CHAPTER I

INTRODUCTION

Avian Infectious Laryngotracheitis (ILT) is a major viral respiratory disease which is included within the List B of the Office International des Epizooties (OIE, 1999). It is a viral respiratory tract infection of chickens that may cause severe economic losses due to mortality and/or decrease egg production (Gug & Garcia, 2008). This is a great concern of poultry rearers from many countries with intensive poultry production.

Infectious Laryngotracheitis has been reported by the United States poultry industry to be directly responsible for multimillion dollar losses every year in the production of both chicken and eggs (Saif et al., 2008). The disease was first recognized as a respiratory illness in 1925 (May and Tittsler, 1925) and was the first avian disease to have a vaccine developed against it in 1934 by Brandly and Bushnell (Cover, 1996). In USA, the frequency of ILT has been growing up over the period of past several years with the majority of cases occurring in areas with a large amount of unvaccinated broiler flocks in close proximity to vaccinated commercial layer flocks (Beach & J.Am, 1926). 

In Bangladesh ILT is threatening to come up as one of the major emerging diseases to cause serious problems to the commercial chicken farms resulting in severe economic losses. A cross-sectional study was carried out by Sen (2011) to determine the sero-prevalence of ILT in the commercial layer farms of Chittagong district who found the overall sero-prevalence of the disease to be 17.33% .

Islam et al. (2010)  isolated the field strain of ILT virus from five commercial layer farms of Gazipur district through chorioallantoic membrane (CAM) route inoculation where the virus produced discrete pock lesions that was characterized by different  physico-chemical properties. In their study the pathogenicity test showed 100% mortality in the experimental  chickens and the overall incidence of the disease in five commercial farms was recorded to be 75.95%.

Chakma et al. (2010) conducted a study to optimize the standard PCR based amplification of thymidine kinase (Tk) gene for the rapid detection of infectious larygotracheitis virus from commercially available two vaccines samples the “Nobilis® ILT” and the “Gallivac LT” freeze dried vaccine collected respectively from the Intervet, Bengal Overseas Limited and Advance Animal Science Company Limited, Dhaka, Bangladesh as the source of virus.

Infectious laryngotracheitis virus (ILTV) is the most common name of the Gallid herpesvirus 1 species, classified in the family Herpesviridae, subfamily Alphaherpesvirinae, genus Iltovirus (Johnson & Tyack, 1995). The DNA genome of ILTV consists of a linear 155 kb, double stranded molecule consisting of unique long and short segments flanked by inverted repeats (Lieb et al., 1987; Johnson et al., 1991). Five genes of ILTV have been studied using PCR and Restriction Fragment Length Polymorphism (RFLP) revealing that ICP4 is the best to separate the molecular pattern between vaccine and field strains. It may cause a wide variation of ICP4 gene sequence (Chang et al., 1997). ICP4 gene consists of 4,386 nucleotides (Michael et al., 1995).

As a herpes virus, ILTV is expected to become latent in some tissues of an infected bird as circular DNA in the cytoplasm or by integrating its DNA to the genomic DNA of the host cell. This is true not only in field strains but also in vaccine strains, with implications to the clearance of the virus from the infected birds and in the control of the disease in poultry flocks (Bagust & Johnson, 1995).

The term infectious laryngotracheitis comes from the clinical symptoms caused by ILTV infection, such as dyspnoea, coughing with expectoration of blood-stained mucus and nasal discharge, decreased egg production, conjunctivitis and sinusal swelling (Bagust & Guy, 1997).

The disease exhibits a variable mortality rate (5-70%) but generally 10-20% mortality is observed (Barhoom, 1985; Hinshaw, 1931; Seddon et al., 1935). However, the major economic impact of the disease is due to that it is highly contagious (90-100% morbidity) and decreases rates of growth in broiler chickens and egg production in hens (Barhoom, 1985; Hinshaw, 1931; Seddon et al., 1935). Clinical signs of ILT generally appear 6-12 days following natural exposure (Kenrohan, 1931; Seddon et al., 1935), but with experimental intratracheal inoculation the incubation period can be reduced to only 2-4 days (Benton et al., 1958; Jordan, 1963; Seddon et al., 1935). Unfortunately for producers and veterinarians, the clinical symptoms associated with mild cases of ILT may be difficult to distinguish from those of other acute respiratory diseases and thus the disease can be difficult to diagnose. Common symptoms associated with the disease include: nasal discharge, moist rales, watery eyes, conjunctivitis, swelling of the infraorbital sinuses, mild tracheitis, coughing, gasping, decreased egg production and general unthriftiness (Barhoom, 1985; Kenrohan, 1931). Only severe acute forms of ILT which cause dyspnoea, expectoration of blood-stained mucus, and high mortality can be reliably diagnosed on the basis of clinical signs (Barhoom, 1985; Hinshaw, 1931; Jordan, 1958; Seddon et al., 1935). The intensity of the disease varies with the severity of lesions, but most chickens tend to recover in 10-14 days (Barhoom, 1985; Hinshaw, 1931).

The diagnosis of ILT often requires the aid of a laboratory to distinguish between Avian pox, Newcastle disease, Avian influenza, Infectious bronchitis, fowl adenovirus infection, and Aspergillosis. Possible laboratory tests include: histopathology (intranuclear inclusion bodies), methods for detecting viral antigens-Fluorescent Antibody test, Immuno-peroxidase test, Enzyme Linked Immunosorbant Assay (ELISA), Polymerase Chain Reaction (PCR) and DNA hybridization techniques (Saif et al., 2008). The improvement of simple and objective diagnostic techniques such as the PCR and DNA sequencing is required to confirm ILTV infections when the disease is clinically suspected and situations in which no disease is suspected, such as latent infections (Villarreal & Brandão et al., 2004).

A molecular identification of ILTV that is more sensitive than cellular identification has been developed (Keam et al., 1991; Key et al., 1994; Williams et al., 1994; Alexander and Nagy, 1997). Alexander and Nagy (1997) revealed that PCR could detect ILTV infection in the middle and late stages of infection similar to virus isolation. Moreover, PCR was sensitive to ILTV detection also in the first stage of infection. However, the main problem of PCR is that this technique cannot reveal the differences between vaccine and field strains of virus (OIE Terrestrial Manual, 2008). Genes that are frequently used in molecular diagnosis include ICP4, TK, glycoprotein G (gG), glycoprotein E (gE) and UL47 (Chang et al., 1997; Graham et al., 2000; Han and Kim, 2001; Sellers et al., 2004; Creelan et al., 2006; Kirkpatrick et al.,2006).

