantly different from that of ND (One-way ANOVA). 

 

Table 4.17: Overall comparative bacterial and viral isolation recovery from breeder, 

layer and broiler flocks with sero-positive and sero-negative status 

 

 

 

(n) MG 

(n) 
MS 

(n) 
E. coli 

(n) 

Av. 
paragallinarum 

(n) 

ND 

(n) 
IB 

(n) 
AI 

(n) 

SPA +ve 874 346 77 213 50 250 41 14 

SPA –ve 261 15 13 22 10 33 8 3 

Total 1135 361 90 235 60 283 49 17 

%age 31.8 7.9 20.7 5.3 24.9 4.3 1.5 

95% C.I 
29.1-

34.5 
6.46-9.61 18.4-23.1 4.09 - 6.71 22.4-27.5 3.2-5.62 0.90-2.34 
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MG= Mycoplasma gallisepticum, MS= Mycoplasma synoviae, ND= Newcastle disease virus, IB=Infectious bronchitis 

virus, AI- Avian influenza virus, SPA= Serum Plate Agglutination  
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a)  

b)  

c)  

 

Plate 4.1 Serum Plate Agglutination (SPA) test: a) Mycoplasma gallisepticum, b) 

Mycoplasma synoviae, c) Mycoplasma gallisepticum and Mycoplasma 

synoviae. 
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Table 4.18  Comparative biochemical characteristics recorded for the differential 

identification of Mycoplasma gallisepticum and Mycoplasma synoviae 

isolates recovered from chronic respiratory disease cases of breeder, layer 

and broiler birds in Punjab, Pakistan. 

 

 

Species 
Glucose 

catabolism 

Arginine 

Hydrolysis 

Phasphatase 

activity 

Film and 

spot 

assay 

Tetrazolium 

reduction 

M. gallisepticum + - - - + 

M. synoviae + - + + + 

M. meleagridis - + + - - 

M. iowae + + - - + 

M.galinarum - + - + + 
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Plate 4.2 Mycoplasma spp. showing typical fried egg colonies on modified frey's 

medium (seen under light microscope at 40X) 

 

 

 
 

Plate 4.3 Film and spot assay positive result for Mycoplasma synoviae. 
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Plate 4.4 Pinkish lactose positive colonies of E. coli on MacConkey's agar (A, B C), 

giving a metallic appearance on EMB medium (D). 
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Table 4.19 Biochemical characteristics of Avibacterium paragallinarum isolated from 

respiratory distress cases in Punjab, Pakistan. 

Test Result 

Urease - 

Catalase - 

Glucose + 

Sucrose + 

Mannitol + 

Lactose - 

Maltose _ 

Trehalose - 

Fructose + 

 

 

 

 

 

Plate 4.5: Typical colonies of Avibacterium paragallinarum on 5% sheep blood agar 

supplemented with NAD. 

 

 

 

Table 4.20 Specimen sample wise distribution of bacterial pathogen detected through 

PCR and cultural technique from breeder flock with sero-positive status 

Sample 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 
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Oral swabs 29 9 7 - - 4 - 

Trachea 8 6 4 - - 3 - 

Nasal 

swabs 
20 14 12 - - 2 - 

Lungs 17 - - - - - - 

Total 74 29 22 - - 9 - 

Percentage 39.2 29.7 - - 12.2 - 

95% C.I. 
28.58- 

50.63 

20.16-

40.85 
- - 

6.10- 

21.14 
 

 

Table 4.21 Specimen sample wise distribution of viral pathogen detected through 

PCR and cultural technique from breeder flock with sero-positive status. 

Sample 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

Oral swabs 29 4 3 1 - - - 

Trachea 8 2 1 1 1 - - 

Nasal 

swabs 
20 

- - - - - - 

Lungs 17 5 3 2 1 2 1 

Total 74 11 7 4 2 2 1 

Percentage 14.9 9.4 5.4 2.7 2.7 1.4 

95% C.I. 
8.07- 

24.36 

4.23- 

17.82 

1.74- 

12.52 

0.46- 

8.64 

0.46- 

8.64 

0.07- 

6.48 
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Table 4.22 Flock-wise distribution of PCR and cultural positive cases of bacterial 

pathogens out of serum plate agglutination test negative breeder flock.  

Sample 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

Oral swabs 39 2 1 1 1 - - 

Trachea 6 1 - 1 - - - 

Nasal 

swabs 
33 2 2 2 1 2 - 

Lungs 6 - - - - 1 - 

Total 84 5 3 4 2 3 - 

Percentage 5.9 3.5 4.8 2.4 3.6 - 

95% C.I. 
2.21- 

12.70 

0.92-

9.41 

1.53- 

11.09 

0.40- 

7.64 

0.92-

9.41 
 

 

Table 4.23 Flock-wise distribution of PCR and cultural positive cases of viral 

pathogens out of serum plate agglutination test negative breeder flock.  

 

Sample 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

Oral swabs 39 1 - 2 1 - - 

Trachea 6 3 2 - - 1 1 

Nasal 

swabs 
33 2 1 1 - - - 

Lungs 6 4 3 - - - - 

Total 84 10 6 3 1 1 1 

Percentage 11.9 7.1 3.6 1.2 1.2 1.2 

95% C.I. 
6.21- 

20.19 

2.95- 

14.26 

0.92-

9.41 

0.06-

5.73 

0.06-

5.73 

0.06-

5.73 
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Table 4. 24 Flock-wise distribution of samples positive for bacterial pathogens 

screened through PCR and cultural positive in sero-positive layer flocks 

 

Flock 

no. 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

3 38 16 13 - - 8 - 

4 63 30 22 - - 5 1 

5 68 27 21 - - 12 - 

7 40 23 20 - - 13 4 

8 24 7 6 3 1 5 2 

9 36 18 15 6 2 11 5 

10 16 6 4 3 2 6 1 

12 30 13 11 5 4 10 4 

13 13 4 3 - - 2 - 

14 43 19 17 8 6 22 3 

15 20 6 4 4 1 3 - 

16 25 3 2 - - 8 2 

17 48 12 9 4 2 6 2 

Total 464 184 147 33 18 111 24 

Percentage 39.7 31.7 7.1 3.9 23.9 5.2 

95% C.I. 
35.27- 

44.16 

27.57- 

36.02 

5.03- 

9.73 

2.39- 

5.95 

20.21- 

27.96 
3.42- 7.48 
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Table 4. 25 Flock-wise distribution of samples positive for viral pathogens screened 

through PCR and cultural positive in sero-positive layer flocks. 

 

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

3 38 25 23 2 1 - - 

4 63 15 14 4 3 1 - 

5 68 12 9 1 1 - - 

7 40 6 5 1 - - - 

8 24 10 6 1 - - - 

9 36 7 5 1 1 - - 

10 16 4 3 1 - - - 

12 30 6 5 - - 1 1 

13 13 4 2 2 1 2 2 

14 43 6 3 1 - - - 

15 20 9 6 3 2 1 - 

16 25 5 4 2 2 1 1 

17 48 16 13 4 3 - - 

Total 464 125 98 23 14 6 4 

Percentage 26.9 21.1 4.9 3.0 1.3 0.8 

95% C.I. 
23.05- 

31.12 

17.59- 

25.01 

3.24- 

7.23 

1.73- 

4.89 

0.53- 

2.67 

0.27- 

2.07 
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Table 4. 26 Flock-wise distribution of samples positive for bacterial pathogens 

screened through PCR and cultural positive in sero-negative layer flocks 

 

  

Flock 

no. 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

6 26 3 2 2 1 4 - 

11 29 2 2 1 1 2 1 

Total 55 5 4 3 2 6 1 

Percentage 9.1 7.3 5.5 3.6 10.9 1.8 

95% C.I. 
3.41- 

19.00 

2.35-

16.62 

1.41-

14.13 

0.61- 

11.50 

4.54- 

21.31 
0.09- 8.64 

 

 

 

Table 4. 27 Flock-wise distribution of samples positive for viral pathogens screened 

through PCR and cultural positive in sero-negative layer flocks 

 

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

6 26 4 3 1 1 - - 

11 29 6 4 1 - - - 

Total 55 10 7 2 1 - - 

Percentage 18.1 12.7 3.6 1.8 - - 

95% C.I. 
9.62- 

30.02 

5.74- 

23.56 

0.61-

11.50 

0.09- 

8.64 
- - 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. 28 Flock-wise distribution of samples positive for bacterial pathogens 

confirmed through PCR and cultural positive in sero-positive broiler flocks  

 

Flock no. 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

18 63 38 32 13 10 18 6 
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20 36 9 7 3 2 7 1 

21 7 3 2 - - 4 2 

22 26 6 4 2 2 4 2 

23 17 7 4 2 1 5 2 

24 42 18 13 5 4 11 4 

26 43 15 11 6 3 18 5 

27 24 11 7 3 2 2 1 

28 20 10 8 5 3 5 2 

29 21 4 2 1 1 6 - 

30 10 3 1 - - 5 - 

32 8 2 2 1 1 2 - 

33 19 7 6 3 2 6 1 

Total 336 133 99 44 31 93 26 

Percentage 39.6 29.5 13.1 9.2 27.6 7.7 

95% C. I. 
34.45- 

44.89 

24.77- 

34.51 

9.80- 

17.03 

6.47- 

12.68 
23.09- 32.65 5.23- 10.98 
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Table 4.29 Flock-wise distribution of samples positive for viral pathogens confirmed 

through PCR and cultural positive in sero-positive broiler flocks   

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

18 63 19 16 3 2 1 1 

20 36 11 9 - - - - 

21 7 5 3 - - - - 

22 26 12 10 3 1 2 1 

23 17 5 4 1 1 - - 

24 42 12 9 1 - - - 

26 43 13 11 1 1 - - 

27 24 6 3 - - 2 1 

28 20 9 7 3 2 - - 

29 21 8 6 1 1 1 1 

30 10 4 1 - - - - 

32 8 3 2 - - - - 

33 19 7 6 1 1 - - 

Total 336 114 87 14 9 6 4 

Percentage 33.9 25.9 4.2 2.7 1.8 1.2 

95% C.I. 
29.01- 

39.12 

21.42- 

30.78 

2.39- 

6.73 

1.31- 

4.86 

0.73- 

3.68 

0.38- 

2.85 
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Table 4. 30 Flock-wise distribution of samples positive for bacterial pathogens 

confirmed through PCR and cultural positive in sero-negative broiler 

flocks 

  

