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Poultry bird’s health is affected by number of bacterial, viral, fungal, parasitic, 

deficiency diseases, managemental and/ or environmental problems. Infectious and 

contagious diseases have potential of spread at alarming rate. A few diseases have produced 

historical panzootics along with zoonoses such as Avian Influenza, Newcastle disease, etc. 

which demand great attention to be prevented rather than treatment and control. The 

diagnosis and control of some of the important bacterial and viral diseases of poultry are 

discussed here.  

A. Diagnosis and Control of Bacterial Diseases 

1. Fowl Cholera (Avian Pasteurellosis) is a commonly occurring bacterial disease of birds 

caused by Pasteurella multocida that affects all types of birds and is often fatal (Glisson et al. 

2013). In the peracute form, fowl cholera is highly virulent and infectious. Diagnosis depends 

on the identification and isolation of causative bacteria (bipolar staining and usually 

encapsulated) from birds along with signs and lesions consistent with the disease. The 

isolation from visceral organs (liver, bone marrow, spleen, heart blood) of the birds in acute 

cases, and from exudative lesions of birds in chronic cases is easily achieved. However, 

isolation of the organism from birds having no clinical symptoms or decomposed birds is 

often difficult. In such cases, isolation of the organism is attempted from bone marrow. 

The definitive diagnosis through isolation and identification of the P. multocida 

precludes the need for serodiagnosis. Serological tests have been used to demonstrate the 

presence of anti-P. multocida antibodies in serum from birds through agglutination, passive 

haemagglutination, agar gel immunodiffusion, etc. with low sensitivity. However, measuring 

of antibody titres using enzyme-linked immunosorbent assay (ELISA) has been used with 

varying degrees of success for monitoring seroconversion in vaccinated birds. Molecular 

epidemiological investigation of fowl cholera includes DNA fingerprinting of P. multocida 

by restriction digestion with either Hhal or HpaII endonuclease followed by DNA analysis in 

ethidium-bromide stained agarose gels (Wilson et al., 1992). 

For control of avian pasteurellosis, the generally used vaccines are P. multocida 

bacterins with aluminium hydroxide or oil adjuvants incorporating multiple serotypes. Live 

vaccines are used less frequently because of development of post-vaccinal symptoms. 

2. Fowl Typhoid and Pullorum: Fowl typhoid and pullorum disease is caused by 

Salmonella enterica subspecies enteric serovars Gallinarum biovars Gallinarum and 

Pullorum, respectively. The clinical signs and post-mortem findings of fowl typhoid and 

pullorum disease are not distinct from other causes of septicaemia, thereby necessitating the 

need for isolation of the organisms to confirm the disease. Salmonella Pullorum and S. 

Gallinarum belong to the Kauffmann–White scheme serogroup D, along with S. Enteritidis, 

which is closely related (Grimont and Weill, 2007). The organisms are Gram negative, non-

sporogenic rods and non-motile under normal conditions but motility has been demonstrated 

in some strains grown in special media (Holt and Chaubal, 1997). 

Serological tests are best used as a flock test for S. Enteritidis and S. Typhimurium. 

However, use of vaccine may give false-positive results for S. Pullorum. Other serological 

tests include immunodiffusion, haemagglutination, Coomb’s test and ELISA (Oliviera et al., 

2004). The indirect ELISA using lipopolysaccharide (LPS) is the most sensitive and specific 
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serological flock test for Salmonella, including S. Gallinarum and S. Pullorum (Wray and 

Wray, 2000). For molecular epidemiological studies, polymerase chain reaction (PCR), PCR-

restriction fragment length polymorphism (PCR-RFLP), fingerprinting, plasmid profile 

analysis, pulsed field gel electrophoresis (PFGE), ribotyping, etc. have been used.  

 The control for fowl typhoid can be achieved through live and inactivated vaccines. A 

commercial live vaccine ‘9R’ containing the rough strain of S. Gallinarum is available. 

3. Avian Tuberculosis and Avian Mycobacteriosis: Avian tuberculosis is caused by 

Mycobacterium avium subsp. avium and avian mycobacteriosis is caused by M. avium subsp. 

hominissuis, M. fortuitum, M. intracellulare, M. scrofulaceum and some other mycobacterial 

species. In avian tuberculosis the lesions are found in the head and mesenteric lymph nodes 

while involvement of other visceral organs (liver, spleen, lungs, etc.) is rare (except in 

advanced stage). The Mycobacterium a. avium grows best on selective media viz. 

Lowenstein–Jensen, Herrold’s or Coletsos and produces ‘smooth’ colonies within 2-4 weeks, 

although rough variants are also reported. The incubation time can be reduced by using 

automated culture system. 

Molecular tests viz. PCR (Moravkova et al., 2008) and quantitative real-time PCR 

(Kaevska et al., 2010; Slana et al., 2010) for the detection and identification of 

Mycobacterium a. avium have been described. Multiplex PCR (Cousins et al., 1996) and 16S 

rRNA sequencing (Kirschner et al., 1993) can differentiate M. a. avium from M. 

intracellulare and M. tuberculosis complex. For molecular epidemiological studies, RFLP 

can be used (Dvorska et al., 2003). 

Currently, no vaccines are available for the control of avian tuberculosis in birds. 

4. Avian Chlamydiosis: Avian Chlamydiosis (AC) caused by Chlamydophila psittaci (also 

known as psittacosis), prevalent world-wide in about 465 avian species (Kaleta and Taday, 

2003), causes often fatal disease in birds leading to considerable economic losses (European 

Commission, 2002).  

The organism C. psittaci can be isolated in SPF eggs (chicken embryos 6-7 day-old, 

Andersen and Vanrompay, 2005) and cell culture using buffalo green monkey (BGM), 

McCoy, HeLa, African green monkey kidney (Vero), and L cells (Vanrompay et al., 1992). 

Histochemical and immunohistochemical (more sensitive) stainings are also used to detect C. 

psittaci in impression smears of liver and spleen. The organism forms inclusion bodies which 

can be demonstrated by indirect fluorescent antibody and immunoperoxidase techniques 

(Andersen and Vanrompay, 2005). 

Molecular diagnostic assays such as PCR and nested PCR targeting the ompA gene or 

the 16-23S rRNA gene (Sachse and Hotzel, 2003; Geens et al., 2005; Van Loock et al., 2005) 

and real time PCR (Pantchev et al., 2009) have been used to detect the C. psittaci. Recently, 

the DNA microarray technology (Sachse et al., 2005) has been developed and validated for 

routine diagnosis of C. psittaci (Borel et al., 2008). The sensitivity of DNA microarrays was 

found to be comparable to that of real-time PCR and specificity even higher (because sample 

DNA is hybridised to 36 specific oligonucleotide probes). Further, the DNA microarray 

technique was also able to detect the mixed chlamydial infections directly from the clinical 

samples. 

Amongst the serological assays, modified direct compliment fixation test was 

previously used for the diagnosis of Chlamydiosis, which was replaced with more rapid and 

highly sensitive ELISA (but lacked specificity) for detection of group-specific antibodies. 

New tests using peptides or recombinant antigens are required which may target the 
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specificity problem (Sachse et al., 2009). Other serological tests include the agar gel 

immunodiffusion, latex agglutination and the micro-immunofluorescence test (rapid and easy 

to perform). 

No vaccines are available for the control of chlamydiosis; however, C. psittaci is 

susceptible to a number of antibiotics, the only current means of control. 

5. Avian Mycoplasmosis: Avian mycoplasmosis caused by several pathogenic mycoplasmas 

(of which Mycoplasma gallisepticum and M. synoviae are most widely isolated) is 

responsible for chronic respiratory disease of poultry, especially in the presence of 

predisposing (management stresses and/or other respiratory diseases).  

The serological tests used for the diagnosis of avian mycoplasmosis include rapid 

serum agglutination, HI, ELISA, radioimmunoassay, micro-immunofluorescence and Indirect 

immunoperoxidase assays. Some of these assays lack specificity and/ or sensitivity for testing 

individual birds; however, their use is strongly recommended for sero-monitoring flocks 

rather than birds. The Nucleic acid based detection of avian mycoplasmosis includes PCR 

assay targeting mgc2 gene of M. gallisepticum (García et al., 2005) or the vlhA gene of M. 

synoviae (Hong et al., 2004). 

  Both live and inactivated vaccines are used for the control of avian mycoplasmosis, 

although the preferred method is maintenance of M. gallisepticum and M. synoviae free 

flocks. The vaccines are normally used to prevent the losses due to egg-production (layers), 

reduce egg transmission (breeding stock) or to eradicate the avian mycoplasmosis before field 

challenge occurs. The M. gallisepticum bacterins consists of a concentrated suspension of the 

organisms in an oil emulsion and is effective in preventing egg-production losses and 

respiratory disease, but not the infection with wild-type bacteria.  

B. Diagnosis and Control of Viral Diseases of Poultry 

1. Avian Influenza: Avian Influenza is caused by Influenza virus A that belongs to the 

family Orthomyxoviridae. The disease is usually diagnosed by virus isolation or viral genome 

detection directly from collected samples. The oropharyngeal and cloacal swabs (or faeces) 

collected from birds are inoculated into the embryonated chicken eggs (allantoic cavity, 9-11 

days old) and after incubation, the allantoic fluid is tested for HA activity and confirmed by 

immunodiffusion (antiserum to the nucleocapsid and/or matrix antigens) or real-time RT-

PCR on the allantoic fluid/ extracted genome.  

Serological subtyping of the virus is done by reference laboratories only by 

haemagglutination (H) and neuraminidase (N) inhibition for each of the H (1–16) and N (1–

9) subtypes of influenza A virus. Alternatively, the genomes of H and N are detected by real-

time RT-PCR using conserved or subtype specific primers (Altmuller et al., 1991; Spackman 

et al., 2002), probes or sequencing and phylogenetic analysis. The term Highly Pathogenic 

Avian Influenza (HPAI) is used for disease produced by Influenza viruses carrying H5 or H7 

with polybasic amino acids at cleavage site of H0. The HPAI is a notifiable disease as per 

OIE guidelines and can be confirmed by using H5- or H7-specific primers (Monne et al., 

2008; Slomka et al., 2007; Spackman et al., 2002). 

The vaccination alone is not considered the control for HPAI or H5/H7 subtypes if 

eradication is the desired result. Without regular monitoring, strict bio-security and 

depopulation in the face of infection, there is every possibility that HPAI viruses could 

become endemic. Further, the long-term circulation of the influenza virus in a vaccinated 

population may result in both antigenic shift and genetic drift in the virus. Live recombinant 

virus-vectored vaccines with H5 influenza A virus HA gene inserts include recombinant fowl 
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poxvirus, recombinant Newcastle disease virus and recombinant herpesvirus turkey vaccines. 

Likewise, a recombinant duck enteritis virus in domestic ducks has been tested in China (Liu 

et al., 2011). 

2. Newcastle Disease (ND) caused by virulent strains of avian paramyxovirus type 1 

(APMV-1) belongs to the genus Avulavirus and family Paramyxoviridae. There are twelve 

serotypes (APMV 1-12) and different pathotypes of ND virus that cause Doyel (viscerotropic 

velogenic), Beach (neurotropic velogenic), Beaudette (mesogenic), Hitchner (lentogenic) 

disease. The virus is isolated and confirmed by characteristic cytopathic effect as syncytia 

formation in chicken embryo liver, chicken embryo kidney, chicken embryo fibroblasts, Vero 

and chicken embryo related cells. 

The most widely used serological test for ND diagnosis is detection of anti-NDV 

antibodies through HI assay that depends on the prevailing disease conditions or vaccinal 

immune status of the birds to be tested. The virulence of isolated APMV-1 can be evaluated 

by the intracerebral pathogenicity index or RT-PCR and sequencing. 

The control of ND in poultry birds is achieved through the vaccines incorporating live 

ND virus of low virulence (lentogenic) or moderate virulence (mesogenic) depending on the 

disease prevalence. The commercial live lentogenic vaccines include Hitchner-B1, LaSota, 

V4, NDW, I2 and mesogenic vaccines include Roakin, Mukteswar and Komarov. Inactivated 

ND vaccines are produced by the addition of formaldehyde or beta-propiolactone to the 

infective virus preparations and emulsification with a mineral or vegetable oil. Recently, the 

recombinant ND vaccines have also been developed and licensed using viral vectors e.g. 

herpesvirus of turkey or fowl poxvirus (expressing the HN and/ or F gene). 

3. Avian Infectious Bronchitis: Avian infectious bronchitis (IB) is an acute respiratory 

disease mainly of young chickens and responsible for producing interstitial nephritis and 

mortality by nephropathogenic strains. Embryonated SPF eggs or chicken tracheal organ 

cultures are used for virus isolation. RT-PCR and sequencing is increasingly employed to 

identify and detect the IBV genotype using primers specific for the S1 subunit of the S gene. 

Serological tests viz. HI and ELISA are often used for sero-diagnosis and/ or monitoring. 

Supplementary tests include electron microscopy, virus neutralization, immunohistochemical 

and immunofluorescence. 

Both live attenuated (Massachusetts, Connecticut, Arkansas, Delaware 072 or the 

4/91 strains) and inactivated (oil adjuvanted) vaccines are available for the control of IB. 

Both types of vaccines are available in combination with ND vaccine. In some countries 

inactivated multivalent vaccines are available that incorporate IB, ND, IBD, reovirus and 

EDS-76 viral antigens. 

4. Avian Infectious Laryngeotracheitis: Avian infectious laryngeotracheitis (ILT) caused 

by Gallidherpesvirus-1, an Alphaherpesvirus, is a mild to severe respiratory disease causing 

tracheitis primarily in chickens, but peafowls, pheasants and partridges are also affected. The 

ILT virus may be isolated by inoculation in the embryonated eggs or into avian embryonic 

cell cultures. PCR is now widely used and demonstrated to be more sensitive than virus 

isolation. Other methods for the demonstration of viral antigens include immunofluorescence 

and ELISA.  

The serological tests for the detection of anti-ILT virus antibodies include virus 

neutralization, AGID, indirect immunofluorescence, or ELISA. Of these, ELISA is used as a 

screening flock assay. 
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The vaccine available for the control of ILT is attenuated live virus vaccine, which 

affords partial protection. Commercially, recombinant vaccines expressing ILTV 

glycoproteins using herpesvirus of turkeys or fowlpox virus are also available. Recently, 

deletion-mutant (genetically engineered) vaccines have demonstrated promising results in 

primary studies (Coppo et al., 2013). 

5. Marek’s Disease: Marek’s disease (MD) is a lymphomatous and neuropathic disease of 

domestic fowl caused by an alpha herpesvirus, belonging to the genus Mardivirus and 

designated as Marek’s disease virus (MDV). In classical form of the MD, the clinical signs 

observed include paralysis of the legs and wings, with enlargement of peripheral nerves. The 

higher virulent MDV strains may cause increased mortality in young birds of 1-2 weeks of 

age. In some instances, the birds may become persistently infected without developing 

clinical MD. 

In laboratory, the MDV diagnosis is done by molecular diagnostic tests PCR and real 

time PCR through detection of viral antigens and genomic nucleic acid in the feather tips of 

infected birds. The MDV is isolated by co-cultivation of live buffy coat cells on chicken 

kidney cells or chicken/duck embryo fibroblasts. The serological assays for demonstration of 

antibodies to MDV include AGID, radial immunoprecipitation and indirect fluorescent 

antibody test. 

The control of MD is achieved by vaccinating chickens in ovo at 17-19 days of 

incubation, or at day of hatch with attenuated vaccine. Live vaccines are also available both 

as cell-free (lyophilized) and cell-associated (‘wet’) forms. Further, the bivalent and trivalent 

vaccines (consisting of two/ three serotypes) have also been introduced to combat the 

vvMDV. However, the vaccination does not prevent persistent infection and shedding of 

MDV. 

6. Infectious Bursal Disease: The infectious bursal disease (IBD) caused by IBD virus, 

genus Avibirnavirus and belonging to family Birnaviridae affects young chickens (3-6 weeks 

old) with high mortality, but also turkeys, ducks, guinea fowl and ostriches. IBDV causes 

lymphoid depletion in the bursa of Fabricius leading to significant decrease in the humoral 

antibody responses, thus promoting secondary infections. The IBD viral antigens can be 

detected in early stages in the bursa of Fabricius before the elicitation of anti-IBDV 

antibodies by AGID, antigen-capture ELISA and immuno-staining of IBDV infected tissues. 

The viral RNA can be demonstrated by RT-PCR. 

For control of IBD, live attenuated, inactivated (killed), live recombinant vaccines 

(expressing the VP2 capsid antigen of IBDV) and immune-complex (Icx) vaccines are 

available to immunize young chickens. The young chickens can also be provided passive 

protection by vaccinating the breeding stock (parents) using a combination of live and killed 

vaccines. 
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AN OVERVIEW OF DIAGNOSTIC APPROACHES FOR MYCOTIC DISEASES OF 

POULTRY 

Archana Sharma and Parveen Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Poultry production in India has taken a quantum leap in the last four decades, 

emerging from an unscientific farming practice to commercial production system with 

improved disease prevention and diagnostic facilities. In comparison to bacterial and viral 

diseases, advances in diagnosis, treatment, prevention and control of fungal diseases in 

poultry have not taken much attention. 

Fungi are eukaryotic organisms, present as yeasts or molds or both (dimorphic). Fungi 

produce disease in two ways viz. producing pathogenic signs and lesions of disease by 

invading, harming and destroying body tissues of the host; and by producing some toxins 

known as mycotoxins. Some of the important fungal diseases of poultry include avian 

ringworm (Favus), Aspergillosis, Candidiasis, Cryptococcosis, Mucormycoses, 

Histoplasmosis and Aflatoxicosis.  

Sporadic infections are common but sometimes they may take form of outbreaks. 

Seasonal variation plays important role in spread of fungal infections. Predominance of 

infection in closed housing during summer and the presence of fungi in the poultry litter 

material during autumn make the eradication difficult. The predisposing factors for higher 

fungal infections are due to inappropriate use of antibacterial that eliminate the natural 

beneficial microflora. The fungal pathogens of poultry are commonly affecting the 

respiratory and nervous system. Chronic exposure to fungal spores can produces allergic 

responses in sensitized birds resulting in illness and decreased productivity.  

DIAGNOSIS OF FUNGAL INFECTIONS  

History, clinical signs, gross pathology, and in a few cases intradermal skin tests, are 

used for diagnosis of fungal infections which can be further confirmed by laboratory 

investigation of clinical specimens. These investigations include direct microscopy, isolation 

and identification of the pathogen. The identification is based on colonial characteristics, 

examination of the fruiting heads, spores and on the results of biochemical reactions in the 

case of the yeasts and certain dermatophytes. Definitive diagnosis of fungal infections is 

required for prevention and effective treatment.  

1. Favus (Avian ringworm) 

Favus is caused by Trichophyton gallinae.  It commonly affects gallinaceous birds 

mainly chicken and turkey. Lesions are observed on featherless skin areas like comb, wattle 

and shanks; initially appearing as few greyish/yellowish cup like spots. They increase in size 

and coalesce to form a thick white dry wrinkled crust. In severe cases, feathered skin may 

develop lesions of depression around follicles and systemic signs are rarely observed. Spread 

of infection occurs in birds by direct contact or via contaminated fomites. 

Favus is diagnosed by direct demonstration of the fungi in the smears after clearing 

the scab in 70% alcohol. The fungi can be cultured on Saboraud’s dextrose agar and 

identified on the basis of specific culture characteristics. Staining of the fungus can also be 

done with 10% Parker Superchrome 51 pen ink in sodium hydroxide which demonstrates the 

presence of fungus. 

2. Candidiasis (Thrush/ moniliasis) 
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Candidiasis is caused by Candida albicans affecting domestic poultry, water fowls 

and wild birds. The disease is commonly endogenous and commonly seen after extensive use 

of antibiotics. Clinical signs are observed only in severely affected individual birds with 

superficial oral or crop infections. In rare cases there is systemic invasion wherein 

neurological, renal or intestinal involvements. In severe, chronic infections, such as infection 

of the crop in chickens, the wall of the crop become thickened and covered by a corrugated 

pseudomembrane of yellowish-grey necrotic material giving it the characteristic ‘terry-

towelling’ effect. Mouth and oesophagus can also be affected. Birds are depressed and 

become emaciated.  

The diagnosis based on the lesions, histopathology and microscopic examination of a 

digested smear are important. Cultural colonies of Candida appear as white to ivory colour 

and smooth having a yeasty smell. C. albicans can be isolated from faeces, crops, gizzards, 

lungs and livers. Isolation is done by embryo inoculation test via chorioallantoic membrane 

(CAM). Direct microscopic examination from KOH cleared smear or after staining using 

gram staining are visualized as oval violet colored yeast cell and some of them showing 

budding. The fungal isolation can be performed on cornmeal Tween 80 or chlamydospore 

agar to detect chlamydospore production. In germ tube test to detect Candida albicans, a 

small inoculum from an isolated colony is suspended in 0.5 ml of sheep, bovine, rabbit or 

human serum and incubated at 37°C for two to three hours for detection of germ tube 

formation in unstained smear. Molecular diagnostics tools like PCR-RFLP can also be used 

for easy and confirm diagnosis. 

3. Cryptococcosis (Torulosis) 

Cryptococcosis is caused by Cryptococcus neoformans that is a zoonotic pathogen. 

Fungus grows in soils with avian manures and thus causes an indirect public health 

implication. Infections in birds are rare. C. neoformans has been isolated from the feces of 

canaries, carrier pigeons, budgerigars, psittacine birds and domestic poultry.  

Diagnosis by direct examination can be performed using India ink or nigrosin 

preparations to demonstrate the characteristic capsule. Histological sections from biopsies of 

tissue from lesions can be stained by the PAS-haematoxylin stain will stain the yeast cell but 

not the capsule which appears as a clear area surrounding the cell. In tissues Mayer’s 

mucicarmine stain can be used to stain the capsule, the wall of the yeast and the capsule are 

stained red, this being diagnostic for C. neoformans. Alternatively, melanin can be 

demonstrated in cell walls using the Fontana-Masson stain on tissue sections. Lactophenol 

cotton blue or nigrosin wet preparations reveal spherical, budding yeast surrounded by a 

capsule. The fungalcolonial growth can take 48 hours to two weeks. The colonies are smooth, 

moist, shiny and become very mucoid with age. They are initially white but develop a 

yellowish shade. Mucoid yeast colonies are produced at 25°C and at 37°C indicating that it is 

yeast and not a dimorphic fungus. Ability to grow at 37 °C can differentiate C. neoformans 

from the majority of the Cryptococcus species. Cryptococcus species produces urease on a 

heavily inoculated Christensen’s urea agar slope and produce melanin on Niger seed or 

birdseed agar. Slide latex agglutination test and ELISA kits can also be used to demonstrate 

soluble capsular antigen in serum and cerebrospinal fluid. Indirect FA, ELISA and latex 

agglutination tests have been used to detect antibody. 

4. Mucormycosis 

Chickens are less susceptible to mucor infection; pneumonic lesions may be caused 

by Mucor resimosus or M. chorimbifer, while few species may cause infection in the eyes 

and vertebrae. In advanced cases, there is frequent involvement of the sinuses, brain and 
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lungs. The infection can spread to gastrointestinal tract, skin and other organs. The most 

common types of the disease conditions are oral and cerebral mucormycosis. Presumptive 

diagnosis requires biopsy examination of the affected tissue, while examination of swabs of 

tissue or discharges is generally untrustworthy. 

5. Histoplasmosis 

Histoplasma capsulatum is a dimorphic fungus commonly isolated from zoo birds and 

less frequently affects chicken and turkeys. The soil enriched by decaying bird or bat 

droppings and litter with moisture flourishes the growth of fungi. It is a zoonotic disease and 

infection in humans occur through inhalation of airborne spores. Humans are mostly affected 

by asymptomatic form, but acute pulmonary influenza-like form can also be observed. 

The diagnosis requires cultural identification of organism and histopathological 

examination revealing extensive proliferation of reticuloendothelial cells as small (2–5 μm) 

budding yeast cells. The yeast cells are usually surrounded by a halo containing yeast forms. 

Methenamine silver or periodic acid-Schiff staining and histoplasmin sensitivity testing are 

also useful for is detection. When grown on SDA, two types of conidia; large (8–14 μm) 

tuberculate macroconidia that are sunflower-like and small tear-drop like microconidia are 

observed. Conventional diagnostic tests like Complement Fixation Test (CFT) and 

immunodiffusion along with those clinical immunoassays that uses well characterized 

recombinant antigens (like Enzyme immunoassays) have also been available. Recently, 

Polymerase Chain Reaction (PCR) targeting the ribosomal RNA gene complex and real-time 

PCR targeting the M specific protein have been implied for diagnosis of H. capsulatum.  

6. Aspergillosis 

Aspergillosis is a respiratory disease of poultry caused by Aspergillus fumigatus. The 

species commonly affected includes chickens, turkeys and other birds such as penguins in 

zoos. Turkeys are having higher susceptibility to aspergillosis when compared to chickens. 

Aspergillosis primarily causes high morbidity and mortality especially in young chicks/birds. 

Chicks are infected by spores during hatching. Clinical signs can be seen at two days of age 

characterized with gasping, somnolence, anorexia, huddling together and increased thirst. 

From 10–50% of the in contact chicks can be affected. Caseous focal lesions are seen mainly 

in lungs but can occur in other organs. Generalized aspergillosis can affect all ages from one 

week of age. Infection spread via inhalation of spore-laden dust. It is a sporadic disease in 

older birds characterized with yellowish nodules in air sacs, lungs and in other body organs, 

including the brain.  

Diagnosis of aspergillosis relies on fungal isolation from lesions on Sabouraud 

dextrose agar without cyclohexamide followed by its identification by colonial morphology 

macroscopically and microscopically by characteristics fruiting heads. Aspergillus fumigatus 

on SDA produces white fluffy colony when it first appears, rapidly becoming velvety or 

granular and a bright bluish-green in colour. Older colonies can assume a smoky battleship-

grey colouration. After staining with LPCB Aspergillus fumigatus conidiophores are seen as 

moderate in length and have a characteristic foot cellar their bases. The vesicles are dome-

shaped and the upper one-half to two-thirds bear phialides from which long chains of 

globose, spiny, green conidia (2-3 μm) are borne. These chains tend to sweep inwards. 

Histopathology examination of the tissues by PAS or silver stains showing septate invading 

hyphae is helpful in diagnosis. Polymerase Chain Reaction (PCR) including real-time PCR 

assay is a valuable diagnostic tool. 
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7. Aflatoxicosis 

This disease is associated with ingestion of aflatoxins, a large group of 

difuranocoumarins produced by toxigenic strains of Aspergillus flavus, A. parasiticus and 

some other Aspergillus species. Maize and other cereals, groundnuts and soya beans are 

commonly contaminated by these saprophytic fungi. Ducklings and turkey poults are 

comparatively more susceptible. Ataxia, opisthotonos and sudden death are features of the 

acute disease in ducklings. Hepatopathy is a common finding and, in birds more than 3 weeks 

old, subcutaneous haemorrhages may be evident. Haemorrhagic diathesis, probably related to 

hepatopathy, is a characteristic of acute toxicity in chickens and turkeys. Depression, 

anorexia, reduced growth rate, loss of condition, bruising, decreased egg production, fertility 

and hatchability occur.  

Epidemiological features and postmortem findings are of diagnostic value. Aflatoxin 

may be demonstrated in tissues obtained at postmortem. Carefully selected samples of 

suspect feed should be stored at -20°C until analyzed. Procedures for aflatoxin detection in 

feed and tissues includes thin-layer chromatography, high performance liquid 

chromatography, immunoassay techniques such as ELlSA, radioimmuno assays and 

biological tests like bile duct proliferation in duckling, chick embryo and trout embryo 

bioassay.  
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AVIAN IMMUNE SYSTEM: AN OVERVIEW 
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Immune system of body is of two types - nonspecific and specific. Similarly, the 

avian immune system is also divided into two types, i.e. nonspecific and specific. Non-

specific immune mechanisms are transmitted inherently and help birds to resist against 

infections.  Silent arms of the nonspecific immunity are higher temperature, normal 

microflora, anatomical barriers, etc. Higher body temperature of avian species leads to 

development of resistance against various disease agents like Clostridium infection, Bacillus 

anthracis, etc., which generally occur in domestic animals. Other nonspecific immune 

mechanisms are anatomical features and normal microflora, which resist pathogenic 

microorganism to colonize and setting up the infection. Likewise, all anatomical barriers like 

cilia in respiratory tract, etc. remove disease organisms and debris. Many diseases may 

flourish if these anatomical barriers are broken. Other anatomical barriers like unidirectional 

airflow in avian lungs instead of bidirectional also act as barrier to avoid entrance of many 

pathogens. 

A. Innate Immune System 

The innate resistance includes nutrition, environment (avoid heat/cold stress), age 

(young/ old animals are more susceptible to disease), inflammatory processes, metabolic 

factors, complement, and interferon. Apart from these barriers some molecular patterns 

present on some cells or body lining are responsible for nonspecific recognition and 

resistance, called as pattern recognition molecules (PRRs). The PRRs recognize both 

exogenous and endogenous antigens. The latter are called danger-associated molecular 

patterns, and include molecules such as uric acid. Of more relevance to the immune response, 

PRRs also recognize pathogen associated molecular patterns (PAMPs), e.g... TLR, RLR and 

NLR. 

The chicken has some same and some different repertoire to that of human TLRs and 

has some apparently chicken-specific TLRs .Yet the chicken responds to similar TLR 

agonists as mammals do. In the chicken genome, the equivalent locus to that of human 

TLR1/6/10 contains only two genes, which have been termed TLR1LA and TLR1LB. 

However, chickens appear to have duplicated the TLR2 gene, to give two genes, known as 

TLR2 type 1 and type 2 or TLR2A and TLR2B. The two chicken TLR2 molecules can form 

functional heterodimers with the two chicken TLR1-like molecules. This implies that 

chickens potentially can recognize a similar range of cell-surface PAMPs as mammals, 

instead of using a different TLR repertoire. 

Chickens have obvious orthologues of TLR3 and TLR7. However, TLR8 is a 

pseudogene. TLR9 is apparently absent from the chicken genome, although chicken cells 

respond readily to CpG motifs, the agonist for TLR9 in man by TLR 21. There are two 

chicken-specific TLRs, TLR15 and TLR21. Chicken TLR21 has recently been shown to 

recognize CpG motifs, whereas the ligand for TLR15 remains unknown. 
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Pattern Recognition Receptor Human Chicken 

TLRs (signalling) recognizing cell surface 

PAMPs 

TLR1/6/10 

TLR 2 

TLR4 

TLR5 

TLR 11 

TLR1LA andTLR1LB 

TLR2A and TLR2B 

Present 

Present 

Absent and TLR15 

TLRs (signalling) recognizing pathogen nucleic 

acid 

TLR 3 

TLR7 

TLR8 

TLR 9 

Present 

Present 

Pseudogene 

TLR9 absent; CpG 

recognized by TLR21 

TLRs (signalling) recognizing Cytoplasmic 

PAMPs 

NLRs, NODs 

NOD1 

NOD2 

Present 

absent 

 

NALPs 14 genes All absent 

RNA helicases RIG1 

MDA5 

Absent 

present 

 

Some special proteins also play an important role in avian immune system like 

defensins. In mammals, there are three classes of defensins; α-defensins and β-defensins are 

the main classes produced by all mammals so far studied, with a smaller class, µ-defensins, 

produced only by non-human primates. In birds, by contrast, there is only a β-defensin 

family. Along with these molecules and proteins some cells are also active part of innate 

immune system of avian body like heterophile and dendritic cells.  

Heterophiles are equivalent to mammalian neutrophils, are polymorphonuclear cells 

(along with eosinophils and basophils) that actively phagocytose the invading pathogens. 

They are considered the main effector cells of an induced innate immune response, being the 

first cell type to respond against infection. Heterophiles kill the pathogens by reactive oxygen 

species, superoxide mechanism involved is NADPH oxidase activation and production of 

large quantity of the superoxide. Superoxide in turn is converted spontaneously or via 

enzyme activity to hydrogen peroxide, which in turn is converted to hypochlorous acid, 

which is bactericidal in action. Heterophiles also kill pathogenic microbes by the release of 

proteins in granules into the phagosome, a process known as degranulation. These proteins 

include molecules such as cathelocidin, cathepsin, myeloperoxidase and defensins. 

Heterophiles, like neutrophils, can also release a net of fibres made up of chromatin and 

serine proteases.  