Considering the above facts that (i) ILT is present in Bangladesh as a newly emerged disease, that (ii) the clinical symptoms associated with mild cases of ILT is difficult to distinguish from those of other acute respiratory diseases like Fowl pox, Newcastle disease, Avian influenza, Infectious bronchitis, Fowl adenovirus infection, Aspergillosis, etc. and also because that (iii) PCR could detect ILTV infection with a sensitivity rate similar to virus isolation the present study was carried out, to help combating the disease in the country, with the following objectives:

1. Cultivation of Infectious laryngotracheitis virus from clinical cases.
2. Optimization of molecular tools for detection of ILTV from clinical samples.
3. Genetic characterization of the field ILTV.

CHAPTER II

REVIEW OF LITERATURE 

2.1 Overview and structure of Herpes viruses
Avian herpesviruses comprise a wide range of pathogens and infect a wide variety of hosts. They are also remarkable for their relatively narrow host range. Herpesviruses have been isolated from a large number of avian species. Until now, only infectious laryngotracheitis virus (Iltovirus), the Marek's disease-like viruses (Mardivirus) and Psittacidherpesvirus 1 (unassigned genus) have been classified as avian members of the Alphaherpesvirinae subfamily by the International Committee on Taxonomy of Viruses. Marek's disease virus (MDV) (Gallidherpesvirus 2) and herpesvirus of turkeys (HVT) (Meleagridherpesvirus 1), although initially classified as gammaherpesviruses based on their lymphotrophic biological properties, were reclassified as alphaherpesviruses based on their genetic structure (Buckmaster et al., 1988). The genomic sequences of all three serotypes of MDV have been reported (Alfonso et al., 2001; Kingham et al., 2001; Tulman et al., 2000).

Avian Betaherpesvirinae and Gammaherpesvirinae have not been taxonomically classified to date. However, taxonomically unassigned avian herpesviruses have been identified from a wide variety of avian species, including the bald eagle (Acciptridherpesvirus 1), duck (Anatidherpesvirus 1), black stork (Ciconiidherpesvirus1), pigeon(Columbidherpesvirus 1), falcon (Falconidherpesvirus 1), crane (Gruidherpesvirus 1), bobwhite quail (Perdicidherpesvirus 1), cormorant (Phalacrocoracidherpesvirus 1), owl (Strigidherpesvirus 1), penguin (Sphenicidherpesvirus 1), cardinal, finch, canary, vulture and pheasant (Aini et al., 1993; Ehlers et al., 1999; Gardner et al., 1993; Gough et al., 1995; Günther et al., 1997; Kaleta,1990; Kaleta et al., 1980).

2.1.1 Classification
The family ‘Herpesviridae’ has been subdivided into three subfamilies.
· Alpha herpesvirinae
This subfamily comprises of 4 important genera;

    Table 2.1. Important genera Alpha herpesvirinae.
	Genus 
	Viruses

	Simplex virus
	Human herpes virus 1, 2 (Herpes simplex 1,2 virus)
Human herpes virus 3 (Vericella zoster virus)
Bovine herpes virus 2
(Bovine ulcerative mammalitis V. / pseudo-lumpy skin disease V.) Cercopithecine herpes virus (Herpes virus of monkey)

	Varicello virus
	BHV 1 (Infectious bovine rhinotracheitis, pustularvulvoginitis)
BHV 5 (Meningoencephalitis in cattle – in south America)
Suid HV 1 (Pseudorabies or Aujeszky’s disease)
Canine HV 1 (Canine herpes virus infection)
Equine HV 1 (Equine rhinopneumonitis and abortion)
Equine HV 3 (Equine coital exanthema)
Equine HV 4 (Equine rhinopneumonitis)
Feline HV 1 (Feline viral rhinotracheitis)

	Iltovirus
	Gallid HV 1 (Infectious laryngotracheitis in chicken and pheasants
Anatid HV 1 (Duck herpes virus causes ‘duck plaque’)

	Mardi virus
	Gallid HV 2 (Marek’s disease)


    (dvmdocs.webs.com/notes5/ViroFinal7.pdf)

· Beta herpesvirinae
This subfamily is of little veterinary importance; and contains three genera;

Table 2.2. Important genera Beta herpesvirinae.
	Genus
	Viruses

	Cytomegalovirus
	Human herpesvirus 5

	Muromegalovirus
	Murid cytomegalovirus 1

	Roseolovirus
	Human herpesvirus 6


   (dvmdocs.webs.com/notes5/ViroFinal7.pdf)

►	 Slow replication cycle (>24 hours) means slow destruction of cells and      
             their spread takes many weeks Cultured cells become enlarged.
► 	Narrow host range
►	 Establish latency in monocytes/lymphocyte (T cells) of many tissues 
            (lymphoreticular and secretory gland cells).
► 	Associated with respiratory tract infections of animals
► 	No virus is of significance in domestic and farm animals.
► 	Swine herpes virus 2 – causes inclusion body rhinitis.
            (dvmdocs.webs.com/notes5/ViroFinal7.pdf)

· Gamma herpesvirinae
► 	Slow in cytopathogenecity.
►	 Replicate in lymphoid cells (B cells, epithelial cells and other cells) – 
             generalized disease of lymphoid tissues and produce tumors.
► 	Latency is established in lymphoid tissues (immortalize lymphocytes in vitro)

Table 2.3. Important genera Gamma herpesvirinae.
	Genus
	Viruses

	Lymphocrytovirus
	Human HV 4 (Epstein Barr (Kissing disease) virus

	
	Kaposi Sarcoma virus (infects human)

	Rhadinovirus
	Alcelaphineherpes virus 1 (Natural host: wild beast)

	
	Ovine herpes virus 2 (Natural Host: sheep)


(dvmdocs.webs.com/notes5/ViroFinal7.pdf) 