Flock no. 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

19 47 1 1 1 1 6 3 

25 16 2 1 1 - 1 3 

31 14 1 - 2 1 3 1 

34 45 1 1 2 2 3 2 

Total 122 5 3 6 4 13 9 

Percentage 4.1 2.4 4.9 3.3 10.7 7.4 

95% C.I. 
1.52- 

8.85 

0.63- 

6.54 

2.02- 

9.95 

1.05- 

7.72 
6.06- 17.11 3.66- 13.10 

  

 

Table 4. 31 Flock-wise distribution of samples positive for viral pathogens confirmed 

through PCR and cultural positive in sero-negative broiler flocks 

 

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

19 47 5 4 1 1 - - 

25 16 2 1 - - 1 - 

31 14 2 2 - - 1 1 

34 45 4 2 2 1 - - 

Total 122 13 9 3 2 2 1 

Percentage 10.7 7.4 2.4 1.6 1.6 0.8 

95% C.I. 
6.06- 

17.11 

3.66-

13.10 

0.63- 

6.54 

0.28-

5.31 

0.28-

5.31 

0.04-

3.98 
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Table 4. 32 Overall distribution of samples positive for bacterial pathogens confirmed 

through PCR and cultural positive in sero-positive breeder, layer and 

broiler flocks. 

 

Flock 

type 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

Breeder 74 29 22 - - 9 - 

Layer 464 184 147 33 18 111 24 

Broiler 336 133 99 44 31 93 26 

Total 874 346 268 77 49 213 50 

Percentage 39.6 30.7 8.8 5.6 24.4 5.7 

95% C.I. 
36.38- 

42.86 

27.67- 

33.78 

7.06-

10.83 

4.22-

7.28 
21.61-27.30 4.32-7.41 

 

 

 

Table 4. 33 Overall distribution of samples positive for viral pathogens confirmed 

through RT-PCR and cultural positive in sero-positive breeder, layer and 

broiler flocks. 

 

 

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

Breeder 74 11 7 4 2 2 1 

Layer 464 125 98 23 14 6 4 

Broiler 336 114 87 14 9 6 4 

Total 874 250 192 41 25 14 9 

Percentage 28.6 21.9 4.7 2.9 1.6 1.0 

95% C.I. 
25.68-

31.67 

19.21-

24.69 

3.43-

6.25 

1.90-

4.13 

0.91-

2.61 

0.50-

1.88 



92 

 

Table 4. 34 Overall distribution of samples positive for bacterial pathogens confirmed 

through PCR and cultural positive in sero-negative breeder, layer and 

broiler flocks. 

 

 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

Breeder 84 5 3 4 2 3 - 

Layer 55 5 4 3 2 6 1 

Broiler 122 5 3 6 4 13 9 

Total 261 15 10 13 8 22 10 

Percentage 5.8 3.8 4.9 3.1 8.4 3.8 

95% C.I. 
3.38-

9.10 

1.96-

6.72 

2.8-

8.16 

1.43-

5.74 
5.49-12.28 1.96-6.72 

 

 

Table 4. 35 Overall distribution of samples positive for viral pathogens confirmed 

through RT-PCR and cultural positive in sero-negative breeder, layer and 

broiler flocks. 

 

 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

Breeder 84 10 6 3 1 1 1 

Layer 55 10 7 2 1 - - 

Broiler 122 13 9 3 2 2 1 

Total 261 33 22 8 4 3 2 

Percentage 12.6 8.4 3.1 1.5 1.1 0.8 

95% C. I. 
9.01- 

17.10 

5.49-

12.28 

1.43-

5.74 

0.49-

3.65 

0.29-

3.10 

0.13-

2.51 
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Table 4. 36 Overall distribution of samples positive for bacterial pathogens confirmed 

through PCR and cultural positive in sero-positive and sero-negative 

flocks. 

 

Flock no. 

Specimen 

Collected 

(n) 

Mycoplasma 

gallisepticum 

Mycoplasma 

synoviae E. coli 
Av. 

paragallinarum 
PCR Culture PCR Culture 

SPA +ve 874 346 268 77 49 213 50 

SPA –ve 261 15 10 13 8 22 10 

Total 1135 361 278 90 57 235 60 

Percentage 31.8 24.5 7.9 5.0 20.7 5.3 

95% C.I. 
29.14-

34.56 

22.06-

27.06 

6.46-

9.61 

3.86-

6.41 
18.42-23.14 4.09-6.71 

Highly significant difference for Mycoplasma gallisepticum and Mycoplasma synoviae with 

(X
2
=15.005;P<0.0001 and X

2
=7.91;P<0.005) respectively  

 

 

Table 4. 37 Overall distribution of samples positive for viral pathogens confirmed 

through RT-PCR and cultural positive in sero-positive and sero-negative 

flocks. 

 

 

Flock no. 

Specimen 

Collected 

(n) 

NDV IBV AIV 

PCR Culture PCR Culture PCR Culture 

SPA +ve 874 250 192 41 25 14 9 

SPA –ve 261 33 22 8 4 3 2 

Total 1135 283 214 49 29 17 11 

Percentage  24.9 18.9 4.3 2.6 1.5 0.9 

95% C.I. 
22.48-

27.51 

16.74- 

21.30 

3.25-

5.62 

1.82-

3.70 

0.90-

2.34 

0.51-

1.68 
Highly significant difference for Newcastle disease Virus (X

2
=12.265;P<0.0001) and non-significant 

Infectious bronchitis virus and Avian Influenza virus  (X
2
=5.3`;P<0.021and X

2
=1.32;P<0.254) respectively 



94 

 

 

 

 

Plate 4.6 PCR based amplification of Mycoplasma gallisepticum lp gene. Lane 1: 

100bp DNA ladder (Invitrogen, USA), Lane 2-6: 732bp MG-PCR 

products from respiratory distress cases. 
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Plate 4.7 PCR based amplification of Mycoplasma synoviae 16SrRNA gene. Lane 

M: 100bp DNA marker (Invitrogen, USA), Lane 1: negative control, Lane 

2, 3, 4, 5 and 9: 207 bp amplification of 16SrRNA MS-PCR product, Lane 

6,7,8: negative samples for Mycoplasma synoviae. 
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Plate 4.8 732bp lp-gene PCR products for Mycoplasma gallisepticum (Lane 1-4) 

and 207bp 16SrRNA PCR product for Mycoplasma synoviae (Lane 5-8). 

Lane M: 100bp DNA marker (Invitrogen, USA) 
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Plate 4.9 Multiplex PCR for simultaneous detection of Mycoplasma gallisepticum 

and Mycoplasma synoviae. Lane M: 100bp DNA ladder (Invitrogen USA), 

Lane 1: negative sample, Lane 2-9: 207bp 16SrRNA PCR product of 

Mycoplasma synoviae, Lane 4, 8 & 9: 732bp product for Mycoplasma 

gallisepticum from respiratory distress cases. 



98 

 

 

 

 

 

Plate 4.10 Multiplex PCR for the simultaneous detection of Mycoplasma 

gallisepticum and Mycoplasma synoviae from the respiratory distress 

cases. Lane M: 100bp DNA marker (Invitrogen, USA). Lane 1: negative 

sample. Lane 3,4,5&6: 207bp 16SrRNA PCR product for Mycoplasma 

synoviae. Lane 2&4: 732 bp lp-gene product of Mycoplasma gallisepticum 

for respiratory distress cases. 
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Plate 4.11 Amplification of F-gene RT-PCR of Newcastle disease virus. Lane M: 

100bp DNA ladder (Invitrogen, USA). Lane 1: negative control. Lane 

2,3&4: 320bp product of F-gene from respiratory distress cases. 
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Plate 4.12 RT-PCR based amplification of Infectious bronchitis virus S-gene form 

clinical samples. Lane M: 1kb-plus DNA ladder (Invitrogen). Lane 1-5: 

1720bp RT-PCR product of S-gene from respiratory distress cases. 
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Plate 4.13 RT-PCR based amplification of Avian influenza virus HI-gene. Lane M: 

100bp DNA marker (Invitrogen, USA). Lane 1-5: HI-gene amplification 

of 1050bp. 
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Plate 4.14 RT-PCR based amplification of Infectious bronchitis virus S-gene and 

Avian influenza virus HI-gene. Lane M: 100bp DNA marker (Invitrogen, 

USA). Lane 1-4: 1720bp RT-PCR product of IBV. Lane 5-7: 1050bp 

product of AIV from birds showing of respiratory tarct. 
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Plate 4.15 Multiplex-PCR amplification of respiratory tract pathogens. Lane M: 

marker 100bp, lane 1: positive samples for Newcastle disease virus 

(320bp) and Avian influenza virus (1050bp), Lane 2: Newcastle disease 

virus (320bp), Lane 3: Mycoplasma gallisepticum (720bp) and Infectious 

bronchitis virus (1720bp), Lane 4 & 6: Mycoplasma gallisepticum 

(720bp), Lane 5: Infectious bronchitis virus (1720bp). 
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Mycoplasma gallisepticum strain ABSuafMG2011 lipoprotein (lp) gene, 

partial cds 

 