Dendritic cells are known as professional antigen presenting cells (APCs) that capture 

and process antigen more effectively than other APCs and express higher levels of MHC and 

co-stimulatory molecules on their surface. In other mammals these cells are immature in 

circulation but once they mature as APC they lose their capacity of phagocytosis and 

engulfment. Antigen presentation in mammals takes place at lymph node while chickens, like 

other non-mammalian species, lack lymph nodes. In this species the site of antigen 

presentation by DCs to the adaptive immune response is to date poorly understood.  
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B. Adaptive Immune System 

Entry of antigens in the body results in stimulation of both kinds of immune responses 

viz. innate and adaptive immune response. The   antigen presenting cells, such as 

macrophages, engulf and process the antigen and present the processed antigen along with 

MHC molecule to the respective immune cells. The antigen presentation initiates a complex 

series of events that culminate in the development of an immune response. If humoral 

immune system is activated then B lymphocytes come in role and these cells may   

differentiate into plasma cells that secrete antigen-specific antibodies whereas if cellular 

immune response is activated then T lymphocytes differentiate into subpopulations with 

diverse effector functions. The initiation and maintenance of an immune response depends 

upon close cooperation between various immune cells and secreted cytokines environment. 

The immune cells secrete biologically active products called lymphokines that mediate the 

immune cell functions. 

Specific immune mechanisms (acquired immune system), on the other hand, are 

characterized by specificity, heterogeneity, and memory. Specific immune system includes 

humoral immunity and cellular immunity. In comparison to mammals birds lack the draining 

lymph nodes but have unique lymphoid organ called as Bursa of Fabricius. The environment 

of bursa is suitable for the development and differentiation of antibodies. Humoral immunity, 

characterized by antibodies secreted by B lymphocytes is under the control of the bursa of 

Fabricius. The bursa is a primary lymphoid organ unique to birds. Bursa develops as an 

outgrowth of the cloacal epithelium and is located at the dorsal end of the hind gut.  

The cellular immune system is under the control of the thymus. This primary 

lymphoid organ originates from an epithelial outgrowth of the pharyngeal pouches at an early 

embryonic age. The thymus gland in chickens is composed of multiple lobes located along 

the side of the neck and extending into the thoracic cavity. Thymus is essential for the 

maturation of T lymphocytes, the principal cells of cellular immunity. Other cells important 

to the cellular immune response include macrophages, dendritic cells, natural killer cells, and 

effector cells of antibody dependent cellular cytotoxicity. 

Apart from these, chickens have a well developed mucosal immune system, mucosa-

associated lymphoid tissues (MALT) distributed in the intestinal tract, the respiratory tract 

and the eye region. The gut-associated lymphoid tissue (GALT) consists of scattered 

lymphoid cells in the epithelial gastrointestinal tract. These structures include lymphoid 

aggregates in the lamina propria, Meckel’s diverticulum, Peyer’s patches, cecal tonsils, 

oesophageal tonsils, bursa and the others lymphoid organs like nasal associated lymphoid 

tissue (NALT).  

a. Immunoglobulins 

Immunoglobulins (Ig) play the main role in humoral immune response. Three classes 

of avian Igs have been identified as the homologues of mammalian IgM, IgA, and IgG.  

i. IgM: Chicken IgM is structurally and functionally similar to its mammalian homologue. It 

is the predominant B-cell antigen receptor, is the first isotype expressed during embryonic 

development and first immunoglobulin appearing at the site of infection. The heavy (H) chain 

has a MW ~70 kDa and light (L) chain 22 kDa, indicating that chicken IgM is more likely to 

have a tetrameric (μ2L2)4 rather than a pentameric (μ2L2)5 configuration. 

ii. IgY (IgG): The avian homologue for mammalian IgG has similarities with both 

mammalian IgG and IgE. This avian isotype is the predominant form in sera, produced after 

IgM in the primary antibody response and the main isotype produced in the secondary 
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response. It is often referred to as IgY. Salt precipitation studies indicate that the avian form 

of Ig has different biochemical properties to mammalian IgG, hence the name IgY. The major 

difference between the chicken IgY and the mammalian homologue is the longer H chain in 

the chicken molecule. Avian IgY consists of five domains (V, C1–C4), as opposed to the four 

that are found in mammalian IgG. Avian molecule does not possess a genetically encoded 

hinge. 

IgY is also the major avian systemic antibody active in infections. Birds have two 

isoforms of IgY. The larger one is structurally analogous to chicken IgY and has been 

referred to as “7.8S IgG”. The smaller isoform, named “5.7S IgG”, is sometimes referred to 

as IgY(OFc), since it has only three H chain domains (V, C1 and C2) and resembles 

structurally and antigenically to an F(ab’)2 fragment of IgY. Likewise no IgE isotype has 

been described for birds. It is possible that IgE functions are performed by IgY. 

(Tirziu and Şereş, 2010) 

iii. IgA: The IgA has been found in all avian species. The presence of a structurally and 

functionally homologous form of mammalian IgA in chicken secretions has been 

demonstrated. Chicken α-chain has homology with mammalian α-chains. The differences - 

chicken α-chain possesses four C domains with no genetic hinge. Chicken IgA, extracted 

from secretions such as bile, is usually larger than the IgA found in mammalian secretions 

suggesting the avian form is a trimer (α2L2)3 or a tetramer (α2L2)4.  

Apart from the above description, one more way of classifying the avian immune 

system is active and passive immunity. When the chicken produces its own antibodies 

following exposure to a foreign material, the process is called active immunity. This occurs 

after the bird is exposed to a vaccine or a field disease challenge. Active immunity is harmed 

by anything which damages the cellular or humoral immune systems. When the chick 

receives pre-made antibodies from the hen through the egg, this is termed passive immunity. 

These antibodies are not produced by the chick. Maternal antibodies are present in the yolk, 

albumin, and fluids of the egg. If the hen has a high antibody titer level to a disease, the chick 

should also be immune for several weeks. However, since the immune system of the chick is 

not stimulated, there will be no antibodies produced by the chick and no memory cells. 

In summary, the immune system of the chicken is very helpful in preventing disease 

and to ensure maximum productive potential. 
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Development of solutions to the problem of avian diseases requires a thorough 

understanding of the avian immune response and how pathogens can subvert that response. It 

is important to note that birds occupy the similar habitats as mammals, have similar ranges of 

longevity and body mass, and face similar pathogen challenges, yet birds have a different 

repertoire of organs, cells, molecules and genes of the immune system compared to 

mammals. 

Pathogens directly modulate the innate and adaptive responses of the host thus 

determining their pathogenicity. Avian species are afflicted by a variety of pathogens and 

different pathogens engross different components of the innate and adaptive immune defence 

mechanisms of the host and at the same time different components of the host response are 

effective in controlling different pathogens. Chicken provides an excellent model for studying 

host pathogen interactions, towards a predictive and integrated understanding of immunity 

and pathogenesis. This information from chicken model is important for the development of 

skills and knowledge required for innovative and effective control strategies such as novel 

vaccines and/or vaccine adjuvants, and the identification of disease resistance genes which 

can feed into conventional breeding programmes. 

The in-depth knowledge of the avian immune system that is unique to birds, as well as 

those that are shared with other species and how to manipulate it, is essential for development 

of effective control measures for the future. 

INNATE IMMUNITY  

The innate immune response comprises of pattern recognition receptors [PRRs], its 

own effector cells (e.g. neutrophils/Heterophiles, natural killer cells and dendritic cells), 

produces cytokines and chemokines that drive inflammatory responses and the acute phase 

response and subsequently primes the adaptive immune responses by presenting antigen to 

the T cells, in context of the major histocompatibility complex (MHC) via antigen-presenting 

cells (APCs); in particular, the professional APCs i.e., the dendritic cells (DCs). 

Pattern recognition receptors 

In comparison with mammals, chickens have different repertoires of Toll-like 

receptors (TLRs), defensins, cytokines, chemokines, antibodies and other immune molecules. 

They lack functional eosinophils and the avian functional equivalent of the mammalian 

neutrophil is the heterophile. One of the most important recent advances in immunology is 

the realization that the innate immune response is crucial in providing an important initial 

response to pathogens, which can limit or prevent infection, and also determines the course of 

an adaptive immune response, and hence of immunological memory which is the ultimate 

basis of vaccination. 

Heterophiles 

Heterophiles, and their mammalian equivalent neutrophils, are polymorphonuclear 

cells (along with eosinophils and basophils) that actively phagocytose invading pathogens. 

They are considered the main effector cells of an induced innate immune response, being the 

first cell type to respond in number (often within an hour) to the site of an infection, 
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particularly bacterial infections, in response to chemokines. After pathogens are internalized 

into a phagosome, they are killed by a variety of mechanisms. In the process known as the 

respiratory burst, NADPH oxidase is activated and produces a large quantity of the reactive 

oxygen species, superoxide. Superoxide in turn is converted spontaneously or via enzyme 

activity to hydrogen peroxide, which in turn is converted to hypochlorous acid that is thought 

to have bactericidal activity. Heterophiles (and neutrophils) also kill pathogenic microbes by 

degranulation through which the granules are released into the phagosome. 

Dendritic cells 

Efforts are being made to characterize chicken DCs. Cells in tissue sections stained 

with an antichicken CD83 monoclonal antibody have been described as having unique 

attributes akin to both DCs and follicular DCs although as yet there is no substantive 

evidence that these cells are DCs. Chicken epidermal DCs have been described, based on 

their staining patterns, as ATPase
+
, MHC class II

+
, CD45

+
, vimentin

+
, CD3

+
, 68.1

+
 and 

KUL01
+
. These cells were shown to mobilize from the epidermis following hapten treatment, 

suggesting that, like mammalian epithelial DCs, they migrate after encountering antigen.  

ADAPTIVE IMMUNITY 

The naïve T cell encounters an antigen, proliferates and become activated effector T 

cells, ultimately leading to memory T cell formation. Antigen-experienced T cells or memory 

T cells are a subset of cells that have previously encountered and responded to their cognate 

antigen. Since the paradigm was first proposed, it has become clear that there are more than 

two CD4 T-cell subsets, with either regulatory or effector functions. The researchers have 

now cloned and developed reagents to measure expression of all of these molecules, with the 

exception of Foxp3, in the chicken. 

Cytokines 

Cytokines are essentially molecular messengers that control and coordinate immune 

cells both during innate and adaptive immune responses. Generally, the cytokine families 

have smaller numbers of genes in chickens than in mammals, consistent with the trend 

towards minimalism in avian immune system genes that is most clearly evident in the 

‘minimal essential MHC’. 

PROSPECTS FOR DISEASE DIAGNOSIS AND CONTROL 

Vaccines 

It is now realized that vaccination using live attenuated vaccines, particularly for 

Marek’s disease, is selecting for increased virulence of important pathogens. Thus the next 

generation of poultry vaccines will be primarily subunit vaccines, delivering antigen(s), 

possibly from multiple pathogens, in viral or DNA vectors. Reverse genetics systems have 

now been perfected for Marek’s disease virus, Newcastle disease virus and for IBV.  

There are numerous examples of chicken cytokines acting as vaccine adjuvants, 

whether delivered as recombinant proteins or in viral or DNA vectors. With the more 

advanced understanding of DCs biology in chickens, it should be possible to use antibodies 

against co-stimulatory receptors on DCs, or the actual ligands for those receptors, to stimulate 

DCs more effectively. There is also the potential to understand and exploit the avian-specific 

TLR pathways. Ultimately, it should be possible to engineer recombinant vaccines in which 

protective antigens for several pathogens are delivered alongside natural adjuvants from the 

same vector, with delivery via in ovo vaccination being the route of choice. 
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In Infectious bursal disease (IBD, Classical serotype 1 vaccines still induce good 

protection, but the actual problem for control of the disease is the interference of maternally 

derived antibody in the establishment of the vaccination schedule. The development of safe 

vaccines that could either transmit a high passive immunity and protect broilers during the 

whole growing period or prime an immune response before or at hatching in the presence of 

passive immunity might be established in the near future. In this context, recombinant 

vaccines and virus-neutralizing factor technology might have an advantage over others. 

A number of viruses prefer to infect birds via mucosal membranes and these viruses 

in wild and commercial birds are causing zoonotic epidemics and huge economic losses. In 

order to develop novel therapeutics to control avian respiratory diseases, including novel 

vaccines or vaccine adjuvants, it is important to identify disease resistance genes and how 

pathogens can deliberately destroy these responses. Recent advances in innate immunity has 

elucidated molecules and molecular pathways involved in innate immune response against 

avian respiratory viruses. The activation of the innate immunity appears in response to high 

pathogenesis and mortality related to these viruses. While PRRs are critical in the activation 

of these responses, characterizing the role of RNA helicases and DNA sensors has recently 

been appreciated. 

Recent advances in recombinant DNA technology have resulted in experimental 

Infectious Bronchitis (IB) vaccines that show promise in antibody and T-cells responses, 

comparable to live attenuated vaccines. Recombinant DNA vaccines have also been enhanced 

to target multiple serotypes and their efficacy has been improved using delivery vectors, nano 

adjuvants, and in ovo vaccination approaches. Although most recombinant IB DNA vaccines 

are yet to be licensed, it is expected that these types of vaccines may hold sway as future 

vaccines for inducing a cross protection against multiple IBV serotypes. 

Disease resistance and the immune response 

Breeding of birds, by natural selection, which are more resistant to disease. This could 

reduce the use of vaccines, in-feed growth promoters, coccidiostats, therapeutic antibiotics, 

etc. Selection for improved immune resistance is a complex process. Few single genes or 

gene products have been shown to influence disease resistance, with some exceptions such as 

CCR5 and CXCR4, which are associated with resistance to HIV, and the single dominantly 

expressed chicken MHC class I gene, which is associated with resistance to a number of 

poultry viruses. Increased in vitro heterophile function has been shown to correlate with 

increased in vivo resistance to organ invasion by Salmonella Enteritidis and heterophiles 

from the resistant line produce greater levels of pro-inflammatory cytokines and chemokines 

than those from the susceptible line.  
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     RECENT APPROACHES FOR THE DIAGNOSIS AND CONTROL OF 

INFECTIOUS BRONCHITIS 

 

Rajesh Chhabra, Bal Krishan, Sakshi Bhadouriya, N. K. Kakker and Swati Dahiya 

College Central Laboratory, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Infectious bronchitis (IB) caused by IB virus (IBV) was first identified by Schalk and 

Hawn (1931) as a new respiratory disease in young chickens in North Dakota, USA. Since 

then IBV has been reported to be causing significant economic losses to the poultry 

industryespecially in countries with large commercial poultry populations. IB is an OIE listed 

(2015), acute, highly contagious disease of chickens affecting all ages of the chickens. IBV 

replicates in many tissues, causing respiratory symptom, diarrhea, reduced weight gain and 

feed efficiency, renal disease, decreased reproductive efficiency, decline of egg production 

and quality and increased susceptibility to several infections. 

Etiology and Molecular Biology 

IBV is a +sense ssRNA virus having 120-160 nm in diameter and belongs to the 

Order Nidovirales, Family Coronaviridae. The IBV has a genome length of 27.6Kb and is a 

part of the Group 3 Coronaviruses that specifically infects avian hosts (chickens, pheasants, 

and galliforms). The virions are generally pleomorphic and enveloped. The viral genome 

encodes structural proteins; spike (S1 and S2), membrane (M), envelope (E), and 

nucleocapsid (N); and the non-structural proteins (NSPs) that are important for the replication 

of the virus.  

The S1 subunit of the spike protein is responsible for extensive variation among IBV 

populations, viral attachment to the cells and is a primary target for host immune responses 

since S1 induces virus neutralizing- and haemagglutination inhibition-antibodies. The role of 

S1 in determining the species and tissue/cell tropism of several coronaviruses, including IBV, 

has been reported extensively. 

Diagnosis  

1. Detection of Antibodies 

IBV can be diagnosed by the detection or by increase of IBV specific-antibody titers 

in the sera of poultry birds. Generally, paired serum samples are necessary to correlate the 

clinical problem with IBV infection. Previously, serological assays such as virus 

neutralization (VN), haemagglutination inhibition (HI) and enzyme-linked immunosorbent 

assay (ELISA) were used for the detection and serotyping of IBV. Of these, ELISA is more 

sensitive and widely applied for field use for monitoring the antibody response following 

vaccination or infection. However, emergence of new IBV serotypes showing no cross-

reaction with the available antisera made serological tests less applicable and non-conclusive 

in case of new/ emerging IBV isolate(s). 

1.1. Virus Neutralization Assay 

The VN assay detects antibodies produced by the S1 subunit of the spike protein and 

is serotype-specific assay. The test can be carried out in cell cultures or in tracheal ring 

cultures and detects embryo alterations, cytopathic effect and ciliostasis. 

1.2. Immunodiffusion in Agar Gel 

The immunodiffusion in agar gel requires a positive control serum to differentiate 

non-specific precipitation bands from IBV specific precipitation bands. 
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1.3. Haemagglutination Inhibition Test 

The IBV is not a natural hemagglutinating virus and requires exposure of its 

hemagglutinin by pre-treatment with type C phospholipase enzyme, which is cumbersome. 

The haemagglutination inhibiting antibodies are also induced primarily against S1 spike 

protein. Generally, the HI test is considered to be strain-specific, and thus, its use is limited to 

monitor response after vaccination. 

1.4. ELISA  

The ELISA can detect anti-IBV antibodies within one week after infection as well 

vaccination. Because of the short period between infection and the detection of antibodies by 

ELISA, generally paired serum sampling is required, at the interval of one week or more. 

Several ELISA kits are commercially available for detection of IBV-specific antibodies.  

2. Virus Isolation and Identification 

Virus isolation has been the gold standard for the diagnosis of IBV. Taking samples 

during early onset of the disease and ensuring the right sampling techniques are important 

keys for successful isolation of IBV. 

2.1. Inoculation of Embryonated Chicken Eggs  

The clinical samples comprising of tracheal swab, broth, or tissue homogenate are 

inoculated into the allantoic cavity of 9-11 day old embryonated chicken SPF eggs and 

incubated at 34-37 °C. Eggs are candled daily to monitor embryo viability. After 48-72 hrs of 

incubation, the allantoic fluid is harvested and tested for the presence of IBV using 

serological tests or RT-PCR assay. The inoculated eggs are opened after 5-7 days and 

observed for characteristic IB lesions viz. curling and dwarfism of the infected embryo. 

 

Figure: Dwarfism and curling of the toes in IBV infected embryo (right), Control (Left)  

2.2. Cell Culture  

IBV can be isolated in various primary (chicken embryo kidney fibroblast) and 

secondary (Vero) cell lines. The infected cultures are characterized by rounding, development 

of syncytia, and subsequent detachment from the surface of the plate. 

2.3. Organ Cultures  

Both the embryo-adapted and non-embryo adapted IBV strains can be propagated in 

tracheal organ culture prepared from tracheal rings of 20-day old chicken embryo in roller 



ICAR-CAFT 31st Course ‘Diagnosis and Control of Emerging and Re-emerging Trans-boundary Diseases of Poultry’, 
Department of Veterinary Microbiology, LUVAS, Hisar, February 7-27, 2018. 
 

Sanjay Kapoor, Rajesh Chhabra and N. K. Kakker (Editors), LUVAS, Hisar 24 
 

bottles. The cultures are observed microscopically for evidence of ciliostasis and complete 

impairment of ciliary activity is considered as positive. 

3. Electron Microscopy 

The electron microscopy provides a direct means of detecting and identifying IBV in 

biological samples based on morphological characteristics i.e. presence of coronavirus-like 

pleomorphic structures with spike projections. 

4. Immunofluorescence Assay 

The IFA is a cheap and fast technique for the detection of IBV in scrapings of tracheal 

mucosa or other tissue, cells sediment from allantoic fluid, TOCs and cell culture. The IFA 

can be used as a group-specific (using IBV-specific polyclonal sera) or type-specific (using 

type-specific monoclonal antibodies) test. 

5. Molecular Diagnostic Assays 

Molecular methods such as Reverse Transcriptase Polymerase Chain Reaction (RT-

PCR), real-time PCR, Restriction Fragment Length Polymorphism (RFLP) and genome 

sequencing have replaced conventional serological tests for IBV diagnosis. The use of RT-

PCR has increased during previous years to detect the presence of IBV genome based on the 

evidence of viral specific RNA because of its accuracy for diagnosis and serotyping of IBV.  

5.1. RT-PCR 

RT-PCR uses viral RNA amplified either directly (one-step RT-PCR) or following 

cDNA synthesis (two-step RT-PCR). The UTR and N-gene-based RT-PCR are used for 

universal detection, because of the conserved nature of the target region in many IBV 

serotypes. However, amplification and sequencing of the S1 gene provide a reliable means 

for genotypic classification of new IBV strains. A serotype-specific PCR assay has been 

designed to enable differentiation of Massachusetts, Connecticut, Arkansas and Delaware 

field isolates. 

5.2. Restriction Fragment Length Polymorphism 

RFLP is used for IBV genotyping and to differentiate various IBV strains and to 

identify new variants following RT-PCR amplification targeting full-length sequence S1 

glycoprotein. 

5.3. Real-Time RT-PCR  

Real-time RT-PCR assays having increased sensitivity and specificity are used for 

detection and quantification of IBV viral load from tissue and/or clinical samples based on 

viral copy number or fold changes. 

5.4. Multiplex Microsphere-based Assay 

Multiplex microsphere-based assay targets the S1 gene for detection of IBV nucleic 

acid through direct hybridization of PCR-amplified DNA products with target specific 

oligonucleotide probes coupled to the microspheres. Microsphere contains two internal 

fluorochromes with different intensities, giving each microsphere a unique spectral character.  

5.5. Multiplex PCR-Based Luminex Suspension Microarray Assay 

Luminex microarray is a rapid identification method combining one-tube multiplex 

RT-PCR with Luminex MAP bead hybridization for simultaneous detection of four avian 

respiratory viruses viz. avian influenza, Newcastle disease, infection bronchitis and infectious 

laryngeotracheitis virus in single- and mixed-virus infections. 
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6. Sequence and Phylogenetic Analyses  

Next generation sequencing is an important and recent approach for whole genome 

sequencing and early diagnosis of IBV. For genotyping S1 gene of IBV is amplified using 

RT-PCR, sequenced and subjected to bioinformatics analyses. 

Prevention and Control  

Currently, prevention of IB is mainly achieved by vaccination. Attenuated live 

vaccines are used in broilers and pullets, whereas killed vaccines are used in layers and 

breeders. Broilers are usually vaccinated at the hatchery by spray as early as possible. With 

the increase in the scientific knowledge, new vaccines against IBV having sub-viral 

components and vectored vaccines are being developed. 
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DEVELOPMENT OF REPOSITORY FOR POULTRY VIRUSES 

Sanjay Barua, Riyesh, T and Naveen Kumar  

National Centre for Veterinary Type Cultures, ICAR-NRCE, Hisar, Haryana 

The poultry industry has become a major contributor to the country’s economy 

primarily due to the rapid development and advances made in poultry management, 

nutrition, genetics and better diagnosis and control of diseases. As the industry is 

expanding, much is needed to be done to improve the efficiency of production, which 

directly depends on the prevention and control of diseases. Infectious diseases are one of 

the major causes of economic losses and currently the industry is threatened by disease 

outbreaks due to more virulent endemic viruses and also by exotic and emerging viruses. 

The repeated outbreaks of diseases caused by variant strains of infectious bronchitis virus 

(IBV), velogenic  strains of Newcastle disease viruses (NDV) and very virulent strains of 

Infectious bursal disease virus (IBDV), Infectious laryngeotracheitis virus (ILTV), 

Marek’s disease virus (MDV) and Avian influenza viruses are to name a few of them. 

Diseases due to many of these viruses occur even in well managed poultry flocks, which 

have prompted the need to evaluate the underlying factors contributing to these diseases.  

Avian pathogens continue to change and develop ways to evade immunity induced 

by current vaccines. Despite advancements in genetic engineered tools, conventional 

laboratory diagnosis using serological tests and conventional vaccines are still being used 

extensively in health and disease management of poultry. Majority of these vaccines have 

not been evolution-proof and this may enhance virus evolution especially in the absence of 

sterilizing immunity allowing wild type viruses to be transmitted through vaccinated 

chickens. Some of the viruses undergo changes in structural component and may not be 

detected by conventionally used diagnostic techniques (ELISA/SNT). In this context, it is 

essential to compare the existing and old strains of viruses causing diseases in poultry so 

as to identify any type/lineage specific signature residues, vaccine escape mutants, hot 

spots undergoing frequent mutations, geographic distribution and dominance of certain 

lineages / variant groups etc. This comparison could only be possible, with the help of a 

microbial repository which specifically caters to collection, preservation and maintenance 

of microbial isolates over a period of time. 

 

Since the inception of modern microbiology, large numbers of microbes have been 

isolated from a wide variety of birds, animals and their environment. However, routine 

preservation including the long term conservation, identification, characterization and 

cataloguing of diverse groups of microbes is not possible for a small clinical or 

microbiology laboratory. As a result the numbers of microbial isolates of importance have 

been lost for posterity. To cater to the conservation of the vast microbial diversity, it is 

imperative to have a professionally managed repository, with adequate facilities for 

isolation, reposition and preservation of microbes wherein the microbial cultures are 

authenticated, preserved and maintained for current and future needs of the country as well 

as to earn foreign exchange by way of supply to various needy agencies. Besides, as the 

molecular and biotechnological evolution enters the next stage of rapid molecular 

deciphering of the genomic data by whole genome sequencing of a variety of life forms 

along with microbes, a new potential level of understanding the microorganisms and 

emergence of knowledge in this field is emerging. Infact, the research pertaining to use of 

microbes is based on understanding microbial evolution in general and the changing 

pattern of infectious diseases in particular for preparedness in emergency situations. The 

availability of microbes from current and past episodes would be of immense use to 
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understand the evolutionary process in microbes, making it possible to search for 

mitigation strategy by manipulating host system/microbe. 

A few international agencies viz. ATCC (USA) and NCTC (UK) are in the 

forefront of preservation and supply of microbes worldwide for research and corporate 

use. However, the procurement of microbes from these agencies is time consuming, 

expensive and subjected to official clearance. In India, there is a lack of a national level 

organization particularly dealing with collection and characterization of animal / poultry 

microbes, which could be approached for procuring the desired microorganisms. In this 

regard, National Centre for Veterinary Type Cultures (NCVTC) has been established as a 

national repository of animal microbes. 

The repository aims at collecting microorganisms from different agro-climatic 

zones of the country by functioning in a network mode. A total of fourteen different 

universities, Veterinary colleges and Research institutes are included in this network.  

Through this programme a large number of microbes are being collected, identified and 

preserved every year and microbial isolates/strains of animal/poultry origin are being made 

available for developing diagnostics, vaccines, biologicals and also in understanding the 

pathogenesis of infectious diseases including generation of data on molecular 

epidemiology/evolution in the Indian context. Furthermore, the repository also aims to 

protect the intellectual property rights (IPR) of the unique microbes for safeguarding 

biological diversity of the country. 

The International Committee on Taxonomy of Viruses (ICTV) lists 3186 viral 

species across 505 genera and 104 families. Many of these viruses infect animals and 

cause diseases that are economically devastating to the livestock industry. Some of the 

animal viruses may also have zoonotic potential to infect and cause severe disease in 

humans. Research into animal viruses has made important insights for understanding 

viruses in general, their replication, molecular biology, evolution and host interaction. 

Currently, the NCVTC repository has more than 200 animal viruses representing 

22 different viral species. Considering the huge demand of poultry viruses for research and 

diagnostic purpose from various Govt./ Private agencies we have started working on the 

reposition of poultry viruses as well. Presently the repository has various virulent strains of 

New Castle Disease virus, Infectious bursal disease virus, Fowlpox virus, Chicken 

astrovirus, Avian nephritis virus, Fowl adenovirus, Infectious bronchitis virus, Duck 

plague virus etc. in its repertoire. We also plan to strengthen the poultry repository through 

the collection of various isolates viz., Infectious laryngeotracheitis virus (ILTV), Marek’s 

disease virus (MDV), Chicken anemia virus, Egg drop syndrome virus, Avian 

encephalomyelitis virus and Chicken parvovirus, Avian rotavirus through our network. 

This programme will help us to develop / function as a nodal agency for distribution of 

poultry microbes for teaching and research purposes in the country. 

In order to develop on collection and expertise in a quality conscious standardized 

manner, it is imperative to establish the repository with a standard set of processes and 

procedures (such as those involved in collection of microbes, collection of information on 

microbes from depositors, storage conditions of cultures of different types, inventory 

management  of liquid nitrogen with back up, Location and retrieval system of 

samples/cultures, power back up system, media and chemical quality control, security of 

collection, access to collection etc.) and documentation of various nature (such as various 

forms, declaration, identity proofs) with this view guidelines for the functioning of the 

repository have been developed. NCVTC follows set norms in culture collection as 

mentioned below: 
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 Receipt of culture along with the preliminary culture data sheet from depositors 

 

 Assigning repository receipt  (RR)  numbers to the cultures 

 

 Acknowledgement of RR numbers to the depositors 

 

 In house-distribution of the cultures to respective laboratory of  NCVTC 

 

 Checking preliminary quality of the cultures 

 

 Viability check (growth in appropriate medium) of the cultures 

 

 Authentication (genome amplification / biochemical test / antibody neutralization) 

 

 Communication of authentication result to the depositor along with a request   to 

submit final deposit forms 

 

 Assigning Accession Numbers upon receipt of the filled deposit forms 

 

 Communication of Accession Numbers to the depositor 

 

 Bulk culture of the purified and authenticated microbial culture 

 

 Preservation (Lyophilization) of the culture at -80
o
C  

 

 Viability checking of the accessioned cultures at regular intervals 

 

This document outlines the general procedures being followed in the repository for the 

conservation of the microbial diversity. The information would be useful while depositing/ 

obtaining microbial cultures from the repository for researchers, field veterinarians and 

institutions working in the area.  
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ACCREDITATION OF POULTRY DISEASE DIAGNOSTIC LABORATORY 

Swati Dahiya, Rajesh Chhabra and N. K. Kakker 
Department of Veterinary Microbiology, College of Veterinary Sciences, 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

To raise awareness on the importance of accreditation, 9
th

 June is marked as the 

World Accreditation Day, jointly by the International Accreditation Forum (IAF) and the 

International Laboratory Accreditation Cooperation (ILAC). Accreditation is a voluntary, 

third party-reviewed process by which regulatory authorities or authorized body accord 

formal recognition, authorization and registration of a laboratory to undertake a specific task 

as per the pre-defined standards (Kumara and Bhatia, 2003). While undergoing accreditation 

process, a laboratory's quality management system (QMS) is thoroughly evaluated on a 

regular basis to ensure continual management and technical competence which is followed by 

surveillance audits. This results in assurance of credible laboratory results for clients. It 

involves re-assessment and surveillance at regular intervals by a certifying body so as to 

ensure that commitment to quality is a continuous process.  

The total poultry population in India is 729.2 million (19
th

 Livestock Census-2012, 

India; http://dahd.nic.in/documents/statistics/livestock-census) out of which 42.82 million 

numbers are in Haryana (19
th

 Livestock Census-2012, Haryana; 

http://pashudhanharyana.gov). Since there is a global competition for poultry and its 

products, hence we need fully accredited poultry disease diagnostic labs and trained 

veterinarians and other personnels who are well versed with the latest accreditation processes. 

Considering the vast natural resources available in India, we can take the lead role in 

establishing accredited labs by training our veterinarians so that they can understand the 

concept of accreditation of laboratories and validation of tests and implement them in their 

respective fields. 

1. Accreditation Bodies 

To facilitate the acceptance of the laboratory’s test results for trade, the accreditation 

standard used must be recognized by the international community and the accreditation body 

must be recognized as competent to accredit the laboratories. The organizations that 

recognize the accreditation bodies are the Asia-Pacific Laboratory Accreditation Cooperation 

(APLAC), the Inter American Accreditation Cooperation (IAAC), and the European Co-

operation for Accreditation (EA). International Laboratory Accreditation Cooperation 

(ILAC), formed in 1996, has published specific requirements and guidelines for laboratories 

and accreditation bodies. Under the ILAC system, ISO/IEC 17025; 2005 “General 

Requirements for the Competence of Testing and Calibration Laboratories” is to be used for 

laboratory accreditation of testing and/or calibration activities. This is an ISO standard 

accepted internationally by the World Organization for Animal Health (OIE) and the Food 

and Agricultural Organization of the United Nations (FAO) for veterinary diagnostic 

laboratories. 

National Accreditation Board for Testing and Calibration Laboratories (NABL) is the 

organization providing accreditation to the laboratories in India and it is an autonomous body 

under the aegis of Department of Science and Technology, Govt. of India. NABL has its 

accreditation with ILAC, which has imparted international recognition to NABL accredited 

laboratories. NABL is the sole accreditation body in India that provides third party 

assessment and has been authorized by the Government of India.  
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2. Benefits of Poultry Disease Diagnostic Lab Accreditation 

Laboratory accreditation uses criteria and procedures specifically developed to determine 

the technical competence in conformance with ISO-based international standards. 

Conformance to standards inherently contributes to higher quality, safety, reliability, and 

consistency of services. This increases a laboratory’s marketability, customer satisfaction, 

and acquisition of new customers. The increased credibility associated with NABL 

accreditation leads to advantages such as:  

 Decreased operating expenses from retesting.  