2.1.2 General Properties
· Shape and size: Large, isometric viruses containing linear double-stranded DNA.
Usually enveloped and ether sensitive;
Diameter of virion: 110 nm (naked) and 180-250 nm (enveloped).
Icosahedral symmetry; nucleocapsid consists of 162 hollow prismatic capsomers resembling short hexagonal (150) and pentagonal (12) tubular projections. (dvmdocs.webs.com/notes5/ViroFinal7.pdf) 
[image: ]
Fig 2.1. Herpes Virus Structure

· Sensitivity: Acid stable but heat sensitive (inactivated at 50C for 30 min). (dvmdocs.webs.com/notes5/ViroFinal7.pdf) 
· Replication: Viral protein is synthesized in the cytoplasm but synthesis of viral DNA and assembly of the mature virion begins in the nucleus. The virus derives its envelop largely from the nuclear plasma membrane and an additional (outer) membrane forms at the cytoplasmic membrane. (dvmdocs.webs.com/notes5/ViroFinal7.pdf) 
· Virulence: Herpes virus show marked changes in virulence when infecting other than naturalhosts (e.g. latent B-virus in monkey is highly fatal in man).Some viruses (e.g. Marek’s disease virus) tend to become oncogenic. (dvmdocs. webs. com/ notes5/ ViroFinal7.pdf) 
· Haemagglutination: Not observed but hamster tissues infected with certain strains of equine rhinopneumonitis virus agglutinate horse and guinea pig RBCs. (dvmdocs.webs.com/notes5/ViroFinal7.pdf)
· Antigenicity: No antigen is common to the group, but some strains are closely related (H. simplex, B-virus, and Aujeszky’s disease virus).       (dvmdocs.webs.com/notes5/ViroFinal7.pdf) 
· Cultivation: All typical Herpesviruses grow readily in cell cultures and produce cytopathic effects including ballooning degeneration, Syncytia formation and Cowdry type A I/N(intranuclear) inclusions. All species grow in embryonated eggs and form pocks on CAM. Direct cell to cell spread may occur giving rise to foci which enlarge to form visible plaques. Some possesses a broad host-cell susceptibility (e.g. ADV) while others show a limited cell susceptibility (e.g. ILT). (dvmdocs.webs.com/notes5/ViroFinal7.pdf).

2.2 History of ILT Virus
2.2.1 Early identification of Laryngotracheitis:
Laryngotracheitis in the United States may have occurred as early as March 1920. In 1926, outbreaks in California chicken flocks were reported in which fowl pox apparently coexisted. Clinical signs were coughing with expulsions of blood and mucus as well as severe dyspnoea (Beach & J. Am, 1926). Necropsy records of specimens submitted for diagnosis to the Department of Veterinary Science, University of Massachusetts, indicate that a disease resembling infectious laryngotracheitis was observed in 1931 (Gibbs, 1931). Diagnostic laboratories reported a disease with similar signs during the mid 1920s. As with most emerging diseases, several names were used to identify this condition, including infectious bronchitis (Beach, 1926; Beach & J. Am, 1926; Beaudette, 1930; Hinshaw, 1925 & 1926), tracheolaryngitis (May & Tittsler, 1925), infectious tracheitis (Gibbs, 1931), and avian diphtheria (Gwatkin, 1925). The term infectious laryngotracheitis (ILT) was adopted in 1931 by a special committee on poultry diseases of the American Veterinary Medical Association. A 1931 survey of outbreaks in California reported morbidity of almost 100% and mortality ranging from 0 to 49%. Gasping with the expectoration of mucus and blood was a common symptom.

Initial published reports of laryngotracheitis from various countries are depicted in Table 2.4. The chicken is the primary natural host for infectious laryngotracheitis virus (ILTV). All ages are susceptible but it appears that older susceptible flocks demonstrate more severe clinical disease on initial exposure. Pheasants and a pheasant-bantam cross were shown to be susceptible (Hudson & Beaudette, 1932). The disease could not be reproduced in turkeys, ducks, starlings, quail, pigeons, or sparrows (Seddon & Hart, 1936). Other avian species reported to be resistant were crows, doves, and guinea fowl (Beach, 1931; Gibbs, 1931). The animals found to be refractory are rabbits, guinea pigs, white rats (Beach, 1931; Seddon & Hart, 1936), and the Swiss mouse (Reagan, 1954).

Table 2.4. Infectious laryngotracheitis identifications in the world.
	Location
	Year
	Reference

	Canada
	1925
	Gwatkin, 1925

	Australia
	1935
	Seddon et al., 1935

	Britain
	1935
	Dobson, 1935

	Sweden
	1940
	Magnusson, 1940

	Holland
	1946
	Van et al., 1929

	Poland
	1948
	Marek, 1948

	Germany
	1959
	Fritzsche et al., 1959

	Finland
	1965
	Rislakki, 1965



2.2.2 Early attempts of isolation and identification
Early attempts to isolate an etiologic agent were unsuccessful. In some clinically affected flocks, Pasteurella sp. was isolated and in other cases pox virus was identified. These agents did not fulfill Koch's postulates and were rejected as the causal organism. Laryngotracheitis virus was first demonstrated in 1930 (Beaudette, 1930). These findings were confirmed by Dr. J. R. Beach (Beach, 1930). Dr. C. S. Gibbs completed a number of filtration experiments to demonstrate the viral etiology of laryngotracheitis (Gibbs, 1931). He found that viruses obtained from acute field cases consistently passed the Berkfield and Seitz filters. He successfully reproduced the disease in pullets, cockerels, and chickens with the filtrate. He reported that some of the viruses were retained by the Berkfield N filter but virus was not present in the filtrate passing through the Berkfield W filters. By using viruses from chronic cases, he found that potency was lost with serial passage. In 1935 it was reported that this virus was between 45 and 85|xm (Gibbs, 1935). It was only in 1963 that the agent was characterized as a herpes-type virus (Cruickshank et al., 1963).

The lesions produced by the ILT virus in the chorioallantoic membrane of the 10-day-old chick embryo were first described in 1934 (Burnet, 1934). The isolated foci produced were described as having an opaque raised edge and a gray central area of necrosis. Later (1937), a report indicated that this lesion may be seen as early as 48 hours following inoculation on the chorioallantoic membrane (Brandly, 1935).