GAAAACCCTAATTTAGTTTCAAGAATTGTTTTTACCAGCGATACTCCTAAAGA

TGGACTAAATTCGATCTTTAATGATCGTACTGTTAGCTCAACAGCATTAGTAG

CAAGTTATAATTTCCAAGCATTTAAAAATCCCAAAGACCAACCTTTTGATGAA

AACAAGGGGATGAGAGCTTATAACCAATTCATTACTAGAGGGTTGGACAGTT

ATGTAAATAGTACAACTAAAGGGATTAATATTCCCAACAACTTATCATCAGAT

TCTGGTGGTAAGTTGTTAATGACTGCTTCTGATATGTTCGATAGTTTTGACGTA

TCATTTAGTGCAGCTTATGTTCAACAATATTTAAAACAAACTAATAATACTAA

CCGTGATACTGTTGGTGTAGTTCAATCAGATATTGATGAGATCAATCTGATGA

ATAATTTCATTAGAGCTAAGGCAAATGGTAACACAACCAACACCTACTCACA

ACAGATTACTAATAATTCATTATTAAAAACTGGTGAAGCGAATCGAACTACT

GATCCATATTACAATGCTTATGCAGATTTAGCAGCTGGAACTAAAGATATCCA

CGAAATCTTTGAATGGAATGGGATGAAGACAGTTGATT 

 

Fig 4.21 Nucleotide sequence of ABSuafMG2011 for lp-gene (GenBank accession 

no. JN114112) 
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Mycoplasma gallisepticum strain ABSfsdMG2011 lipoprotein (lp) gene, 

partial cds 

 

TTTCGCTTCCAAAGGGTAATTCATCTTAATGATCGCAGCATTAGTAGCAAGTT

ATAATTTCCACCAAAGACCAACCTTTTGATGAAAACAAGGGGATGAGAGCTT

ATAACCAATTCATTACTAGAGGCAGTTATGTAAATAGTACAACTAAAGGGAT

TAATATTCCCAACAACTTATCATCAGATTCTGGTGGTAAGTTGTTAATGACTG

CTTCTGATATGTTCGATAGTTTTGACGTATCATTTAGTGCAGCTTATGTTCAAC

AATATTTAAAACAAACTAATAATACTAACCGTGATACTGTTGGTGTAGTTCAA

TCAGATATTGATGAGATCAATCTGATGAATAATTTCATTAGAGCAATGGTAAC

ACAACCAACACCTACTCACAAATTACTAATAATTCATTATTAAAAACTGGTGA

AGCGAATCGAACTACTGATCCATATTACAATGCTTATGCAGATTTAGCAGCTG

GAACTAAAGATATCCACGAAATCTTTGAATGAAATGGGATGAAGACAGTTGA

TTCTTCGAAATCAGATAATTCATCAACAAACGTAATGAGTAAAAATATGAAC

GCTAGTAAGTTCTTATTTTCTCGTGGTCGAATGGGAT 

 

Fig 4.22 Nucleotide sequence of ABSsdfMG2011 for lp-gene  
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Mycoplasma synoviae strain ABSfsdMS2011 16S ribosomal RNA gene, 

partial sequence  

 

GATGTTGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAATCGTAGAT

CCTCCTACGGTGAATACGTTCTCGGGTCTTGTACACACCCCCGTCACACCATG

GGAGCTGGTAATGCCCGAAGTCGGTTTGTTAACTTCAGACGACACGGCTTACC

AGAGGGGGGGGAACTCTTAAGAGGGGGGGTGAAAGGGGGGGGG 

 

Fig 4.23 Nucleotide sequence of ABSfsdMS2011 for 16S ribosomal RNA gene 

(GenBank accession no. JN638722)  
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Mycoplasma synoviae strain ABSuafMS2011 16S ribosomal RNA gene, 

partial sequence   

 

GGTGGGGCGGGTGTACAAGACCCGAGAGTATTCACCGTAGCGTAGCTGATGA

TTACTAGCGATTCCGACTTCATGTAGTCGAGTTCGACAATCCAACTGAGAACG

ATTTTTTGAGATTTGCTTGATATCCTATTTGCTATTTTT  

 

Fig 4. 24 Nucleotide sequence of ABSuafMS2011 for 16S ribosomal RNA gene 
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Mycoplasma synoviae strain ABSpkMS2011 16S ribosomal RNA gene, 

partial sequence   

 

GGGTGGGGCGGGTGTACAAGACCCGAGAACGTATTCACCGTAGCGTAGCTGT

CGATTACTAGCGATTCCGACTTCATGTAGTCGACCAACACAATCCGAACTGAG

AACGATTTTTTGAGATTTGCTTGTATCATATTTGCTGGCCGAAGTCGGTTTGTT

AACTTCAACGACTTTTAAAGTTCGTTGT 

 

 

Fig 4. 25 Nucleotide sequence of ABSpkMS2011 for 16S ribosomal RNA gene 
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Newcastle disease virus strain ABSuafND2011 fusion protein (F) gene, 

partial cds 

 

ATATACACCTCATCTCAAACAGGGTCAATCATAGTCAAATTGCTC

CCGAATATGCCCAAGGATAAAGAGGCGTGTGCAAAAGCCCCATT

AGAGGCATACAATAGAACACTGACCACTTTACTCACTCCCCTGGG

CGATTCTATCCGTAGGATACAAGGGTCCGTGTCCACATCCGGAGG

GAGGAGACAGAAACGCTTCATAGGTGCCGTTATTGGCAGTGT 

 

Fig 4.26 Nucleotide sequence of ABSuafND2011 for f-gene (GenBank accession 

no. 160608)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Newcastle disease virus strain ABSfsdND2011 fusion protein (F) gene, 

partial cds: 
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CATATACACCTCATCTCAAACAGGATCAATCATAGTCAAATTGCTCCCGAATA

TGCCCAAGGATAAAGAGGCGTGTGCAAAAGCCCCATTAGAGGCATACAATAG

AACACTGACCACTTTACTCACTCCCCTGGGCGATTCTATCCGTAGGATACAAG

GGTCCGTGTCCACATCCGGAGGGAGGAGACAGAAACGCTTTATAGGTGCCGT

TATTGGCAGTGTAGCTCTTGGGGTTGCAACAGCAGCGCAGATAACAGCAGCT

GCGGCCCTAATCCAAGCTAACCAGAATGCTGCCAACATCCT 

 

 

 

 

Fig 4.27 Nucleotide sequence of ABSfsdND2011 for f-gene (GenBank accession 

no. 377950) 
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LOCUS       JN114112                 619 bp    DNA     linear   BCT 02-NOV-2011 

DEFINITION  Mycoplasma gallisepticum strain ABSuafMG2011 lipoprotein (lp) gene, partial cds. 

ACCESSION   JN114112 

VERSION     JN114112.1  GI:354686708 

SOURCE      Mycoplasma gallisepticum 

  ORGANISM  Mycoplasma gallisepticum 

            Bacteria; Tenericutes; Mollicutes; Mycoplasmataceae; Mycoplasma. 

REFERENCE   1  (bases 1 to 619) 

  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I. and Muhammad,G. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (13-JUN-2011) Institute of Microbiology, University of 

            Agriculture, Faisalabad-Pakistan, Faisalabad, Punjab 38040,Pakistan 

FEATURES             Location/Qualifiers 

     source          1..619 

                     /organism="Mycoplasma gallisepticum" 

                     /mol_type="genomic DNA" 

                     /strain="ABSuafMG2011" 

                     /isolation_source="tracheal samples collected from 

                     respiratory distress cases" 

                     /host="broiler chicken" 

                     /db_xref="taxon:2096" 

                     /country="Pakistan: Faisalabad" 

                     /collection_date="2011" 

     gene            <1..>619 

                     /gene="lp" 

     CDS             <1..>619 

                     /gene="lp" 

                     /note="surface protein" 

                     /codon_start=1 

                     /transl_table=4 

                     /product="lipoprotein" 

                     /protein_id="AER36007.1" 

                     /db_xref="GI:354686709" 

                     /translation="ENPNLVSRIVFTSDTPKDGLNSIFNDRTVSSTALVASYNFQAFK 

                     NPKDQPFDENKGMRAYNQFITRGLDSYVNSTTKGINIPNNLSSDSGGKLLMTASDMFD 

                     SFDVSFSAAYVQQYLKQTNNTNRDTVGVVQSDIDEINLMNNFIRAKANGNTTNTYSQQ 

                     ITNNSLLKTGEANRTTDPYYNAYADLAAGTKDIHEIFEWNGMKTVD" 

ORIGIN       

        1   gaaaacccta atttagtttc aagaattgtt tttaccagcg atactcctaa agatggacta 

       61 aattcgatct ttaatgatcg tactgttagc tcaacagcat tagtagcaag ttataatttc 

      121 caagcattta aaaatcccaa agaccaacct tttgatgaaa acaaggggat gagagcttat 

      181 aaccaattca ttactagagg gttggacagt tatgtaaata gtacaactaa agggattaat 

      241 attcccaaca acttatcatc agattctggt ggtaagttgt taatgactgc ttctgatatg 

      301 ttcgatagtt ttgacgtatc atttagtgca gcttatgttc aacaatattt aaaacaaact 

      361 aataatacta accgtgatac tgttggtgta gttcaatcag atattgatga gatcaatctg 

      421 atgaataatt tcattagagc taaggcaaat ggtaacacaa ccaacaccta ctcacaacag 

      481 attactaata attcattatt aaaaactggt gaagcgaatc gaactactga tccatattac 

      541 aatgcttatg cagatttagc agctggaact aaagatatcc acgaaatctt tgaatggaat 

      601 gggatgaaga cagttgatt 

Fig 4.28 Mycoplasma gallisepticum strain ABSuafMG2011 lipoprotein (lp) gene, 

partial cds (Accession no JN114112): 

LOCUS       JN638722                 202 bp    DNA     linear   BCT 24-OCT-2011 

DEFINITION  Mycoplasma synoviae strain ABSfsdMS2011 16S ribosomal RNA gene, 

            partial sequence. 