 Enhanced management control through management review participation.  

 Increased marketability from the commitment to meeting internationally accepted 

quality standards.  

 Increased customer satisfaction as a result of customer-focused QMS.  

 Participation in funded national and international programs for foreign animal disease 

detection, animal/zoonotic/and emerging disease surveillance, and export testing.  

 Expanding customer ability to reach international markets.  

 Ability to provide documentary evidence (records) of the whole laboratory test 

process. 

3. NABL Accreditation and ISO 9000 Certification 

Accreditation is a higher level activity than system certification. ISO 9000 

Certification of the laboratories involves QMS only while NABL accreditation provides 

formal recognition, authorization and registration of technical competence. This provides a 

ready means for customers to find reliable testing and calibration services to meet their 

demands as well as the quality system. Auditing of an organization’s quality management 

system comes under ISO 9000 certification but it tells us nothing about its technical 

competence or its ability to provide reliable and accurate test data that will be accepted by our 

customers and trading partners. So laboratory accreditation, which is based on ISO/IEC 

17025 is a measure of both technical competence and quality management and is the most 

appropriate process rather than quality ISO-9000 certification. 

4. NABL Accreditation Process 

General Information Brochure NABL 100 (http://www.nabl-india.org/) is published 

by NABL which is a guide about NABL accreditation and its procedure. As a concept, the 

standard accreditation has management and technical requirements. The laboratory 

accreditation process in general includes:  

1. Application submission  

2. Assessment of application  

3. On-site assessment of laboratory for management and technical requirements 

4. Laboratory demonstrates compliance  

5. NABL issues certificate of compliance 

The management requirements for accreditation include organization, QMS, 

documentation, review of requests, contracts and tenders, subcontracting of tests and 

calibrations, purchase of services and supplies, service to customer, complaints, control of 

non-conforming testing/ calibration, upgrading, remedial actions, preventive actions, control 

http://www.nabl-india.org/
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of records, internal audits and management reviews. So the process involves a lot of 

documentation of almost all activities, which get scrutinized during the process of audit in 

order to look for any non-conformity to the policy and procedures laid down in the quality 

systems. 

The technical parameters for accreditation include personnel, accommodation and 

environmental conditions, test and calibration methods, validation of methods, measurement 

traceability, equipment, sampling, handling of test and calibration items, assuring quality of 

test and calibration results and reporting the results. The manpower has to be qualified and 

competent. For maintaining the accreditation status, regular in-house training of technical 

staff and veterinary microbiologists in the laboratory is a requirement. The staff should be 

familiar with the standard and participate in undertaking activities related to the quality 

system. 

Accommodation for laboratory must be sufficient to avoid any unsafe procedures or 

incompatible activities. The placement of equipment and working benches should be such 

that hand washing and surfaces of floors and walls should be possible to clean. The 

combustible items should be placed safely. Microbiologist should be aware of biosafety 

recommendations and waste handling rules in India. The measuring equipment should be 

calibrated at regular intervals by an accredited laboratory. All the materials and reagents have 

to be procured through a system, which ensures purchase of quality reagents. 

All these processes involve use of standard operating procedures (SOPs) and periodic 

evaluation of these procedures so as to update them with changing technology and 

knowledge. Daily internal quality control should be in place besides also addressing the pre-

examination and the post-examination procedures, turn-around time of reports and release of 

reports by authorized personnel. The SOPs and work instructions should be available to all 

staff but in a manner that they cannot be changed or modified by any unauthorized person 

(document control).  

At the end of the day the performance of a laboratory is judged by reliability of its test 

reports. We know that in disease diagnostic lab, the pre-examination procedures like 

collection, transport and time of collection of samples, history of treatment, etc., are 

important variables, which determine the uncertainty of results affecting the test results and 

their interpretation. This is a challenge to monitor these and correct them by regular 

interaction and education of the veterinary clinicians and assistants. Higher authorities must 

play a role in motivating the veterinary clinicians to follow proper collection and 

transportation methods (Kapil, 2013). 

5. ISO/IEC 17025:2005  

Specialist technical assessors conduct a thorough evaluation of all factors in a 

laboratory that affect the production of test or calibration data. The criteria are based on the 

international standards called ISO/IEC 17025 or ISO 15189, which are used for evaluating 

laboratories throughout the world (http://www.nabl-india.org/). Valid laboratory results are 

achieved by the use of good management practices, valid test and calibration methods, proper 

technique, quality control and quality assurance, all working together within a quality 

management system. ISO/IEC 17025:2005 specifies the general requirements to carry out 

tests and/or calibrations, including sampling and is to be used by laboratories in developing 

their management system for quality, administrative and technical operations. Compliance 

with regulatory and safety requirements for laboratories is not covered by ISO/IEC 

17025:2005.Microbiological testing includes sterility testing, detection, enumeration, 

isolation, identification and characterization of micro-organisms (viruses, bacteria, fungi and 

http://www.nabl-india.org/
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protozoa) and their metabolites in different materials and products, or any other assay using 

micro-organisms. 

6. Validity of Accreditation 

Accreditation of a laboratory shall be valid for a period of 2 years and NABL shall 

conduct periodical surveillance of the laboratory at intervals of one year. Laboratory must 

apply for renewal of accreditation at least 6 months before the expiry of the validity. 

Accreditation of microbiology laboratories will be a great step to gain international 

recognition. Not only it will give confidence to veterinarians regarding the reliability of the 

report to diagnose an individual animal, but it will also build evidence to manage patients 

empirically by generating reliable epidemiological data. For the surveillance and monitoring 

of infections for national and international networking let us hope that the Indian Veterinary 

Microbiologists take the laboratory services to internationally recognized standards in the 

coming times, despite all constraints. It needs the firm commitment of the top authorities for 

making available sufficient funds and manpower to implement these quality principles in 

veterinary diagnostic laboratories, veterinary biologicals institutes, veterinary/ agricultural 

universities and ICAR research institutes. 
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Further reading 

1. Assessment criterion and process of accreditation (http://www.nabl-

india.org/index.php?option=com_content&view=article&id=100&Itemid=73) 

2. Information and documents on laboratory accreditation can be found on the ILAC 

(International Laboratory Accreditation Cooperation): www.ilac.org 

3. ISO/IEC Guide 58:1993, Calibration and testing laboratory accreditation systems — 

General requirements for operation and recognition 

4. NABL documents under Publications on website: http://www.nabl-india.org/ 

i. NABL 102, Specific Criteria for Biological Testing Laboratories 

ii. NABL 112, Specific Criteria for Accreditation of Medical Laboratories 

iii. NABL 153, Application form for Medical Testing Laboratories 

iv. Terms & Conditions for obtaining and maintain NABL Accreditation 

v. NABL 209, Pre-Assessment Guidelines and Forms 

vi. NABL 215, Assessment Forms and Checklist (Based on ISO/IEC 17025: 2005) 

http://www.nabl-india.org/
http://www.nabl-india.org/
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ESSENTIALS OF QUALITY ASSURANCE SYSTEM IN THE POULTRY VACCINE 

INDUSTRY 

R. Prem Kumar 

General Manager (Quality Assurance), Indovax, Hisar, Haryana 

This chapter presents an overview of the vaccine industry as a whole at the 

international and national level with particular emphasis on present day issues in human, 

veterinary and poultry vaccine industry. The topics covered are an overview of the evolution 

of the quality assurance system for pharmaceuticals and vaccines in India and worldwide. 

Later on, technical details of production, quality control, utility systems, research and 

development, etc. and their function in relation to assuring the quality of products are 

described. All these are covered under the following topics and sub-topics:  

1. Good Procurement Practices  

 Documented procedure to ensure that purchased products conform to specified purchase 

requirements  

 Evaluation  and Selection of  suppliers based on their ability to supply raw material 

 Packaging materials in accordance with the company’s requirements 

 Criteria for Evaluation and Periodic Re-evaluation 

 Records of the Results of the evaluation and  necessary actions arising out of the 

evaluation   

2. Good Storage Practices 

 Quarantine, Sampling and Approval of Raw and Packaging materials 

 Storage and Maintenance of Quality throughout the shelf life of the products 

 Recalled products and Returned goods 

 Waste material disposals 

3. Good Manufacturing Practices (GMP) 

 Quality of Raw and Ancillary Materials, Equipment and Instruments 

 Personnel and Operations (Store, QC, QA, Production and Logistics) 

 Controls on Starting materials, Intermediate & Bulk products, other In-process controls 

 Prevention of cross-contamination and bacterial contamination during production 

 Calibrations, Validations, Requirements of the Marketing Authorization 

 Regulations relevant to the Production, Control and Release of products 

 Contract in General, Contract giver Accepter  

4.  Laboratory System- Quality Control  

 Good  Laboratory Practices 

 Glassware Preparation and Sterilization-Validation of Sterilization Process 

 Type of documents: Standard Operating Procedures, Protocols of Tests and Results 

 Reports, Laboratory Records, Sampling, Description of method of Testing  
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 Record of all data secured in the course of the Test 

 Record of Test results and Comparison with Standards of Identity, Strength and Quality 

 Record of all deviations and modifications of Test 

 Record of Standardization of Reference Standards and Calibration of Equipments 

 Documentation Control, Controlled distribution and Archiving of documents 

 Control of changes made by proper change control procedure, Approval of all 

documents 

 Consistency and Reliability in each of the activities performed in the Laboratory 

 Providing Training of the staff 

 Analytical Methods, Validations and Importance 

 Environmental Monitoring Programme (EMP)  

5 PHARMA QUALITY MANAGEMENT SYSTEM 

 Handling, Evaluation & Analysis of the Deviations, Out of Specification results, 

Change Controls during the Manufacturing, Complaint handling, Documentation, 

Stability studies 

 Man, Material, Machinery, Bio-Safety, Technology transfer, Quality improvement 

plans, Line clearance, In-process counter checks, Critical sampling  

 Record verification, Release of batch for marketing, Investigation of market complaints 

 Batch manufacturing record, Scale-up and validation of products 

 Master plans for Facility/ Equipment/ Process/ Utility, Cleaning 

 Validation of Facility/ Equipment/ Process 

 Recall, returns and destruction procedures, Re-process, Rework and Returned Product 

 Annual Product Review, Maintenance Program, Pest control, Site Master Plan 

 Risks and risk management- Proactive approach for identifying, scientifically 

evaluating and controlling potential risks to quality. 

 Systematic process for the assessment, control, communication and review of risks to 

the quality of the drug (medicinal) product across the product lifecycle (ICH Q9)  

6. Facilities and Equipments 

 Quality of construction, Flow of personnel, product, materials, wastage and process 

 Utilities (HVAC, Pressure differentials, water systems, clean steam, compressed air) 

 Clean rooms, Classification, Equipment qualification: DQ, IQ, OQ and PQ 

 Equipment calibration and verification , Validation of computerized systems 

7. Self-Inspection and Quality Audits 

 Items for self-inspection, Self-inspection team, Frequency of self-inspection, Self-

inspection report, Follow-up action, Quality audit, Suppliers’ audits and approval 
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 Regular Appraisal and Effectiveness, Applicability of Quality assurance system through 

Self-Inspection  and Quality audit, Consistency of the process and continuous 

improvement 

8.  Good Documentation Practices 

 Master formulae and Batch Processing Records 

 Packaging instructions and Batch Packaging Records 

 Standard Operating Procedures, Records and Logbooks 

9. Cold Chain and Logistics 

 Cold chain throughout the Delivery Processes  

 Equipment, Transport and Validation 

10. Quality Review and Improvement Plan 

 Annual Products Review, Customer complaint history 

 Proposals for corrective and preventive actions 

 Trend analysis of various quality parameters for products, environment and water 

 Review of the Deviations, Change Controls, Out of Specifications and Failures 

11. Regulatory Affairs 

 Drug Registration worldwide, Interface between Regulatory affairs and Quality 

Assurance 

 Different Drug regulatory authorities and systems of the world 

 Regulatory system in India    

 National Drug Policy & Legal Framework 

 Certificate of Suitability (CoS) and Drug Master Files 

12.  Quality by Design: The Buzz Words in Quality  

 Regulatory Recommendations-USFDA and ICH, SMART QBD methodology 

 Tools for SMART: S-Specific, M-Measurable, A-Attainable, R-Relevant, T-Time based  

 QBD-Project management, Risk Analysis and Design of Experiments 

Conclusion 

Latest trends in Quality Assurance System for vaccines under different regulatory 

environments 
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ON GROUND PRACTICAL TECHNO ADMINISTRATIVE APPROACH OF 

CONTROL AND CONTAINMENT OF AVIAN INFLUENZA (H5N8)  

OUTBREAK IN THE STATE OF HARYANA 

L.C.Ranga 

Director, Central Sheep Breeding Farm, Hisar 

Avian influenza (AI) or “Bird Flu” is a contagious disease caused by viruses that 

normally infect only birds and less commonly pigs.  AI viruses are highly species-specific, 

but have, on rare occasions, crossed the species barrier to infect humans. As per World 

Organization for Animal Health (OIE), AI of poultry is caused by the influenza virus having 

H5 or H7 subtypes. Influenza viruses have 16 H subtypes and 9 N subtypes.  Only viruses of 

the H5 and H7 subtypes are known to cause the highly pathogenic form of the disease. Based 

on the pathogenicity these viruses are divided into high pathogenicity avian influenza viruses 

(HPAI). 

 The HPAI spreads very rapidly through poultry flocks, causes disease affecting 

multiple internal organs and mortality up to100% within 48 hours.  AI virus is highly 

mutative and can mutate within few months into the highly pathogenic form.  

 In view of the threats of global outbreaks of AI and apprehensions of a human 

pandemic, the Department of Animal Husbandry, Dairying and Fisheries (DADF), Govt. of 

India had prepared an action plan in 2005 which was revised in 2006 and lately in 2012 for 

guidance of State Government for prevention, control & containment of AI in the country. 

There was an outbreak of AI at Blue Bird Tourist Complex Lake, Hisar, Haryana in 

Oct.-Nov. 2016. The authorities informed the Deputy Director, Department of Animal 

Husbandry and Dairying, Hisar on 20.10.2016 and 31.10.2016 that few ducks have been 

found dead in and around the Blue Bird Tourist Complex lake. Considering the matter as a 

serious concern, the Department of Animal Husbandry and Dairying, Hisar took prompt 

action and immediately collected the required biological samples following the necessary 

protocols required as per the guidelines of Govt. of India. The samples collected from the 

suspected AI outbreak spot and birds were immediately sent to the National Institute of High 

Security Animal Diseases (NIHSAD), Bhopal through special messenger. The NIHSAD 

confirmed the outbreaks the Avian Influenza (H5N8) in the ducks at Blue Bird Tourist 

Complex lake, Hisar. 

The matter was taken very seriously at Government of Haryana level and a 

notification was issued under sub section (1) of section 6 read with sub section (1) and (2) of 

section 7 of “The Prevention and Control of Infectious and Contagious Diseases in Animals 

Act, 2009” that the Blue Bird Tourist Complex lake is infected with H5N8 sub types of AI 

virus. 

 The Director General, Department of Animal Husbandry and Dairying appointed Dr. 

L. C. Ranga, Institute Director, HVVI, Hisar as the Nodal Officer for control and 

containment of Avian Influenza outbreak at Blue Bird Tourist Complex lake, Hisar. 

Immediately on receipt of telephonic message on 3
rd

 November, 2016 late evening, the 

strategy was chalked out. First of all, the Deputy Commissioner, Hisar was contacted 

telephonically and was requested to issue the necessary instructions to all the concerned line 

departments, viz. Police, Forest, Health, PWD, Panchayti Raj, wild life, Fisheries, Tourism, 

etc.  The Deputy Commissioner, Hisar issued the necessary instruction to all the line 

departments to coordinate and cooperate the Nodal Officer, Control and Containment of 

Avian Influenza outbreak by all means. The Deputy Commissioner, Hisar also instructed 
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SDM, Hisar to remain in touch with the Nodal Officer and to extend all possible help, which 

was very kindly extended and that was really appreciated.  

         To set out the strategy an emergency meeting of all the functionaries of different line 

Departments and the Department of Animal Husbandry and Dairying including Deputy 

Director, Hisar all Sub-Divisional Officers, Veterinary Surgeons, Veterinary Livestock 

Development Assistants with their supporting staff (Class-IV) of Hisar District was called 

sharp at 6:00 AM on 4
th

 November 2016 under the Chairmanship of Nodal Officer in the 

Committee Room of T.T.I., Hisar. A 24 hours control room within infected area was set up at 

T.T.I. complex equipped with the facilities of telephones, fax machine, computers, printers, 

etc. The process of control and containment of AI at the Blue Bird Tourist Complex lake, 

Hisar was given the name “Operation Kalyan”.  

 A total of 13 Rapid Response Teams (RRTs) were formed comprising of 5 personnel 

in each team that included one Veterinary Surgeon, two Veterinary Livestock Development 

Assistants and two Class-IV employees. All the personals of the RRTs were thoroughly 

checked up for their health fitness by the local health department deputed by Chief Medical 

Officer (CMO), Hisar with an experienced team of Medicos under the chairmanship of 

Deputy CMO, Hisar. All the veterinary and para-veterinary personals involved in operation 

were given capsule Oseltamivir (FLUVIR) IP 75 mg provided by Civil Surgeon, Hisar and 

given proper meal before start of Operation Kalyan. All the personnels of the animal 

husbandry department were fully equipped with personal protection equipments (PPE) kits 

and other sanitization materials for disinfection. 

All the RRTs were directed to start the assigned task i.e. Operation Kalyan at three 

places i.e. Blue Bird Tourist Complex lake (epicenter), Government Hatchery Farm and 

backyard poultry within one km of epicenter. All the RRTs were strictly instructed to cull all 

the poultry within one Kilometer radius of epicenter in a shortest possible time as per the 

Govt. of India Guidelines and discussed in the meeting.  

On the first day i.e. 4
th

 November 2016, a total of 156 ducks and 773 poultry birds 

were culled and properly disposed off by packing them in gunny bags, sealed and buried in a 

pit of 2x2x2 meter dug with the help of JCB machine. The gunny bags were properly covered 

with lime powder. All the birds were culled by cervical dislocation (quick twisting of the 

neck) taking care that the process is humane and is as per the Govt. of India Guidelines and 

discussed in the meeting. All the RRTs were directed to burn their PPE kits on the spot after 

completion of operation and dump the remaining ash in trenches made by JCB. 

It was a very big challenge to cull the backyard poultry and birds from private 

hatchery farms. Initially public did not co-operate and was very panic but our officers 

efficiently handled the situation. The help of Police force was also taken at the time of culling 

of backyard poultry in Ambedkar Basti, Balmiki Basti and Vikas Nagar. It is specifically 

mentioned here that the role of media in such outbreaks was very important. The details of 

the operation were shared and discussed with them fairly and in transparent manner. The 

impact of this was seen as the media personals started supporting us and they were even seen 

requesting the general public for co-operation and not to interfere in the operation. 

At the end of the first day of Operation Kalyan, a meeting of Senior Technical 

Officers was held at 6:30 PM in the Committee Room of T.T.I., Hisar to chalk out the future 

plan and next course of action. The following officers who were having very close watch on 

this operation were present in this meeting:- 

1. Dr. L.C. Ranga ,  Institute Director, HVVI, Hisar, (Nodal officer)  

2. Dr. Vinay Mohan Wadhawar (Joint Director, NRDDL, Jalandhar) 
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3. Dr. N.K. Mahajan, (Prof. & Head, Deptt. of VPHE, LUVAS, Hisar) 

4. Dr. Suresh Kumar (Principal Scientist, Deptt. of VPHE, LUVAS, Hisar) 

5. Dr. R.M. Mor (Dy. Director, Head Quarter, DAH&D, Panchkula, Haryana) 

6. Dr. Ravinder Singh Hooda (Deputy Director, DAH&D, Hisar). 

7. Dr. Devender Gupta (Public Health Specialist, NRDDL, Jalandhar). 

8. Dr. D.S. Sindhu (SDO, DAH&D, Hisar/ Hansi and AD Govt. Hatchery, Hisar). 

The Technical Committee felt and recommended that more disinfection should be 

done around the lake and surrounding areas and a solution of 2% Sodium Hypochlorite be 

sprayed within one kilometre radius of infected zone/ epicentre.  

Next day i.e. on 5
th

 November 2016, five new RRTs were deployed after proper 

health check up by local health authorities, medicating with Oseltamivir Capsule IP 75 mg. 

and issuing them with PPE kits for the mopping and combing operation as some of wild 

ducks were found hidden in the tiny islands like structures in the lake which were having 

dense and thorny bushes. The culling, combing, moping, sanitization and sterilization process 

was properly carried out at all the places viz. Govt. Hatchery Farm, Blue Bird Tourist 

Complex, Vikas Nagar, Balmiki Basti and Anaj Mandi area. The disinfectant was sprayed 

and fogging done with 2% Sodium Hypochlorite. The tractor mounted mechanical spray 

pump was used for the purpose to cover such a vast area. A large quantity of lime powder 

was also sprinkled from road up to the Blue Bird Tourist Complex lake and Govt.  Hatchery 

Farm. The beddings and whole material of Govt. Hatchery Farm was also burnt.  

On 6
th

 November 2016, eleven RRTs were deployed for cleaning and sanitization 

work at Govt. Hatchery Farm, Balmiki Basti, Vikas Nagar and Petrol Pump adjoining the 

Blue Bird Tourist Complex. The spray was done with the solution of 2% Sodium 

Hypochlorite using both manual and power driven (Tractor operated) machines in all the 

sheds of Govt. Hatchery Farm and surrounding areas including the bushes, in and around the 

lake, in and around the Petrol Pump, between the road and boundary of Blue Bird Tourist 

Complex, Balmiki Basti and Vikas Nagar having backyard poultry.  The lime powder was 

spread between the road and both entry and exit gates of Petrol Pump adjourning the Blue 

Bird Tourist Complex. Further, the Petrol Pump was closed for supplying the petrol as no one 

was allowed to visit the site. 

On 7
th

 November 2016, more RRTs were deployed to destroy the 3988 eggs which 

were kept in setter at Govt. Hatchery Farm, Hisar.  The teams destroyed all the eggs and 

cleaning, moping and fumigation was also done immediately after destruction of eggs. The 

work at the Govt. Hatchery Farm, Blue Bird Tourist Complex, Balmiki Basti, Vikas Nagar 

and Anaj Mandi, all within the infected area i.e. one km of epicentre was completed. 

After the culling operation was completed, sanitization certificate was issued on 11
th

 

November 2016 by Deputy Director, AH&D, Hisar as  stating that the culling has been 

carried out and whole area has been cleaned and disinfected properly as per action plan and 

operations have been concluded for the control and containment of the AI.   

All the RRT’s performed their job strictly as per the instruction given by the Nodal 

Officer and as per Govt. of India Guidelines. All the personals involved in the “Operation 

Kalyan” were not allowed to go to their homes and kept in isolation wards for fifteen days 

established in hostel of Haryana Veterinary Training Institute, Hisar as per the mandatory 

requirement under Govt. of India Guidelines. No to and fro movement was allowed in the 

isolation ward and even media was not allowed to interact with the teams. The members of 

all RRTs were maintained in quarantine for 15 days with daily morning and evening health 

check-ups by the local health authorities under the supervision of Civil Surgeon, Hisar. 



ICAR-CAFT 31st Course ‘Diagnosis and Control of Emerging and Re-emerging Trans-boundary Diseases of Poultry’, 
Department of Veterinary Microbiology, LUVAS, Hisar, February 7-27, 2018. 
 

Sanjay Kapoor, Rajesh Chhabra and N. K. Kakker (Editors), LUVAS, Hisar 39 
 

Daily report of the control and containment operation i.e. “Operation Kalyan” 

including every minor aspect was sent to the Head Quarter, DAH&D, Panchkula, Haryana 

through e-mail and Fax. The main appreciable thing during the entire mission was the 

positive attitude of the media.  The media gave wider coverage of whole mission in all 

newspapers (print media, social media) regarding the disease pathogenesis and its serious 

health hazards and efforts of Department professionals.  

The whole operation was carried out meticulously even facing with so many 

adversities and challenges never faced before in the history of the state of Haryana. In this 

way “Operation Kalyan”, the work of control and containment of Avian-Influenza outbreak 

at Blue Bird Tourist Complex, Hisar was completed successfully which was really a big 

challenge for Haryana. 

Post operation Surveillance Plan (POSP) 

 Even after successful completion of the “Operation Kalyan”, the work was not over. 

Now the task was post operation surveillance plan (POSP) to monitor every fortnightly 

Environmental samples, cloacal and oropharyngeal samples and serum samples. These 

samples were regularly collected from poultry farms of surrounding areas of surveillance 

zone up to 10 kilometres of epicentre.  

POSP Samples collected by Surveillance Team 

Duration  Nature of Samples  No. of Samples Total 

1
st
 Fortnight  Serum samples  42  

   Cloacal samples  40   82 

2
nd

 Fortnight  Serum samples  37 

   Cloacal samples  39   76 

3
rd

 Fortnight  Serum samples  26 

   Cloacal samples  29   55 

4
th

 Fortnight  Serum samples  25 

   Cloacal samples  31   56 

 

Grand Total  Serum samples  130 

   Cloacal samples  139   269 

 

The collected samples were sent to NIHSAD, Bhopal by special messenger every 

fortnightly after proper packing and maintaining cold chain. 

Daily reporting for the control and containment of AI was done till up to 3 months on 

the prescribed Performa (Annexure-XV)  

 No other case or outbreak of Avian Influenza had taken place in the area and none of 

the samples collected during the post operations surveillance were found positive as per the 

reports from NIHSAD, Bhopal.  

After the issue of sanitization certificate, it was informed to higher authorities that 

now the area can be declared as “Disease Free” status under intimation to the OIE. Later on, 

a notification was issued by Govt. of India and the area was declared as disease free, thus 

concluding the “Operation Kalyan”. 
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TRANSLATIONAL SOJOURN IN POULTRY SECTOR – THE CASE STUDY WITH 

NANO NEWCASTLE DISEASE VIRUS VACCINE 

G. Dhinakar Raj 

Translational Research Platform for Veterinary Biologicals (TRPVB) 

Tamil Nadu Veterinary and Animal Sciences University (TANUVAS), Chennai – 600 051 

 

Translational Research 

Translation describes the process of converting laboratory discoveries into clinical 

interventions that provide a direct benefit to animal/ human health. In India, several 

institutions are engaged in research that invariably ends in development of products and 

processes, leads or candidate proteins for vaccines or diagnostic reagents. However, 

ultimately these leads / candidates are not converted in to viable products / processes to the 

desired levels that are either marketable or available in the market shelves for the stake 

holders. This means that Science is not converted in to Technology or knowledge in to 

wealth. Translatability of the advances made in research projects and findings into tangible 

benefits for the stake holders seems to be lacking to the extent desired. This responsibility lies 

with the Academia, Government and Industry. The so called ‘rhyming phrases’ of lab to land, 

field to fork, bench to bedside, mind to market etc. seems to suffer from a ‘translational 

disconnect’.  

Translational research needs to focus on two major aspects namely, converting 

research in to technology and the other to disseminate the technology among the stake 

holders. This is more clearly defined in the human medicine sector as follows: 

• T1 is described as “the transfer of new understandings of disease mechanisms gained 

in the laboratory into the development of new methods for diagnosis, therapy, and 

prevention and their first testing in humans.” 

• T2 is “the translation of results from clinical studies into everyday clinical practice and 

health decision making.” 

 The funding agencies try to concentrate more on T1 while T2 is also equally 

important. The conversion of a research lead in to a viable product and dissemination of the 

product among users is a long and cumbersome journey. However, the sojourn is only 

complete only when the purpose of the research undertaken is fulfilled. 

The pathways can be either from ‘mind to market’ or from ‘market to mind’!  

Thus a field requirement or a problem can be solved through appropriate science or an 

idea which can also be converted to a product for field use. Both approaches can be 

successful only if the technology addresses an unmet need or brings an incremental 

improvement in the existing technology.  

Challenges of Translational Research 

 Lack of zeal and drive on the part of the inventors 

 Limited ability to study complex and dynamic biological systems in health or disease 

 Need for multi-disciplinary and trans-disciplinary approach towards problem solving 

 Interventions should be relevant, feasible, effective and sustainable 

 Complex regulatory environment 

 Naive area for the researchers 

 Infrastructure and funding 
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 Difficulty developing and sustaining collaborations 

 Differences in culture and mind set between basic and clinical researchers 

Step-wise Work Plan for Technology Development Leading to Commercialization 

 Thinking ‘backwards’ – ‘market to mind’ 

 Pose several questions in your research area 

 Identify priorities 

 Do a technology landscaping 

 Do a freedom to operate (FTO) search / strategy 

 Then do the ‘science’ – Be willing to accept failures 

 Immediately protect the ‘science’ through IPR 

 Do a mutually trusting collaboration especially with industry – ‘win-win’ situation for 

both parties 

 Satisfy regulatory requirements 

Translational research is evolving as a new discipline and academia, Government and 

industry need to implement more innovative solutions. The departments should evolve into 

inter disciplinary research centres with ‘fluid’ environments such as ‘tinkering labs’, 

‘innovation hubs’ etc. to solve the problems with existing technologies and evolve disruptive 

ones. 

POULTRY SECTOR 

 The poultry industry has grown largely due to private sector’s initiative with 

considerable support from the complementary veterinary health, poultry feed, equipment and 

processing sectors. The organized sector contributes to nearly 70% of the total output and 

large scale producers. The rest 30% is in the unorganized sector and comprises of several 

fragmented small farms and backyard poultry. The industry has experienced high level of 

consolidation over the years with the two dominant players getting stronger and the industry 

evolving into a highly oligopolistic one 

Drivers and Opportunities 

 Emerging diseases 

 Increasing population and Global consumption 

 Backyard Poultry 

Challenges and Restraints 

 Oligopolistic Industry Structure, Barrier for New Entrants 

 Supply Chain constrains 

 Recognition of Pathogens and Immunization practices 

NANO NEWCASTLE DISEASE VIRUS VACCINE 

Newcastle disease (ND) is a highly contagious, widespread and economically 

important viral disease of poultry caused by velogenic Newcastle disease virus (NDV) 

strains. Live attenuated ND vaccines are given to all types of chickens at periodic intervals to 

maintain protective serum antibody titers. It is said that a layer bird receives at least 15 – 18 

doses of ND vaccine during its life time of about 72 weeks. Nanotechnology has emerged as 

a powerful delivery tool for enhancing the immune responses to vaccines. This tool has been 

harnessed to prolong the duration and increase the magnitude of NDV immune responses. 

This would ultimately lead to reduction in the number of NDV vaccines inoculated to 

chickens during its life span and thereby the stress to the birds.  
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A new live ND vaccine formulation was developed using calcium phosphate (CaP) 

coupling to improve the vaccine efficacy. Our earlier studies indicated that CaP coupled ND 

vaccine elicited significantly higher haemagglutination inhibition (HI) titres in chickens 

compared to the commercial vaccine upon oculo-nasal delivery. However the coupling 

efficiency was low. Using CaP particles prepared using β-cyclodextrin (Sigma) and 

functionalised with amino-propyl triethoxy silane (APTES), ~10
7
 50% embryo infectious 

dose/ml (EID50/mL) of the virus was found coupled to the particles post freeze drying when 

~10
10

 EID50 of the virus was used for coupling in the form of allantoic fluids. 

The CaP coupled ND vaccine elicited significantly higher and earlier protective HI 

titers (P< 0.05) even with 100 times lesser virus titer/dose (10
4 

EID50/dose) in both SPF and 

maternal antibody positive chickens. The Nano-ND vaccine was assessed for the site and 

extent of viral replication using real time PCR in different tissues at 48 h, 72 h, 1 week and 2 

weeks post-vaccination. NDV RNA was detected in all the predilection sites as early as 48 h 

of vaccination in Nano-ND vaccinated animals. The viral RNA quantity was higher in all 

these tissues of Nano-ND vaccinated birds compared to other group of birds. Viral RNA was 

still detected two weeks after the vaccination with Nano-ND. The results indicate that the 

CaP coupled vaccine formulation increased the infectivity and spread of the vaccine virus. 

The better infectivity might be the reason for the increased immune response in Nano-ND 

vaccinated birds.  

Real time PCR data for viral load in different tissues at 24 h (top right), 48 h (top left), 1 

week (bottom right) and 2 weeks post vaccination (bottom left) 

 

 

 

 

 

 

 

 

 

 

This technology is being commercialized through M/s. Hester Pharmaceuticals Ltd., 

Ahmedabad and is likely to hit the markets in a year. This technology can also be 

extrapolated for delivery of other live attenuated vaccines. 
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EMERGENCE OF ANTIMICROBIAL RESISTANCE IN POULTRY PATHOGENS 

AND ITS MOLECULAR DETECTION 

Renu Gupta and Abhilash Routray 

Department of Veterinary Public Health and Epidemiology, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

With rising incomes and changing dietary patterns leading to an increase in the 

demand for animal protein, especially for poultry, it is expected that poultry consumption will 

increase by 577% in India by 2030. To foster this demand, intensification of poultry 

production is inevitable and use of antibiotics as growth promoters will become common 

practice. Antibiotic use is projected to grow by 312%, making India the fourth-largest 

consumer of antibiotics in food animals. 