2.3 Overview of ILT
2.3.1. Classification
 Infectious Laryngotracheitis virus (ILTV) is classified as a member of the family Herpesviridae in the subfamily Alphaherpesvirinae. The virus is taxonomically identified as Gallidherpesvirus 1 (Roizman, 1982).
	Gallid Herpes virus -1

	Group
	Group-1 (dsDNA)

	Order
	Caudovirales

	Family
	Herpesviridae

	Subfamily
	Alphaherpesvirinae

	Genus
	Infectious Laryngotracheitis virus

	Species
	Gallidherpesvirus 1(GHV-1)












2.3.2 Structure
2.3.2.1 Morphology and chemical composition of ILTV
 Electron micrographs of ILTV-infected chicken embryo cell cultures demonstrate the presence of icosahedral viral particles similar in morphology to herpes simplex virus. Watrach et. al., (1963) described de hexagonal nucleocapsid of ILTV to be 80-100 nm in diameter. The nucleocapsids have icosahedral symmetry and are composed of 162 elongated hollow capsomeres (Cruickshank et. al., 1963; Watrachet. al., 1963). The complete virus particle including an irregular envelope surrounding the nucleocapsid has a diameter of 195-250 nm. The envelope contains fine projections representing viral glycoprotein spikes on its surface. 

The nucleic acid of ILTV is comprised of DNA having a buoyant density of 1.704 g/mL, similar to other herpesviruses (Plummer et. al., 1969). Laryngotracheitis virus DNA has been reported to have a guanine plus cytosine ratio of 45% (Plummer et. al., 1969). 
	[image: http://education.expasy.org/images/Herpesviridae_virion.jpg][image: Herpes simplex virus]



Fig 2.2. Structure of ILTV virus

2.3.2.2 Genomic Structure of ILTV
Restriction analyses revealed that the linear double-stranded DNA genome of ILTV consists of two unique regions (UL, US), and of inverted repeat sequences (IR, TR) flanking the US-region as shown in Fig:4 (Johnson et al., 1991; Lieb et al., 1987).

The DNA genome consist of a linear 155kb double-stranded molecule comprised of unique long (UL) and unique short (US) segments flanked by inverted repeats. In 2006 the complete nucleotide sequence of the ILTV genome was assembled from 14 different published sequences (Table 2.5) (Thureen and Keeler, 2006).The assembled ILTV genome showed that the unique long (UL) region was approximately 113kb in length and that the unique short (US) region was approximately 13kb with the two inverted repeats on either side equaling 11kb each (Thureen and Keeler, 2006). The ILTV genome contains a total of 77 predicted open reading frames with 62 of these located in the UL region, 9 in the US region, and 3 in the inverted repeats.
[image: ]
Figure 2.3. Map of the double-stranded DNA genome of ILTV, which is 150 kbp in size and consists of long and short unique regions (UL, US), and of inverted repeats (IR, TR) flanking the US region. The IR- and TR-regions contain variable copy numbers of direct repeat elements (vertical lines). Compared to most other alphaherpesvirus genomes, a part of the UL region is inverted (bordered by vertical arrows). Origins of DNA replication (ORIL, ORIS) and selected genes (horizontal arrows), including those of conserved glycoproteins (gB to gN) are indicated. Enlarged sections show two clusters of Iltovirus-specific genes (ORF A – E, UL0, UL (-1)). Other specific features of ILTV are the translocation of UL47 to the US region, and the absence of an UL16 homologue (highlighted).

The glycoproteins of the virus, like other herpesviruses, are responsible for stimulating humoral and cell-mediated inmune responses. Five major envelope glycoproteins with molecular weights of 205, 160, 115, 90, and 60 kD have been reported (York et. al 1987; 1990). They are the major immunogens of ILT virus. LTV glycoproteins gB, gC, gD, gX, gK and the unique gp60 have been sequenced (Bagust & Johnson, 1995).

Recent studies have shown that laryngotracheitis virus mutants containing deletions in genes coding for gJ, gM, and gN are still viable and that these glycoproteins are not essential for virus replication (Devlin & Browning et al., 2006. Fuchs and Mettenleiter, 2005; Fuchs & Wiesner et al., 2005). Another study which examined ILT viruses with a double gI/gE gene deletion demonstrated that these two viral glycoproteins appear to be essential for virus replication (Devlin & Browning et al., 2006). Further studies are required to identify other critical gene mutations and their effect on viral replication and pathogenicity. 

2.3.3 Viral replication
The virus initiates infection by attachment to cell receptors followed by fusion of the envelope with the host cell plasma membrane. The nucleocapsid is released into the cytoplasm and transported to the nuclear membrane; viral DNA is released from the nucleocapsid and migrates into the nucleus through nuclear pores. Transcription and replication of viral DNA occur within the nucleus (Prideauxet. al., 1992; Guoet. al., 1993) 

Transcription of ILTV DNA occurs in a highly regulated, sequentially ordered cascade similar to that of other alphaherpesviruses (Prideaux et. al., 1992). Approximately 70 virus-coded proteins are produced; several are enzymes and DNA-binding proteins that regulate viral DNA replication, but most are viral structural proteins. Viral DNA replication occurs by a rolling circle mechanism with the formation of concatemers which are cleaved into monomeric units and packaged into preformed nucleocapsids within the nucleus. DNA-filled nucleocapsids acquire an envelope by migration through the inner lamellae of the nuclear membrane. Enveloped particles then migrate through the endoplasmic reticulum and accumulate within vacuoles in the cytoplasm (Guo et. al., 1993). Enveloped virions are released by cell lysis or by vacuolar membrane fusion and exocytosis. 
[image: ]
Figure 2.4.  Mettenleiter’s proposed summary diagram of herpesvirus (ILTV) .
(Mettenleiter, T. C. 2002)

2.3.4 Chemical and physical viral resistance
 Enveloped LTV infectivity is affected by organic solvents (lipolytic agents) such as chloroform and ether (Fitzgerald & Hanson, 1963; Meulemans & Halen, 1978a). ILT virus infectivity survives for several months when stored at 4ºC in diluents like glycerol or nutrient broth. LTV infectivity has been rapidly inactivated by heat when exposed to 55ºC for 15 minutes or 38ºC for 48 hrs (Jordan, 1966). By the other hand, Meulemans & Halen (1978b) found that 1% of the infectivity of a Belgian strain was retained after 1hr at 56ºC. Cover & Benton (1958) reported that LTV is destroyed in 44 hrs at 37ºC in tracheal tissues within chicken carcasses or in chorioallantoic membranes (CAMs) after 5hr at 25ºC. However, there are earlier studies (Jordan, 1966) mentioning that LTV is able to survive in tracheal exudates and chicken carcasses for periods of 10-100 days at ambient temperatures of 13-23ºC. 
LTV has been inactivated in less than 1 minute under a 3% cresol or 1% solution action. Laboratory bench surfaces can be readily decontaminated with commercial iodophors or halogen-detergent mixtures. The complete inactivation of ILTV infectivity was obtained with a 5% hydrogen peroxide mist as a fumigant for poultry house equipment (Neighbour et al., 1994). 