ACCESSION   JN638722 

VERSION     JN638722.1  GI:353351162 

KEYWORDS     .  

SOURCE      Mycoplasma synoviae 

  ORGANISM  Mycoplasma synoviae 

            Bacteria; Tenericutes; Mollicutes; Mycoplasmataceae; Mycoplasma. 

REFERENCE   1  (bases 1 to 202) 
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  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I., Muhammad,G. and Aslam,B. 

  TITLE     Molecular diagnosis of avian Mycoplasma species in poultry birds 

            and farm premises 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 202) 

  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I., Muhammad,G. and Aslam,B. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (29-JUL-2011) Institute of Microbiology, University of 

            Agriculture, Faisalabad, Jail Road, Faisalabad, Punjab 38040, 

            Pakistan 

FEATURES             Location/Qualifiers 

     source          1..202 

                     / organism="Mycoplasma synoviae" 

                     / mol_type="genomic DNA" 

                     / strain="ABSfsdMS2011" 

                     / isolation_source="respiratory tract infection" 

                     / host="chicken" 

                     / db_xref="taxon:2109" 

                     / country="Pakistan: Faisalabad" 

     rRNA            <1..>202 

                     / product="16S ribosomal RNA" 

ORIGIN       

        1 gatgttgtct gcaactcgac tacatgaagt cggaatcgct agtaatcgta gatcctccta 

       11 cggtgaatac gttctcgggt cttgtacaca cccccgtcac accatgggag ctggtaatgc 

      121 ccgaagtcgg tttgttaact tcagacgaca cggcttacca gagggggggg aactcttaag 

      181 agggggggtg aaaggggggg gg 

 

Fig 4.29 Mycoplasma synoviae strain ABSfsdMS2011 16S ribosomal RNA gene, 

partial sequence (Accession no JN638722) 
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LOCUS       JN160608                 221 bp    cRNA    linear   VRL 02-NOV-2011 

DEFINITION  Newcastle disease virus strain ABSuafND2011 fusion protein (F) 

            gene, partial cds. 

ACCESSION   JN160608 

VERSION     JN160608.1  GI:354686710 

KEYWORDS     .  

SOURCE      Newcastle disease virus 

  ORGANISM  Newcastle disease virus 

            Viruses; ssRNA negative-strand viruses; Mononegavirales; 

            Paramyxoviridae; Paramyxovirinae; Avulavirus. 

REFERENCE   1  (bases 1 to 221) 

  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I. and Muhammad,G. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (20-JUN-2011) Institute of Microbiology, University of 

            Agriculture, Faisalabad, Faisalabad, Punjab 38040, Pakistan 

FEATURES             Location/Qualifiers 

     source          1..221 

                     / organism="Newcastle disease virus" 

                     / mol_type="viral cRNA" 

                     / strain="ABSuafND2011" 

                     / isolation_source="spleen" 

                     / host="chicken" 

                     / db_xref="taxon:11176" 

                     / country="Pakistan" 

                     / collection_date="Jan-2011" 

     gene            <1..>221 

                     / gene="F" 

     CDS             <1..>221 

                     / gene="F" 

                     / note="attachment protein" 

                     / codon_start=1 

                     / product="fusion protein" 

                     / protein_id="AER36008.1" 

                     / db_xref="GI:354686711" 

                     / translation="IYTSSQTGSIIVKLLPNMPKDKEACAKAPLEAYNRTLTTLLTPL 

                     GDSIRRIQGSVSTSGGRRQKRFIGAVIGSV" 

ORIGIN       

        1 atatacacct catctcaaac agggtcaatc atagtcaaat tgctcccgaa tatgcccaag 

       11 gataaagagg cgtgtgcaaa agccccatta gaggcataca atagaacact gaccacttta 

      121 ctcactcccc tgggcgattc tatccgtagg atacaagggt ccgtgtccac atccggaggg 

      181 aggagacaga aacgcttcat aggtgccgtt attggcagtg t 

 

Fig 4.30 Newcastle disease virus strain ABSuafND2011 fusion protein (F) gene, 

partial cds (Accession no JN160608) 

 

 

 

LOCUS       JN377950                 303 bp    cRNA    linear   VRL 19-DEC-2011 

DEFINITION  Newcastle disease virus strain ABSfsdND2011 fusion protein (F ) gene, partial cds. 

ACCESSION   JN377950 

VERSION     JN377950.1  GI:361671504 

SOURCE      Newcastle disease virus 

  ORGANISM  Newcastle disease virus 

            Viruses; ssRNA negative-strand viruses; Mononegavirales; 

            Paramyxoviridae; Paramyxovirinae; Avulavirus. 

REFERENCE   1  (bases 1 to 303) 
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  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I. and Muhammad,G. 

  TITLE     Molecular diagnosis of avian respiratory tract pathogens from 

            chronic respiratory disease cases in Punjab-Pakistan 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 303) 

  AUTHORS   Siddique,A.B., Rahman,S.U., Hussain,I. and Muhammad,G. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (20-JUL-2011) Institute of Microbiology, University of 

            Agriculture, Faisalabad, Faisalabad, Punjab 38040, Pakistan 

FEATURES             Location/Qualifiers 

     source          1..303 

                     / organism="Newcastle disease virus" 

                     / mol_type="viral cRNA" 

                     / strain="ABSfsdND2011" 

                     / host="chicken" 

                     / db_xref="taxon:11176" 

                     / country="Pakistan: Faisalabad" 

                     / collection_date="20-Feb-2011" 

     gene            <1..>303 

                     / gene="F" 

     CDS             <1..>303 

                     / gene="F" 

                     / codon_start=2 

                     / product="fusion protein" 

                     / protein_id="AEW12111.1" 

                     / db_xref="GI:361671505" 

                     / translation="IYTSSQTGSIIVKLLPNMPKDKEACAKAPLEAYNRTLTTLLTPL 

                     GDSIRRIQGSVSTSGGRRQKRFIGAVIGSVALGVATAAQITAAAALIQANQNAANIL" 

ORIGIN       

        1 catatacacc tcatctcaaa caggatcaat catagtcaaa ttgctcccga atatgcccaa 

       11 ggataaagag gcgtgtgcaa aagccccatt agaggcatac aatagaacac tgaccacttt 

      121 actcactccc ctgggcgatt ctatccgtag gatacaaggg tccgtgtcca catccggagg 

      181 gaggagacag aaacgcttta taggtgccgt tattggcagt gtagctcttg gggttgcaac 

      241 agcagcgcag ataacagcag ctgcggccct aatccaagct aaccagaatg ctgccaacat 

      101 cct 

Fig 4.31 Newcastle disease virus strain ABSfsdND2011 fusion protein (F) gene, 

partial cds (Accession no JN638722) 
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Fig 4.32 Phylogenetic tree of ABSuafMG2011 (JN114112) with other GenBank 

sequences for the lp-gene 
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Fig 4.33 Neighbor joining of ABSfsdMG2011 with other GenBank sequences for 

the lp-gene 
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Fig 4.34 Phylogenetic tree of ABSuafND2011 (JN160608) with other GenBank 

sequences for f-gene 
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Fig 4.35 Neighbor joining of ABSfsdND2011 (377950) with other GenBank 

sequences for f-gene 
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Fig 4.36 Neighbor joining of ABSuafMS2011 with other GenBank sequences for 

16S rRNA-gene 



120 

 

 
 

 

Fig 4.37 Neighbor joining of ABSfsdMS2011 (JN638722) with other GenBank 

sequences for 16S rRNA-gene 
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Fig 4.38 Neighbor joining of ABSpkMS2011 with other GenBank sequences for 

16S rRNA-gene 

Histopathological studies 
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 For Histopathological studies organs like lungs an trachea were fixed in the 10% 

neutral-buffered formalin. Fixed tissues were hydrated over night and then dehydration 

was done in ascending grades of alcohol. After sectioning, tissues were processed by H & 

E staining method. Pathological changes found in trachea and lungs are described below: 

 

Trachea 

 The histopathological changes seen in trachea included sloughing of epithelium, 

congestion, cellular infiltration and exudation as shown in Plate 4. 16 & 4.17  

Lungs 

The H&E stained histopathological changes seen in lungs were cellular 

infiltration, degeneration of alveoli, odema, congestion, thicken interlobular septae with 

broken and collapsed alveoli as observed in Plate 4.18 & 4.19.  
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Plate 4. 16: Photomicrograph of trachea indicating congestion and cellular infiltration 

(1250 X) 

 

Plate 4.17: Photomicrograph of trachea depicting sloughing of epithelium, polymorph 

nuclear infiltration and congestion (1250 X) 
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Plate 4.18: Photomicrograph of lung showing broken alveoli with cellular infiltration 

(1250 X) 

 

  

 

Plate 4. 19: Photomicrograph of lungs showing congestion with broken and thickened 

alveoli (1250 X) 
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DISCUSSION 

Poultry industry is one of the organized and vibrant sectors of Pakistan with 

current investment of Rs. 200 billion and with 8-10% annual robust and 15 to 20% annual 

growth rate (Annonymous, 2011). It’s a source of employment for about 1.5 million 

people. Every family in rural areas and every fifth family in urban areas are associated 

with poultry production in one way or the other (Rashid et al., 2009). Despite its high 

growth rate, poultry sector is facing a lot of problems in terms of infectious diseases; 

among them respiratory tract infections has its major role (Ali and Reynolds, 2000). 