Antibiotics such as tetracycline, doxycycline, and ciprofloxacin, which are critical to 

human health, are commonly used for growth promotion in poultry. A more concerning issue 

is the use of colistin for growth promotion, prophylaxis, and therapeutic purposes in poultry. 

Whereas only one antibiotic formulation company manufactures benzathine penicillin for 

human use, at least six companies manufacture benzathine penicillin for animal use. 

Broiler chickens are bred for meat; they grow rapidly and live for less than eight 

weeks before they are slaughtered. Brower et al.(2017) have observed resistance profiles to 

be significantly different between broiler and layer farms. Broiler farms were 2.2 – 23 times 

more likely to harbour resistant E. coli strains than layer farms. Increased prevalence of 

ESBL producing strains was observed in broiler farms (87% compared with 42% in layers). 

The high resistance in broiler chickens indicates increased use of antibiotics either for growth 

promotion or for prophylaxis to prevent infection during their short lifespan. 

Antimicrobial resistance can be intrinsic or acquired. The random mutations in the 

bacterial chromosome contribute to intrinsic resistance which is transmitted vertically to next 

generation. Acquired or extrinsic resistance is primarily due horizontal gene transfer (HGT) 

which can transfer resistance genes to other bacteria. Environmental components i.e., soil and 

water, are the main repositories of antibiotic resistance. Antibiotics added to animal feed or 

drinking water are not completely metabolized in the gut of poultry and about 70% is the 

drug is excreted in its unmetabolized form. Poultry farm wastes containing these 

antimicrobials, when used as manure, can introduce the resistant bacteria and resistance genes 

in the soil ecosystem. Figure 1 highlights the problem of antimicrobial resistance in 

organisms of poultry origin as evident from various studies recently carried out in India. 

DETECTION OF ANTIMICROBIAL RESISTANCE 

There is currently a spectrum of screening methods available that involve both 

phenotypic and genotypic characterization of AMRs present in bacterial isolates. Some are 

being used routinely in laboratories while others are still as research tools being used by 

academicians and specialists, which are in different stages of development. The phenotypic 

method of screening for AMRs, although very informative, but is time-consuming. 

Automated bacterial identification systems, such as Vitek 2 (bioMerieux, USA) or MicroScan 

(Siemens Healthcare Diagnostics Ltd, UK) , which also perform antimicrobial sensitivity 

testing, are high throughput and are relatively rapid taking approximately 12 h following 

isolation of bacteria. However, phenotypic susceptibility gives no indication of the 

mechanisms of resistance which may disseminate to other bacterial species, which demands 

molecular or genotypic characterization.  
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The methods employed, such as polymerase chain reaction (PCR) and hybridization 

techniques, have been used for a long time. The most commonly used modern molecular 

methods for detection of determinants involved in conferring reduced susceptibility to 

antimicrobials are as under: 

1. Polymerase Chain Reaction 

Currently, there is a spectrum of PCRs, including conventional, real-time and 

multiplex PCRs that are used to detect the presence of AMR genes. Conventional PCR 

typically comprises three steps viz., denaturation, annealing and elongation followed by 

visualization, the entire process taking about 4-5 hrs. Over the time, there have been many 

advances in PCR including real-time PCR, Isothermal amplification, e.g., Loop-mediated 

isothermal amplification (LAMP) and recombinase polymerase amplification (RPA).  

In real-time PCR (also known as quantitative PCR), the amplification of the target 

DNA sequence is monitored in real time facilitated by the presence of fluorescent dye. In 

contrast to PCR and qPCR, which require changeover in temperature over the entire process, 

LAMP and RPA are performed at constant temperature (LAMP- ~65°C, and RPA-~40°C), 

which can be done in a simple water bath and can be measured by turbidity. The presence of 

intercalating dyes in the reaction allows fluorescent detection of target DNA amplification in 

real-time PCR machine.  

Conventional of qPCR employing more than one primer pair is multiplex PCR, in 

which several resistance genes can be amplified simultaneously, considerably reducing the 

Figure 1: Recent studies on antimicrobial resistance in isolates from poultry in India 
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time and consumables. Conventional PCR is able to detect only the presence or absence of 

genes and not the point mutations within the target gene for which it has to be followed by 

sequencing. On the other hand real-time PCR can detect the single point mutations if 

sequence-specific DNA probes targeting the mutation area are used. 

2. DNA Microarrays 

DNA arrays are a group of technologies in which specific DNA sequences are either 

deposited or synthesized in a 2-D (or sometimes 3-D) array on a surface in such a way that 

the DNA is covalently or non-covalently attached to the surface. DNA array is used to probe 

a solution of a mixture of labelled nucleic acids and the binding (by hybridization) of these 

“targets” to the “probes” on the array is used to measure the relative concentrations of the 

nucleic acid. By generalizing to a very large number of spots of DNA, an array can be used to 

quantify an arbitrarily large number of different nucleic acid sequences in solution. 

The DNA microarray technology was initially based on glass slides that were spotted 

with thousands of specific DNA probes based on genes present in one reference strain for 

which a whole-genome sequence was available. As more isolates of a particular species or 

genus were whole-genome sequenced, the numbers of probes present on the microarray slide 

increased substantially to represent accessory genes not present in the reference strain that 

were part of the “pan genome.” Comparative genomic hybridizations were performed 

whereby test and reference isolate DNA were fluorescently labelled and hybridized to a 

microarray slide. The presence or absence of genes in the test isolate, in comparison to a 

reference, was determined by analyzing the hybridization results. This method enabled 

comparison of the genomic diversity in a relatively large number of test isolates (tens to 

hundreds) for which WGS was not available. Examples include E. coli and Salmonella, for 

which a large number of studies were performed looking at AMRs. However, the use of glass 

slides and fluorescent dyes made the process expensive and time-consuming.  

Furthermore, there were several advancements in the technology, including adaptation 

of the microarray slide containing DNA probes to a simpler platform such as the bottom of an 

Eppendorf test tube or a 96-well plate, the use of horseradish peroxidase instead of expensive 

fluorescent dyes, simple protocols which enable large numbers of test sample DNA to be 

processed more rapidly and economically, and no requirement for dual hybridization 

including test and reference. 

3. Whole Genome Sequence Analysis  

Whole genome sequencing (also known as WGS, full genome sequencing, complete 

genome sequencing, or entire genome sequencing) is the process of determining the complete 

DNA sequence of an organism's genome at a single time. This entails sequencing all of an 

organism's chromosomal DNA as well as DNA contained in the plasmids. WGS has largely 

been used as a research tool in the field of molecular biology but is currently being 

introduced to clinical field. In the future of personalized medicine, whole genome sequence 

data will be an important tool to guide therapeutic intervention. The tool of gene sequencing 

at SNP level is also used to pinpoint functional variants from association studies and may 

indicate antimicrobial susceptibility and drug response. WGS offers the possibility to rapidly 

add new target sequences to the analysis database as well as the ability to perform fast in 

silico reanalysis on already sequenced isolates. WGS data are generated on highly 

sophisticated sequencing platforms, which produce large amounts of sequence data compared 

to the traditional Sanger sequencing technology. 

Today, the most common machines for high-throughput sequencing of bacterial 

genomes are Illumina and Ion Torrent, which perform sequencing that has been called 
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second-generation or next generation sequencing (as opposed to traditional Sanger 

sequencing). Common to these machines is that the output consists of relatively short reads 

(100 to 400 bp), which in most cases are shorter than the genes conferring resistance to 

antimicrobial agents. Also, the rate of randomly occurring, as well as methodology-based, 

sequencing errors on single reads originating from the next-generation sequencing technology 

is relatively high compared to errors encountered with traditional Sanger sequencing. To 

overcome this problem, a huge surplus (termed x-fold coverage) of short-read data is 

produced for each genome and used for error correction by majority calling. This surplus of 

(overlapping) short-read data can be either mapped onto known references (reference 

assembly) or used to build larger fragments (de novo assembly) of sequence data (so-called 

contigs), which are combined to constitute the draft genome of the isolate. 

An important prerequisite to detecting the presence of any relevant gene, including 

genes conferring resistance to antimicrobial agents, is that the quality and quantity of short 

reads are large enough to ensure that a given gene is being correctly detected by downstream 

analysis to avoid false-negative results. Due to the potentially high sensitivity of the analysis 

methods used for WGS, another important consideration is to ensure that the WGS data do 

not contain any traces of contaminant DNA because this can lead to false positive results. 

When WGS data from an isolate is found free of DNA contaminants and obtained with a 

sufficiently high quality and quantity to ensure that relevant genetic information is unlikely to 

be missing, they can then be used to search for genetic determinants related to AMR. 

The principal disadvantage of using WGS is that resistance attributable to the 

presence of novel resistance genes and alleles not already present in the databases used for 

predicting susceptibility will not be detected by a WGS based test. 

Whole genome shotgun sequence of Salmonella Gallinarum isolate (SAL40) from 

broiler in Haryana has revealed many genes encoding for various proteins involved in 

resistance to antimicrobials like, antibiotic resistance protein MarB, 5-nitroimidazole 

antibiotic resistance protein, multidrug and macrolide transporter, bicyclomycin/ multidrug 

efflux system, multidrug resistance outer membrane protein MdtQ, antimicrobial resistance 

protein Mig-14, chloramphenicol resistance permease RarD, Fosmidomycin resistance 

protein, multidrug resistance protein D and MdtH and aminoglycoside resistance protein. 

4. Bioinformatics Tools 

The number of freely available bioinformatics tools for detecting genetic determinants 

for AMR in WGS data is constantly increasing. Combining the right bioinformatics and 

biological competences often requires interdisciplinary collaboration, where construction of 

the software algorithms and target databases are thoroughly documented and validated by the 

use of well-documented test sets. Furthermore, it is important to ensure that all genetic 

mechanisms are correctly and comprehensively assigned to particular resistance phenotypes, 

which are then added to target databases. This is a complex task which requires in-depth 

knowledge of AMR genes and includes periodic updating and curation of the databases. 

Some of the open-access bioinformatics tools for identification of antimicrobial resistance are 

ARG-ANNOT, CARD, ResFinder, KmerResistance, SRST2. 

5. MALDI-TOF Mass Spectrometer 

The beta-lactamases are frequently not expressed at high levels compared to other 

bacterial proteins. This makes it nearly impossible to identify and differentiate the beta-

lactamase proteins from the rest of the protein spectrum. A solution to this issue may involve 

using a MALDI-TOF mass spectrometer to detect the metabolites produced as a result of the 

beta-lactamase hydrolysis reaction rather than the beta-lactamase itself. When a beta-
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lactamase attaches to a beta-lactam antibiotic, it increases the molecular mass of the beta-

lactam by several Daltons. When the hydrolysis reaction is complete, the mass of the 

hydrolyzed antibiotic is 44 Da lower than that at the beginning of the reaction. This change in 

mass as a result of hydrolysis can be detected using a mass spectrometer. The protocol 

involves incubating a bacterial isolate of interest in the presence of a beta-lactam 

antimicrobial for 1 to 3 h and then assaying the culture supernatant for the antimicrobial 

hydrolysis product at the completion of the reaction. 

6. Other Molecular Tests 

High-level resistance to β-lactam in Methicillin-resistant Staphylococcus 

aureus (MRSA) is always dependent on the expression of an alternative PBP (PBP2a) 

encoded by the mecA gene, which has low affinity for most β-lactam antibiotics. PBP2a can 

be detected by agglutination assays for the rapid identification of bacterial resistance patterns. 

MULTIPLE DRUG RESISTANCE AND INTEGRONS 

Often bacterial isolates are multidrug resistant. The transmission of plasmid-mediated 

resistance between different bacterial species and genera are now widely known. In addition 

to plasmids, other genetic elements that participate in resistance gene transfer and the 

consequent development of antimicrobial resistance in bacteria are transposons and integrons. 

Integron system is a dynamic force in the evolution of multidrug resistance (MDR) and it 

helps bacteria to acquire novel combinations of resistance genes. Integrons are horizontally 

transferable genetic elements which play an important role in dissemination and 

accumulation of resistance genes in bacteria. Integrons are capable of capturing and excising 

gene cassettes. According to Hall and Collis, integrons are natural genetic engineering 

platforms that encode resistance to several antimicrobial agents and are frequently associated 

with the development of multidrug resistance in gram-negative bacteria. There are two types 

of integrons, chromosomal integrons (CIs) and the mobile integrons (MIs) Mobile integrons 

are of five classes- class 1 to 5. 

Class 1 integrons, the most common type, mostly found as part of the Tn21 or Tn402 

transposon family, have been detected in bacteria in many regions and have been identified as 

a primary source of antimicrobial resistance genes and suspected to serve as reservoirs and 

exchanging platforms of resistance genes in a variety of Gram-negative bacteria. They 

contain a 5′ conserved segment (5′CS) and a 3′ conserved segment (3′CS). The 5′CS includes 

the gene for class 1 integrase (intI1) and a recombination site (attI1). The 3′CS includes 

qacEΔ1 (quaternary ammonium compound) that confers resistance to quaternary ammonium 

compounds and sul1 that confers resistance to sulfamethoxazole. 

Class 2 integrons are similar to class 1 integron in having an integrase gene and a 

recombination site but not the sul1 gene in the 3′CS. Class 2 integrons are exclusively 

associated with Tn7 derivatives, with two exceptions and show a dozen different cassette 

arrays.  

Class 3 integrons are also thought to be located in a transposon and are less prevalent 

than class 2. The other two classes of mobile integrons (MIs) have been identified through 

their role in the development of trimethoprim resistance in Vibrio species. The class 4 

integron is embedded in a subset of the integrative and conjugative element SXT found in 

Vibrio cholera. The class 5 integron is located in a compound transposon carried on the 

pRSV1 plasmid of Alivibrio salmonicida. 

Apart from antimicrobial drug resistance, a number of gene cassettes appear to encode 

functions associated with virulence and host relationships, including lipocalin, capsular 
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polysaccharide, enterotoxin, isochorismatase, lipases, and methionine sulfoxide reductases. 

Cassette arrays in mobile integrons are usually short, with the longest recorded array having 

eight cassettes. 

There is one dedicated database INTEGRALL which is a freely available tool 

developed in order to provide an easy access to integron’s DNA sequences and genetic 

arrangements. (integrall.bio.ua.pt/). 
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USE OF TLRs AGONIST AS AN ADJUVANT IN POULTRY VACCINE 

N. K. Kakker, Bal Krishan Sharma, Rajesh Chhabra and Swati Dahiya 
Department of Veterinary Microbiology, College of Veterinary Sciences, 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Prevention and control of infectious diseases of poultry through vaccines is important 

for sustainable growth and development of poultry industry in the country. To achieve this, 

poultry vaccine are widely practiced to minimize the emergence of infectious diseases. 

However, the conventional live and inactivated vaccines used in poultry production and 

management practices have certain disadvantages. The live/ attenuated vaccines always carry 

an inherent risk of reversion to virulence, whereas the inactivated vaccines usually do not 

induce the optimal immune response.  The DNA, inactivated and recombinant subunit 

vaccines require assistance in the form of adjuvants to enhance the immunogenicity of the 

vaccine antigens and their immune response.   

Adjuvants are the agents added to the vaccine formulations that enhance the 

immunogenicity of antigens. Traditionally used adjuvants include microbial components, 

aluminium salts, emulsions, synthetic polymers and complex surface active compounds. With 

the advancement in the domain of innate immunity, toll like receptors (TLR) based adjuvants 

have emerged as one of the promising candidates. 

Toll Like Receptors  

TLRs are the family of pattern recognition receptors (PRRs) present in the immune 

cells that act as primary sensor of innate immune system to recognize the conserved 

molecules of the microbes called as pathogen associated molecular pattern (PAMPs) of the 

pathogen. Initially in Drosophila melanogaster that is responsible for dorso-ventral 

differentiation in the developing embryo is called Toll. Subsequently, toll was identified as an 

important molecule in fighting against fungal spores. These proteins play an important role in 

development of both arms of immunity on entry of pathogens and are essential in innate 

immune recognition. TLR are type one transmembrane glycoprotein receptors with 

extracellular and cytoplasmic signalling domains. Extracellular domains have leucine rich 

repeat (LLR) motifs and cytoplasmic domain is homologous to that of interleukin 1 receptor 

(IL-1R) called Toll/IL-R homology domain (TIR).Entry of microorganisms into the host 

leads to the activation of TLRs by their cognate ligands, which initiates signalling cascades 

leading to the activation of transcription factors, such as nuclear factor NF-κB, activating 

protein-1(AP-1) and interferon regulatory factors (IRFs) that result in the production of 

inflammatory cytokines, up-regulation of MHC and co-stimulatory molecules. These TLR 

mediated responses interlink innate with adaptive immunity. TLRs mediated signalling play a 

critical role in inducing appropriate immune responses against pathogens by influencing the 

polarization of antigen specific CD4+ T cell responses toward the Th1, Th2, Th17, or Treg 

lineages. 

         Till date, 10 TLRs have been reported in chicken, which consist of cell surface located 

TLR1a, TLR1b, TLR2a, TLR2b, TLR4, TLR5, TLR15 and intracellular endosome located 

TLR3, TLR7 and TLR21, with many of them being homologous to the mammalian TLRs.  

Chicken TLRs and their specific ligands 

TLR recognize specific ligands like TLR1 binds with triacylated lipoprotein, TLR2 

with peptidoglycans and zymogen, TLR4 with LPS, TLR5 with flagellin, TLR9 with 

unmethylated CpG of bacterial DNA, TLR3 with viral dsRNA, TLR7 and 8 with viral 
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ssRNA. TLR15 is unique for chicken and provides non-specific immunity against bacteria to 

the host species. 

 

TLR                         Ligands 

TLR1LA/B Lipoproteins 

TLR2A/B Lipoprotein and peptidoglycans 

TLR3 dsRNA, poly I:C 

TLR4 LPS 

TLR5 Flagellin 

TLR7 ssRNA 

TLR15 Yeast 

TLR21 CpG ODN 

 

TLR Signalling  

TLRs play crucial role in determining the type of immune response as well as act as 

an essential link between innate and adaptive immune responses. Host responses elicited by 

interactions between TLRs and their ligands are achieved through the differential recruitment 

of adaptor molecules by the intracellular domain of TLRs, an example of which is myeloid 

differentiation factor 88 (MyD88). MyD88 recruits additional adaptor molecules, which 

subsequently leads to the downstream activation of mitogen-activated protein kinases and 

transcription factor nuclear factor NF-κB. NF-κB induces the transcription of pro-

inflammatory cytokines, including interleukin (IL)-1β, IL-6 and tumour necrosis factor 

(TNF)-α, and promotes the transcription of co-stimulatory molecules and maturation of 

Antigen presenting cells (APCs). The MyD88-dependent pathway is used by all TLRs except 

TLR3, which signals through the MyD88-independent pathway instead. TLR ligands 

signalling stimulate the secretion of certain cytokines that influence the differentiation of 

naïve T-helper (TH) cells towards either a Th1 or Th2 phenotype. This immunomodulatory 

property of TLR agonists has led to their exploitation as both prophylactic agents to enhance 

host immunity to pathogens and adjuvants to induce robust immune response against vaccine 

antigens. 

Chicken TLRs used as an adjuvant 

CpG ODN is the most widely used TLR ligand against many viral diseases in 

chicken. CpG ODN with AIV subtype H5N1 inactivated oil emulsion vaccine enhanced HI 

antibody titer and IFN-γ and reduced IL-10 production. With Marek’s disease vaccine, poly I: 

C has been used as an adjuvant. Administration of poly I:C three days after vaccination 

shown to reduce the tumour in MDV infected birds. Further reduction of tumour has also 

been reported by subsequent administration of poly I:C after 14 days of primary vaccination. 

TLR2 ligand pam3 administered as adjuvant has been shown to enhance antibody titer 

against human serum albumin (HSA). Previous studies found that vaccine with pam3CSK4 

and IFN- γ as an adjuvant significantly enhanced antigen-specific IgY for up to 12 weeks 

post-immunization. This enhancement was not specific to Pam3CSK4, as another study by 

Parmentier et al., 2004 found that administration of LTA 24 h prior to immunization with 
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keyhole limpet hemocyanin (KLH) significantly augmented anti-KLH antibodies. Further, 

Pam3CSK4 has shown to induce a mixed Th1 and Th2 responses in chicken spleenocytes. 

Monophosphoryl lipid A (MPLA), a TLR4 agonist and LPS derivative enhance 

antigen specific antibody titer by 10-to- 20 fold when compared to vaccine alone. Purified 

MPLA has been approved as an adjuvant in hepatitis B (Fendrix™) and cervical cancer 

(Cervarix™) vaccine. LPS has significantly increased the antigen specific antibody response 

as an adjuvant following HSA intra tracheal immunization. Intra-nasal co-administration of 

LPS with liposomes encapsulated with inactivated NDV in SPF chicken enhanced humoral 

response and protection against NDV infection more efficiently than free, inactivated, intra-

nasal NDV vaccine. The combination of MPLA and alum called as AS04 is in use with 

licensed Hepatitis B and human papilloma vaccines. In chicken, resiquimod significantly 

enhanced antigen specific humoral as well as cellular immune response when used with 

inactivated NDV vaccine and also potentiated the protective response to 100% against 

virulent NDV challenge. R-848 also has prophylactic potential against very virulent 

infectious bursal disease virus. R-848 pre-treatment reduced mortality, bursal damage and 

significantly protected the birds from vvIBDV induced immunosuppression in chicken 

following vvIBDV challenge. Many of the TLR agonists are being tried as an adjuvant or as 

prophylactic agents and are under clinical trial against various poultry pathogens. 
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ESTIMATION OF COMPLEMENT TITRES IN CHICKEN BY HEMOLYTIC 

RADIAL DIFFUSION TEST 

S.K. Kadian and Somesh Banerjee 

Immunology Section, Department of Veterinary Microbiology  
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 There are several reports that described that chicken complement can lyse 

erythrocytes coated with mammalian antibodies (Barta & Barta 1975, Kock, 1986, Higgins 

and Langley, 1985). The method of Gweurz and Suyehira (1976) was adopted in poultry 

(Skeels et al., 1979, Kadian, 1986) for quantitation of chicken haemolytic complement titers. 

This method based on the sheep erythrocytes sensitized with rabbit anti-SRBC serum. The 

sensitized erythrocytes are incorporated in the agarose melted in an appropriate buffer as 

described in appendix. Then various dilutions of the fresh sera samples from chickens are 

loaded in the wells of gel plate. The reciprocal of the highest dilution of the serum giving a 

clear haemolytic ring is taken as the haemolytic complement titer of that bird. 

I. MATERIALS 

 Buffers and other reagents as listed in appendix.  

 Normal saline solution (NSS) 

 Sheep blood in Alsever’s solution  

 Rabbit anti-SRBC serum (hemolysin) 

 Glass slides 50x50 mm dimensions. 

 Agarose (Sisco) 

 Test tubes -20ml size 

 Chicken serum samples (freshly prepared) 

 Gel cutter 

II. PROCEDURE  

A. Preparation of Sheep Erythrocytes (ShE) 

1. Collect 10-15 ml of sheep venous blood in equal volume of Alsever’s solution 

(appendix) and stand it at 4
0
C for a minimum of one week before use.  

2. Wash one week old sheep erythrocytes twice with NSS and once with GVB+ 

(appendix) at 5
0
C.   

3. Resuspend the washed SRBC to make 5% suspension in GVB+ and adjust cell 

concentration to 1x10
9
 cells/ ml, spectrophotometrically. 

Fixing of erythrocyte concentration spectrophotometrically.  

 Take one ml of approx. 5% SRBC suspension and add 14 ml of 

0.1% aqueous solution of anhydrous sodium carbonate. Take the O.D. 

against water blank at 541 nm. Then the concentration of cells to 1x10
9
 

cells/ml is fixed by the following formula: 

     OD 

 Vf = Vi ––––––– 

    .703 

where  Vf = The final volume to be made 

 Vi = Initial volume of the suspension  

 O.D. = O.D. of the SRBC suspension at 541 nm. 

B. Sensitization of Erythrocytes (ShEA) 
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1. Add equal volume of ShE (1x10
9
cells/ml) and diluted hemolysin (in GVB

+
) in a test 

tube and mix. 

2. To determine the most sensitive concentration of hemolysin, test three dilution of 

hemolysin i.e.1:100, 1:200 and 1:400. 

3. Incubate these mixtures at 37
0
C for 30 minutes followed by 30 minutes at 0

0
C with 

frequent shaking. 

4. Centrifuge these mixtures and wash once with GVB
+
. 

5. Readjust the cell concentration to 1x10
9
cells/ml and call it hereafter as ‘ShEA 

suspension’. 

C. Preparation of Hemolytic Radial Diffusion (HRD) Plates 

1. Take 4 ml of 2% melted agarose in a test tube and increase the volume of the test tube 

to 7.5ml by addition of GVB
+
 and ShEA as shown in Table 1. The melted agarose and 

GVB
+
 should be maintained in a water bath at 56

0
C and the ShEA be added in the last 

and the solution is mixed. 

Table 1: Standardization of optimum conditions of hemolysin, GVB
+ 

and ShEA 

Plate 

no. 

Agarose 

(2%) (ml) 

GVB+   

(ml) 

ShEA* 

(ml) 

Hemolysin** 

i.  4 3 0.5 1:100 

ii.  4 2.5 1.0 1:100 

iii.  4 1.5 2.0 1:100 

iv.  4 3 0.5 1:200 

v.  4 2.5 1.0 1:200 

vi.  4 1.5 2.0 1:200 

vii.  4 3 0.5 1:400 

viii.  4 2.5 1.0 1:400 

ix.  4 1.5 2.0 1:400 

*  Sensitized sheep erythrocytes (1x10
9
 cells/ml) 

** Dilution of hemolysin used to sensitise the erythrocytes. 

2. The mixture is then poured on 50x50 mm clean glass slides and allow it to solidify. 

Transfer the slide in a Petri dish containing a moist gauge and further solidify it by 

putting at 4
0
C for another one hour. 

3. Cut wells in four rows of 4 wells in each row on one slide with the help of a gel cutter 

and using a Perspex template. 

D. Loading of Samples 

1. A total of nine plates were prepared differing in concentration of erythrocytes and 

dilutions of haemolysin used to sensitize these cells, and amount of GVB
+
 as shown in 

Table 1. 

2. Make two fold dilutions of the pooled serum samples from healthy chickens in NaCl-

VB containing Ca
++

 and Mg
++

.  
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3. Wells in all plates are then loaded with successive dilutions with the help of glass 

capillaries/micropipettes. 

4. Allow sera to diffuse for 20 minutes, transfer the plates in a moist chamber at 37
0
C for 

one hour and results are read immediately thereafter.  

III. INTERPRETATION OF RESULTS  

 Reciprocal of the highest dilution giving a visible clear zone of hemolysis around the 

well are taken to be the haemolytic complement titer of that serum sample. 
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APPENDIX 

 

1. 5X Veronal Buffer (5X 

VB)  

20.60 g NaCl and 2.55 g Sod. 5.5 diethyl- 

barbiturate dissolved in 350 ml of distilled water pH 

was adjusted to 7.35 ± 0.05 with 1N HCl and final 

volume made to 500ml with distilled water  

2. Gelatin Veronal Buffer 

(GVB
-
) 

500mg of gelatin dissolved in 300ml of hot distilled 

water, cooled to room temperature. Add to 100ml of 

5X VB and volume made to 500ml with distilled 

water 

3. Gelatin Veronal Buffer 

(GVB
+
) 

0.25ml of 2M MgCl was added to 500ml of GVB
-
 

4. Stock Metal Solution  Equal volumes of 2M MgCl2 and 0.3 M CaCl2 were 

mixed 

5. Sodium Chloride 

Veronal Buffer (NaCl-

VB) 

5X VB    20 ml 

Distilled water   80 ml 

Stock Metal Solution   0.1 ml 

6. Agarose (2%) Agarose    2 g 

GVB
+    

95 ml 

0.1 M NaN3   5 ml 

7. Alsever’s solution  Dextrose   20.5 g 

Sod. Citrate (dihydrate) 8.0 g 

Citric acid (monohydrate) 0.55 g 

Sod. Chloride   4.2 g 

Distilled water ad  1000 ml 
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PLASMID PROFILE ANALYSIS FOR DIAGNOSIS OF COLIBACILLOSIS AND 

SALMONELLOSIS IN POULTRY 

Parveen Kumar and Archana Sharma 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Escherichia coli and Salmonella are gram negative, rod shaped, non-spore forming, 

facultative anaerobe, having peritrichous flagella and belong to family Enterobacteriaceae. 

Although E. coli and Salmonella are normally present in the intestinal tract of poultry but 

some species may cause serious infections viz. colibacillosis by E. coli, fowl typhoid by 

Salmonella Gallinarum and pullorum disease by S. Pullorum.  Some of the Salmonella and E. 

coli species may be pathogenic to other species consuming poultry meat and eggs. Cross-

contamination of poultry meat and eggs during processing, handling, marketing and 

inadequate cooking all contribute to food borne infections. Indiscriminate use of antibiotic 

during poultry rearing results in development of drug resistance in commensal bacteria of 

GIT. Antibiotic resistance genes are either located on chromosomes or on mobile genetic 

elements such as plasmids, transposon and integrons. Transmission of plasmid mediated 

antimicrobial resistance occurs through variety of mechanisms. Infection by these resistant 

bacteria may pose a major problem in treatment of poultry and public health concern. 

Plasmids are self-replicating DNA molecules present in bacteria and are responsible 

for horizontal transmission of various genes among bacteria of same genera and sometime 

other genera. Plasmid may contain genes associated with virulence, bacteriophage 

susceptibility and antibiotic resistance towards single or multiple antimicrobial agents. 

Plasmid-encoded virulence factors may be surface antigens on which other typing systems 

are based, e.g., serotyping or outer membrane protein profiles. Plasmid profiles have been 

found useful in epidemiological surveillance of disease outbreaks and in tracing virulence 

factors and antibiotic resistance. Profile identification can be used as serotype specific 

reference pattern for detecting certain strain with possible variation in their plasmid content. 

Some restriction-modification systems are plasmid encoded; this may affect phage typing. 

Thus, different typing systems may not be totally independent of one another. The major 

advantage of plasmid profiles over many other typing systems is that a single set of reagents 

and equipment is applicable to many species of bacteria. 

Sample Collection 

The poultry meat sample must be collected aseptically during post-mortem of the 

suspected birds and stored at 4˚C until processed for bacterial isolation.  These samples are 

appropriately diluted and streaked on a MacConkey agar and/or selective medium (like 

Eosine methylene blue for E.coli and XLD/ Brilliant Green Agar for Salmonella) for further 

studies. Rappaport/Selenite broth can for selective be used enrichment of Salmonella species.  

Bacterial Identification 

Identification of bacterial species can be performed on the basis of colony 

characteristics, grams staining and standard biochemical tests{Sugar fermentation, Catalase, 

Indole, Methyl Red (MR), Voges Proskauer (VP), Citrate, OF and Urease tests}.The IMViC 

test result of E. coli is ++--; while for Salmonella is -+-+. 

Plasmid Isolation 

The isolation of bacterial plasmid from the pure culture of bacterium is performed by 

the method of Sambrook for isolation of plasmid DNA.  
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1. Single colony of the isolated bacterium (e.g. E. coli) is incubated in 3 ml of (Brain 

Heart infusion) BHI broth in 20 ml tube and is incubated at 37
o
C for 16-18 hours at 

static condition. 

2. Out of 3 ml, 1.5ml of bacterial culture is taken into Microfuge tube and centrifuged at 

8200 x g for 30 seconds at 4 
o
C.  

3. Supernatant is removed leaving pellet as dry as possible. 

4. Pellet is resuspended in 100 µl alkali lysis solution I [50 mM glucose, 25 mM Tris-Cl 

(pH 8.0), 10 mM EDTA (pH 8.0), deionized water] by vigorous vortexing. 

5. 200 µl of freshly prepared alkali lysis solution II [0.2 N NaOH, 1% (w/v) SDS, de-ion 

water] is added, mixed by inverting the tube rapidly five to six times and incubated on 

ice.  

6. Now 150 µl of alkali lysis solution III [5 M potassium acetate, glacial acetic acid, de-

ion water] is added and tube is inverted several times and incubated on ice for 3-5 

minutes.  