2.4. Epidemiology
ILT is a major viral respiratory disease included within List E of the Office International des Epizooties (OIE). The chicken is the only significant primary host species for ILTV, and no other reservoir species have been recognized, even though pheasants and peafowl can sometimes be naturally infected by contact with chickens actively shedding ILTV (Guy & Bagust, 2003). 

2.4.1 Sources of ILTV:
(a) Clinically affected chickens,
(b) Chickens which are latent carriers of infection, and
(c) Fomites and poultry farm personnel contaminated with ILTV. 

No matter the portals of entry for ILTV (nasal, oral, conjunctiva, or even experimentally intraorbital sinus) the epithelium of the trachea and larynx is always affected by ILTV, and the most active viral replication will occur within the trachea. 

2.4.2 Method of spread
· Natural route of infection is by way of the respiratory tract and ocular route (eyes).
· The disease spreads laterally or horizontally after it has been introduced. However, spread is often less rapid than other respiratory viruses (IBV, NDV).  The virus is not spread through the egg or vertically transmitted. (http://www. canadian poultry. ca/ilt.htm)
· The latent carrier usually defined as recovered birds or vaccinated chickens become carriers and can shed the virus for long periods of time, thus exposing other susceptible birds. Papers (http://www.canadianpoultry.ca/ilt.htm) indicate a “field” carrier rate of approximately 2% for periods of up to 16 months after a disease outbreak.
· Transmission however, is more readily from acutely infected birds.
· Reports indicate (http://www.canadianpoultry.ca/ilt.htm) the re-excretion of ILT virus from latently infected chicks following the stress of re-housing and the onset of reproduction.
· Usually associated with a break down in bio-security; movement of personnel, dead bird disposal, manure disposal, exchanging farm equipment etc. 
· Chicken Embryo Origin (CEO) vaccines can revert back to virulence. CEO vaccines passage 20 times in specific pathogen free chickens revealed an increase in virulence after the 10th passage. (http://www.canadianpoultry.ca/ilt.htm)  
· Incubation time is from 6 – 12 days, within a flock ILT spreads within a few days.
· The virus is readily destroyed by most disinfectants, not resistant outside of the host. 
In its acute form, ILT is characterized by signs of respiratory distress in birds, accompanied by gasping and expectoration of bloody exudates (Guy & Bagust, 2003). In addition, the mucous membranes of the trachea become swollen and hemorrhagic. These events last for approximately 7 to 10 days with large amount of ILTV production. This is most important period for virus shedding (Hidalgo, 2003). 
The epizootic form of the disease spreads rapidly and although severe forms of the disease cause high morbidity (90 – 100%) and mortality varies from 5% to 70% and  averages 10-20% (Hinshaw et al., 1931; Seddon & Hart, 1935). Severe epizootic forms of LT were commonly described in earlier years. However, it is also possible to found mild enzootic forms of ILT observed in the intensive poultry producing areas of Europe, Australia, New Zealand and the United States (Cover & Benton, 1958; Linares et. al., 1994; Pulsford & Stokes, 1953; Seddon & Hart, 1935; Webster, 1959). These result in morbidity as low as 5% with very low mortality (0, 1-2%) (Raggi et al., 1961). The author has personal evidences on some outbreaks of mild enzootic forms of ILT in some countries in South America, such as Chile, Peru, Bolivia, Argentina and Brazil. 

Sporadic cases occur in all classes of birds, including hobby/show/game chickens, broilers, heavy breeders, and commercial leghorns. In the case of heavy breeders and leghorns, which are typically vaccinated against ILT, sporadic cases are often related to errors in vaccine application and to biosecurity failures: commercial table egg producers may desire to avoid the expense associated with eye drop administration of ILTV vaccine, and change to mass application. This change may result in inadequate protection. Since multiple–age layer complexes are common, and inadequately-vaccinated flock may be exposed to ILTV later, when a younger, vaccinated flock is moved into the complex and sheds the back passaged vaccine virus, resulting in disease signs in the older flock (Hidalgo, 2003). Cases in molted flocks that were not re-vaccinated and the use of recently vaccinated "spiking males" in a poorly vaccinated, older breeder flock are other classic examples (Hidalgo, 2003).  

Virus shed after the latent period is another source of virus capable of causing disease in susceptible birds (Hidalgo, 2003).

Fortunately, ILT is a slowly spreading, controllable disease. If a diagnosis of ILT is obtained early in an outbreak, vaccination of unaffected birds may induce adequate protection before they become exposed (Hidalgo, 2003).

Administration of modified live-ILT vaccines in drinking water or by spray are desirable methods for rapid, mass application of these vaccines; however, the administration of ILT vaccines by the drinking water routes results in a high proportion of chickens that fail to develop protective immunity (Robertson & Egerton, 1981). Application of ILT vaccines by spray may result in adverse reactions as a result of insufficient attenuation of vaccine virus, deep penetration of respiratory tract due to small droplets size of spray (Purcell & Surman, 1974), or excessive dose (Clarke et al., 1980). 

Laryngotracheitis vaccine viruses have been shown to spread readily from vaccinated to nonvaccinated chickens (Andreasen et al., 1989; Churchill, 1965; Hilbink et al., 1987; Samberg et al., 1971). Such spread should be avoided, as spread to nonvaccinates results in vivo passage and possible reversion of vaccine virus to virulence (Guy et al., 1991), or it may result in disease in unvaccinated chickens due to insufficient attenuation of vaccine virus. Since vaccination can result in latently infected carrier birds, it is recommended for use only in geographic areas where the disease is in endemic form (Hidalgo, 2003).  The appropriate regulatory agency should be contacted to determine approved vaccines and vaccine application procedures. 