4.9 Mycoplasmosis 

Mycoplasmas are the smallest known bacteria, capable of replicating outside of 

cell (Kleven and Garcia, 2003). It belongs to Genus 1, Mycoplasmas, order 1, 

Mycoplasmatales and class Mollicutes (division Tenericutes) (Kleven, 1990). It has more 

than 100 species which cause diseases in humans and animals but only four of them are 

the pathogens of domestic poultry including Mycoplasma gallisepticum, Mycoplasma 

synoviae, Mycoplasma meleagridis and Mycoplasma iowae. Among them Mycoplasma 

gallisepticum and Mycoplasma synoviae can cause disease in chickens (Ley, 2008).  

 The disease cause by Mycoplasma is commonly known as Chronic Respiratory 

Disease (CRD). Mycoplasma gallisepticum is considered to be the most important of the 

pathogenic and economically mycoplasmal pathogen and also the World organization for 

animal health (OIE), has designated the disease caused by MG as notifiable (OIE, 2004). 

It is a major problem in poultry industry worldwide and its infection in turkey cause 

infectious sinusitis (Levisohn and Kleven, 2000; Gabriel et al., 2005). Losses attributed to 

mycoplasmosis, mainly MG infection, are due to decrease in egg production and egg 

quality, poor hatchability (high rate of embryonic mortality and culling of day-old birds), 

poor feed efficiency, increase in mortality and carcass condemnation, besides medication 

cost (Mohammed et al., 1987; Yoder Jr, 1991; Ley, 2008). Other Mycoplasma which 

attribute to CRD is Mycoplasma synoviae (MS) is also an important pathogen of domestic 

poultry, causing economic losses to poultry industry worldwide. The economic 

consequences are important because of decreased egg production, growth and hatchability 

rates and significant downgrading of carcasses at slaughter due to airscculitis and arthritis 
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lesions (Kleven, 2003). MS is mostly involved in asymptomatic infections (Stipkovits & 

Kempf, 1996) while pathogenicity of MS isolates varies considerably, which is a 

characteristic feature of this bacterium (Lockaby 1998; Ley, 2008). In some countries, the 

prevalence of MS in chicken flocks is increasing and even overcoming that of MG in 

breeding flocks as reported in Brazil.  

 Mycoplasma gallisepticum is found as an upper respiratory infection which most 

of the times remain sub clinical and for a few times it goes systemic and results in severe 

respiratory distress conditions (CRD). Along with Newcastle disease and infectious 

bronchitis, it cause air saculitis and sometimes it becomes systemic (Jordan, 1996). 

4.9.1 Serology for avian mycoplasmas 

 In the present study serological involvement of Mycoplasma gallisepticum and 

Mycoplasma synoviae in the respiratory distress cases was recorded using Serum Plate 

agglutination (SPA) test. Out of 34 flocks showing respiratory distress sign 27 (79.4%) 

were positive for Mycoplasma spp. including one flock from breeder (50%), 13 flocks 

from layer (86.6%) and 17 broiler flocks (76.5%) as detailed in table 4.1 & 4.2. In layer 

flocks the serological results ranges 27-67% while in broiler flocks it is 31-61% (table 

4.1). 

4.9.2 Culture and PCR based detection of Mycoplasma species 

 The culture positivity of Mycoplasma gallisepticum in the sero-positive flocks 

was recorded as 29.7%, 31.7% and 29.5% from breeder, layer and boiler flocks, 

respectively, while detection through PCR was recorded as 39.2% 39.7 and 39.6% 

respectively. The detection of MG from sero-positive flocks was recorded (30.7%) 

through culture (39.6%) using PCR technique. In case of sero-negative flocks the culture 

recovery percentage was recorded as 3.5%, 7.3% and 2.4% from breeder, layer and 

broiler flocks, whereas PCR based positivity was recorded in breeder (5.9%), layer 

(9.1%) and broiler (3.1%). The overall culture and PCR positivity from sero-negative 

flocks was recorded as 1.96% and 3.38%, respectively. The overall prevalence of 

Mycoplasma gallisepticum based on cultural isolation and PCR identification was 

observed as 24.5% and 31.8%, respectively. 
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 In case of culture positivity of Mycoplasma synoviae in the sero-positive flocks 

was recorded as 3.9% and 9.2% from layer and boiler flocks, respectively, while 

detection through PCR was recorded as 7.1% and 13.1% respectively. The breeder flocks 

were negative for MS through cultural as well PCR based detection. The overall detection 

of MS from sero-positive flocks was recorded (5.6%) through culture and (8.8%) using 

PCR technique. In case of sero-negative flocks the culture recovery percentage was 

recorded as 2.4%, 3.6% and 3.3% from breeder, layer and broiler flocks, whereas PCR 

based positivity was recorded in breeder (4.8%), layer (5.5%) and broiler (4.9%). The 

overall culture and PCR positivity from sero-negative flocks was recorded as 3.1% and 

4.9%, respectively. The prevalence recorded for Mycoplasma synoviae through cultural 

isolation and identiftication was 5.0% and through PCR 7.9%. 

 Statistically Mycoplasma gallisepticum was found significantly different in SPA 

positive breeder (P>0.040), layer (P>0.042) and broiler (P>0.008) flocks from SPA 

negative flocks. Overall MG was found significantly high (P>0.0001) in SPA positive 

flocks. In case of Mycoplasma synoviae, the sero-positive flocks shown significantly high 

(P>0.002) recovery for MS as compared to sero-negative flocks. There is non-significant 

difference among the breeds of chicks involved (breeder, layer and broiler).  

 Kleven and Bradbury, 2008 suggested SPA as quick, sensitive, relatively in 

expensive and recommended for flock monitoring for mycoplasmosis and sero-diagnosis. 

However, it is less specific to other serological tests like Haemagglutination Inhibition 

(HI) and ELISA (Ley et al., 2008) and prone to non-specific reaction and false positive 

results (Avakian and Kleven, 1993; Czifra et al., 1993; Abdelmoumen and Roy, 1995; 

Osman et al., 2009) PCR based confirmation is recommended in SPA positive flocks 

(Feberwee et al., 2005; Ewing et al., 1995a). The findings of Serological status of this 

study coincide with those of Ehtisham et al., (2011) with 76.57% sero-positivity and 

Salamat, (2007) with 78.9% from Pakistan, Gharaibeh and Roussan, (2008) with 73.5% 

from Jordan, Sarkar et al., 2005 with 58.9% and Alam et al., 2003 from Bangladesh, 

Chakraborty et al., 2001 from India, khoshkhoo et al., 2011 with 42.5% from Iran, Majid, 

1996 in Malaysia, Feberwee et al., 2008 with 73% sero-positivity in Dutch, Buim et al., 

2009 with 72.7% from Brazil, Pandey and hasegawa, 1998 from Zambia, Kohn et al., 

2009 with 75% from Germany, Kapetanov et al 2010 from Serbia, Botus et al., 2008 with 
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80% sero-positivity, Heleili et al., 2011 with 83% from Algeria and Mushi et al., 1999 in 

Botswana.  

 The fall of positivity of isolates from SPA towards cultural examination was also 

reported by Mallinson and Rosentin (1976); Ewing et al., (1996). While the increased 

tendency in the sensitivity of SPA to cultural examination was reported by Roberts and 

Olesiuk 1996. Ewing et al., 1996; Avakian et al., 1992; Gharaibeh and Roussan, 2008 

also reported similar findings. 

 For the successful isolation of Mycoplasma species various specimen samples 

were collected from the clinically chronic respiratory diseases cases of broiler and layer 

which includes trachea, air sac swab, oral swabs and lung tissue, but trachea and air sac 

samples were the samples of choice as it is the predilection site of multiplication of 

Mycoplasma species (Hitchner et al., 1980). These findings are closely related to Yoder 

Jr, 1991; Lay & Yoder Jr, 1997; Nascimento et al., 2005; Le et al., 2006; Helail, 1998; 

Paakpinyo, 2007; Gharaibeh and Roussan, 2008 and Senties et al. 2005. The essential 

nutritive requirements for the growth of Mycoplasma species require mainly beef heart 

infusion, peptone, yeast extract and serum (Hayflick, 1965). Serum is essential 

requirement for the growth of mycoplasmas along with NAD and cystein. Moreover 

penicillin and relative insusceptible thallium acetate is used to create selectivity as 

mycoplasmas are absolute resistant to these drugs. (Edward, 1947; Kleven, 2003).   

 The characteristic morphology of Mycoplasma species obtained on frey's 

modified medium was small, smooth, circular, having fried egg appearance with central 

dense and outer translucent area. Similar characteristics of colonies of Mycoplasma spp. 

have been reported by several workers (Khalil, 1984; Kleven, 2003; Ley, 2008).  

 The overall results showed that the increase in sero-positivity of MG and MS 

there is increase in PCR based positivity of MG and MS. Keeping the cultural isolation as 

gold standard for MG and MS (Sprygin et al., 2010) the PCR based identification was 

found more sensitive as compared to cultural isolation techniques Mallinson and 

Rosentin, 1976; Ewing et al., 1996. Similar results have been reported by  Marois et al., 

2000; Pourbakhsh et al., 2010; Ehtisham et al., 2011. But the true specificity of PCR with 

respect to culture may not be assessed. The high percentage recovery with PCR as 

compared to the cultural isolation may be due to overgrowth of nonpathogenic 
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Mycoplasma spp (Zhao and Yamamoto, 1993; Salisch et al., 1999), low numbers of cells 

on the swabs (Zhao and Yamamoto, 1993), dead Mycoplasma in environmental 

specimens (Marois et al., 2002b) subclinical infections (Pourbakhsh et al., 2010) and 

swabs collected from the birds with antibiotic treatment (Moalic et al., 1997). The results 

of isolation of Mycoplasma species is similar to the Hossain et al., 2010 and Barua et al., 

2006 but higher than Helail et al., 1998 with 11.9%, Sikder et al., 2005, Sarkar et al., 

2005 and Heleili et al., 2011 with 21.7%. 