7. This bacterial lysate is centrifuged at 8200 x g for 5 minutes at 4 
o
C. 

8. The supernatant is transferred to fresh tube and an equal quantity of phenol: 

chloroform: isoamyl alcohol (25:24:1) is added, mixed by vortexing and centrifuged 

at 8200 x g for 2 minutes at 4 
o
C. 

9. The separated upper aqueous layer is transferred to fresh tube and 2 volumes of 

ethanol is added at room temperature and mixed with vortexing which is allowed to 

stand for 2 minutes at room temperature. 

10. This mixture is centrifuged at 8200 x g for 5 minutes at 4 
o
C and supernatant is 

removed by gentle aspiration. 

11. Now 1 ml of 70% ethanol (v/v) is added to the pellet and the tube is inverted several 

times. 

12. The contents are centrifuged at 8200 x g for 2 minutes at 4 
o
C and supernatant is 

removed by gentle aspiration. 

13. The tube is left opened for some time at 37 
o
C until ethanol is evaporated. 

14. The plasmid thus isolated is dissolved in 50 µl of TE buffer (pH 8.0) containing 20 

µg/ml DNase free RNaseA. The isolated plasmid was stored at -20 
o
C till further use.  

Agarose Gel Electrophoresis and Plasmid Profiling 

1. Prepare 0.7% agarose gel by in 1x Tris borate- EDTA and mixed with 0.5 μg/mL of 

ethidium bromide.  

2. The gel is transferred to electrophoresis unit having 1x Tris borate-EDTA. 

3. Each sample is mixed with loading dye and loaded into the gel. 

4. 1 μl DNA marker (1 kb plus) is loaded into one well.  

5. Then, samples are electrophoresed for 2.5-3 h at 80 V in 1x Tris-borate- EDTA 

buffer. 

6. The gel is photographed under UV transilluminator. 

7. The approximate molecular mass of plasmids is determined by comparing with a 

standard marker.  
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MOLECULAR DETECTION OF MYCOPLASMOSIS IN POULTRY AFFECTED 

WITH RESPIRATORY INFECTIONS 

Mahavir Singh, Piyush Tomar and Y. Singh 

College Central Laboratory, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 Mycoplasma gallisepticum (MG) and M. synoviae(MS)are considered to be the most 

important of the pathogenic mycoplasmas in poultry. In chickens M. gallisepticum infection 

leads to coryza, tracheitis, air sacculitis, coughing, sneezing, open mouth breathing, nasal 

discharges, dyspnoea, dullness, depression, tendency to huddle together, poor growth, 

emaciation and respiratory rales. The severity of the disease is greatly affected by the degree 

of secondary infection with viruses such as Newcastle disease and infectious bronchitis, 

and/or bacterial agents such as Escherichia coli. M. synovia infection leads to symptoms 

including synovitis leading to lameness, large amounts of urates in greenish droppings, air 

sacculitis, pale combs and retarded growth. 

 The presence of MG or MS can be confirmed by isolating the organism or by 

detecting its DNA directly in infected tissues or swab samples. Serological tests are also 

available for diagnosis. Mycoplasma is a slow-growing organism in culture test and detection 

of organisms require one or more weeks for growth. Therefore, nucleic acid identification 

methods mainly PCR is employed for diagnosis of Mycoplasma infection.  

Materials and Equipments 

1. Tissue samples from suspected/infected birds 

2. Commercial DNA extraction kit 

3. Commercial PCR master mix (2X), Forward and reverse primers, Nuclease free water 

4. PCR tubes of 0.2 ml capacity 

5. Micropipettes and sterile microchips 

6. Thermal cycler and agarose gel electrophoresis apparatus 

7. Agarose 

8. Ethidium bromide 

9. TAE buffer 

10. Gel imaging system 

Procedure 

1. Triturate tissue samples in pestle and mortar with PBS and extract the DNA using 

commercially available kit. Elute the DNA in 50 µl elution buffer and store at -20°C. 

2. In a PCR tube, add 25 µl master mix (2X), 0.2 µM of each forward and reverse 

primers (Table 1), 5µl of eluted DNA as template with final volume to 50 µl in 

nuclease free water. 

3. Perform thermal cycling conditions using the following conditions of temperature and 

time: 95°C for 4 min; 30 cycles of (94°C for 30 sec, 55°C for 30 sec and 72°C for 1 

min) and final extension at 72°C for 5 min. 

4. Resolve the PCR amplified products in 1.5% agarose made in 1x TAE buffer having 

ethidium bromide at 70V for 2 hrs. 

5.  Examine the gel in Gel imaging system. 
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Table 1: Detailed description of primers 

Primers  Target 

gene 

Primers sequence Amplicon 

size (bp) 

Reference 

Universal primer  

specific to Genus 

Mycoplasma  

16S rRNA 

Forward 

5’-GGCGAATGGGTGAGTAACACG- 3’ 

Reverse 

5’- CGGATAACGCTT GCGACCTATG- 3’ 

461 
Zhi et al 

(2010) 

Species specific 

primer for MG 
16S rRNA 

Forward 

5’- GAGCTAATCTGTA   AAGTTGGTC- 3’ 

Reverse 

5’- GCTTCCTTGCGGT TAGCAAC -3’ 

185 
OIE  

(2008) 

Species specific 

primer for MS 
16S rRNA 

Forward 

5’- GAGAAGCAAAA TAGTGATATCA -3’ 

Reverse 

5’ -CAGTCGTCTCCG AAGTTAACAA- 3’ 

207 
OIE 

(2008) 

 

Further Readings 

OIE. 2008. Manual of Diagnostic Tests and Vaccines for Terrestrial Animals. Chapter 2.3.5: 

Avian  Mycoplasmosis (Mycoplasma gallisepticum, Mycoplasma synoviae). pp. 482-

496. 

Tomar, P., Singh, Y., Mahajan, N.K., Jindal, N. and Singh, M. 2017. Molecular detection of 

avian  mycoplasmas in poultry affected with respiratory infections in Haryana 

(India). International Journal of Current Microbiology and Applied Sciences. 6 (6): 

2155-2162. 

Zhi, Y., Mayhew, A., Seng, N. and Takle, G.B. 2010.Validation of a PCR method for the 

detection of  mycoplasmas according to European Pharmacopoeia section 

2.6.7.Biologicals.38: 232-237. 
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POST-MORTEM TECHNIQUES IN DIAGNOSTIC PATHOLOGY OF IMPORTANT 

POULTRY DISEASES  

Vikas Nehra, Babu Lal Jangir and Deepika
 

Department of Veterinary Pathology, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Postmortem examination refers to systematic and critical examination of a dead body 

for the study of pathological changes and to determine the cause of death. The term autopsy 

(G. autopsia-seeing with one’s own eyes) is preferred in human medicine whereas necropsy 

(G. nekros, corpse+opsis, view) is used in veterinary practice for postmortem examination. 

Postmortem examination should be done as early as possible. If putrefaction sets in, then it 

becomes difficult to isolate the causative agent. If the mortality still continues and other 

clinical diagnostic methods fail, then some of the ailing birds may be sacrificed for detailed 

postmortem and laboratory investigations.   

Objectives 

 The following are the main objectives of detailed postmortem examination:  

 To ascertain the exact cause of mortality in a given flock or individual bird. 

 Study the pathological changes involved in causing the death of poultry bird(s).  

Precautions  

 The following are basic and important precautions that must be taken care of, while 

conducting the postmortem examination:  

 Proper personal protectives such as disposable gloves, shoe covers and gown/aprons 

must be worn when conducting a necropsy.  

 Full protective clothing must be worn while handling the birds suspected to be infected 

with zoonotic diseases, biohazardous materials or chemical carcinogens including 

double gloves, cap, disposable gown, shoe covers, mask or respirator (if required) and 

eye protection.  

 Necropsy is performed in areas specifically designated for that purpose.  

 Necropsy trays/cork boards used during necropsy must be covered with a clean, 

impervious disposable pad and the surface should be decontaminated after each use.  

 Necropsy should be performed in a manner that avoids the occurrence of postmortem 

change or artifacts in the collected tissues and it should be conducted as soon as 

possible after death to insure tissue integrity.  

Detailed Necropsy Procedure  

A systematic necropsy procedure involves the following steps:  

 History taking 

 External examination  

 Preparation of the bird for necropsy  

 Opening the carcass and internal examination  

 Removal of  the organs  

 Examination of the organs  

 Collection of samples  

 Writing  the necropsy report 



ICAR-CAFT 31st Course ‘Diagnosis and Control of Emerging and Re-emerging Trans-boundary Diseases of Poultry’, 
Department of Veterinary Microbiology, LUVAS, Hisar, February 7-27, 2018. 
 

Sanjay Kapoor, Rajesh Chhabra and N. K. Kakker (Editors), LUVAS, Hisar 62 
 

1. History Taking 

An individual bird and flock history should be obtained. History should include: 

 Bird’s age 

 Sex 

 Breed 

 Clinical signs 

 History of trauma or disease 

 History of any treatments administered 

 Any other information that may be relevant to the case such as type of feed and water 

 If the bird is a member of a flock the following is also required: 

i) Number of birds in the flock 

ii) Number of birds in the affected group 

iii) Number of affected birds  

iv) Clinical signs of the flock should also be noted 

A proper history can help in determining what samples should be taken and what tests 

are necessary for making the correct diagnosis. 

2. External Examination  

 First make a carcass identification based upon identification of species, age and colour 

pattern as well as leg band, tattoo or microchip implant data. 

 Record information about general body condition, weight, muscle mass, joints, 

integument (incl. beak and nails), plumage, (for defects, ectoparasites, faeces), body 

orifices (eyes, ears, nostrils and vent), uropygial gland, traumata, and abnormalities. 

 Palpate the skeleton. 

 The feeding status can be judged based upon the muscles on the keel and the filling of 

the crop and intestines. 

 When heavy metals are suspected (e.g. rifle bullets or ingested lead) survey radiographs 

may be taken. 

3. Preparation of the Bird 

 Small birds are wetted and plucked; all other birds should be wetted with 70% alcohol 

or disinfectant solution before the necropsy. This is done to allow better visualization of 

the skin, to part the feathers to permit incision of the skin and to prevent loose feathers 

from irritating or harming the handler (zoonoses) or contaminating the viscera. 

4. Opening of Carcass and Internal Examination 

 The bird is positioned on its back, in small birds the wings and legs are pinned to a 

dissecting board with nails or needles, large birds are fixed on a metal tray with pieces 

of rope.  

 Each leg in turn drawn outward away from the body while the skin is incised between 

leg and abdomen.   

 Each leg is then grasped firmly in the area of femur and bent forward, downward and 

outward, until the head of femur is broken free of the acetabular attachment so that the 

leg will lie on the table.  
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 Remove the skin from the ventral surface of the bird by cutting across at the caudal 

edge of the keel and then pulling skin cranially and caudally. Peel away from the 

muscles to expose the muscular body wall.  

 Make a small cut into the body cavity using scissors or a scalpel blade just behind the 

breast bone and then pull the abdominal muscle caudally to expose some abdominal 

viscera.  

 Extend the cut up through the cervical area and cut open the beak at the angle of the 

jaw.  

 Now oral cavity, esophagus, trachea and crop are all visible. 

 The keel bone and breast muscle is then removed by incising the pectoral muscles on 

each side of the keel and cutting through the ribs. Use the heavy poultry shears.  

 Remove the keel and breast muscles entirely. Then, at this stage we should now be able 

to see the internal organs from oral cavity to vent.  

 At this point, all internal viscera should be examined in situ for any abnormalities 

before removing any organs. Note the color, position and size of all organs and look for 

any adhesions.  

 Examine the air sacs for increased thickness or cloudiness (caudal thoracic air sac is at 

the end of the forceps).  

5.  Removal of the Organs  

  Identify the thyroids and parathyroids, which are in a different location than in 

mammals and found as paired structures at the thoracic inlet. 

 It is probably easiest to remove the abdominal viscera first and then remove the 

thoracic organs.  

 Remove the liver (in birds the liver takes up a big portion of the abdomen).  

 Pull the proventriculus aside. Remove the stomach and intestine in one piece after 

cutting through the oesophagus just anterior to the proventriculus and at cloaca and 

examine the organs beneath. 

 The spleen can be a difficult organ to find once everything is removed so it is a good 

idea to locate it now and set it aside. It is spherical in shape and located on the right 

side at the junction of the proventriculus and ventriculus.  

 The bursa of Fabricius is a light cream coloured saccular organ present on dorsal 

surface of cloaca. The bursa of Fabricius contains lymphoid follicles and can be easily 

found in young birds. Once the bird reaches sexual maturity, it undergoes involution 

and therefore becomes smaller as the bird ages.  

 Kidneys are nestled up against the body wall. There are three portions viz. cranial, 

middle and caudal poles.   

 The reproductive tract lies on top and at the cranial end of the kidneys.  In females only 

the left side of the tract persists, the right is vestigial and too small to be identifiable.  

 Adrenal glands are often difficult to find. Here they are lying just cranial to the testes in 

an immature male.   

 Pull the heart and lungs away. The lungs are closely adhered to the dorsal body wall 

and therefore, careful teasing of the lungs away from the ribs may be necessary to 

remove them.  

 Open up the nasal cavity to take a close look at the sinuses.   

 Observe the sciatic nerve which is an important location where Marek’s disease can be 

seen.   

 Open some joints to observe the fluid and synovial membranes.   
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 The brain can now be removed. Using the smaller scissors, chip away at the skull, 

beginning from the foramen magnum and remove the calvarium covering the cerebral 

hemispheres and the cerebellum. Take the brain out, but be careful while removing it, 

as this organ is quite soft. 

6. Examination of the Organs 

Always examine the organs from the cleanest to the dirtiest. Usually this order is 

followed; lymphoid tissue, brain, lungs, heart, kidneys, reproductive tract, liver, intestinal 

tract. Note any abnormalities for each (colour, size, shape, consistency, exudates). Be sure to 

examine both capsular and cut surface. Make several cuts in each organ. Collect specimens 

for further diagnostic work.  

i) Lymphoreticular system 

Spleen: Spleen in birds is a small round organ that should be a uniform mahogany colour 

on capsular and cut surfaces.  

Bursa of Fabricius: Bursa changes dramatically with age. The birds which are older 

than10 weeks will have a bursa that may even be difficult to locate. A normal bursa in a 

young bird has an accordion-like structure and is a homogeneous tan. 

ii) Brain: Often the brain is sliced down the middle to create symmetrical halves for frozen 

and formalin specimens.  

iii) Heart: The heart can now be examined.  Make one incision into each ventricle, examine 

muscles and valves.  

iv) Respiratory system 

 Begin by cutting through the larynx, trachea and syrinx making note of any mucus, froth 

or petechiae.   

 Lungs should be pink, spongy and free of any fluid.  

v) Digestive tract 

 Mouth: Look in the mouth for any abnormalities.   

 Oesophagus and Crop: Cut down the oesophagus, crop and examine it for any 

abnormalities.  

 Liver: The surface of liver should be examined for any abnormalities. It should be 

palpated for any nodules, friable areas or other abnormal changes. Several slices are 

made into the liver in order to examine the deeper structure of the liver. 

 Proventriculus and Gizzard:  Open the proventriculus and make note of the lining 

which is normally bumpy due to the presence of digestive glands. Note any 

abnormalities. The ventriculus or gizzard should be examined next. Because the gizzard 

is responsible for grinding ingested material, it has a thick external muscularis layer and 

contains small stones or grit. The ventricular glands secrete a thick protective gel, known 

as koilin, which has a yellowish color. The gizzard thickness should be examined and the 

surface examined for erosions, ulcerations, discoloration, or other abnormalities. Peel the 

koilin back to look at the mucosa. The proventriculus-ventriculus junction is an area with 

abundant lymphoid tissue and should be examined carefully for lesions.  

 Intestines: The small intestine of birds is typically arranged into several loops before 

entering the colon. The first loop is the duodenum.  It is easily identified by the location 
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of the pancreas within the duodenal loop mesentery.  The remaining loops make up the 

jejunum and ileum. The colon is relatively short with two long caeca and connects to the 

cloaca via the colo-rectum. There are large lymphoid patches in the proximal portions of 

the caeca known as caecal tonsils.  

 Kidneys: These should be smooth and homogeneous. A reticular pattern is an indication 

of dehydration.  

vi) Reproductive tract 

 Testes: Testes are homogeneous on capsular and cut surfaces.  

 Ovaries: Ovaries should be free of inflammation. Sterile egg yolk peritonitis is a 

common finding in spent layers.  

7. Collection of Samples 

Necropsy examination is further strengthened /confirmed through the laboratory tests 

on the specimens/samples. Therefore the collection of laboratory samples during necropsy is 

of prime importance in diagnosis of poultry diseases. Recognition of a disease condition from 

necropsy picture and the decision regarding required laboratory procedure entails an intimate 

knowledge of the cause, pathological process and characteristic postmortem findings derived 

from study and experience. 

i) Blood Samples 

 Blood samples may be collected from birds prior to sacrificing for disease 

investigation.  Frequently it is desirable to have paired blood samples several days apart to 

determine rising or falling titers of antibodies in the serum.  Blood may also be needed for 

estimation of cell counts (TEC and TLC), haemoglobin value, chemical analysis, microscopic 

examination (DLC, parasites) or culture. The blood specimen may be taken from the wing 

vein, jugular vein or by heart puncture and the bird is saved for a second sample. 

 Intravenous Technique:  Collection of blood from wing vein is usually the simplest and 

best method under field conditions, especially when the bird is to be returned to the 

flock.  Expose the vein by plucking a few feathers from ventral surface of the humeral 

region of wing when the vein will be seen lying in the depression between the biceps 

brachialis and triceps humeris muscles. Application of 70% alcohol on skin facilitates 

visualization. It is convenient to extend both wings dorsally, grip them firmly together in 

the area of wing web.  The needle should be inserted opposite to the direction of blood 

flow. The bird should be kept firmly otherwise may lead to formation of hematoma. 

Excessive suction should not be used otherwise the vein will collapse. For simple tests 

such as for pullorum disease, the brachial vein is punctured with a sharp needle and 

blood is collected in suitable tube.  Jugular vein can also be used for collection of blood 

samples. The bird is restrained properly with the head foremost. The neck is held in left 

hand with the index finger holding back the mass of neck feathers. Some of which may 

need to be plucked from the vein path.  The vein should be stabilized by digital pressure 

from below. The needle is inserted either with or against the direction of blood flow. The 

right jugular vein is of larger diameter than the left and is therefore generally used.  

 Cardiac Puncture:  It can be made through the rib cage or antero-posteriorly through 

the thoracic inlet.  The bird should be held on its back with the keel bone up, holding legs 

in left hand while stretching the neck over the edge of the table.  A 20-22 gauze needle 

(18 gauze for older birds) is inserted along the midline between the clavicles at the 

entrance to the thorax, directed posteriorly and downwards along the midline to heart.   
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ii) Impression Smears 

 If the earlier procedures have been done aseptically, the internal organs will not be 

contaminated.  If the exudate suggests the need, impression smears with sterile slides can 

be taken. 

iii) Bacterial Cultures 

 If gross lesions indicate that there is need for bacterial cultures, they can be made from 

unexposed surface of the viscera without searing the surface.  

 If contamination has occurred, the surface of the organs should be sterilized with a hot 

spatula/knife (searing) before inserting a sterile culture loop.  

 Care should be taken so that tissue is not to cut excessively.  It is often desirable to 

transfer large tissue samples aseptically to a sterile Petri dish and take them to the 

laboratory for bacterial culture in ideal situation.  

 If Salmonella infection is suspected, selected portion of gut are removed with sterile 

forceps and scissors and placed directly into a sterile Petri dish or mortar and pestle.  

 For routine examination lower ileum, proximal portion or caeca, caecal tonsils and 

proximal portion of large intestine are collected or sterile swabs may be used to obtain 

sample from exposed gut lining for salmonella culture. 

iv) Bile Samples 

 If infection with Vibrio species is suspected, a bile sample for wet mount examination 

and bacterial culture can be made using sterile needle and syringe. 

iv) Respiratory Virus Isolation 

 If a respiratory disease is suspected and virus culture or bird passage is desirable, an 

intact section of lower trachea, bronchi and upper portion of lungs is removed aseptically 

with sterile scissors and forceps to a sterile mortar and pestle for grinding or to a sterile 

Petri dish for temporary storage.   

 Other tissues e.g. air sacs can be added aseptically to the sample or transferred to other 

sterile container for separate study.   

 The trachea can now be incised, if exudate is present.  It can be added to above collection 

or saved in separate vial.   

 Similar procedure can be followed for initial virus isolation from other visceral organs. 

v) Exposure and Removal of Brain 

 Remove skull at about atlanto-occipital area and reflect skin over the skull and upper 

mandible.   

 The skull may then be carefully incised on both sides of head, beginning at occipital 

foramen and proceeding forward laterally to the midpoint at the anterior edge of cranial 

cavity.  

 Lift off the cut portion of bone and expose entire brain.   

 It can be collected aseptically with sterile forceps and scissors for animal passage, virus, 

bacterial and fungus isolation or histopathology. 
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vi) Tissues for Histopathology 

 Tissues for histopathological examination should be taken as slices (not greater than 3-5 

mm in thickness) and placed in 10% neutral buffered formalin in a ratio of tissue to 

fixative of 1:15.  

 Similarly for Mycoplasma isolation, tissues may be placed in Mycoplasma broth while 

tissues for Chlamydia isolation should be kept at 0-4
o
C before laboratory examination.  

 For good preservation, the pieces should be collected immediately after death from killed 

birds, especially brain tissue which decomposes rapidly.  

 Specimen should be small to allow quick penetration of fixative, gently incised with a 

sharp scalpel to preserve tissue structures.  

 After proper labeling and dating, they should be sent immediately to the laboratory. 

Table 1: Collection of Specimens for Different Infectious Diseases during Necropsy 

Sr. No. Post mortem change Disease suspected Specimen  

1.  Partial/complete paralysis, torticollis New castle disease 

Marek’s disease 

Lung, trachea, spleen, 

brain and peripheral 

nerves 

2.  Haemorrhages in proventriculus New castle disease, 

Spirochaetosis 

Proventriculus, spleen, 

lung, brain 

3.  Sudden drop in egg production,  

Soft shelled/misshaped 

NCD, EDS-76, IB Lung, trachea, oviduct, 

brain, spleen 

4.  Hemorrhagic exudates in trachea ILT Trachea, lung 

5.  Lesions on comb, wattle, leg and feet Fowl pox Cutaneous lesions 

6.  Diphtheritic (pseudo) membrane in 

buccal cavity, oesophagus, crop 

Fowl pox Pharynx, oesophagus, 

crop 

7.  Bursa enlarged, cheesy exudates IBD Bursa of Fabricius, 

kidney 

8.  Enlarged hocks and other joints Viral arthritis, 

Infectious synovitis 

Tendon with sheath, 

synovial fluid 

9.  Tumor in visceral organs MD, LL Affected organs 

10.  Air sacculitis, pericarditis CRD, 

Colibacillosis 

Air sacs, heart, lung, 

trachea 

11.  Necrotic foci on liver marrow Fowl cholera Heart blood, liver, BM 

12.  Swollen comb and wattle Fowl cholera Heart blood and liver 

13.  Nodules on lung, liver and spleen TB, 

Coligranuloma, 

Aspergillosis 

Lung, liver, spleen 

 

14.  White pasty diarrhoea, soiled vent Pullorum disease Liver, heart, spleen, 

lung, gizzard 

15.  Congested intestines Salmonellosis, 

Pasteurellosis 

Liver, intestine 

16.  Swollen fatty liver, haemorrhages IBH, HPS Liver, heart, spleen 

17.  Nephritis/nephrosis 

Distended ureters 

IBD, IBH, IB Bursa, liver, lung, 

trachea, ureters 

18.  Hemorrhagic intestine/ caeca 

Bloody diarrhoea 

Coccidiosis Intestine, caeca 

19.  Distended and discoloured yolk sac Omphalitis Heart blood, yolk sac 
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8. Writing of Necropsy Report 

  No necropsy is complete until all findings have been recorded in written form. The 

report should include at least the following information:  

 Species, breed, age, sex  

 History  

 Died or euthanized 

 Nutritional, hydration status  

 Findings from external examination  

 Findings by organ system: Lymphoreticular (spleen, bursa), respiratory, digestive, 

urogenital, musculoskeletal and nervous system  

 If supporting laboratory examination is needed that must be carried out to arrive at 

conclusion.  

Diagnostic poultry pathology involves a multidisciplinary approach to various poultry 

diseases ranging from clinical pathology, histopathology, toxicology, microbiology, virology 

and parasitology. So, careful necropsy supported by one or more ante-mortem laboratory 

investigations can greatly assist in arriving at confirmatory diagnosis.  
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SOLID PHASE PEPTIDE SYNTHESIS 

Vinay G. Joshi, Vikas Verma and Puneet Ranjan
 

Department of Animal Biotechnology, College of Veterinary Sciences 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

There are two different chemistries followed for solid phase peptide synthesis namely 

Boc chemistry and Fmco chemistry both of them has some advantages and disadvantages. 

Sr No Specifications Boc chemistry Fmoc Chemistry 

1 Requires special equipment Yes No 

2 Cost of reagents Lower  Higher 

3 Purity of peptide product Moderate to high Low to moderate 

4 Cleavage reagent HF TFA 

5 Safety consideration Involves hazardous 

chemicals like HF 

Relatively safe  

As in solid phase synthesis first amino acid loading on resin is crucial step and 

chemistry to be used for coupling is governed by nature of resin used, therefore in case of 

Wang resin first amino acids should be added using preformed symmetrical anhydrides made 

using two equivalent of Fmoc-amino acid and one equivalent DIPIC at 0 ºC for 30 mins in 

DMF. While using Rink amide resin Fmoc-amino acid can be added directly by making its in 

situ active ester using HBTU-oxime pure. Always for first amino acid coupling active Fmoc-

amino acid was taken 3 times more equivalent to the loading efficiency of the Resin. Loading 

of first amino acid was determined by quantifying Fmoc group on the resin 

spectrophotometrically as follows.  

Loading or coupling efficiency was determined by estimating Fmoc group per amount 

of resin, which was removed by treating with 20% piperidine in DMF. The UV absorbance at 

290 nm was checked for estimating coupling efficiency. Following steps were performed: 

 Take a small amount of resin from the vessel, washed four times with DMF and dried 

by washing with dry methanol.  

 1 mg of dried Fmoc-amino acid resin is taken in micro centrifuge tube in triplicate. 

 3. 3 ml of freshly prepared 20% piperidine in DMF (v/v) was dispensed in each tube 

containing 1 mg of Fmoc-amino acid resin. The resin beads were agitated for 2-3 min 

and centrifuged to settle down the resin. 

 The O.D of solution was read at 290 nm considering 20% piperidine solutions as blank. 

Coupling efficiency was determined from the correlation Table 1 and mean of three 

samples was taken. 

 After removal of Fmoc group from anchoring amino acid on the resin, made using 

treatment of 25% pipridine in DMF (v/v). 

 Next Fmoc-amino acids can be coupled using HBTU – oxyme pure activation and 

coupling for 3 hrs.  DIEA concentration of 6% (v/v) should be maintained. 

 Coupling reactions to facilitate the amino acids coupling and elongation of peptide 

chain on the resin. 

  For first amino acid coupling on to resin N’N’ Dimethylacetamide can be used as 

solvent instead of DMF used in subsequent couplings and synthesis steps.  

 The peptides after de-protection and cleavage from the resins and precipitated out of  

TFA as cleavage reagents using dry and chilled diethyl ether (10 fold volume) and 

precipitated peptides were filter/ centrifuged out and were desalted 
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Characterizations of Peptide and Concentration Determination 

The peptide has a chromophore in the sequence (W or Y residues), peptide 

concentration can be conveniently determined based on the extinction coefficient of these 

residues.  The following steps can be used for the calculations: 

1. Molar extinction coefficients of chromophoric residues at 280 nm at neutral pH using a 1-

cm cell: 

Tryptophan 5560AU/ mmole/ ml 

Tyrosine 1200 AU/ mmole/ ml 

2. The extinction coefficient of each chromophore in the peptide sequence is generally 

considered to be additive, that is, the overall molar extinction coefficient of the peptide 

depends on the types and number of these chromophoric residues in the sequence. 

3. Calculations: mg peptide per ml = (A280 x DF x MW) / e 

where A280 is the actual absorbance of the solution at 280 nm in a 1-cm cell, DF is the 

dilution factor, MW is the molecular weight of the peptide and e is the molar extinction 

coefficient of each chromophore at 280 nm 

4. Hypothetical example: A 50X diluted solution of a peptide with the sequence 

RRNWNQYKIQFGYSFSNSE (MW = 2414) reads 0.5 AU at 280 nm in a 1-cm cell. To 

calculate the original peptide concentration in the stock peptide solution: 

Mg peptide/ml    =    (0.5AU x 50 x 2414 mg/mmole)              =  7.58 

                             [(1 x 5560) + (2 x 1200)] AU/mmole/ml 

 

It is possible to determine the concentration of peptides that do not contain aromatic amino 

acids by measuring absorbance at 205 nm. However, for a high level of reproducibility, a 

combination of absorption measurements is recommended. 

Kaiser Test 

Reagent A: 1. Dissolve 16.5 mg of KCN in 25 mL of distilled water. 

2. Dilute 1.0 mL of above solution with 49 mL of pyridine (freshly distilled from ninhydrin). 

3. Pour it into a small reagent bottle and label it “A”.  

Reagent B: 1. Dissolve 1.0 g of ninhydrin in 20 mL of n-butanol. 

2. Pour into a small reagent bottle and label it as “B”.  

Reagent C: 1. Dissolve 40 g of phenol in 20 mL of n-butanol. 

2. Pour it into a small reagent bottle and label it “C”.  

Kaiser Test Procedure: Take 10-15 beads of resin in a test tube and label it. Take tube S and 

another empty tube designated R (reference). To each tube add: 2 to 3 drops of Reagent A 2 

to 3 drops of Reagent B 2 to 3 drops of Reagent C. Heat both the tubes at 110°C for 5 

minutes. 5. Compare the color with reference. 

Colorless or Faint Blue Color: Complete coupling, proceed with synthesis Dark blue 

solution but beads are colorless: nearly complete coupling, extend coupling or cap unreacted 

chains Solution is light blue but beads are dark blue: coupling incomplete, recouple Solution 

is intense blue and all beads are blue: failed coupling, check amino acid, reagents, then 

recouple. 
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ISOLATION AND IDENTIFICATION OF POULTRY VIRUSES USING PRIMARY 

CHICK EMBRYO LIVER, KIDNEY AND FIBROBLAST CELL CULTURE 

Anshul Lather, Rajesh Chhabra and Swati Dahiya 

Department of Veterinary Microbiology, College of Veterinary Sciences 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Viruses are obligate intracellular parasites which can be cultivated only in living cells. 

This requirement must be met by providing suitable cells to serve as the host system. 

Laboratory animals, embryonated eggs and cell culture are all used for the basic procedures 

of isolation and identification of viruses, maintenance of stock cultures and production of 

vaccines. Modern situations demand models alternative to live animals. The wide availability 

of chicken embryos and the ease of obtaining tissues from these embryos without resorting to 

sophisticated surgical procedures, chicken embryos are the ideal sources of a variety of 

primary cell cultures. For virus isolation and cultivation, primary cell cultures are preferred 

over established cell lines because the primary cultures are more representative of the cell 

types of the tissues from which they are derived. For effective cultivation of viruses, cell 

culture derived from the tissues of the same species is preferred e.g. for poultry viruses, cell 

culture of avian origin. Besides, the use of chicken embryos is not subjected to tight 

regulations as is the use of live animals. Using chicken embryos to prepare primary cell 

cultures also offers an enormous economic advantage. Fertile eggs can readily be purchased 

from commercial sourcesand incubation of fertile eggs is simple and inexpensive. Although 

the use of primary cultured cells prepared from live organ tissues has limitations also such as 

the limited life-span of the cells, the time consuming and labour intensive preparation and 

presence of heterogeneous cell populations. But the accessibility of different tissues, many of 

which grow well in culture has made the embryonated egg a favourite choice. The chick 

embryo tissue provides a diversity of cell types in primary cultures. Primary chicken embryo 

kidney (CEK), chicken embryo fibroblast (CEF) and chicken embryo liver (CEL) cells have 

been preferred for virus propagation and detection. 

 Primary cell culture refers to the cell culture initially derived from the parent tissue 

prior to any subsequent culture in vitro. Almost any tissue can be cultured, if it is 

appropriately dispersed, though high rates of success in cell culture is often recorded with 

embryonic and tumor tissues rather than normal adult tissues. Embryonic tissues are preferred 

for primary cultures due to that the embryonic cells can be disaggregated easily and yield 

more viable cells. For virus isolation, when the primary cell culture is about to form confluent 

monolayer in culture flasks, the virus sample is added on this monolayer for one hour 

(approx.) and then the cell culture is maintained by adding maintenance medium. Then virus 

is identified mainly by the characteristic cytopathic effects (CPE) produced during the 

multiplication of the virus. 