2.5 Antigenicity and virulence of ILTV strains
ILTV strains vary in virulence for chickens (Cover & Benton, 1958; Jordan, 1966; Pulsford, 1963; Pulsford & Stokes, 1953), virulence for chicken embryos (Izuchi & Hasagawa, 1982), plaque size and morphology in cell culture (Russell & Turner, 1983), and plaque size and morphology on CAMs of embryonated chicken eggs (Pulsford & Stokes, 1953). Naturally occurring LTV strains vary in virulence from highly virulent strains that produce high morbidity and mortality in exposed chickens to strains of low virulence that produce mild-to-inapparent infections (Cover & Benton, 1958; Jordan, 1966; Pulsford, 1963; Pulsford& Stokes, 1953). Laryngotracheitis virus strains appear to be antigenically homogenous based on virus-neutralization, immunofluorescence tests, and cross-protection studies (Cover & Benton, 1958; Shibley et., al. 1962). However, minor antigenic variation among strains has been suggested by the finding that some strains are neutralized poorly by heterologous antisera (Pulsford & Stokes, 1953; Russell & Turner, 1983; Shibley et. al., 1962). 

Differentiation of ILTV strains of varying virulence, particularly wild-type and modified live-vaccine viruses, is an important practical problem. Several methods for differentiating ILTV viruses have been studied including analysis of virulence for chicken embryos (Izuchi & Hasagawa, 1982), restriction endonuclease analyses of viral DNA (Guy et al., 1989; Kotiw et al., 1982; Lieb et al., 1987), and DNA hybridization assays (Kotiw et al., 1986). Assessment of mortality patterns in embryonated chicken eggs was proposed as a biological system for differentiating ILTV strains (Izuchi & Hasagawa, 1982) and mortality patterns correlated closely with virulence. Restriction endonuclease cleavage of viral DNA and electrophoretic separation of DNA fragments has been shown to distinguish different ILTV strains (Kotiw et al., 1982; Lieb et al., 1987). Restriction endonuclease analysis of ILTV DNA has been used extensively in epidemiological studies of field outbreaks to differentiate between wild-type and modified live-vaccine viruses (Andreasen et al., 1990; Guy et al., 1989; Keeler et al., 1993; Keller et al., 1992). Reciprocal DNA:DNA hybridization using cloned DNA fragments also has been shown to discriminate ILTV strains (Kotiw et al., 1986).  

2.6 Latency of ILTV
As is the case of other herpesviruses, ILTV establishes latent infections, which have been demonstrated by the re-isolation of virus from the seventh week after infection by repeated tracheal swabbings (Bagust, 1986), and at 2 months after infection in tracheal organ cultures (Adair et al., 1985). 

Trigeminal ganglion (TRG) is the main site of latency of ILT virus. The TRG provides the main sensory innervations to the tissues of the upper respiratory tract, and then neural viral migration is strongly inferred. Extra tracheal spread of ILTV to trigeminal ganglia 4-7 days after tracheal exposure was detected in 40% of chickens exposed to a virulent Australian LTV strain (Bagust et al., 1986). Reactivation of latent LTV from the trigeminal ganglia 15 months after vaccination of a flock has been also reported (Kaleta et al., 1986). Williams et al. (1992), demonstrated that mature laying chicken inoculated intratracheally with a field strain of ILTV showed viral DNA by PCR in trigeminal ganglia at 31, 46 and 61 days post inoculation. Hughes et al. (1989) reported the re-excretion of LTV virus from latently infected chicks following the stress of re-housing and the onset of reproduction.







2.7. In vitro cultivation
Infectious laryngotracheitis virus can be grown in fertile chicken eggs and several avian primary cell cultures. Inoculation of the dropped CAM of eggs after incubation for ten to twelve days results in pock formation and embryo death between two and twelve days post inoculation (Keam et. al., 1991).The virus can be propagated in avian cell cultures derived from chick embryo liver (CEL), chick embryo lung, chick embryo kidney and chick kidney tissues, where the typical cytopathic effect is syncytium formation (Hughes & Jones, 1988; Meulemans G. & Halen, 1978). Chick embryo liver has been found to be the most sensitive system for primary isolation of virus from clinical material (Hughes & Jones, 1988). Chick embryo fibroblasts, Vero cells and cells of quail origin have been shown to be relatively insensitive for ILTV growth from field material (Hughes & Jones, 1988; Schnitzlein et al.,1994).






















2.8 Sequencing of ILTV
In 2006 the complete nucleotide sequence of the ILTV genome was assembled from 14 different published sequences (Table 2.5). The assembled ILTV genome showed that the unique long (UL) region was approximately 113kb in length and that the unique short (US) region was approximately 13 kb with the two inverted repeats on either side equaling 11 kb each (Thureen and Keeler, 2006).The ILTV genome contains a total of 77 predicted open reading frames with 62 of these located in the UL region, 9 in the US region, and 3 in the inverted repeats.

Table 2.5. ILTV Sequences used to compile the ILTV Reference Sequence. 
(Accession number: NC_006623).The ILTV viral sequences used to compile the complete ILTV genome reported in Thureen and Keeler (Thureen and Keeler, 2006).
	GenBank accession #
	Reference
	Size (bp)