 The serological screening based on SPA is prone to false negative and 

nonspecific as well While the cultural isolation of Mycoplasma is time consuming, 

inconclusive and require a lot of expertise (Ewing et al., 1998; Pourbakhsh et al.,2010). 

So, different workers recommended SPA+PCR based screening for the efficient 

demonstration of Mycoplasma status in the flock (Slavik et al., 1993; Ewing et al., 1998; 

Kleven et al., 2001). Polymerase Chain Reaction (PCR) for the detection of Mycoplasma 

gallisepticum and Mycoplasma synoviae has been used by different workers targeting 

different gene for amplification including Lauerman et al., 1993; Slavik et al., 1993; 

Garcia et al., 1995; Garcia et al., 1996; Wang et al., 1997; Lauerman, 1998; 

Noormohammadi et al., 2000; Bencina et al., 2001; Razin, 2002; Hong et al., 2004; Ben 

Abdelmoumen et al., 2005; Ramirez et al., 2006; Jaffery et al., 2007; Hammond et al., 

2009; Pourbakhsh, 2010. In the present study lp-gene for Mycoplasma gallisepticum 

(Nascimento et al., 2005) was amplified giving 732bp PCR product able to amplify the 

MG specifically and results are accepted worldwide (Nascimento et al., 1993; Shirley, 

1990; Wang et al., 1997; Lauerman, 1998; Nascimento et al., 1998; Nascimento et al., 

2005) while 16S rRNA for Mycoplasma synoviae (Lauerman et al., 1993) to yield 207bp 

product specifically as reported by Wang et al., 1997; Pang et al., 2002.     

 The multi-species PCR as described by Garcia et al. 1995; Fan et al. 1995; Wang 

et al., 1997 enables for the testing of more than one mycoplasma in a sample. Above 

approach of using multiplex PCR for the detection of pathogenic avian mycoplasmas is 

specific, sensitive and reliable.  It helped us in improving the specific and accurate 

diagnosis by using specific primers sequence and contributed towards elimination and 

reduction of losses due to mycoplasmosis in our commercial poultry industry Wang et al., 

1997; Pang et al., 2002. 
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The PCR amplicon size of field isolates belong to MG strain of 732bp sequence 

was found different from known strains reported so far. The sequencing results were also 

in accordance with the fragment size observed. The MG sequenced isolates was 

submitted to GenBank as Mycoplasma gallisepticum strain ABSuafMG2011 lipoprotein 

(lp) gene, partial cds. GenBank accession no. JN114112. After nucleotide blast analysis 

(Appendix-1) maximum identity of 99% with 72% query coverage was found with 

Mycoplasma gallisepticum strains AY556097, AY556071, AY556076, and AY556096 

while 98% with 100% was found for Mycoplasma gallisepticum strains CP001873, 

EF462344, AF525809, 97% identity with AF075588, CP001872, AF015450, for the LP-

gene.  

In case of MS- 16S rRNA PCR the product size observed was 207bp. The PCR 

amplicons were sequenced and confirmed as DNA sequence of 207bp and were submitted 

to GenBank as Mycoplasma synoviae strain ABSfsdMS2011 16S ribosomal RNA gene 

partial sequence GenBank accession No. JN638722. The maximum identity found for 

Mycoplasma synoviae with Pakistani isolates gene sequence was 94%, strains JF832924, 

JF832924, JF832918, JF832935, JF832931 AND 93% identity with Mycoplasma 

synoviae strains HM241733, GU905019, GU905018 and FJ876261. 

 It was proved that lp-gene PCR for MG and 16S rRNA PCR for MS was useful 

tool in detection, typing and accessing source of infection through observing the 

relationship between mycoplasma isolates (amplified and sequenced), directly from 

clinical samples. This is definitely an easy and practical strategy for epidemiological 

studies after PCR amplification directly from clinical samples as compared to random 

amplified polymorphic DNA (RAPD) procedures which require isolation of pure culture 

of mycoplasamas (Kleven and Garcia, 2003).  

 Newcastle disease (ND) is highly contagious disease of poultry industry 

rendering high economic losses (Alexander et al., 2003), due to high mortality rate 

(Nguyen, 1992). It is mainly caused by Newcastle disease virus which belongs to genus 

avula virus of family paramyxoviridae (Wakamatsu et al., 2006; Aldous et al., 2003). 

Depending upon virulence it can be divided into velogenic, mesogenic and lentogenic 

producing mild, moderate and highly acute type of infections (Calnek, 1991). Diagnosis 

of NDV can be made using serological techniques, including haemagglutination (HA), 

haemagglutination inhibition (HI) tests (Maff, 1984), Enzyme linked immuno sorbent 
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assay (Roy and Venugopalan, 1999) and Fluorescent antibody technique (Wu et al., 

1999). Other methods used includes Intracerebral pathogenesity index (ICPI), Intravenous 

pathogenesity index (IVPI) and mean death time (Akram et al., 2000; Roy and 

venugopalan, 2005). However, these are laborious, cumbersome, inhuman and sometimes 

not decisive (Seal et al., 1995; Nanthakumar et al., 2000). Molecular techniques used for 

pathotyping includes Reverse transcriptase polymerase chain reaction (RT-PCR) and 

Restriction fragment length polymorphism (Seal et al., 1995; Wehmann et al. 1997; Kou 

et al., 1999; Kite, 2000). The advantages of these techniques over conventional methods 

include that these are rapid, accurate and reproducible.  

4.10 Newcastle Disease virus 

 The isolation based positivity of Newcastle disease virus in the sero-positive 

flocks was recorded as 9.4%, 21.1% and 25.9% from breeder, layer and boiler flocks, 

respectively, while detection through PCR was recorded as 14.9% 26.9% and 33.9% 

respectively. The detection of MG from sero-positive flocks was recorded (21.9%) 

through isolation and (28.6%) using PCR technique. In case of sero-negative flocks the 

culture recovery percentage was recorded as 7.1%, 12.7% and 7.4% from breeder, layer 

and broiler flocks, whereas PCR based positivity was recorded in breeder (11.9%), layer 

(18.1%) and broiler (10.7%). The overall isolation and PCR positivity from sero-negative 

flocks was recorded as 8.4% and 12.6%, respectively. The prevalence of Newcastle 

disease virus was recorded as 18.9% with isolation and 24.9% with RT-PCR 

identification. 

 Statistically, the significantly higher recovery of Newcastle disease was observed 

(P>0.001) while there is non-significant relation among the breeds (breeder, layer and 

broiler).  

 For the serological identification, NDV suspected field isolates were inoculated 

into 9-days old embryonated eggs. Specimen samples including trachea, lungs and air 

sacs were used for isolation of NDV as reported by Azam et al., 1984; Ozai et al., 1987; 

Mishra et al., 2000; Mubarak and Rizvi, 2002; Roy and Venugopalan, 2005; OIE, 2009. 

The confirmation of NDV was done using haemagglutination inhibition as reported by 

MAFF, 1984; Murakawa et al., 2000; Roy and Venugopalan, 2005; Numan et al., 2005. 

Parimal et al., 1997 reported 60% positivity for NDV using HI test, similar finding 75% 
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was observed by Ullah et al., 2004. Numan, et al., (2005) reported 100% sero-positive 

flocks from Faisalabad and surrounding districts with low antibodies titer, mainly due to 

the vaccinated flocks. Ullah et al., 2004 used spot agglutination and 95% and 75% 

samples positive was recorded from layer and broiler respectively. Similar results were 

recorded by Awan et al., 1994; Parimal et al., 1997; Guy et al., 1998; Zhang et al., 2007; 

Warke et al., 2008; Alkhalaf et al., 2009.  

 The RT-PCR test is established as a reliable and efficient method for the 

detection of NDV (Stauber et al., 1995; Narayanan et al., 2010). The allantoic fluid and 

tissue samples are reported to be used for the detection of NDV (Kant et al., 1997; Gohm 

et al., 2000; Creelan et al., 2002; Meulemans et al., 2002).The specimen samples were 

subjected to Reverse transcriptase Polymerase chain reaction specific for fusion gene, 

(Stauber et al., 1995). F-gene targeted RT-PCR have been used by different workers for 

the detection of NDV including Russell et al., 1990; Seal et al., 1995; Collins et al., 1996; 

Songhua et al., 2003; Yousaf et al., 2005; Oberdorfer and Warner, 1998; Smietanka et al., 

2006; Antal et al., 2007; Farkas et al., 2009. The use of primers encompassing of fusion 

gene (F) is based on the fact that the molecular basis for NDV pathogenicity is dependent 

on fusion protein cleavage site amino acid as reported by Glickman et al., 1988; Long et 

al., 1988. A two-step RT-PCR was used; in the first step cDNA was synthesized using 

reverse transcriptase enzyme while in second step amplification of cDNA was done. 