Materials Required 

Embryonated (9-11, 13-15 and 18-20 days)SPF chicken eggs, 70% alcohol, Sterile 

glassware and plasticware such as Pipettes, Petri plates, Beakers, Centrifuge tubes, Culture 

flasks, Conical flask, Beaker with cotton gauze, 96-well tissue culture plate, Micropipette, 

Egg candler, Laminar flow, BOD incubator, Magnetic stirrer, Magnet, Inverted microscope, 

Haemocytometer, Coverslip, Scissors, Forceps, Cello tape, PBS or HBSS, Complete growth 

medium, 0.25% Trypsin solution, Trypan blue dye (0.4%) 
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Table: Primary cell cultures used for some common Poultry Viruses 

Virus Primary cell culture used for virus isolation 

Marek’s Disease 

virus 
Chicken kidney cell culture, Duck embryo fibroblast cell culture  

Infectious 

Laryngeotracheitis 

virus 

Chicken tracheal cell culture, Chicken kidney cell culture 

Infectious Bursal 

Disease virus 

Chicken bursal cell culture, Chicken embryo fibroblast cell culture, 

Chicken kidney cell culture 

Reovirus Chicken embryo kidney cell culture, Chicken liver cell culture 

Avian Influenza 

virus 

Chicken embryo fibroblast cell culture, Chicken embryo kidney cell 

culture 

New Castle 

disease virus 
Chicken embryo fibroblast cell culture 

Avian Pox Fibroblast cell culture of Duck or Chicken origin 

Preparation of Chicken Embryo Fibroblast Cell Culture 

Candle the 9-11 days old Specific Pathogen Free (SPF) eggs for checking the viability 

of embryos. Mark the position of air sac and place the blunt end uppermost. Swab the eggs 

with 70% alcohol. Peel off the top of shell over the air sac. Then carefully take out the 

embryo with a sterile forceps into a Petri plate containing about 20-25ml PBS or HBSS. 

Wash the embryos with PBS and remove head, visceral organs and appendages. Transfer the 

remaining tissue to a 50ml tube containing 10ml of PBS and mince thoroughly with a pair of 

bent scissors. Decant off the PBS. Transfer the minced tissue to the conical flask containing a 

sterile magnet bar and approx. 30 ml of 0.25% Trypsin in PBS at 37
o
C. Stir the contents on 

magnetic stirrer for 30-35 mins at 200rpm. Shut off the stirrer and allow mince tissues to 

settle for 1 min. Then add 10ml of complete growth medium containing 10% serum into this 

to inactivate the action of trypsin. Then filter the cell suspension through a sterile gauze filter 

into a centrifuge tube. Repeat the above step once more with the large tissues that remained 

in the conical flask. Centrifuge the tube at 1000 rpm for 10mins. Discard the supernatant and 

resuspend the pellet in 10 ml of complete growth medium (CGM). Count the number of live 

cells by Trypan blue dye (0.4%) exclusion method using haemocytometer. Suspend the cells 

in CGM to give a cell concentration of 1X10
6
 per ml. Seed tissue culture flasks/microtiter 

plates with approximately 2X10
5
 cells per cm

2
 surface area. Incubate the flasks at 37ºC until 

confluent monolayer of cells is obtained (usually 18-24 hours). 

Preparation of Chicken Embryo Kidney Cell Culture 

Monolayers of primary CEK cells are prepared from kidneys of 18-20 days old SPF 

embryonated eggs. First, viability of embryos of 18 day old embryonated eggs is determined 

through candling. Then eggs are swabbed with 70% alcohol and egg shell is cracked with 

sterile forceps over the air sac area and chorio-allantoic membrane is removed. The embryo is 

lifted out with sterile forceps and severed from the yolk sac with sterile scissors. The embryo 

is transferred to a Petri dish and cut at the centre, near under the wings. Viscera are removed 

and kidneys are taken out with sterile forceps (note that avian kidneys have an elongate, three 

lobed kidney instead of bean shape kidney like mammalians). Kidneys are collected into a 50 

ml beaker and washed extensively with PBS by gently pipetting up and down. New beaker 

should be used for each washing (at least 2 times). Pour the tissue fragments into a 
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trypsinization flask containing a magnetic bar. Add 40-50 ml prewarmed (37
o
C) trypsin- 

solution (Ten ml 0.25% trypsin at 37
o
C is added to every one gram of tissue).  Put the flask 

on a magnetic stirrer and stir very slowly for 15-20 minutes.Shut off the stirrer and allow 

mince tissues to settle for 1 min. Then add 10ml of complete growth medium containing 10% 

serum. Filter through a 100 µm mesh to remove tissue debris.Carefully collect the cell 

suspension into a 15 ml centrifuge tubes and centrifuge at 80-100g for 10 mins. Cells were 

resuspended into a minimal volume of complete growth medium (1 ml/100 mg tissue) and an 

aliquot was taken out for quantification with a haemocytometer (Improved Neubauer, 

Germany). After yield and viability ratio are obtained, cells are seeded into culture containers 

at 10
6
 cells/ml.The cells should form a monolayer in 1-2 days and when monolayer is formed 

these may be inoculated with virus sample. 

Preparation for Primary Chicken Embryo Liver Cells 

Candle the 13-15 days old eggs for checking the viability of embryos. Swab the eggs 

with 70% alcohol. Using sterile technique, remove embryos from eggs by breaking the shell 

over the air sac, take out embryos in a Petri dish and tease the abdominal wall open to expose 

livers. Remove the livers with curved, blunt ended forceps and put them into a beaker 

containing sterile PBS. Be sure to cut out the gall bladder before putting livers into the PBS. 

Trim off any visible connective tissue or pieces of attached intestine. Mince tissue lightly 

with scissors or forceps. Allow the liver pieces to settle to bottom of beaker. Decant and 

discard PBS containing RBC's. Wash 3 times or until the PBS is clear. (Usually 100 ml of 

PBS is enough for the collection and washes.) Drain off the last wash and pour the tissue 

fragments into a trypsinization flask having 50 ml prewarmed (37
o
C) trypsin solution and a 

magnate bar in it. Put the flask on a stirrer base and stir very slowly for 15-20 minutes. When 

the supernatant is cloudy, shake flask and set it down for several minutes to let the clumps 

settle out. Take out 1 drop of supernatant and put it on a glass slide and observe. If there are 

many single cells and small clumps (2 to 10 cells) with few very large clumps then it is time 

to pour off the supernatant. Pour supernatant through gauze covered funnel into a centrifuge 

tube and add 5ml of cold calf serum in it. With fresh trypsin repeat process 1-2 times more. 

Do not extend trypsinization time over 1 hr. Centrifuge at 1500 rpm for 10 mins. The kidney 

cells will pellet. Pour off trypsin solution. Resuspend cells in 8-10 ml of complete growth 

medium, adjust the cell concentration and dispense into culture dishes as required. 
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BUFFERS AND MEDIA 

1. Complete Growth Medium 

 EMEM (0.935% solution)     85 ml 

 Foetal calf serum      10 ml 

 Stock antibiotic solution (100X)    1.0 ml 

 L-Glutamine (3%)      1.0 ml 

 Sodium bicarbonate solution (7.5%)    1.5 ml 

 HEPES (1 M)       1.0 ml 

Adjust pH (Approx. 7.2) with 0.5 N NaOH 

2. Phosphate Buffer Saline (PBS) pH 7.2  

Sodium chloride (NaCl)                                                   8.0g 

Potassium chloride (KCl)                                                 0.2g 

Disodium hydrogen orthophosphate (Na2HPO4.2H2O)  1.44g 

Potassium dihydrogen phosphate (KH2PO4)                    0.2g 

Phenol red                                                                        20mg 

TGDW                                                                           1000ml 

Contents were dissolved, autoclaved at 15lb for 15 min and stored at 4
o
C. 

3. Stock Solution of Trypsin (5.0 per cent) 

 Trypsin powder (Sigma)     5.0 g 

 Glucose       2.5 g 

 Disodium EDTA      0.2 g 

 PBS sterile       100 ml 

Dissolved by stirring on a magnetic stirrer for 2 hours at 4ºC, sterilized by filtration 

and stored in five ml aliquots at -20ºC. 

4. Working Solution of Trypsin (0.25 per cent) 

 Stock trypsin solution      5.0 ml 

 PBS sterile       95 ml 

5. Trypan Blue Stain (0.4%) 

 Trypan blue       400 mg 

  PBS        100 ml  

 

REFERENCES 

Freshney, R. I. 2010. Culture of Animal Cells. 6
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ELECTROPHEROTYPING AND MULTIPLEX RT-PCR FOR GIT VIRUSES OF 

POULTRY 

Minakshi, Upendra P. Lambe, Basanti Brar and Ikbal 

Department of Animal Biotechnology, College of Veterinary Sciences 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Gastroenteritis is one of the most common diseases in humans as well as animals and 

continues to be a significant cause of morbidity and mortality worldwide. The coronaviruses, 

picobirnaviruses, pestiviruses and toroviruses, which produce diarrhea in animals, are 

emerging as causes of viral gastroenteritis in humans. Amongst these, rotaviruses (RVs) were 

recognized as a major cause of acute gastroenteritis (AGE) in infants and young children in 

1973 (Bishop et al., 1973). Before that year RVs had already been discovered in diarrheic 

mice (Adams and Kraft, 1963), monkeys (Malherbe and Harwin, 1963) and cattle (Mebus et 

al., 1969) and since then in the faeces of many mammalian species including bats (Estes and 

Greenberg, 2013) and also in birds (Kindler et al., 2013). Therefore, screening of the fecal 

samples for the presence of these rampant viruses is really important. Performing PCR for 

each virus separately is very cumbersome and time consuming. Hence we shall discuss the 

faster and easier way to perform multiplex PCR for these viruses. 

Several methods are available for nucleic acid extraction depending on type of 

starting sample and downstream experimental design, but basic principles behind all are 

almost same. Of these, phenol chloroform method is the gold standard method. 

I. ELECTROPHEROTYPING 

A. Extraction of Nucleic Acid from faecal/tissue samples by Phenol: Chloroform 

 Make a 10% suspension of the samples in lysis buffer (3 M Sodium acetate (pH5.2) 3.3 

ml, 10% SDS 5.0 ml, GDW 91.7 ml), vortex and centrifuge at 10,000 g for 15 min to 

remove coarse particles and cellular debris. Store the clarified supernatant at -20C.   

 Take five hundred microliter of 10% suspension and treat this with 0.1 volume of 10% 

sodium dodecyl sulphate (SDS) and 0.1 volume of 2 M sodium acetate pH 4.6. The 

mixture was incubated for 1 hr at 56
o
C in water bath.  

 Add an equal volume of phenol: chloroform: isoamyl alcohol (PCI, 25:24:1) mixture, 

vortex and centrifuge at 12,000 rpm (REMI centrifuge) for 10 min at 4
o
C.  

 Transfer the upper aqueous layer carefully to another fresh tube without disturbing the 

interface.  

 Repeat the PCI treatment until the interface is clear.  

 Extract the resultant aqueous solution with equal volume of chloroform: isoamyl 

alcohol (CI, 24:1) mixture.  

 To the final aqueous solution, add 0.1 volume of 3 M sodium acetate pH 5.2 and 

vortex. The microfuge tube was inverted 4-5 times after adding equal volume of 

isopropanol to this mixture and keep at –20
o
C overnight.  

 Pellet the nucleic acid by centrifugation at 12,000 rpm for 20 min. Discard the 

supernatant and wash the pellet with 70% chilled ethanol. After removing the 

supernatant, air dry the pellet, dissolve in appropriate volume of nuclease free water 

(NFW) and store at –20
o
C. 
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B. Extraction of RNA from cell culture grown viruses by Trizol
®

 Reagent 

 TRI
®
 reagent method can be used for the total RNA isolation as per the 

manufacturer’s instructions.  

 To one ml of sample add equal volume of TRI reagent and vortex vigorously. 

 Allow samples to stand for 5 min at room temperature.  

 Add 0.2 ml of chloroform, vortex and allow it to stand for 15 min at 25
o 
C.  

 Centrifuge the resultant mixture at 12, 000 rpm for 15 min at 4
o
C. 

 Transfer the aqueous phase to fresh tube. 

 Add 0.5 ml of isopropanol and allow the samples to stand for 10 min at 25
o 

C.  

 Centrifuge at 12, 000 rpm for 10 min at 4
o 
C.  

 Wash the pellet with pre-chilled 70% ethanol, air-dry and dissolve in NFW and store at 

–20
o
C till further use. 

C. RNA-Polyacrylamide Gel Electrophoresis 

 The segmented RNA genome can be analyzed by RNA-polyacrylamide gel 

electrophoresis (RNA-PAGE) using the discontinuous buffer system of Laemmli (1970) 

without SDS. The gel is stained with silver nitrate as per the method described by Svensson 

et al. (1986). The RNA-PAGE with silver staining is used as a screening test for detection 

and differentiation of dsRNA viral genomes such as bluetongue virus and rotaviruses. The 

differences in the migration pattern of RNA segments due to the genomic diversity among 

dsRNA viruses can be observed.  

a. Apparatus Assembling 

 Wash the glass plates and spacers in warm detergent solution and rinse them well, first 

in tap water and then in deionized H2O.  

 Hold the plates by the edges or wear gloves, so that oils from the hands do not get 

deposited on the working surfaces of the plates.  

 Clean the plates with ethanol and set them aside to dry. The glass plates must be free of 

grease spots to prevent air bubbles from forming in the gel.  

 Assemble the glass plates with spacers. Lay the larger (or unnotched) plate flat on the 

bench and arrange the spacers at each side parallel to the two edges. Lay the inner 

(notched) plate in position, resting on the spacer bars. 

 Clamp the plates together with binder or "bulldog" clamps to make a watertight seal. 

Take particular care with the bottom corners of the plates, as these are the places where 

leaks often occur.  

b. Preparation of Resolving Gel 

 Prepare the gel solution with the desired polyacrylamide percentage according to the 

Table 1, which gives the amount of each component required to make 12.5 ml.  

 Add 7-10 µl of TEMED for each 12.5 ml of resolving gel solution, and mix the solution 

by gentle swirling.  

 Pour the solution gently between the two glass plates filling the space up to the mark. 

There should be no trapped air bubbles. 
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 Add 1ml of GDW on top of the gel solution very gently. 

 Allow the acrylamide to polymerize for 30-60 minutes at room temperature. The 

apparatus should not be disturbed in between. 

Table 1: Solutions for casting the polyacrylamide gels (Sambrook and Russell, 2001) 

Stock Solution  8% Resolving Gel 

30% Acrylamide/ Bis-acrylamide  3.35 ml 

1.5 M Tris HCl pH 8.8 3.15 ml 

0.5 M Tris HCl pH 6.8 - 

TEMED 10.0 l 

Ammonium per sulphate (10%) 150 l 

Glass distilled water 5.75 ml 
 

c. Gel Electrophoresis 

 After polymerization of the gel, remove the clamps and take out the gasket carefully.  

 Attach the plates to the electrophoresis tank, using large bulldog clamp on the sides or 

clamps built into the apparatus. Fill the tank with electrophoresis buffer 1X (Tris base 

3.0 g, Glycine 14.4 g). Remove any air bubbles trapped beneath the bottom of the gel. 

 Carefully remove the comb and flush the wells with Tris-glycine buffer 1X.  

 Mix the RNA samples extracted with the appropriate amount of 1x RNA sample 

buffer. Load the mixture into the wells and run the electrophoresis @ 1-8 V/ cm until 

the marker dyes have migrated the desired distance.  

 Detach the top glass plate, check that the gel remains attached to the lower plate and 

proceed for staining of gel.  

d. Staining of the Gel (Silver Stain) 

Stain the gel by silver nitrate following the method of Svensson et al. (1986).  

 Take out the gel from the plates, fix in fixative solution (0.5 % glacial acetic acid, 10 

% ethanol) for 30 min at room temperature with intermittent gentle shaking.  

 Remove the fixative solution and stain the gel with staining solution (0.185 % silver 

nitrate in GDW) for 30 min with gentle shaking. Quickly rinse the gel with GDW 

twice to remove the excess silver nitrate to minimize background staining.  

 Add developer (3 g of NaOH pellets in 100ml GDW and 0.75 ml of formaldehyde) to 

develop the stained RNA bands by gentle shaking. Remove the developer and stop the 

reaction by adding the stop solution (5 % glacial acetic acid). Keep the gel in the stop 

solution for 15 min and then store it in 10 % ethanol. 

e. Analysis of Results 

The importance of RNA-PAGE lies in its absolute specificity to resolve the rotavirus 

genome into discreet eleven bands. Two distinct RNA patterns are observed: “long” defined 

by faster migration of 10
th

 and 11
th

 segments and “short” defined by slower migration of 10
th

 

and 11
th

 segments of rotavirus RNA (Figure 1). The utility of this method is twofold; it can 

be used as a detection method for rotavirus infection and as a tool for studying molecular 

epidemiology. RNA-PAGE is a very sensitive and specific test for rotavirus diagnosis and 

can detect about 108-1011 viral particle excreted per gram of faeces.  
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Fig 1: Electrophoretic migration pattern of bovine rotavirus strains in stool samples 

analyzed by RNA-PAGE. 

II. Multiplex RT-PCR 

The aim of this exercise is to detect the main pathogens (BVDV, Picobirna, Corona 

and Rota viruses) in a single-tube reaction, using more than one pair of primers in the same 

reaction. The PCR conditions were standardized to avoid interferences and the primers were 

carefully designed to avoid formation of primer dimmers and to minimize such non-specific 

interactions. 

a. Procedure 

 To standardize mPCR, the protocol established by Henegariu et al. (1997) was 

followed. Initially, single PCR reactions were performed by using 20 μl of a reaction mixture 

consisting of 5X Phusion HF buffer (Biolabs, New England), 200 μM deoxynucleoside 

triphosphates (Biolabs, New England), 0.10 μM of the respective primers (Eurofins 

Genomics India), 0.5 U of PhusionDNA polymerase (Biolabs, New England) and 200 ng of 

DNA. The four mPCR sets were standardized for BVDV, Picobirna, Corona and Rota 

viruses, performing PCR temperature gradients (45 to 65°C) and variations in concentrations 

of primers (0.1 to 0.3 μM) and of DNA quantity (30 to 500 ng/μl of each strain). Although, 

the simultaneous amplification of many targets reduces the number of reactions that need to 

be performed, PCR product fragments were analysed in 2% w/v agarose gel at 80 V for 2.5 h.  

b. Agarose Gel Electrophoresis 

The confirmation of PCR product was done following electrophoresis of amplified 

products in 1% agarose gel in horizontal electrophoresis unit (Biometra, USA). Agarose gel 

is prepared by boiling molecular grade agarose (Sigma) 1% in tris-acetate-EDTA (TAE) 

buffer to dissolve it completely. After cooling to about 50
o
C, ethidium bromide (Sigma) was 

added to the agarose solution to a final concentration of 0.5 g per ml. The gel-casting 

platform is placed on a levelled surface after sealing the open sides with adhesive tape. The 

gel comb is then placed across the gel-casting platform. Pour the molten agarose onto the gel-

casting platform and keep undisturbed until solidified.  The comb is taken out and adhesive 

tape is removed. The gel-casting platform including solidified gel is then submerged in the 

electrophoresis tank. the amplified product mixed with bromophenol blue gel loading dye 

(Sigma) and loaded into the well. Electrophoresis is carried out at 12 V/cm of gel in 1x TAE 

running buffer in submarine electrophoresis apparatus (Biometra, USA) till the indicator 6X 

loading dye reached last third of the gel. Visualize the gel under UV trans-illuminator and 

take photograph(s). The molecular sizes of PCR products are estimated by comparison of 

their mobility with respect to that of standard molecular size marker (Fig. 2). 
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Fig. 2: Rota P-Typing PCR with multiplex primer Con2R, pNCDV, pUK, pGott, pOSU 

and pB223 of VP4 gene. 1: 100 bp DNA ladder; 2, 3, 4, 5, 6, 7, 9: identified as P (1) 

serotype; 8: Untyped. 
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PHYLOGENETIC ANALYSIS OF INFECTIOUS BRONCHITIS VIRUS BASED ON 

S1 GENE SEQUENCE DATA 
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Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Infectious bronchitis virus (IBV) belongs to the prototype species of 

family Coronaviridae, genus Gammacoronavirus. Till date numerous IBV serotypes have 

been identified world over which create major problems in the poultry industry. Clinically, 

the disease causes respiratory distress, drop in egg production and quality in layers. IBV 

genome consists of a single-stranded positive sense RNA of 27.6 kb in length (Boursnell et 

al., 1987). The first 20 kb encode the viral RNA-dependent RNA polymerase and proteases. 

The remainder of the genome encodes five structural proteins, the spike (S) glycoprotein that 

is divided into S1 and S2 protein, small membrane (E) protein, an integral membrane (M), 

phosphorylated nucleocapsid (N) protein, small non-structural proteins, gene 3 and gene 5, 

and a 3′untranslated region (UTR) (Cavanagh, 2007, Holmes and Lai, 1996). 

The molecular characterization of IBV is based mainly on analysis of the S1 gene 

(Cavanagh, 2001). The spike (S) proteins are the major structural proteins of IBV, which are 

responsible for the induction of neutralizing and serotype-specific antibodies. Mutation, 

insertions, deletions, or RNA recombination in S1 gene probably results in diversity. S1 

defines the serotype of the virus; even single base mutation can play a major role in the 

generation of serologically distinct but, genetically closely related strains. Moreover, three 

hypervariable regions (HVRs) comprising amino acid residues 38 to 51, 99 to 115 and 274 

to 387 have been located within the S1 subunit and have been associated with 

haemagglutination-inhibiting and virus-neutralizing epitopes. The S1 sub-unit of spike 

protein of IBV mediates virion attachment to host cells and is identified as the major target of 

neutralizing antibodies in chickens. Evolution of new genotype is primarily associated with 

the modifications in S1 protein sequence (Kant et al., 1992, Cavanagh et al., 1988). 

Therefore, characterization of IBV is mainly based on the analysis of the variable S1 gene or 

the expressed S1 protein (Fellahi et al., 2015, Lee et al., 2003).  

Several genotypes of IBV have been identified from all over the world, causing 

major IBV outbreaks (Nabavi et al., 2016). Comparisons of nt sequences of IBV isolates 

indicate that strains from a particular geographic location are more closely related to each 

other than to strains from other distant regions (Ignjatovic and Sapats, 2000). More than 20 

IBV serotypes are differentiated worldwide that evolved from genomic insertions, deletions, 

substitutions and/or RNA recombinations of S1 gene (Alvarado et al., 2005). This large 

diversity is the actual cause of vaccine failure or partial efficacy of vaccine and hence new 

outbreaks are reported frequently (Cavanagh, 2003). Because of these entire facts S1 gene is 

considered as the most suitable candidate for IBV characterization, serotyping, 

immunological studies, host-virus interaction studies etc. Therefore, in this practical, the 

phylogenetic analysis of IBV strains including reference vaccine strains will be carried out 

using the Accession numbers of S1 gene sequences of IBV isolates already available in NCBI 

viz. AY091551.2 Avian infectious bronchitis virus isolate PDRC/Pune/India/9/99 S1 surface 

glycoprotein gene, partial cds (Jain et al., 2016); AJ458959.1 Avian infectious bronchitis 

virus partial spike gene for spike glycoprotein S1 subunit, hypervariable region, isolate Italy-

04; JX027070.1 Infectious bronchitis virus isolate IB VAR2-06 spike glycoprotein S1 subunit 

gene, partial cds; DQ834384.1 Infectious bronchitis virus strain M41, complete genome. 
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Data Analysis Tools  

Alignment is the process or result of matching up the amino acid or nucleotide 

sequences of two or more biological material to achieve maximal levels of identity. In case of 

amino acid sequences, alignment is carried out to find out the conservation, for the purpose of 

assessing the degree of similarity and the possibility of homology. Multiple sequence 

alignment (MSA) is an alignment of three or more biological sequences, generally protein, 

DNA, or RNA with gaps inserted in the sequences such that residues with common structural 

positions and/or ancestral residues are aligned in the same column. With the aid of multiple 

sequence alignments, scientists can study the pattern of sequences which have been 

conserved through evolution and the ancestral relationships between different organisms can 

be deduced. When sequences are aligned only in certain regions then we call it local 

alignment and if it is across their entire length then we call it global alignment. 

The most commonly used MSA tools are of Clustal series. The first Clustal program 

was written by Des Higgins in 1988 (Higgins and Sharp, 1988). Clustal W is an example of a 

popular multiple sequence alignment program freely available for the alignment of divergent 

protein or nucleotide sequences (Thompson et al., 1994). Basic Local Alignment Search Tool 

(BLAST) is a sequence comparison algorithm used to search sequence databases for optimal 

local alignments to a query and is optimized for speed (Altschul et al., 1990, 1997). The 

NCBI COBALT tool also produces multiple alignments of protein sequences (Papadopoulos 

and Agarwala, 2007). Clustal W is freely provided by DNA Database of Japan also on 

website http://clustalw.ddbj.nig.ac.jp/ (Chenna et al., 2003). Clustal Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/) and Clustal W of European Bioinformatics 

Institute (EBI) (http://www.ebi.ac.uk/clustalw/) also works very well for MSA along with 

providing phylogenetic tree and percent identity matrix data.  

Multiple Sequence Alignment of IBV using S1 gene sequences 

 For this, nucleotide sequences of IBV strains including reference vaccine strain was 

downloaded in FASTA format from NCBI website (https://www.ncbi.nlm.nih.gov/) using 

reported accession numbers. These sequences in FASTA format were pasted in columns or 

you can upload a file from your computer thus generating multiple sequence alignment 

results on websites of DDBJ or EBI.In both cases, the sequences should be in one of seven 

different formats (GCG, FASTA, EMBL, GenBank, PIR, NBRF, Phylip or SWISS-PROT). 

The unrooted Neighbouring-Joining Phylogenetic tree is shown in Fig. 1 and its MSA results 

are shown in Fig. 2. The percent identity matrix created by Clustal 2.1 is shown in Fig. 3. 

 

Fig. 1. Phylogenetic relationships of IBV isolates and selected reference vaccine strains 

based on the partial S1 gene sequences. The unrooted Phylogenetic tree (Neighbour-

joining) was generated by Clustal W multiple sequence alignment. CLUSTAL O (1.2.4) 

multiple sequence alignment (Clustal Omega) 
(https://www.ebi.ac.uk/Tools/services/web/toolresult.ebi?jobId=clustalo-I20180113-104032-0260-73459208-

p2m&analysis=summary) 

http://clustalw.ddbj.nig.ac.jp/
https://www.ebi.ac.uk/Tools/msa/clustalo/
http://www.ebi.ac.uk/clustalw/
https://www.ebi.ac.uk/Tools/services/web/toolresult.ebi?jobId=clustalo-I20180113-104032-0260-73459208-p2m&analysis=summary
https://www.ebi.ac.uk/Tools/services/web/toolresult.ebi?jobId=clustalo-I20180113-104032-0260-73459208-p2m&analysis=summary
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Fig. 2: Multiple sequence alignment results for S1 gene of IBV isolates for Accession 

numbers AY091551, AJ458959, JX027070 and DQ834384.  

(‘*’ indicates identical residues in all sequences) 

 

     1: AY091551.2   100.00   70.72   74.85   74.28 

     2: AJ458959.1    70.72  100.00   78.60   70.75 

     3: JX027070.1      74.85   78.60  100.00   79.28 

     4: DQ834384.1      74.28   70.75   79.28  100.00 

Fig. 3. The Percent Identity Matrix - created by Clustal 2.1 of IBV isolates and selected 

reference vaccine strains based on the partial S1 gene sequences 

 

 

 

 

 

AY091551.2      AGTAAATGTTTCTGAGGAAAATAGTACTG---TTACTGCAACAGTATGTACTACGGGTAT 203 

AJ458959.1      ----------AGTACGG---AGTATGCTAATGCGCACGGAACCAGCTGCACTGCTGGTAC 47 

JX027070.1      AGTTAATGTTTCTGTAGAATATAGCAACGCAGGCCCAGGTC---AATGTACTGCAGGGTC 203 

DQ834384.1      AGTTAATATTTCTAGCGAATCTAATAATGCAGGCTCTTCACCTGGGTGTATTGTTGGTAC 20580 

                            *   *                             ** * *   **    
 

AY091551.2      TATTAGTGGTGGTCGCAGTTTTAATGCTTCATCTGTAGCTATGACAGCACCATCTTCAGG 263 

AJ458959.1      TATCTCTTGGAGTAAGAATTTTACTGCTGCTTCTGTAGCCATGACAGCACCTACTTCTGG 107 

JX027070.1      TATCTATTGGAGTAAAAATTTTAGTGCATCTTCTGTAGCCATGACAGCACCTGATACAGG 263 

DQ834384.1      TATTCATGGTGGTCGTGTTGTTAATGCTTCTTCTATAGCTATGACGGCACCGTCATCAGG 20640 

                ***   * *  **     * *** ***  * *** **** ***** *****     * ** 
 

AY091551.2      TATGGGTTGGTCTAAGACGCAGTTTTGTACGGCTTATTGTAACTTCTCTGATATTACAGT 323 

AJ458959.1      TATGGCATGGTCTACTGCCCAATTCTGTACTGCACACTGTAATTTTACCGATTTTACAGT 167 

JX027070.1      TATGTCTTGGTCAGCCAGCCAGTTCTGTACGGCTCACTGTAACTTTACAGATTTTACAGT 323 

DQ834384.1      TATGGCTTGGTCTAGCAGTCAGTTTTGTACTGCACACTGTAACTTTTCAGATACTACAGT 20700 

                ****   *****       ** ** ***** **  * ***** **  * ***  ****** 

 

AY091551.2      GTTTGTTACACATTGTTTTGTAAGTGGGCATGGTAAATGCCCTTTAACAGGCTTAATTCA 383 

AJ458959.1      GTTCGTTACACATTGTTTTAAAAGTGGAACTGGTAATTGTCCCTTAACAGGTCTTATTCC 227 

JX027070.1      GTTTGTTACACATTGTTACAAAAGTGGTCATGGTTCATGTYCTTTAACAGGTCTGATTCC 383 

DQ834384.1      GTTTGTTACACATTGTTATAAATATGATGG------GTGTCCTATAACTGGCATGCTTCA 20754 

                *** *************    *  **           **  *  **** **  *  ***  
 

AY091551.2      ACAGGGTAACATTCGCATTTCTGCTATGAGAAATGG------TACTTTGTTTTATAATGC 437 

AJ458959.1      AAATGGTCATATTCGTATTTCTGCTATGAAAGAAGGAAATAACTCCTTGTTTTATAACTT 287 

JX027070.1      ACAGAATCATATTCGTATTTCTGCTATGAAAAATAG------CAGTTTGTTTTATAACTT 437 

DQ834384.1      AAAGAATTTTTTACGTGTTTCTGCTATGAAAAATGG------CCAGCTTTTCTATAATTT 20808 

                * *   *    * **  ************ * *  *           * ** *****    
 

AY091551.2      TACAGTTAGTATAAATAAGTATCCCAGATTTAAGTCACTTCAATGTGTGGATAATTCCAC 497 

AJ458959.1      AACAATTTCTGTGACTAAATATCCTAAATTTAAGTCGCTGCAATGTGTTAACAATTTTAC 347 

JX027070.1      AACAGTTGCTGTGACTAAATATCCCAGATTTAAGTCGCTTCAGTGTGTTAATAATATGAC 497 

DQ834384.1      AACAGTTAGTGTAGCTAAGTACCCTACTTTTAAATCATTTCAGTGTGTTAATAATTTAAC 20868 

                 *** **  * *   *** ** ** *  ***** **  * ** *****  * ***   ** 
 

AY091551.2      ATCTGTGTATTTAAATGGTGATCTTGTTTTTACTAGTAATTATACTACTATAGTTAAAGA 557 

AJ458959.1      AGCTGTATACCTAAATGGTGATCTTGTTTTTACTTCTAACGAGACTAAAGATGTTAGTGG 407 

JX027070.1      AGCTGTATACTTAAATGGTGATCTCGTTTTTACTTCTAATGATACTAAAGATGTTAGTGC 557 

DQ834384.1      ATCCGTATATTTAAATGGTGATCTTGTTTACACCTCTAATGAGACCACAGATGTTACATC 20928 

                * * ** **  ************* ****  **   ***  * ** *     ****     
 

AY091551.2      AGCAGGTGTGTACTTTAAAGGGGGTGGGCCTGTAACTTATAAAATTATGAAACAATTTAA 617 

AJ458959.1      TGCAGGTGTTTATTTTAAAGCTGGCGGTCCCATAACCTACAAAGTT-------------- 453 

JX027070.1      AGCAGGTGTTTATTTTAGCAGTGGTGGACCTATAACTTATAAGGTTATGAAACAAGTTGA 617 

DQ834384.1      TGCAGGTGTTTATTTTAAAGCTGGTGGACCTATAACTTATAAAGTTATGAGAGAAGTTAA 20988 

                 ******** ** ****     ** ** **  **** ** **  **               
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PRACTICAL APPROACHES FOR INVESTIGATION OF EMERGING AND  

RE-EMERGING POULTRY DISEASES 

N. K. Mahajan, Piyush Tomar and Anand Prakash 

Department of Veterinary Public Health & Epidemiology, College of Veterinary Sciences, 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125 004, Haryana 

According to Office Internationale des Epizooties (OIE), an outbreak can be defined 

as an occurrence of a disease in an agricultural or breeding establishment or premises, 

including all buildings as well as adjoining premises, where animals are present. Generally, 

the term implies that several animals are affected at a given time. In developed countries, the 

livestock population is kept as discrete unit (the separated type), so the term outbreak is used 

if there is occurrence of a disease in an individual farm. In developing countries where the 

livestock population is contiguous type, the definition of OIE is used frequently.  