	U80762
	Johnson et al.,1995
	13700

	AJ249803
	Johnson et al.,1997
	4465

	Y14300
	Ziemann et al.,1998
	15276

	D00565
	Griffin and Boursnell,1990
	5395

	X56093
	Poulsen et al.,1991
	3065

	AY033142
	Kehu et al (unpublished data)
	1360

	AF168792
	Johnson (unpublished data)
	31332

	AY033143
	Kehu et al (unpublished data)
	378

	U06635
	Kingsley and Keeler ,1999
	1807

	Y14301
	Ziemann et al.,1998
	1854

	AJ131832
	Fuchs and Mettenleiter,1999.
	24140

	X97256
	Fuchs and Mettenleiter,1996
	10265

	L32139
	Johnson et al.,1995
	8364

	U28832
	Wild et al.,1996
	18900

	L32139
	Johnson et al.,1995
	8364

	Total
	
	148665



Clark (2010), have sequenced the two field isolates of ILTV by using the next-generation sequencing (Illumina) technology. The first isolate (1874C5) is a 2005 field isolate from Georgia. The second isolate (632) is a 1985 Delaware field isolate. The sequences of these two isolates were compared to show how similar the strains remain across time and geographical location. The results of sequencing for the 1874C5 strain yielded a total of 6,122,687 ILTV bases that aligned to the published reference sequence (Thureen and Keeler, 2006). For the 632 strain, a total of 432,786,937 ILTV bases were sequenced which aligned to the reference. Analysis of the 632 and 1874C5 isolates showed that the two sequences were 97.6% similar with only 128 single nucleotide polymorphisms (SNPs) between them, and that the Delaware isolate contains a 3,333 base pair deletion from nucleotide 2173 to 5746.
Recently, the whole genome sequence of a commercial live attenuated vaccine strain of ILTV was examined using high-throughput sequencing technology by Lee et al. (2011).This is the first complete genomic sequence of an individual ILTV strain. This sequence will facilitate future comparative genomic studies of ILTV by providing an appropriate reference sequence for the sequence analysis of other ILTV strains.

The complete genomic sequence of the Serva vaccine strain of ILTV was determined, annotated and compared to the concatenated ILTV reference sequence. The genome size of the Serva strain was 152,628 bp, with a G + C content of 48%. A total of 80 predicted open reading frames were identified. The Serva strain had 96.5% DNA sequence identity with the concatenated ILTV sequence. Notably, the concatenated ILTV sequence was found to lack four large regions of sequence, including 528 bp and 594 bp of sequence in the UL29 and UL36 genes, respectively, and two copies of a 1,563 bp sequence in the repeat regions. Considerable differences in the size of the predicted translation products of 4 other genes (UL54, UL30, UL37 and UL38) were also identified. More than 530 single-nucleotide polymorphisms (SNPs) were identified. Most SNPs were located within three genomic regions, corresponding to sequence from the SA-2 ILTV vaccine strain in the concatenated ILTV sequence.
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Figure 2.5. Nucleotide alignment of the Serva ILTV sequence and the concatenated ILTV reference sequence. Single vertical black lines indicate single nucleotide differences. Wider black boxes indicate larger regions of sequence differences, including areas where there are large gaps. Dashes indicate single base gaps in sequence alignments. The alignment was performed using Clustal W version 2.0. The locations and sizes of predicted ORFs and origins of DNA replication were annotated using the Geneious software package. The solid lines below the residue numbers indicate the locations of the internal and terminal repeat sequences.
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Figure 2.6. Amino acid alignment of predicted translation products of homologous genes from the Serva ILTV strain, the concatenated ILTV reference sequence and other alphaherpesviruses. (A) UL29 gene product. (B) C terminal part of the UL36 gene product. Black boxes indicate 100% identity, dark grey boxes indicate 80-99% identity and pale grey boxes indicate 60-79% identity. Dashes indicate single amino acid gaps in sequence alignments. Alignments were performed using Clustal W version 2.0. The Blosum62 matrix was used to score sequence alignments.
Table 2.6. Differences in the size of predicted translation products between the Serva ILTV strain and the concatenated ILTV reference sequence.
	ORF
	Concatenated ILTV reference sequencea
	Serva ILTV sequencea

	
	
	

	
	Nucleotide start
	Nucleotide end
	ORF length (aa)
	Nucleotide start
	Nucleotide end
	ORF length(aa)

	UL56
	7316
	8170
	855 (284)
	7062
	7886
	825 (274)

	ORF F
	8301
	10559
	2259 (752)
	8017
	10257
	2241 (746)

	UL54
	10784
	12046
	1263 (420)
	10646
	12280
	1635 (544)

	UL25
	35392
	37110
	1719 (572)
	35149
	36927
	1779 (592)

	UL29
	44095
	47094
	3000 (999)
	43851
	47381
	3531 (1176)

	UL30
	47271
	50294
	3024 (1007)
	47558
	50836
	3279 (1092)

	UL31
	50464
	51483
	1020 (339)
	50826
	51770
	945 (314)

	UL36
	54914
	62584
	7671 (2556)
	55201
	63555
	8355 (2784)

	UL37
	63209
	65881
	2673 (890)
	63694
	66762
	3069 (1022)

	UL38
	66045
	67283
	1239 (412)
	66926
	68374
	1449 (482)

	UL42
	72398
	73696
	1299 (432)
	73276
	74586
	1311 (436)

	ICP4
	114497
	118888
	4392 (1463)
	115301
	119749
	4449 (1482)

	
	142837
	147228
	4392 (1463)
	146812
	151260
	4449 (1482)


a Bold texts indicate large differences (>50 amino acids) in the size of predicted gene products.


Given the conserved nature of the ILTV genome, future studies examining the genomic variation between different strains of ILTV may represent a strategic approach to examining the molecular pathogenesis of this virus. In particular it would be useful to compare sequence differences between virulent and attenuated strains of ILTV, especially within genes already known to be associated with ILTV virulence including gC, UL0, gG, gJ and TK genes (Devlin et al., 2006; Fuchs et al., 2005; Han et al., 2002; Pavlova et al., 2010; Veits et al., 2003).  
             				
2.9 Pathogenesis 
2.9.1 Transmission
Chickens are infected with ILTV through the upper respiratory and ocular routes (Beaudette, 1937). Ingestion could be another way of infection but after that, exposure of nasal epithelium must occur (Robertson & Egerton, 1981). More frequently, transmission occurs from acutely infected birds. Transmission through contact with clinically recovered carrier birds is more difficult to occur (Hidalgo, 2003). ILTV infections of the upper respiratory tract of susceptible chickens are followed by intense viral replication. Infectious virus usually is present in tracheal tissues and secretions for 6-8 days post infection (Bagustet al., 1986; Hitchneret al., 1977; Purcell & McFerran, 1969; Robertson & Egerton, 1981). The virus may remain at very low levels up to 10 days post infection. (Williams et al., 1992). No clear evidence exists for a viremic phase of infections (Hidalgo, 2003). 