Similar method has also been opted by Songhua et al. 2003; Tiwari et al., 2004; Farkas et 

al., 2009. Because the mPCR used aimed to detect all the strains of so the primers used 

were to detect all the NDV strains (Claas et al., 1992; Oberdofer and Werner, 1998; 

Soares et al., 2005) 

 The results showed that the primers used were successfully able to detect the 

NDV in the field, and the sequencing results authenticate at as the primers successfully 

amplify the fusion gene segment. The PCR amplicon size of field isolates belong to NDV 

and amplified PCR product of 320bp was sequenced. The sequencing results were also in 

accordance with the fragment size observed. The NDV sequenced isolates was submitted 

to GenBank as Newcastle disease virus strain ABSuafND2011 fusion protein (F) gene, 

partial cds. GenBank accession no. JN160608 and Newcastle disease virus strain 

ABSfsdND2011 fusion protein (F) gene, partial cds. GenBank accession no. JN377950. 

After nucleotide blast analysis (Appendix-III) maximum identity of 96% was found with 
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Newcastle disease virus Karachi stains GU182331, GU182334, GU182326 strains and 

93% similarity with internationally submitted Newcastle disease virus strains AF109882, 

AF109876, AJ249530, AJ249529 while lowest similarity of 91% was found with strain 

EU049542 and FJ772491 for the F-gene. The phylogenetic analysis showed that the 

isolates belong to genotype VII, which has been reported to cause disease outbreaks in 

Karachi (Pakistan), India, Iran, China, Malaysia, previously (Lomniczi et al.,1998; Yang 

et al., 1999; Herczeg et al., 1999; Mase et al., 2003; Kwon et al., 2003; Liu et al., 2003; 

Lee et al., 2004; Liu et al., 2007; Lien et al., 2007).  

4.11 Avian Influenza Virus 

 Avian Influenza (AI) is highly contagious disease of poultry caused by Avian 

influenza virus (AIV) which belongs to family Orthomyxoviridae witch contain 

characteristic segmented genome having eight single stranded RNA segments with 

negative polarity (Swayne and Suarez, 2000). The new influenza virus strains may be 

emerged due to occurrence of genetic drift and genetic shift in HA and NA genes of two 

influenza A virus strains. The segments of genome make genomic reassortment possible 

when two strains co-infect a permissive host cell (Puthawathana et al., 2005). Avian 

influenza viruses may be classified into two groups based on its pathogenicity in the 

poultry birds (Capua and Alexander, 2004; Heine et al., 2005); highly pathogenic avian 

influenza viruses (HPAIV) and low pathogenic avian influenza viruses (LPAIV) (Mo et 

al., 1997; Li et al., 2004; Alexander, 2000). 

 In this study, the recovery percentage of Avian influenza virus using isolation 

and serological identification in the sero-positive flocks was recorded as 1.4%, 0.8% and 

1.2% from breeder, layer and boiler flocks, respectively, while detection through PCR 

was recorded as 2.7%, 1.3% and 1.8% respectively. The overall detection of MS from 

sero-positive flocks was recorded (1.0%) through isolation and (1.6%) using PCR 

technique. In case of sero-negative flocks the culture recovery percentage was recorded as 

1.2%, 0.0% and 0.8% from breeder, layer and broiler flocks, whereas PCR based 

positivity was recorded in breeder (1.2%), layer (0.0%) and broiler (1.6%). The overall 

culture and PCR positivity from sero-negative flocks was recorded as 0.8% and 1.1%, 

respectively. The prevalence recorded for Avian influenza virus through cultural isolation 

and identification was 1.5% and through PCR 0.9%. 
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 The recovery percentage of AIV was higher in sero-positive flocks of 

Mycoplasma but statistically it is non-significant (P>0.458) and there is also non-

significant difference in the isolation of AIV from breeder, layer and broiler flocks 

(P>0.236). 

 In Pakistan first outbreak of H7N3 was first reported in 1995. All of the 

isolations from the field were typed as H7N3 subtype (Naeem, 2007). Another outbreak 

of LPAI subtype H7N3 was reported in 2000 in the northern areas of country. In 2003, 

epidemic caused by HPAI caused by H7N3 was reported in southern parts of Pakistan 

causing high mortality up to 80% in infected flocks. Nine cases of N9N2 were also 

detected using ELISA in the northern areas with the history of respiratory infection 

(Naeem et al., 2003) 

 The gold standard for the diagnosis of AIV is isolation of virus in embryonated 

chicken eggs and identification by serological method of haemagglutination inhibition 

test (Spackman, et al., 2002). Nevertheless, virus isolation and identification is tedious 

and time consuming and serological tests are less useful if mass vaccination is the usual 

practice (Reina et al., 1996). The isolation and serological method confirmed that all the 

isolates were belongs to H7N3. Numan and Siddique, 2005; Sohaib, 2007; Numan et al., 

2008 has also reported the presence of H7N3 strains in the Punjab involving similar 

districts.  The results showed that the PCR proves to be more sensitive and specific than 

the serological methods as earlier reported by Boivin et al., 2004; Chaharaein et al., 

2006. The reason of this high sensitivity may be the isolation procedure require liability 

of the virus while PCR able to detect dead or inactivated viral cell.  

 The RT-PCR provides speedy and accurate detection of AIV (Jeffery et al., 

1997). It has been successfully detected by RT-PCR by various workers (Yamada et al., 

1991; Claas et al., 1993; Schorr et al., 1994; Starick et al., 2000; Schweiger et al., 2000; 

Lee et al., 2001; Munch et al., 2001; van Elden et al., 2001; Choi et al., 2002; Smith et 

al., 2002; Habib-Bein et al., 2003; Boivin et al., 2004; Xie et al., 2006). 

4.12 Infectious bronchitis virus 

 Infectious bronchitis (IB) has been reported as an acute, highly contagious viral 

respiratory disease of chickens characterized by tracheal rales, coughing and sneezing. It 

has also been reported as an economically important disease because it may result in poor 
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weight gain and feed efficiency, and may be a component of mixed infections that 

produces airsaculitis in broilers. In layers, it may be a cause of egg-production and egg-

quality declines.st two weeks of life, commonly at five to six weeks of age (Collisson, et 

al., 1992). Death itself may usually be caused by secondary bacterial infection, the 

bacteria becoming systemic following damage to the respiratory tract caused by IBV. 

Some strains of IBV have been reported to be highly nephro-pathogenic, with the 

potential to cause mortality up to 30% in young birds.  

 Infectious bronchitis virus (IBV) is a member of the genus Coronavirus, family 

Coronaviridae, in the order Nidovirales. The virus has a non-segmented, positive-sense, 

single-stranded RNA genome. It is enveloped virus having club shaped surface 

projections (Spikes) of about 20 nm in length It contains three major structural proteins 

the large spike (S) membrane (M) glycoprotein, and internal nucleoprotein (N), around 

the RNA genome (Enjuanes et al., 2000). 

 IBV affects chickens of all ages, which, apart from pheasants and guinea-fowl 

are the only species reported to be naturally affected. IB occurs world-wide and assumes 

a variety of clinical forms, the principal one being a classical respiratory syndrome. 

Infection of the oviduct can lead to permanent damage in young birds lacking maternal 

antibodies, and, in older birds, can lead to cessation of egg-laying or production of thin-

walled and misshapen shells with loss of shell color. IB can be nephrotropic causing acute 

nephritis, urolithiasis and mortality (van den Berg et al., 1991). After apparent recovery, 

chronic nephritis can produce sudden death some time later, especially in brown birds. 

The virus may persist in the intestinal tract and is excreted in the feces for long periods. 

This occurs with vaccine strains as well as natural field strains. 

 The isolation based positivity of Infectious bronchitis virus in the sero-positive 

flocks was recorded as 2.7%, 3.0% and 2.7% from breeder, layer and boiler flocks, 

respectively, while detection through PCR was recorded as 5.4% 4.9% and 4.2% 

respectively. The detection of MG from sero-positive flocks was recorded (2.9%) through 

isolation and (4s.7%) using PCR technique. In case of sero-negative flocks the culture 

recovery percentage was recorded as 1.2%, 1.8% and 1.6% from breeder, layer and 

broiler flocks, whereas PCR based positivity was recorded in breeder (3.6%), layer 

(3.6%) and broiler (2.4%). The overall isolation and PCR positivity from sero-negative 
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flocks was recorded as 1.5% and 3.1%, respectively. The prevalence of IBV was recorded 

as 2.6% with isolation and 4.3% with RT-PCR identification. 

 The recovery percentage of IBV was higher in sero-positive flocks of 

Mycoplasma but statistically it is non-significant (P>0.350) and there is also non-

significant difference in the isolation of IBV from breeder, layer and broiler flocks 

(P>0.696). 

4.13 Bacterial Pathogens 

The culture positivity of E. coli in the sero-positive flocks was recorded as 12.2%, 

23.9% and 27.7% from breeder, layer and boiler flocks, respectively. The detection of E. 

coli from sero-positive flocks was recorded (24.4%) through culture isolation. In case of 

sero-negative flocks the culture recovery percentage was recorded as 3.6%, 10.9% and 

10.7% from breeder, layer and broiler flocks. The overall culture positivity from sero-

negative flocks was recorded as 8.4% while the overall prevalence of E. coli based on 

cultural isolation identification was observed as 20.7%. 

 In case of culture positivity of Av. paragallinarum in the sero-positive flocks was 

recorded as 5.2% and 7.7% from layer and boiler flocks, respectively. The overall 

detection of Av. paragallinarum from sero-positive flocks was recorded (5.7%) through 

culture technique. In case of sero-negative flocks the culture recovery percentage was 

recorded as 1.8% and 7.4% from layer and broiler flocks, breeder flocks were negative 

for Av. paragallinarum through cultural isolation. While overall culture positivity from 

sero-negative flocks was recorded as 3.8%. The prevalence recorded for Av. 

paragallinarum through cultural isolation and identification was 5.3%. 