Objectives of Investigation 

 The main objective is to identify the disease condition as quickly as possible keeping in 

view the following: 

i) Determining the reasons for the outbreak  

ii)        Halting the progress of the disease 

iii)       Initiating corrective measures, and  

iv) Recommending procedures to reduce the risk of future outbreaks. 

 The diagnosis of poultry problems in the field today is not often the relatively straight 

forward business involving an infective agent that it was in early days of the industry. Most 

of the flocks are having thousands of birds, intensive form of rearing and use of hybrid breeds 

for higher production with minimum cost. Therefore, it is not only the multifactorial nature of 

the problems with their managemental, nutritional, environmental and genetic undercurrents, 

but also the ill-defined nature of origin of problem leading to loss of production and 

mortality. Such problems are more tedious to deal with than classic diseases with acute or 

chronic nature involving diagnostic signs, morbidity and mortality. 

Basically, there are two categories of problems to be investigated.  

1) The post-mortem based, laboratory confirmed, relatively straightforward matter of 

making a diagnosis of some pathological condition and possibly giving some tips for 

prevention and control e.g. coccidiosis, salmonellosis, Marek’s disease, etc.  

2) The in-depth investigation either to find the underlying cause of an infective 

problem or to attempt to define and delineate a more vague, possibly multifactorial 

condition and determine its origin and remedy.  

STEPS IN EPIDEMIOLOGICAL INVESTIGATION 

1. Detailed History 

 The first step in any investigation is to obtain and record a detailed history. Obscure 

problems may require detailed investigation of housing/ management, environment, sheds, 

hatchery, feed, vaccination, etc.  

 Previous history of illness in the flock, results of previous investigation 

 Vaccination details and record 

 Medication done 
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 Morbidity and mortality record 

 Presence of ecto- or endo- parasites 

 Stress factors, environmental or managemental  

2. Collection of Samples from Ailing Birds 

Materials like blood, droppings, oral swabs etc. can be collected from affected birds. 

If some parasitic cause is suspected, bird droppings can be collected for examination for 

different parasitic eggs/ ova.  

The samples for virus isolation are collected in 50% buffered glycerine/ glycerol/ 

specific virus transfer medium. Similarly, the samples for isolation of bacteria are taken 

aseptically on ice without adding any preservative or directly on solid media/ broth. The 

choice of suitable tissue depends upon the pathogenesis of the disease condition. 

3.  Post Mortem Examination and Laboratory Investigations 

 Recognition of the disease condition from the autopsy picture and the decision 

regarding required laboratory procedures entails an intimate knowledge of the cause, 

pathological process and characteristic post mortem findings derived from study and 

experience. 

 If the bird is alive, blood sample can be collected from wing vein or directly from the 

cardiac puncture for serological and cultural examination before it is sacrificed. From dead 

birds, heart blood can be collected taking aseptic precautions for isolation of bacteria. If viral 

disease is suspected, requisite material needs to be collected aseptically on 50% buffered 

glycerol. Tissues for histopathology can be collected in 10% formal saline in the ratio of 

1:15. For coccidiosis, wet mount smears of mucosal scrapings from intestines/caeca may be 

examined for presence of oocysts/ schizonts. 

 Heart blood or samples from liver/spleen may be inoculated directly on blood agar 

and MacConkey’s besides preparing impression smears which are stained for quick 

diagnosis. 

 Serological tests can be performed with sera sample for which various diagnostic tests 

are commercially available mainly using ELISA. Haemagglutination (HA/ HI) may be useful 

for NCDV/ AIV. Rapid plate tests are available for Salmonella and Mycoplasma.  These 

days, some specialized laboratories may have facilities for PCR, so samples can be sent to 

those for quick confirmations. Virological methods like chicken embryo inoculation / tissue 

culture require long time for confirmation. However, it is necessary to relate the results of 

tests to overall flock. Diagnostic significance is attained if adequate numbers of 

representative individuals are sampled. Besides, feed analysis can also be carried out for 

mycotoxins and specific ingredients.  

Based on history, observations, post-mortem and laboratory investigation, disease 

outbreak can be confirmed and preventive measures can be suggested so as to stop further 

reoccurrence. 
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INVESTIGATION OF A DISEASE OUTBREAK IN POULTRY 

Date___________________     Lab. Ref No.__________ 

Name and address of owner_______________ 

Type of bird  P/L/B    No. kept at farm______________ 

 

Source of birds ________________  Source of feed_______________ 

 

All in all out/ multiage____________  Age(s)________________ % sick 

(Morbidity) 

 

Mortality for the last 7 days__________ Vaccination done_______________ 

 

Signatures__________________ 

 

Duration____________________ 

 

Treatment given_________________ 

 

Post-mortem findings____________ 

 

Tentative diagnosis___________________ 

 

Samples collected__________________ 

 

Laboratory tests done_______________ 

 

Laboratory findings___________________ 

 

Final diagnosis___________________ 

 

Recommendations___________________ 
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EXPRESSION OF INTERFERON AND PROINFLAMMATORY CYTOKINE GENE 

IN CHORIOALLANTOIC MEMBRANE OF EMBRYONATED CHICKEN EGG 

AFTER TREATMENT OF TLR AGONIST 

Rajesh Chhabra, Bal Krishan, Sakshi Bhadouriya and N. K. Kakker   

Department of Veterinary Microbiology, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

The activation of innate immunity may represent a strategy to potentiate innate 

immunity and consequently adaptive responses. The enhancement of immunity is crucial to 

ameliorate protection against bacterial/viral infections. Moreover, the activation antigen 

presenting cells by toll like receptors (TLRs) may lead to an improvement of the adaptive 

response that is crucial to control of infection. The TLRs recognize the pathogen associated 

molecular patterns (PAMPs) and activate immune response to combat to infection. Signalling 

by TLRs involves adaptor proteins known as myeloid differentiation primary-response gene 

88 (MyD88), MyD88-adaptor-like (TIRAP/Mal), TIR-domain containing adaptor protein 

inducing IFN-β (TRIF) and TRIF-related adaptor molecule (TRAM).  TLR2 recognize 

lipopeptides, TLR4 recognizes lipopolysaccharide (LPS) and TLR5 flagellin. The TLR3 are 

involved in the recognition of double-stranded RNA, TLR7 and TLR8 recognize single-

stranded RNA viruses, and TLR9 is crucial to recognize unmethylated CpG DNA. Human 

TLR7 and TLR8 recognize guanosine or uridine-rich ssRNA as well as imidazoquinoline 

compounds. After recognition of PAMPs, TLRs initiate downstream signalling events that 

culminate in cytokines secretion and initiation of the adaptive immune response. 

In has been shown that chicken embryo, more specifically the chorioallantoic 

membrane (CAM) can respond to stimuli or pathogen. Previous studies demonstrated that 

CAM expresses various cytokines such as IFN-γ, IL-1β, IL-8, and IL-12. TLR ligand induces 

antiviral response in CAM by the induction of pro-inflammatory and interferon production 

and inhibit virus replication in CAM.  

Protocol  

A. Injection of TLR agonist in Embryonated Chicken Eggs 

1. Candle 9-11 day old embryonated egg and mark the position of the air sac and also an 

area about 3 mm below the air sac that is free of large blood vessels on the opposite 

site of embryo. 

2. Make a similar mark at the upper extremity of the shell over the air cell. 

3. Use cotton wool and 70 percent alcohol to swab the end of the eggs to be inoculated. 

Allow the alcohol to evaporate. 

4. Swab the egg shell punch with 70 percent alcohol solution.  

5. Drill a small hole through the shell at each mark but do not pierce the shell 

membrane.  

6. Keeping the needle and syringe vertical, place the needle through the hole in the egg 

shell. The needle will need to penetrate approximately 16 mm into the egg to reach 

the allantoic cavity and Inject TLR agonist into the egg.  

7. Seal the hole in the shell with stationery tape or melted wax. Discard the used needles 

and syringes. 

8. Place the inoculated eggs into a second incubator. Check the temperature and 

humidity of incubator (37°C and 55-60% RH).  
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B. Collection of CAM  

1. Before collection of CAM, chill the egg overnight in refrigerator.  

2. Egg should be cleaned properly with 70% ethanol and collection is done in sterile 

condition.   

3. Using sterile forceps and scissor, cut the egg shall in half with help of scissors. 

4. Decant the whole contents of egg after loosening the CAM at one point.  

5. Remove the CAM from the egg by grasping CAM with forceps and cutting 

completely around it.  

6. Wash the CAM with PBS and proceed for RNA isolation.  

C. RNA Isolation  

Total RNA extraction is done by TRIZOL reagent according to manufacturer’s 

recommendation or by other suitable methods. Triturate the harvested CAM in TRIZOL by 

using Pestle and Mortar or homogenizer. The sample volume should not exceed 10% of the 

volume of TRIZOL Reagent used for lysis. 

1. Take sample in eppendorf tube, add TRIZOL reagent and vortex vigorously. 

2. Incubate the homogenized sample for 5 min at room temperature to permit the 

complete dissociation of nucleoprotein complexes. 

3. Add 0.2 ml of Chloroform per 1 ml of TRIZOL Reagent. Vortex samples vigorously 

for 15 sec and incubate at room temperature for 2 to 3 min. Centrifuge the samples at 

not more than 12,000 x g for 15 min at 2 to 8°C. 

4. Precipitate the RNA from the aqueous phase by mixing with isopropyl alcohol. Use 

0.5 ml of isopropyl alcohol per 1 ml of TRIZOL Reagent used for the initial 

homogenization. Incubate samples at 15 to 30°C for 10 min and centrifuge at not 

more than 12,000 x g for 10 min at 2 to 4
o
C. 

5. Wash the RNA pellet once with 75% Ethanol, adding at least 1 ml of 75% Ethanol per 

1 ml of TRIZOL Reagent. 

6. Air-dry or vacuum dry RNA pellet for 5-10 min, dissolve in NFW and store at 20 °C 

till further use.  

D. Spectrophotometric Analysis  

Take OD at 260 nm and 280 nm to determine the concentration and purity of sample. 

For the pure RNA, A260/A280 ratio should be above 1.6.  

E. cDNA Synthesis  

cDNA synthesis is done as per the Revertaid™ First Strand cDNA Synthesis Kit 

(Thermo Scientific, USA) protocol  

1. Add the following reagent into a sterile, nuclease free tube in the indicated order:  

Total RNA                                                         0.1 ng - 5 µg , 10 pg - 0.5 µg , 

                                                                                 0.01 pg - 0.5 µg 

Random hexamer                                                            1 µl 

Nuclease free water (NFW)                                            to    12 µl 
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Mix gently, centrifuge briefly and incubate at 65°C for 5 min. Chill on ice, spin down and 

place the vial back on ice.  

2. Add the following components in the indicated order:  

5X Reaction Buffer                                                                4.0 µL 

   RiboLock RNase Inhibito (20 U/µL)                                     1.0 µL  

10 mM dNTP Mix                                                                  2.0 µL  

RevertAid M-MuLV RT (200 U/µL)                                     1.0 µL  

Total volume                                                                          20 µL  

Mix gently and centrifuge briefly.  Incubate for 5 min at 25°C followed by 60 min at 

42°C. Terminate the reaction by heating at 70°C for 5 min. 

E. Real time PCR  

Relative quantification of pro-inflammatory cytokines and interferon in CAM is done 

by Real Time PCR using SYBR Green qPCR Master Mix (2X) with β-actin as the house 

keeping gene. 

Master mix                                       10 µL  

Forward primer                               0.5 µL 

Reverse primer                                0.5 µL 

cDNA                                                2.0 µL 

NFW                                                 7.0 µL 

Pre-incubation is done at 95°C for 15 min, followed by 45 cycles of 95°C for 30 sec, 

60°C for 5 sec, 70°C for 10 sec and melt curve analysis at 65-95°C. 

All controls and treatment group samples are run in triplicate on the same plate. For 

first normalization (ΔCT), the CT value of β-actin gene is subtracted from CT value of target 

gene. A second normalization (Δ ΔCT) is done by subtracting the mean ΔCT of control group 

from ΔCT of treatment group. The increase in target gene mRNA level in treatment group is 

then compared with the control and calculated as fold increase = 2
-ΔΔCt

 method (Pfaffl, 2001). 
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MOLECULAR IDENTIFICATION OF FOWL ADENOVIRUSES USING REAL 

TIME PCR 

Aman Kumar, Vinay Kumar, Nitish Bansal, Sushila Maan 

Department of Animal Biotechnology, College of Veterinary Sciences 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Fowl adenoviruses (FAdVs) belong to the family Adenoviridae and 

genus Aviadenovirus representing the former group I avian adenovirus that includes 

conventional avian adenoviruses sharing a common group antigen. FAdVs are endemic 

worldwide and known to cause inclusion body hepatitis, quail bronchitis, hydropericardium 

syndrome, gizzard erosion, and pancreatic necrosis. FAdVs are transmitted horizontally as 

well as vertically. The virus could be transmitted in all excretions, yet the highest titers are 

found in feces. FAdVs have been isolated from healthy and diseased domestic fowl, and from 

other avian species. FAdVs are grouped into five different species (FAdV-A to FAdV-E) due 

to their molecular structure, and additionally into twelve serotypes (FAdV-1 to 8a, and 8b to 

11) as a result of cross-neutralization tests. Recently, at least twelve genotypes were 

identified within the five FAdV species based on the hexon gene sequences. The genome of 

non-enveloped FAdVs is a linear, double-stranded DNA molecule of approximately 45kb. 

Many conventional PCR methods for detection of aviadenoviruses have been reported using 

different primer sets, which can amplify the different regions of the hexon gene. In addition, 

different PCRs targeting other regions of the genome were developed. Afterwards, PCR 

combined with restriction enzyme analysis or nucleotide sequencing can be used to determine 

the genotype but it is more cumbersome method. Nowadays real-time PCRs are more in 

practice for identification as well as genotyping of FAdVs because of its rapidity, specificity 

and sensitivity. Therefore, the aim of this exercise is to perform a specific and sensitive 

SYBR Green based real-time PCR assay for detection and quantification of FAdV.  

SYBR Dye Chemistry in Real-time PCR 

SYBR dye detects polymerase chain reaction (PCR) products by binding to double-

stranded DNA generated during PCR. It works as: 

a. Step-by-Step Process 
1. During real-time PCR, DNA polymerase amplifies the target sequence and generates 

dsDNA amplicons. 

2. SYBR Green dye has property to bind double-stranded DNA (dsDNA) presents in the 

reaction. 

3. SYBR green dye then binds to each new copy of ds DNA. 

4. As the PCR progresses, more PCR product is generated. SYBR dye binds to all ds 

DNA(Fig.1), and hence, the result is an increase in fluorescence intensity proportioned to 

the amount of amplicons generated. 

b. Advantages of SYBR Dye 
 It can be used to monitor the amplification of any double-stranded DNA sequence. 

 No probe is required, which can reduce assay setup and running costs, assuming that 

your PCR primers are well designed and your reaction is well characterized. 

c. Disadvantage of SYBR Dye 
 The primary disadvantage is that it may generate false positive signals; i.e., because the 

SYBR dye binds to any dsDNA, it can also bind to nonspecific dsDNA sequences. 

Therefore, it is extremely important to have well-designed primers that do not amplify 

non-target sequences, and that melt curve analysis be performed. 
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Fig.1. Intercalation of SYBR green dye and generation of fluorescence during qPCR 

amplification 

d. Additional Consideration 

Another aspect of using DNA binding dyes is that multiple dye molecules may bind to 

a single amplified DNA molecule. A consequence of multiple dye binding is that the amount 

of signal is dependent on the mass of double-stranded DNA produced in the reaction. Thus, if 

the amplification efficiencies are the same, amplification of a longer product will generate 

more signal than a shorter one. This is in contrast to the use of a fluorogenic probe, in which 

a single fluorophore is released from quenching for each amplified molecule synthesized, 

regardless of its length. 

MATERIALS AND METHODS 

a. Samples 

Biological samples of FAdV infected chicken. 

b. DNA Extraction 

Viral DNA will be isolated from cloacal swabs, tissue homogenates of liver or 

intestine taken from infected chickens using a DNeasy Blood and Tissue Kit (Qiagen, 

Vienna, Austria) according to manufacturer's instructions.  

c. Oligomers 

Primer sets 52K-F/52K-R (for conventional PCR) and 52K-fw/52K-rev (for real-time 

PCR, Günes et al., 2012) will be used. Real-time PCR primers are specific to 52 k gene. 

d. Generation of Positive Control for Standard Curve Preparation 

 For optimization of the real-time PCR and generation of the standard curve, the 

52K-F/52K-R PCR product of FAdV-D (field strain) will be used. The better way to generate 

positive control is to clone PCR product in Cloning Vector (plasmid) and recombinant 
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plasmid having gene of interest will be used as positive control. Purified recombinant plasmid 

DNAs will be measured three times by a spectrophotometer and the copy numbers will be 

calculated using the following formula: [(g/µl DNA) or nanogram / (plasmid length in base 

pairs × 660) × 6.022 × 10
23

].  

e. SYBR Green based Real-Time PCR and Standard Curve 

 Real-time PCR will be carried out on StepOnePlus thermal cycler (Thermo Fisher 

Scientific) using the double-stranded DNA-binding dye/SYBR Green I dye method with 

suitable SYBR Green qPCR kit). Each 25 μl reaction mixture contained 5 μl template DNA 

and 0.7 μM (final concentration) of each primer (52K-fw and 52K-rv). Cyclic conditions 

included initial denaturation at 95 °C for 5 min, 40 cycles of denaturation at 95 °C for 5 s and 

combined annealing/extension step at 60 °C for 10 s and a melting step between 60 and 

95 °C. The fluorescence data were collected during the annealing/extension step. Data 

analysis was performed using SDS software version 2.0 by setting the threshold 

automatically. 

 For the generation of standard curve, 10-fold serial dilutions of the rec.plasmid from 

10
−1

 to 10
−11

will be prepared and run in triplicate. No template control (NTC) will also use in 

each run to confirm that there is no contamination in the assay. A known copy number of 

target DNA will be plotted against the corresponding CT values and the standard curve will 

be constructed. For quantification of virus in field samples of unknown concentration, their 

threshold cycle (Ct) values will be compared with the standard curve and the numbers of 

copies of FAdV DNA per reaction mixture will be calculated. Melting curve analysis will 

also perform to verify PCR product specificity. The specificity of the real-time PCR will also 

confirmed by running the products on a 2% agarose gel. 
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Next-generation sequencing (NGS) has developed into a powerful tool that can be 

used to detect, identify and quantify novel viruses (Anthony et al., 2013). It is a sensitive 

method for detecting putative infectious agents and viral transcripts can be detected at much 

lower frequencies lower (Chiu, 2013). One of the biggest advantages of deep sequencing is 

the coincidental sequencing of viral DNA or RNA, which has led to the discovery of an 

increasing number of new viruses (Colson et al., 2013). This is well in time when the 

globalization of travel and trade, as well as climate change and its effects on vector 

distribution, are facilitating the emergence and re-emergence of zoonoses (Lipkin and Firth, 

2013). 

Currently, various NGS approaches provide solutions for detection of purified and 

concentrated viruses (i.e., from cell culture). However, for clinical specimens, such as blood, 

other fluids, or infected organ tissues, successful detection of viruses is less likely because 

virus to- host genome ratios are insufficient (Colson et al., 2013; Lipkin and Firth, 2013). 

The incidence and severity of respiratory diseases in commercial broiler chicken 

flocks have increased recently in India because of intensification of the broiler industry. Viral 

population is predominant in respiratory tract infections and they pose continuous economic 

burden to poultry industry by causing severe economic losses through decreased productivity. 

Examples of Viral Pathogens Identified Using Illumina Technology(Colson et al., 2013) 
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Materials and Methods 

The Basics of NGS Chemistry  

In principle, the concept behind NGS technology is similar to CE sequencing. DNA 

polymerase catalyzes the incorporation of fluorescently labelled deoxyribonucleotide 

triphosphates (dNTPs) into a DNA template strand during sequential cycles of DNA 

synthesis. During each cycle, at the point of incorporation, the nucleotides are identified by 

fluorophore excitation. The critical difference is that, instead of sequencing a single DNA 

fragment, NGS extends this process across millions of fragments in a massively parallel 

fashion. More than 90% of the world's sequencing data are generated by Illumina sequencing 

by synthesis (SBS) chemistry. It delivers high accuracy, a high yield of error-free reads, and a 

high percentage of base calls. 

Illumina NGS workflow includes four basic steps:  

1. Library Preparation—The sequencing library is prepared by random fragmentation of 

the DNA or cDNA sample, followed by 5′ and 3′ adapter ligation (Figure A). Alternatively, 

“tagmentation” combines the fragmentation and ligation reactions into a single step that 

greatly increases the efficiency of the library preparation process. Adapter-ligated fragments 

are then PCR amplified and gel purified.  

2. Cluster Generation—For cluster generation, the library is loaded into a flow cell where 

fragments are captured on a lawn of surface-bound oligos complementary to the library 

adapters. Each fragment is then amplified into distinct, clonal clusters through bridge 

amplification (Figure B). When cluster generation is complete, the templates are ready for 

sequencing.  

3. Sequencing—Illumina SBS technology uses a proprietary reversible terminator–based 

method that detects single bases as they are incorporated into DNA template strands (Figure 

C). As all four reversible terminator–bound dNTPs are present during each sequencing cycle, 

natural competition minimizes incorporation bias and greatly reduces raw error rates 

compared to other technologies. The result is highly accurate base-by-base sequencing that 

virtually eliminates sequence context–specific errors, even within repetitive sequence regions 

and homopolymers.  

4. Data Analysis—During data analysis and alignment, the newly identified sequence reads 

are aligned to a reference genome (Figure D). Following alignment, many variation of 

analysis are possible, such as single nucleotide polymorphism (SNP) or insertion-deletion 

(indel) identification, read counting for RNA methods, phylogenetic or metagenomic 

analysis, and much more. A detailed animation of SBS chemistry is available at 

www.illumina.com/SBSvideo. 

http://www.illumina.com/SBSvideo
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Principle and Methodology 

  Newcastle disease (ND) is caused by virulent strains of avian paramyxovirus type 1 

(APMV-1), genus Avulavirus belonging to the subfamily Paramyxovirinae, family 

Paramyxoviridae. The paramyxoviruses isolated from avian species have been classified by 

serological testing and phylogenetic analysis into ten subtypes designated APMV-1 to 

APMV-10. ND virus (NDV) has been designated APMV-1. ND virus (NDV) has been shown 

to be able to infect over 200 species of birds, but the severity of disease produced varies with 

both host and strain of virus. Strains of NDV have been grouped into five pathotypes on the 

basis of the clinical signs seen in infected chickens as under: 

1. Viscerotropic velogenic: a highly pathogenic form in which haemorrhagic intestinal 

lesions are frequently seen; 

2. Neurotropic velogenic: a form that presents with high mortality, usually following 

respiratory and nervous signs; 

3. Mesogenic: a form that presents with respiratory signs, occasional nervous signs, but 

low mortality; 

4. Lentogenic or respiratory: a form that presents with mild or subclinical respiratory 

infection; 

5. Asymptomatic: a form that usually consists of a subclinical enteric infection. 

 The presence of antibodies to NDV in chickens is detected by serological testing. The 

results of these tests are used for three purposes. 

1. To assess the efficacy of ND vaccine in laboratory and field trials. 

2. To assess the level of NDV antibodies in the field. 

3. Serum known to contain antibodies to NDV is used to confirm the presence of 

Newcastle disease virus in a test sample of allantoic fluid.  

 There are two assays commonly used to carry out serological testing for NDV 

antibodies. 

1. Haemagglutination inhibition (HI) test: most widely used and detects antibody 

response to virus glycoprotein 

2. ELISA (Enzyme linked immunosorbent assay).  

 The nucleic acids of various viruses encode surface proteins that agglutinate the red 

blood cells (RBC) of a variety of species.  For example; Influenza virus particles have an 

envelope protein called the haemagglutinin, or HA, which binds to erythrocytes, causing the 

formation of a lattice. This property is called Haemagglutination. Reaction of viral 

haemagglutinins with red blood cells results in a lattice of agglutinated cells which settle 

irregularly in a tube or microtiter well. Unagglutinated cells settle in a compact button. 

Haemagglutination is an indirect measure of virus titration and does not necessarily indicate 

the infectivity of the virus. Hemagglutination test has been used for identifying and 

classifying viruses.  
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 The principle of Haemagglutination inhibition test is to determine the level of 

antibodies in a serum which will prevent agglutination of susceptible RBCs by viruses that 

are able to attach to erythrocyte via their receptors Therefore, Hemagglutination inhibition 

(HI) test gives the specificity as it is based on the principle that Hemagglutination will be 

inhibited if antiserum containing antibodies to NDV is mixed with ND virus.  HI test is used 

to detect and titrate the presence of antibodies to NDV in vaccinated or recovered birds. 

HAI Titer: The highest dilution of serum (Ab) that prevents Haemagglutination is called the 

HAI titer of the serum. 

I. HEMAGGLUTINATION TEST 

Materials and Reagents 

1. Table top centrifuge 

2. Microtiter plates with U- or V-bottom 

3. Micropipettes and multichannel pipettes with their tips 

4. Water bath 

5. Centrifuge tubes 

6. Petri plates 

7. Normal saline solution  

8. Chicken RBCs 

9. New castle disease virus 

10. Alsiever’s solution 

 

Procedure 

A.  Preparation of Chicken RBCs 

1. Collect blood from at least 4 chickens aged between 2-6 weeks old in equal 

volumes of Alsever’s solution  

2. Centrifuge the RBCs at 1200 rpm for 10 minutes and discard the supernatant 

3. Resuspend the pellet in about 25 volumes of NSS and wash three times 

4. Resuspend the packed RBCs to obtain a final suspension of 1% (v/v) in NSS 

B.Test Protocol 

1. Add 50µl of NSS in all the wells of 96-well U-bottom microtiter plate in A-C 

rows. 

2. Add 50 µl of NDV in the first well of A-C rows. Mix the NSS and NDV with the 

help of microtiter pipette. Make serial 2-fold dilution by mixing and adding 50µl 

in subsequent wells till 11
th

 well. Discard 50µl from the eleventh well. The 12
th

 

well receives only NSS and serve as control. 

3. Add 50µl of 1% RBCs suspension in all the wells. 

4. Shake the plate gently against the palm and incubate at room temperature for 

about 30 minutes or until the development of button in control wells whichever is 

earlier. 

C. Observation and Interpretation of Results 

 In positive cases a layer of agglutinated RBCs in the form of a matt covering the 

bottom of the wells is formed whereas no agglutination of RBCs occurs I negative control 

and it appears as compact, sharply demarcated button of RBC in the center of the bottom of 

wells. The reciprocal of the highest dilution of the virus that produces complete agglutination 

of the RBCs is taken as its Haemagglutination titer or 1 Haemagglutination unit (1 HA unit). 
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HAEMAGGLUTINATION INHIBITION TEST 

Materials and Reagents 

1. Table top centrifuge 

2. Microtiter plates with U- or V-bottom 

3. Micropipettes and multichannel pipettes with their tips 

4. Water bath 

5. Centrifuge tubes 

6. Petri plates 

7. Chicken RBCs 

8. New castle disease virus and Antiserum to NDV 

9. Normal chicken serum and Test sera 

10. Alsever’s solution and Normal saline solution  

A.  Preparation of Chicken RBCs: As in Haemagglutination test. 

B. Test Protocol 

1. Prepare 1% chicken RBCs in NSS as described under Haemagglutination test. 

2. Make serial 2-fold dilution of the virus and determine the HA titer of this stock virus 

preparation as described above. 

3. Calculate the dilution of the stock virus that will contain 4 HA units of virus by 

dividing the HA titer by 4. 

4. Heat inactivate the sera by keeping them in water bath at 56°C for 30 minutes. 

5. Add 50µl of NSS in all the wells from second to 12
th

 columns of A-C rows. 

6. Add 50µl of antiserum to NDV (heat-inactivated) in first and second wells of A-row. 

Similarly 50µl of normal chicken serum in first and second wells of B-row. 

7. Make serial 2-fold dilution of sera by mixing and transferring 50µl in subsequent 

wells and discarding 50µl from the last wells. 

8. Add 50µl NDV containing 4 HA units to all the wells. 

9. Add 50µl of 1% chicken RBCs to all the wells. 

10. Also, include serum control (50µl NSS + 50µl serum + 50µl 1% RBCs); RBCs 

control (50µl NSS + 50µl 1% RBCs) and virus controls (50µl NSS + 50µl 4, 2, 1, 0 

HA units of virus + 50µl 1% RBCs). 

11. Mix gently and incubate the plate at room temperature. 

12. Read the results when RBCs control form a clean button. 

C. Observation and Interpretation of Results 

 The serum control and RBCs control should not agglutinate RBCs while the virus 

controls with only 4, 2 & 1 HA unit activity should agglutinate RBCs. The reciprocal of the 

highest dilution of serum (Ab) that prevents Haemagglutination is taken as its HAI titer.  

(https://microbeonline.com/hemagglutination -inhibition-test-hai-principle-procedure-result-interpretations/) 

 This virus sample has an HAI titer of 1280, which means that the greatest dilution of 

antibody that still blocked Haemagglutination was 1:1280. At this dilution, the antibodies 

were still capable of recognizing and binding to the antigens on the virus. 

 

https://microbeonline.com/hemagglutination-inhibition-test-hai-principle-procedure-result-interpretations/
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ESTIMATION OF AFLATOXIN IN POULTRY FEED SAMPLES BY THIN LAYER 

CHROMATOGRAPHY 

Gulshan Narang, Pooja Kundu and Rajesh Khurana 

Deptt. of Veterinary Pathology and Department of Veterinary Public Health & Epidemiology  
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

  

             Moulds in foods and feeds have been a periodic problem for many years. In 1961, 

aflatoxins produced by Aspergillus flavus were found to be the cause of mortality of young 

turkey poults in UK. Aflatoxins are reported to be the major contaminant of a number of feed 

ingredients. Corn, groundnut, wheat and rice are considered to be the best substrates for the 

production of aflatoxins. Aflatoxins are of four types : B1, B2, G1 and G2 (B refers to blue 

and G refers green fluorescence exhibited on thin layer chromatograms and suffix  refers to 

their respective positions on the chromatograms). Other derivatives of the aflatoxins are M1 

and M2, and these are detected in milk of animals fed aflatoxin contaminated feed. 

             In countries where environmental conditions are conducive to the fungal growth and 

toxin production, problem of aflatoxins is invariably high. This underlies the importance of 

analyzing the feed samples before their incorporation into the animal/poultry feeds. Various 

feed ingredients should contain aflatoxins below 30 or 50 ppb depending upon the 

permissible limits fixed by different countries. 

          While collecting the samples, it should be ensured that the sample must be random. If 

the size of representative sample is large, sub-sampling is recommended; which enables to 

reduce the sample size while maintaining representative character of the original sample. 

Sub-sampling should preferable be done after grinding/crushing the sample to approximately 

reduced size suitable for extraction. The sample size should not be less than 1kg though only 

50g is required for estimation of aflatoxins. After collection, the samples are processed and 

analyzed by various techniques like mini-column technique, thin layer chromatography 

(TLC), high pressure liquid chromatography (PHLC), ELISA etc. Each technique has its own 

merits and demerits. Minicolumn technique is qualitative, ELISA is semi-quantitative 

whereas TLC and HPLC are quantitative. The basic steps are as follows : 

                Extraction 

                (Using aqueous acetone) 

                 

 

CLEAN-UP 

                 (With ferric gel) 

        

  

Qualitative Assay                               Quantitative Assay 

  

Work-up                                            Work-up 

  

Mini column                                       Thin layer chromatography (TLC) 

A. Apparatus 
i)          Blender-4 litre capacity 

ii)         Explosion proof blender of 1 lit. capacity or flask shaker and 500ml stoppered conical 

flasks. 

iii)        Measuring cylinders -25, 250ml; 

iv)        Conical flasks – 25, 100, 500ml 
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v)         Filter funnels – 5, 15cm 

vi)        Whatman No. 1 filter paper- 9, 12cm 

vii)       Separating funnels – 250, 500ml 

viii)      Kiesel gel “G” precoated TLC plate and other TLC equipments. 

ix)        U.V. light -365nm, preferable in an enclosed viewing cabinet. 

x)         Vials – 10ml 

xi)        Sample concentrator or water bath. 

xii)       Minicolumn i.e. glass column and mini column rack. 

xiii)      1 ml graduated syringe with large bore needless. 

xiv)      Developing chambers. 

xv)       Microcapillaries 1µl, 2µl, 5µl. 