 Statically E. coli was found significantly higher in SPA positive flocks from SPA 

negative flocks (P>0.001). While Av. paragallinarum shown non-significantly (P>0.415) 

recovery in sero-positive flocks as compared to sero-negative flocks. There is non-

significant difference among the breeds of chicks involved (breeder, layer and broiler) for 

E. coli and Av. paragallinarum (P>0.601).  

The prevalence of Mycoplasma gallisepticum, Mycoplasma synoviae, NDV, IBV 

and AIV is well documented in Pakistan (Ehtisham et al., 2011). Thus it is very difficult 

to diagnose the respiratory tract infections of poultry under field conditions especially 
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multiple pathogens involvement cases mainly due to close resemblance of sign and 

symptoms of the disease and lesions produced by a number of other pathogens in poultry, 

The ND, AI and IB infections are prevalent at a rate of 10-15% in commercial poultry in 

Pakistan, despite the use of live and inactivated vaccines against such diseases.  

To overcome this problem certain assay should be devised which is able to 

identify the causative agent specifically. More recently, certain PCR assays have been 

developed and optimized for respiratory tract pathogens, including different species of 

Mycoplasma and multiple viral pathogens of respiratory tract including NDV, IBV, ILT 

and AIV, which were able to detect very small amount of nucleic acid in clinical samples. 

(Ellis et al., 1997; Fan et al., 1998; Osiowy, 1998; Grondahl et al., 1999; Liolios et al., 

2001; Xie et al., 2006). 

An important work related to multiplex PCR was done by Pang et al., 2002.  They 

developed and standardized mPCR using specific primers to detect most of avian 

respiratory pathogens, simultaneously including MG, MS, IBV, AIV, ILTV and NDV. 

The mPCR was highly sensitive and specific and was able to detect and differentiate co-

infections with two or more pathogens. In recent times, infections from AI subtypes H5, 

H7 and H9 have been repeatedly reported in poultry in Pakistan, especially, since 2004 

(Naeem et al., 2007).  

Multiplex PCR was optimized to detect Mycoplasma gallisepticum, Mycoplasma 

synovia, NDV, AIV and IBV. Economic losses will be reduced in poultry associated with 

respiratory distress cases with the use of this assay. Although sensitivity and specificity of 

the was not accessed with the conventional technique of RT-PCR, yet it can be safely 

assumed that the assay is more sensitive and specific as compare to conventional 

techniques because bacterial DNA and viral RNA can be directly detected in clinical and 

field samples. Furthermore this assay is very economical as less time consuming as 

compared to other kits available like quantitative Real Time-PCR machines, which are 

frequently being used in developed countries for the detection of viral nucleic acids.  
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Future Recommendations: 

o Multiplex PCR may be applied for the early detection of opportunistic pathogens 

prevailing at farm level 

o Multiplex PCR may be improved to demonstrate the opportunistic pathogens 

including E. coli and H. gallinarum at farm level 

o Local isolates may be used as vaccine for the better control of pathogens 

o Regular (MG/MS) screening program must be implemented and sero positive 

chicks must be culled from flock  
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CHAPETER 5 

SUMMARY 

The common pathogens of avian respiratory tract infection are Mycoplasma 

gallisepticum and Mycoplasma synoviae which produce sub clinical disease. These 

organisms difficult to detect with routinely used isolation and identification procedures. 

The sub clinical Mycoplasma infection may interact synergistically with other pathogens 

including Newcastle disease virus, Infectious bronchitis virus and Avian influenza virus 

which aggravate the situation. 

The present work was carried out to record the serological involvement of 

Mycoplasma gallisepticum (MG) and Mycoplasma synoviae (MS) in the respiratory 

distress cases of poultry birds including breeder, layer and broiler and its impact on the 

involvement of other respiratory tract pathogens of bacterial and viral origin including 

Eschrechia coli (E. coli), Avibacterium paragallinarum (Av. Paragallinarum), Newcastle 

disease virus (NDV), Infectious bronchitis virus (IBV) and Avian influenza virus (AIV). 

Out of 77 flocks visited only 34 (44.1%) were complaining about the respiratory distress 

including two (2) broiler breeder, fifteen (15) layer and seventeen (17) broiler flocks. The 

frequent forms of respiratory distress included coughing, sneezing, tracheal rales and wet 

nostrils.  

 The culture positivity of Mycoplasma gallisepticum in the sero-positive flocks 

was recorded as 29.7%, 31.7% and 29.5% from breeder, layer and boiler flocks, 

respectively, while detection through PCR was recorded as 39.2% 39.7 and 39.6% 

respectively. The detection of MG from sero-positive flocks was recorded (30.7%) 

through culture (39.6%) using PCR technique. In case of sero-negative flocks the culture 

recovery percentage was recorded as 3.5%, 7.3% and 2.4% from breeder, layer and 

broiler flocks, whereas PCR based positivity was recorded in breeder (5.9%), layer 

(9.1%) and broiler (3.1%). The overall culture and PCR positivity from sero-negative 

flocks was recorded as 1.96% and 3.38%, respectively. The overall prevalence of 

Mycoplasma gallisepticum based on cultural isolation and PCR identification was 

observed as 24.5% and 31.8%, respectively. 
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In case of culture positivity of Mycoplasma synoviae in the sero-positive flocks 

was recorded as 3.9% and 9.2% from layer and boiler flocks, respectively, while 

detection through PCR was recorded as 7.1% and 13.1% respectively. The breeder flocks 

were negative for MS through cultural as well PCR based detection. The overall detection 

of MS from sero-positive flocks was recorded (5.6%) through culture and (8.8%) using 

PCR technique. In case of sero-negative flocks the culture recovery percentage was 

recorded as 2.4%, 3.6% and 3.3% from breeder, layer and broiler flocks, whereas PCR 

based positivity was recorded in breeder (4.8%), layer (5.5%) and broiler (4.9%). The 

overall culture and PCR positivity from sero-negative flocks was recorded as 3.1% and 

4.9%, respectively. The prevalence recorded for Mycoplasma synoviae through cultural 

isolation and identiftication was 5.0% and through PCR 7.9%. 

The isolation based positivity of Newcastle disease virus in the sero-positive flocks was 

recorded as 9.4%, 21.1% and 25.9% from breeder, layer and boiler flocks, respectively, 

while detection through PCR was recorded as 14.9% 26.9% and 33.9% respectively. The 

detection of MG from sero-positive flocks was recorded (21.9%) through isolation and 

(28.6%) using PCR technique. In case of sero-negative flocks the culture recovery 

percentage was recorded as 7.1%, 12.7% and 7.4% from breeder, layer and broiler flocks, 

whereas PCR based positivity was recorded in breeder (11.9%), layer (18.1%) and broiler 

(10.7%). The overall isolation and PCR positivity from sero-negative flocks was recorded 

as 8.4% and 12.6%, respectively. The prevalence of Newcastle disease virus was recorded 

as 18.9% with isolation and 24.9% with RT-PCR identification. 

 In this study, the recovery percentage of Avian influenza virus using 

isolation and serological identification in the sero-positive flocks was recorded as 1.4%, 

0.8% and 1.2% from breeder, layer and boiler flocks, respectively, while detection 

through PCR was recorded as 2.7%, 1.3% and 1.8% respectively. The overall detection of 

MS from sero-positive flocks was recorded (1.0%) through isolation and (1.6%) using 

PCR technique. In case of sero-negative flocks the culture recovery percentage was 

recorded as 1.2%, 0.0% and 0.8% from breeder, layer and broiler flocks, whereas PCR 

based positivity was recorded in breeder (1.2%), layer (0.0%) and broiler (1.6%). The 

overall culture and PCR positivity from sero-negative flocks was recorded as 0.8% and 

1.1%, respectively. The prevalence recorded for Avian influenza virus through cultural 

isolation and identification was 1.5% and through PCR 0.9%. 
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The isolation based positivity of Infectious bronchitis virus in the sero-positive 

flocks was recorded as 2.7%, 3.0% and 2.7% from breeder, layer and boiler flocks, 

respectively, while detection through PCR was recorded as 5.4% 4.9% and 4.2% 

respectively. The detection of MG from sero-positive flocks was recorded (2.9%) through 

isolation and (4s.7%) using PCR technique. In case of sero-negative flocks the culture 

recovery percentage was recorded as 1.2%, 1.8% and 1.6% from breeder, layer and 

broiler flocks, whereas PCR based positivity was recorded in breeder (3.6%), layer 

(3.6%) and broiler (2.4%). The overall isolation and PCR positivity from sero-negative 

flocks was recorded as 1.5% and 3.1%, respectively. The prevalence of IBV was recorded 

as 2.6% with isolation and 4.3% with RT-PCR identification. 

The culture positivity of E. coli in the sero-positive flocks was recorded as 12.2%, 

23.9% and 27.7% from breeder, layer and boiler flocks, respectively. The detection of E. 

coli from sero-positive flocks was recorded (24.4%) through culture isolation. In case of 

sero-negative flocks the culture recovery percentage was recorded as 3.6%, 10.9% and 

10.7% from breeder, layer and broiler flocks. The overall culture positivity from sero-

negative flocks was recorded as 8.4% while the overall prevalence of E. coli based on 

cultural isolation identification was observed as 20.7%. 

Multiplex PCR was optimized to detect Mycoplasma gallisepticum, Mycoplasma 

synovia, NDV, AIV and IBV. Although sensitivity and specificity of the was not accessed 

with the conventional technique of isolation and identification of organism, yet it can be 

safely assumed that the assay is more sensitive and specific as compare to conventional 

techniques because bacterial DNA and viral RNA can be directly detected in clinical and 

field samples. Furthermore this assay is very economical as less time consuming as 

compared to other kits available like quantitative Real Time-PCR machines, which are 

frequently being used in developed countries for the detection of viral nucleic acids. 
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