B. Reagents         
i)          Column packing materials: Florisil- 100-200 mesh; Silica gel- 60-240 mesh;  

Alumina neutral- 80-100; Sea sand 20-40 mesh 

            Glass wool (packing material should be dried at 100 °C for 1-2 hrs, twice a week and 

stored in a desiccator silica gel). 

ii)         Elution solvent – Chloroform: Acetone (9:1 V/V) 3ml per assay. 

iii)        Sod. Hydroxide (0.2M)- Dissolve 80gms of sod. Hydroxide pellets in distilled water 

to make up to 10 lt. and store in an aspirator (170ml/assay). 

iv)        Ferric chloride (0.41M)- Dissolve 200gm of anhydrous ferric chloride or 330gm of 

ferric   chloride hexahydrate in water, make up to 3 lit. ad store in an aspirator (30ml 

per assay). 

v)        Sulphuric acid (0.03%): Take 3ml conc. Sulphuric acid and add to one litre of DW to 

make up to 10 lit. ad store in an aspirator (250ml per assay). 

vi)      Potassium Hydroxide (0.02M) and Potassium Chloride (1%): Dissolve 5.6gm 

Potassium Hydroxide and 50gm Potassium Chloride in DW to make up to 5 lit. and 

store in an aspirator (100ml per assay). 

vii)       Chloroform AR -70ml per assay. 

viii)      Acetone AR- 200ml per assay. 

ix)        Sod. Sulphate anhydrous- granular- 10gm per assay. 

x)         Cupric carbonate basic - 3gm per assay. 

PROTOCOL 

A. Extraction 

            Weigh 50gm of ground sample in a 500ml conical flask and add 250ml acetone : 

water (85:15 V/V). Secure the stopper with tape and shale the flask for 30 min. on a shaker. 

Filter through  Whatman No. 1 filter paper and collect 150ml of filtrate. 

B. Clean-up 

            Take 150ml filtrate into a 500ml conical flask and add 3gm cupric carbonate and swirl 

the sample flask to mix. Prepare ferric gel by measuring our accurately 170 ml of sodium 

hydroxide solution and 30ml ferric chloride sol. in to another 500ml conical flask. Swirl the 

brown gel to mix   and IMMEDIATELY add to the “sample “flask. Let the flask stand for 3 

min with occasional swirling and filter through a Whatman No. 1 filter paper into a 

measuring cylinder collecting the   first 250 ml of the filtrate. 

C. Work-up 

            Transfer 250ml of filtrate to a 500ml separating funnel, add 250ml sulfuric acid 

(0.03%) and 10ml chloroform and shake the funnel vigorously for 2 min. Allow the layers to 
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separate (3-5 min) and run-off the lower chloroform layer into a 250ml separating funnel 

containing 100ml potassium hydroxide/potassium chloride wash solution. Repeat the 

extraction with a further 10ml of chloroform and run-off the lower chloroform layer into the 

same separating funnel. Swirl the funnel gently for 10 sec and allow the layers to separate (5-

7 min). Lower chloroform layer usually looks milky and run-off this layer through a bed of 

anhydrous sodium sulphate using a filter paper into a small conical flask. The filtrate should 

now be clear. Dry it immediately. 

 D. Qualitative Assay by Minicolumn Method 

i)  Plug one end of minicolumn with glass wool and place a small funnel on the other end. 

ii)  Add a layer of sea sand (5-7 mm) with a scoop followed by florisil (5-7mm), sea sand (5-

7), silica gel (15mm) and finally neutral alumina (15mm). 

iii)   Wet the column by placing it in chloroform and allow chloroform to seep up through 

various layers. 

iv)  Using 1.0ml syringe transfer 2ml of the filtrate into a minicolumn. Allow this to drain 

with the precaution that column does not dry. 

v)  Add 3ml of solvent (chloroform: acetone 90: 10 V/V). 

vi)  Do not allow the column to go dry and view it under 365nm UV lamp to observe blue 

fluorescence at florisil layer. 

E. Quantitative Assay by TLC 

          If the minicolumn indicates the presence of aflatoxin, transfer 10ml of the chloroform 

extract to a small vial and evaporate off the chloroform. Reserve the extract for TLC. 

          The final residue can be diluted with 100 to 500 µl chloroform depending on the 

aflatoxin content estimated from the minicolumn as follows: 

Low aflatoxin content (5ppb)            --------------100 µl chloroform 

Medium aflatoxin content (5-50ppb) --------------200 µl chloroform 

High aflatoxin content (50-500ppb)  ---------------500 µl chloroform 

          Pre-coated silica gel plates may be preferred. However, TLC plates can be prepared in 

the laboratory using silica gel got TLC. After dissolving the residue in chloroform; apply 5, 

10, 15 and 20 ul of the unknown sample on pre-coated TLC plate using 5 ul micro-

syringe/micro-capillary applicator. Also spot 5, 10, 15 and 20 µl of the working standard 

aflatoxin B1 solution. Develop the plate in unsaturated tanks using solvents like chloroform: 

acetone (90:10 V/V) or ether: methanol: water (94:4:5:1.5 V/V). After development, take out 

the plate and air-dry it. Observe the plate in viewing cabinet under long wave and short wave. 

Blue spot indicates the presence of aflatoxins. Compare the intensity of unknown spot with 

standard. The aflatoxin content can be calculated using the standard equation: 

   

          Conc. of AFB1 (ppb) = S x V x Y 

                                         W x X 

S=       µl of standard spot whose intensity matches the unknown. 

V=      µl of final dilution of extract. 

Y=      Conc. of aflatoxin B1 standard (µg/ml). 

W=     Weight of sample. 

X=      µl of unknown sample spot whose intensity matches to standard spot. 

  

REFERENCES 

Romer, J. 1975.Assoc. Of. Anal Chem. 58:500-506. 
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ESTIMATION OF THE CD4
+ 

AND CD8
+
 CELL POPULATION OF CHICKEN 

BLOOD BY FLOW CYTOMETRY 

Rajesh Chhabra, Pooja Kundu, Bal Krishan, Rahul Yadav and Saurabh J. Talukdar 

College Central Laboratory, College of Veterinary Sciences 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Principle of Flow Cytometry  

Flow cytometry is a technology that simultaneously measures and then analyzes 

multiple physical characteristics of single particles, usually cells, as they flow in a fluid 

stream through a beam of light. Particles are lead through an illuminating beam of coherent 

light, usually originating from a laser. Light scattering is directly related to structural and 

morphological properties of the cell while fluorescence emission derived from a fluorescence 

probe is proportional to the amount of fluorescent probe bound to the cell or cellular 

component. Flow cytometry can be used to analyse intracellular and surface properties of 

cells and particles, distinction between live and dead cells can be made and physical sorting 

of cells with interesting properties can be performed. Flow cytometry is used in various 

applications based on the detection of the membrane, cytoplasmic and nuclear antigens. 

Additionally, whole cells and cellular components such as organelles, nuclei, DNA, RNA, 

chromosomes, cytokines, hormones and protein content can also be investigated by flow 

cytometry. 

Procedure   

A. Isolation of Chicken Lymphocytes using Histopaque 

1. To determine the percentage of T- lymphocytes subpopulations, mix 2 ml NSS in 1 

ml heparin. Rinse the syringe with this mixture and collect 1 ml blood sample from 

wing vein in the syringe. 

2. Mix the blood sample in 1 ml RPMI-1640 (Sigma-Aldrich, UK) (1:1 dilution). 

3. Add 1ml of Histopaque (Sigma-Aldrich, UK) to a 2 ml of Eppendorf vial. 

4. Layer 1 ml of blood mixture on top of Histopaque. 

5. Spin at 10,000 rpm for 90 sec. (temperature should be around 4°C) 

6. After centrifugation collect buffy coat with a pipette. 

7. Wash twice or thrice in RPMI -1640 culture medium @ 3000 rpm for 3 min. 

B. Immunofluorescent staining of Chicken Lymphocytes 

1. Resuspend cells in 0.5% bovine serum albumin (BSA, Sigma-Aldrich, UK) in PBS 

(blocking solution, final volume 600 µl) and incubate at room temperature for 15 min. 

2. Make two sets of Eppendorf tubes one for CD4
+
 and another for CD8

+ 
cells and label 

it. 

3. Add 100 µl suspended cells in each tube. 

4. Spin down and incubate cells with antibodies against surface domains of CD4
+
 (mouse 

anti-chicken CD4-FITC clone, 10 µl/100 µl of lymphocytes) and CD8
+
 (mouse anti-

chicken CD8-FITC clone, 10 µl/100 µl of lymphocytes) receptors of T- lymphocytes 

separately for 30 minutes in dark. Cover it with aluminium foil. 

5. Spin down and wash 2-3 times with PBS.  

6. Centrifuge @ 3000 rpm for 3 mins. 
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7. Resuspend in 200 µl of 2% Paraformaldehyde. 

Data Acquisition by Flow Cytometer (BD C6 Accuri) 

 A Becton-Dickinson C6 Accuri flow cytometer and CFlow Plus Software is 

used for data acquisition. Calculate the percentage of positive cells out of 10000 by 

subtracting background staining with fluorescent conjugate control. 

 Ideally 10
6 

cells
 
/ ml per sample 

 Samples can be as small as 25 µl, but it is better to use 50-100 µl (50000 counts is 

good enough). 

 Always include unstained controls 

 FITC-FL 1 channel 

General Instructions: 

1. Instrument will need around 30 minutes to warm up. 

2. Switch on by touching the screen 

3. Check all bottles are blue. 

4. Instrument has 3 lasers: 405 (violet, V1), 488 (blue, B1-B4), 635 (violet, R1-

R2) 

5. Can work on Eppendorf, need to create a user folder 

6. Switch symbol acquisition 

7. Priming (cleaning/ washing instrument, around 5 minutes) 

8. Green light- ready 

9. Go to experiment and choose your setting, if settings have already been chosen 

go to open: instrument setting: analysis template 

10. Select the channels you want to work with, always select FSC and your stain, 

in this case FITC. 

11. Always wash after using the instrument, once/month wash with bleach. 

12. If the machine is blocked use “back flush” 

13. Switch off (will take 7 minutes to switch off) 

 Table: Details of specific monoclonal antibody against T lymphocytes 

S. No. Clone Specificity Ig Isotype 

1. 2-35 CD4 IgG2b 

2. 11-39 CD8 IgG1 
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IDENTIFICATION, CHARACTERIZATION AND PRESERVATION OF 

POULTRY VIRUSES WITH SPECIAL REFERENCE TO IBD VIRUS  

Riyesh, T., Naveen Kumar and Sanjay Barua 

National Centre for Veterinary Type Cultures, ICAR-NRCE, Hisar-125004, Haryana 

Infectious Bursal Disease(IBD) virus can be isolated in primary chicken embryo 

fibroblast (CEF) cultures;  Chicken embryos by yolk sac (5-8 days) or chorio-allantoic 

membranes (CAM, 10–12 days) route of inoculation; or in 3-7 weeks old chicken by 

intraocular (eye drop method) route of inoculation (0.05ml). Isolation in chickens has been 

used in the past but is no longer recommended due to animal welfare concerns. Inoculation 

by CAM route has provided better results in our laboratory. 

A. Chorio-Allantoic Membrane Inoculation: This method has been widely used in 

veterinary virology because many viruses grow readily or can be adapted to grow on the 

CAM and produce visible foci or ‘pocks’, inclusion bodies, oedema or other abnormalities. 

Viruses include the herpesviruses (infectious laryngeotracheitis and Aujeszksy’s disease 

virus) and poxviruses (fowlpox, ectromelia and vaccinia) and IBD virus. 

a. Requirements 

 10-12 days old embryonated hen’s eggs on egg rack/tray 

 Egg candler 

 Sterile fine pointed forceps 

 Pencil for marking and labelling eggs 

 Egg incubator – at correct temperature and humidity 

 70% Ethanol for sterilising egg shell at site of inoculation 

 Dental drill with rounded head 

 5 ml rubber teat 

 Sterile Pasteur pipettes 

 PBS warmed at 56°C 

 1 ml syringe with fine short needle 

 Cello tape to seal holes 

 Bench cote - protective paper covering for surface of hood 

 Sterile swabs and paper towels for cleaning and wiping 

b. Method 

 Candle large white eggs and mark the air sac and a point on the side of the egg not 

adjacent to any major blood vessels, which will be the site of inoculation. 

 Sterilise both areas with 70% Ethanol.   

 Drill a hole through the shell and shell membrane, above the middle of the air sac 

 Drill a lengthways line through the shell at the site of inoculation leaving the 

underlying shell membrane intact.  Drill slowly to avoid producing heat that can 

cause non-specific pocks 

 Blow off shell dust with a Pasteur pipette and flame pipette lightly 

 Pipette a drop of pre-warmed PBS onto the hole at the site of inoculation 

 Stroke the fibres of the exposed shell membrane with the sterile needle 

 The fibres of the shell membrane run transversely across the egg, while those of the 

CAM run lengthways along the egg.  Therefore, by stroking the shell membrane 

along the drilled line, the fibres can be parted. This allows the PBS to run in-

between the two membranes and aids in their separation 
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 Apply gentle suction, using the rubber teat, to the hole overlying the air sac.  The 

suction will pull the air out of the air sac, and, as air is pulled into the hole at the 

site of inoculation, the CAM will drop. Too vigorous a suction may pull the 

membrane down too fast, causing haemorrhage and non-specific pocks 

 Candle the eggs to ensure that the CAM has dropped.  

 Inoculate the virus directly onto the CAM. Do not attempt to touch the membrane, 

as it is fragile and easily ruptured 

 Roll the egg gently to distribute the inoculum evenly 

 Seal the two holes with Cello tape 

 Incubate the eggs, inoculation side uppermost, at the appropriate temperature 

B. Harvesting of Chorioallantoic Membranes 

a. Requirements 

 Petri-dishes 

 Egg tray 

 Curved scissors 

 Sterile forceps (blunt ended)- several pairs 

 Sterile PBS  

 Gloves and gown 

 Sterile Pasteur pipettes 

b. Method 

 Candle eggs and record any deaths 

 Mark the position of the artificial air sac with a pencil 

 Chill eggs in the fridge for at least 2 hours to constrict blood vessels.  Do not freeze 

 Work under a hood, wear gloves and a gown 

 Place egg in eggcup and cut eggshell with a sterile pair of curved scissors.  

 Trim the shell around the artificial air sac while holding the eggshell with a sterile 

pair of forceps  

 Using a 2nd pair of forceps, peel the CAM from the shell 

 Wash the membrane in a Petri-dish containing PBS and then place in the 2nd dish 

with clean PBS 

 Examine for pocks over a dark background & Count the number of pocks 

C. Observation: Serotype1 IBDV produces dwarfing of the embryo, subcutaneous 

oedema, congestion and subcutaneous or intracranial haemorrhages. The liver is usually 

swollen, with patchy congestion producing a mottled effect. In later deaths, the liver may 

be swollen and greenish, with areas of necrosis. The spleen is enlarged and the kidneys are 

swollen and congested, with a mottled effect. If lesions are observed, the virus should then 

be tested against a monospecific anti-IBDV serum in an embryo-revealed virus 

neutralisation assay. 

Serotype1 IBDV usually causes death in at least some of the embryos on primary 

isolation. Serotype 2 IBDV does not induce subcutaneous oedema or haemorrhages in the 

infected embryos, but embryos are of a smaller size with a pale yellowish discolouration. 

For the preparation of embryo-propagated stock virus or for subsequent passaging, 

embryos with lesions or embryos suspected to be infected, respectively, are harvested 

aseptically. Their head and limbs are discarded and the main body is minced as described 

for the preparation a virus suspension. 
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IDENTIFICATION OF IBD VIRUS 

Molecular virological techniques have been developed that allow IBDV to be 

identified more quickly than by virus isolation. The most frequently used molecular 

method is the detection of IBDV genome by the reverse-transcription polymerase chain 

reaction (RT-PCR). This method can detect the genome of IBDV, which is unable to grow 

in cell culture. 

A. Isolation of Total RNA using Trizol Reagent 

1. Homogenization: Homogenize tissue samples in 1 ml of TRIzol® Reagent per 50 

to 100 mg of tissue using a glass-Teflon® or power homogenizer or mortar and 

pestle. The sample volume should not exceed 10% of the volume of TRIzol® 

Reagent used for homogenization. 

2. Incubate the homogenized samples for 5 min at room temperature. 

3. Transfer the homogenate to a new 2ml centrifuge tube and add 0.2 ml of 

chloroform per 1 ml of TRIzol® Reagent. Cap sample tubes securely. Shake tubes 

vigorously by hand for 15 s and incubate for 2 to 3 min. Centrifuge the samples at 

no more than 12,000xg for 15 min at 4°C. 

4. Following centrifugation, the mixture separates into a lower red, phenol 

chloroform phase, an interphase, and a colorless upper aqueous phase. RNA 

remains exclusively in the aqueous phase. The volume of the aqueous phase is 

about 60% of the volume of TRIzol® Reagent used for homogenization. 

5. Transfer the aqueous phase to a fresh 1.5ml tube. Add 0.5 ml of isopropanol per 1 

ml of TRIzol® Reagent used for the initial homogenization. 

6. Incubate samples at room temperature for 10 min and centrifuge at no more than 

12,000xgfor 10 min. 

7. Remove the supernatant and resuspend the RNA pellet once in 75% ethanol, 

adding at least 1 ml of 75% ethanol per 1 ml of TRIzol® Reagent used for the 

initial homogenization. Mix the sample by vortexing and centrifuge at no more 

than 7,500xg for 5 min at 4°C.  

8. Briefly air dry the RNA pellet in a Biosafety cabinet (or vacuum-dry for 5 to 10 

min, if you are using vacuum dry method, do not dry the RNA by centrifugation 

under vacuum).  It is important not to let the RNA pellet dry completely as this will 

greatly decrease its solubility. Partially dissolved RNA samples have an A260/280 

ratio <1.6.  

9. Dissolve RNA in DEPC treated water/ NFW and incubate for 10 min at 55°C to 

60°C. 

10. Store the RNA at -70°C. 

 

B. Synthesis of cDNA: For cDNA synthesis cDNA Synthesis Kit from any reputed 

vendor can be employed. The following protocol can be used to generate first-strand 

cDNA for use in PCR. Add the following reagents into a sterile, 0.2 ml RNase free tube 

kept on ice in the indicated order: 

 

Components Amount (Volume) 

Template RNA 5 μl 

Random hexamer primer 1 μl 

Water, nuclease-free 4 μl 

Total  10 μl 
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Mix gently and incubate at 70°C for 5 min. Chill on ice, briefly centrifuge 

briefly and placed on ice. Further, add the following components to the reaction tube in the 

indicated order: 

Components Amount (Volume) 

5X RT Buffer 4 μl 

10 mM dNTP Mix 1 μl 

RNase Inhibitor  1 μl 

Reverse transcriptase 1 μl 

Water, nuclease-free 3 μl 

Total volume 10 μl 

Mix gently and incubate for 10 min at 25°C, followed by 50 min at 42°C in a thermal 

cycler. At the end of incubation; the reaction mixture was heated at 90°C for 10 minutes to 

inactivate residual enzyme. The cDNA obtained is kept at -70°C until used in PCR. 

C. Polymerase Chain Reaction: Polymerase chain reaction can be carried out using a 

PCR Master Mix from any reputed vendor. The VP2 gene of the virus can be targeted for 

diagnostic PCR. Nucleotide positions spanning the region 657–676 (VP2-F:5-

TGTAAAACGACGGCCAGT) and 1193–1212 (VP2-R:CAGGAAACAGCTATGACC) 

of  IBDV segment A as recommended in OIE manual is most commonly employed. The 

following reagents were taken in a 0.2ml PCR tubes for Polymerase chain reaction; 

 

Components Amount (Volume) 

2X  DreamTaq Master Mix 25 μl 

Forward Primer (100pmol) 0.2 μl 

Reverse Primer (100pmol) 0.2 μl 

Template cDNA 3.0 μl 

Water, nuclease-free 21.6 μl 

Total volume 50 μl 

 

The PCR components were mixed and set with amplification condition as follows 

 

Step 1   

Initial denaturation 95°C for 5 min  

Step 2   

Denaturation 95°C for 50s 

34 Cycles Annealing 53°C for 50s 

Extension 72°C for 50s 

Step 3   

Final extension 72°C for 10 min  

 

The amplicons (537bp) so generated can be resolved by agarose gel electrophoresis. 

 

PRESERVATION OF VIRUSES 

To preserve infectivity, viral preparations must be stored at low temperature; 4
 o

C 

(wet ice or a refrigerator) is usually satisfactory for a day or so, but longer-term 

preservation requires much lower temperatures. Two convenient temperatures are -70
 o

C 

the temperature of solid CO2 (dry ice) and of some mechanical freezers, or -196
 o

C the 

temperature of liquid nitrogen. As a rule of thumb, the half-life of most viruses can be 
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measured in seconds at 60
 o

C, minutes at 37
 o

C, hours at 20
 o

C, days at 4
 o

C and years at -

70
 o

C or lower.  Their size, structure and absence of free water are largely responsible for 

this stability. Viruses with lipid envelopes are often less stable than non-enveloped viruses 

at ambient temperatures but survive well at ultra-low temperatures. A variety of 

procedures exists for maintaining virus stocks, depending upon their properties. 

The following are some important parameters for preservation of viruses. 

A. Preserve in small volumes: In general virus infectivity is maintained more effectively 

when samples are preserved in small volumes as the process of freezing, thawing and 

freeze drying can be carried out much more quickly. Moreover, by dispensing small 

aliquots, large number of samples can be stored in a freezer, with the same performance. 

B. Proteins are effective cryoprotectants for preservation of viruses: The suspending 

medium of choice for many viruses is tissue culture medium containing added serum or 

other proteins at concentration up to or greater than 10%. These proteins are believed to 

provide protection of virus infectivity when samples are frozen or freeze-dried. The 

precise mechanism is not known, but the proteins possibly provide buffering capacity 

against pH changes, assist in colloidal dispersion of virus particles, reduce or inhibit other 

processes that damage nucleic acids. 

C. Preservation at -20
o
C: Viruses such as baculovirus and pox viruses can be stored for a 

few years at -20
o
C.  If retention of virus infectivity is not essential, for example in cases 

where sample is required as an antigen in ELISA test, it can be stored for many years at -

20
o
C without loss of antigenic activity even though infectivity might be slightly reduced. 

Long term storage of acetone-fixed virus infected cells on glass coverslips at -20
o
C is a 

convenient method of retaining specific virus antigens for sero-diagnostic purposes. 

D. Preservation in Dry ice: Dry ice should only be used to preserve viruses in totally 

sealed containers, since the released CO2 is absorbed through the joint between the cap and 

the cryovial. The absorbed carbon dioxide can reduce the pH of the virus suspension. 

E. Preservation at -70
o
C: Viruses can be preserved at ultra-low temperatures (<-60

o
C). 

Virus cultures from tissue culture monolayers, cell suspensions or allantoic fluid from 

infected embryonated chicken eggs should be clarified by centrifugation at 2000xg for 10 

min at 4
o
C.  The clarified preparation should be dispensed and frozen immediately.  

F. Preservation in liquid nitrogen: Most viruses survive almost indefinitely in liquid 

nitrogen. Care should be taken to prevent the penetration of liquid nitrogen into cryovials 

to avoid the possibility of cross contamination, reducing risk of skin burn due to 

vaporization when cryovials are exposed to atmosphere, and avoiding exposure to virus 

aerosols. Liquid nitrogen storage tanks should be checked and replenished with liquid 

nitrogen regularly. Modern equipment is often fitted with a self-filling device from a 

reservoir. 

G. Preservation by freeze-drying: This is the most satisfactory method for preserving the 

virus for long periods. There are several variations in the technical procedures depending 

on the design of the freeze drying equipment.  Normally 2 or 5ml glass ampoule is used 

for freeze-drying and always ensure that volume of sample occupies less than one-third of 

the total ampoule volume. The ampoules are designed with a long thin neck and a snap of 

point above the body of ampoule.  It is quite common to produce a restriction in the neck 

of ampoule, to simplify the process of sealing it under vacuum after the freeze drying 

process is complete. A good seal is very important for long term preservation. 
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DETECTION AND CHARACTERIZATION OF NEWCASTLE DISEASE VIRUS BY 

PCR AND RE ANALYSIS 

Naresh Jindal and Anand Prakash 

Department of Veterinary Public Health and Epidemiology, College of Veterinary Sciences 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Newcastle disease (ND) is a highly contagious viral disease, affecting more than 250 

avian species. The disease is clinically manifested by impairment of respiratory, gastro-

intestinal and CNS (Alexander and Senne, 2008). The disease is characterized into five 

different pathotypes based on the virulence and clinical signs: Viscerotropic velogenic (Doyle’s 

form); Neurotropic velogenic (Beache’s form); Mesogenic (Beudette’s form); Lentogenic 

(Hitchner’s form) and Asymptomatic enteric form. It is an OIE notifiable disease. In India, the 

disease was reported for the first time in Ranikhet district of U.P. in 1927 (Edwards, 1928) and 

hence commonly known as Ranikhet disease; the disease is endemic in India.  

A. Virus: ND is caused by an Avian Paramyxovirus (APMV), which is a non-segmented, 

negative sense, single stranded RNA virus. There are 10 serotypes of NDV, of which APMV-1 

is the major etiological agent of NDV. APMV-1 genome contains six major genes which 

encode the structural proteins in the order 3’-NP-P-M-F-HN-L-5’ as well as two non-structural 

proteins, W and V. The fusion (F) gene has been reported to be of 1781 nucleotides. There are 

five to six potential glycosylation sites within the F glycoprotein, of which one is located on the 

F2 fragment and the rest are found on the F1 fragment. The virulence of NDV has been 

attributed to the variations in the amino acid sequence of the fusion protein cleavage site 

(FPCS) and the availability of protease enzyme to cleave fusion protein in different tissues of 

the infected birds. Fusion protein gene has been shown to be the major virulence locus of NDV. 

B. Detection and differentiation of the different pathotypes of NDV: Various techniques 

such as complement fixation test, single radial immune diffusion test, single radial haemolysis, 

immunoperoxidase assay, phage-capturing dot blot assay, agar gel precipitation, 

haemagglutination inhibition (HI) test have been used to detect antibodies to NDV. The most 

commonly and widely used serological assay for the screening of NDV is the 

haemagglutination inhibition (HI) assay. Wide range of pathotypes, emergence of new strains 

and use of live vaccine universally signifies that mere isolation and identification of NDV are 

inadequate for understanding the epidemiology and proper control of disease, further 

characterization of the virus is required and is of utmost importance. 

C. Pathotyping of Isolates: The NDV isolates can be pathotyped either by in vivo methods or 

by molecular techniques. In vivo pathotyping of NDV isolates includes intra-cerebral 

pathogenic index (ICPI), intra venous pathogenic index (IVPI) and mean death time (MDT). 

OIE defines virulent isolate of NDV to either have an ICPI of at least 0.7 in day-old chicks, or a 

multiple basic amino acid sequence at least three arginine (R) or lysine (K) residues at 113 

position of the C-terminus of the F2 protein and phenylalanine at 117 position, of the N-

terminus of the F1 protein (OIE 2012). Molecular techniques like real time-reverse 

transcription PCR, reverse transcription PCR, sequencing, restriction enzyme digestion analysis 

have been used widely for the identification and pathotyping of the virus. RT-PCR has been 

widely used to detect NDVs directly from clinical samples obtained from suspected ND 

outbreaks thus saving time on virus isolation. Most of the studies conducted for detection of 

NDVs by RT-PCR have utilized primers targeting the fusion gene. The PCR technique has 

widely been used for identification and characterization of the NDVs. In this practical, we will 

focus on detection of Newcastle disease virus using fusion gene specific primers and 

pathotyping by restriction enzyme analysis. 
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D. Samples/Virus: The samples were collected from birds presented to the Disease 

Investigation Lab. of the Department of Veterinary Public Health and Epidemiology, LUVAS, 

Hisar for disease investigation. Specimens (lungs, trachea, and spleen) were collected from 

commercial poultry flocks that were suspected to be suffering from Newcastle disease or 

respiratory disease complex. The samples immediately after collection were stored at -20°C/ -

80°C for virus isolation. Isolation of NDV was carried out in specific pathogen free (SPF) 

embryonated chicken eggs. The harvested allantoic fluid was subjected to haemagglutination 

assay (HA). The HA positive allantoic fluid will be used for the extraction of total RNA. 

Three vaccine strains ‘F’, ‘LaSota’ and ‘R2B’ will be used as positive controls. Of these 

vaccines, F and LaSota are lentogenic strains while R2B is a mesogenic strain. 

E. Primers: The published primers by Nanthakumar et al. (2000) flanking fusion gene 

sequence will be used in this study. The primers will be diluted with nuclease free water 

(NFW) to make stock solutions (1:10) as specified by the manufacturer. The stock solutions 

will be further diluted (1:10) to make working solutions.  

F. RNA Extraction and cDNA Synthesis: The viral RNA will be extracted from the isolates 

by TRI reagent (Sigma)/Qiagen RNA extraction kit as per the manufacturer’s instructions. 

Steps with TRI reagent include: addition of 800 µl of TRI reagent to 200 µl of allantoic 

fluid/isolate and incubation at 4°C for 5 min and addition of chloroform and incubation for 15 

min at 4°C followed again by centrifugation, transferring the aqueous phase and mixing with 

isopropanol and finally washing of the pellet with pre-chilled ethanol. The RNA pellet so 

obtained is to be dissolved in NFW and store at -80°C till further use. RNA from negative 

control allantoic fluid will also be extracted in the same manner and used for detection of NDV. 

The same protocol will be followed for RNA extraction from the vaccine strains. 

cDNA synthesis from the extracted RNA will be done using cDNA Synthesis kit 

(Thermo Scientific), as per the manufacturer’s protocol. The cDNA thus synthesized will be 

stored at -20°C until further use for the detection of NDV. 

G. Detection of NDV by PCR: PCR reaction will be carried out in a 25 µl(Table 1) reaction 

volume in 0.2 ml thin walled PCR tubes  and using the conditions as mentioned in Fig. 1. 

         Table 1: Reaction components of RT- PCR for Detection of NDV 

Sr. no. Reaction components  Quantity (µl) 

1 Master Mix(2X) (Qiagen) 12.5 

2 Forward Primer( 20 µM)  1.0 

3 Reverse  Primer(20 µM)  1.0 

4 Dye  2.5 

5 Nuclease Free Water (NFW)  6.5 

6 Template   1.5 

Total Reaction Volume               25.0 
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Fig. 1: Thermal cycling profile of PCR for NDV 

Agarose gel electrophoresis: The PCR product obtained will be visualized and analyzed by 

gel electrophoresis (AGE) using 1.0% agarose in 1X Tris Acetate-EDTA buffer (TAE) buffer 

with ethidium bromide (0.625mg/ml) at a constant 110 VA. A 100 bp ladder will be used as a 

marker followed by UV transillumination. 

Purification of NDV- positive PCR products: The NDV positive PCR products will be 

subjected to PCR/gel purification by QIAquick PCR/gel purification kit (Qiagen) as per 

manufacturer’s protocol.  

Restriction endonuclease digestion of PCR products: In order to pathotype the isolates, the 

purified  PCR products  generated will be subjected to restriction endonuclease digestion 

(RE) with two different restriction enzymes namely BglI, HhaI with the following protocol:  

Purified PCR DNA                    25.0 µl (1µg) 

10X enzyme buffer ‘O’               3.0 µl 

Nuclease free water                  0.5 µl 

Restriction enzyme   BglI  1.0 µl 

Restriction enzyme HhaI   0.5 µl 

Digestion will be carried out by incubating the above mixtures with respective 

enzymes each in 0.2 ml PCR tubes at a constant temperature of 37°C for 4 hours in a thermal 

cycler. The digested products will be examined on 2.5% agarose gel along with 100 bp 

ladder. The enzyme BglI differentiates avirulent strains from virulent strains while the 

enzyme HhaI differentiates mesogenic and velogenic strains. 

 

 

 

 

35 cycles 