Clinically inapparent ILTV infection of the respiratory tract is a major feature of persistence. Komarov & Beaudette (1932) and Gibbs (1933) demonstrated that collecting laryngeal and tracheal swabs from recovered infected birds and then inoculating susceptible chickens, indicated a "field" carrier rate of approximately 2% up to 16 months after a disease outbreak. Other studies with tracheal organ cultures explanted from chickens experimentally infected with Australian wild-type ILTV and vaccine strains have been showed latent tracheal infections for similar periods in 50% or more of infected chickens (Bagust, 1986; Turner, 1972). 

Beaudette, 1937 suggested it was unlikely that insect vectors played any part in transmission. The U.S. Livestock Sanitary Association (1955) stated that the virus may be carried on the hands and clothing of humans and on poultry equipment of any kind. Indirect transmission by crates, equipment, and by free-living birds was implicated in the late 1950s (Hofstad et al.,  1959). Indirect transmission occurs when the respiratory secretions are fresh and directly disseminated from sick to susceptible birds (Kingsbury et al., 1958).

Mechanical transmission can occur by use of contaminated equipment and litter (Beaudette, 1937; Dobson, 1935; Kingbury & Jungherr, 1958). 

In 1984, Canadian workers studied the methods of spread of infectious laryngotracheitis virus in chicken flocks. The results of this work suggested that farms with previous infections were more likely to have future outbreaks. Sanitation procedures of people were related to outbreaks and the air inlet location was a feature. For example, barn inlets facing north had higher risk ratios. This report suggested that the virus may be wind-borne (Zellen et al.,1984). 

2.9.2 Clinical Signs
 Clinical signs generally appear 6-12 days following natural exposure (Kernohan, 1931; Seddon & Hart, 1935). Experimental inoculation via the intratracheal route results in a shorter incubation period of 2-4 days (Benton et al., 1958; Jordan, 1963; Seddon & Hart, 1935). 

Characteristic clinical signs include nasal discharge and moist rales followed by coughing, gasping, sneezing, depression and conjunctivitis (Beach, 1926; Kernohan, 1931a). When severe epizootic forms of the disease occur, signs also include labored breathing and obvious extension of the head and neck during inspiration. On expiration, the head falls down, frequently resting on the floor. This sign is caused by obstruction of the trachea and glottis by desquamated epithelium and exudate. Chickens having large amounts of tracheal exudate with dyspnoea produce a whistle or stetorous sound and are designated as "callers". In acute cases and depending on the virulence of the virus, expectoration of blood may occur. In some affected flocks, this sign was so prevalent that the walls and equipment were spattered with dried blood, and upon gross examination of the trachea, severe hemorrhages and mucus plugs are characteristics (Beach, 1926; Hinshawet al., 1931; Jordan, 1958; Seddon & Hart, 1935; Guy & Bagust, 2003). 
Clinical signs associated with mild enzootic forms include unthriftiness, reduction in egg production, eye secretion, conjunctivitis, swelling of infraorbital sinuses, persistent nasal discharge, and hemorrhagic conjunctivitis (Hidalgo, 2003). 
The course of the infection varies with the severity of lesions. Generally, most chickens recover in 10-14 days, but extremes of 1-4 week have been reported (Beach, 1926; Hinshaw et al., 1931).
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2.10 Pathology
2.10.1 Gross lesions
 Gross lesions are most consistently observed in the larynx and trachea, even though the conjunctiva and other respiratory tissues could also be affected. Changes in the tracheal and laryngeal tissues may be mild, with only excessive amount of mucus, conjunctivitis, sinusitis, and mucoid tracheitis (Davidson et al., 1988; Linares et al., 1994), or severe, with hemorrhage and/or diphtheric changes. In severe forms, degeneration, necrosis, and hemorrhage occur in later stages. Mucoid secretions extending along the entire length of the trachea may be present. In other cases, severe hemorrhage into the tracheal lumen may result in blood clots, or blood may be mixed with mucus and necrotic tissue. Inflammation may extend down the bronchi into the lungs and air sacs (Hidalgo, 2003).
Edema and congestion of the epithelium of the conjunctiva and infraorbital sinuses may be the only gross lesion observed in mild forms of LT (Hidalgo, 2003).  
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 (
Fig 2.11. Hemorrhagic tracheitis due to infectious laryngotracheitis in a chicken. 
)


2.10.2 Microscopic lesions
 Early microscopic changes in tracheal mucosa include the loss of goblet cells and infiltration of mucosa with inflammatory cells. As the viral infection progresses, cells enlarge, lose cilia, and become edematous. Multinucleated cells (syncytia) are formed and lymphocytes, histocytes, and plasma cells migrate into the mucosa and submucosa after 2-3 days. Later, cell destruction and desquamation results in a mucosal surface either covered by a thin layer of basal cells or lacking any epithelial covering; blood vessels within the lamina propria may protrude into the tracheal lumen. Hemorrhage may occur in cases of severe epithelial destruction and desquamation with exposure and rupture of blood capillaries (Hidalgo, 2003).  

Intranuclear inclusion bodies are found in epithelial cells by 3 days post inoculation (Purcell, 1971). Inclusion bodies generally are present only in the early stages of infection by 1-5 days (Guy et al., 1992; VanderKop, 1993); they disappear as infection progresses, a result of the necrosis and desquamation of cells.(Hidalgo, 2003)  

2.11 Economic Importance of ILT
During the onset of the ILT symptoms the physical conditions of the affected birds become worsen. At the end of the production cycle, producers of broiler chickens affected with ILT reported losses in the range of 21.74% to 25.68% of the expected sale value. In commercial laying hens, these losses ranged from 6.16% to 38% of the expected sale value, taking into account the increase in mortality, both in breeding and egg laying flocks. In contrast, the implementation of the vectored vaccine represented only 1.05% of the expected value of broiler chickens, whereas in layers this figure ranged from 0.18% to 0.36%. (Vinueza et al., 2011)

A survey was conducted in nine Peruvian poultry companies (commercial layers, broilers and breeders), located in different regions in Peru to evaluate the economic impact of ILT. Layer flocks affected by ILT had increased mortality up to 35% and egg production down to 74 eggs per hen housed with estimated economic losses up to 38% of the expected economic return on investment. Mortality rates increased in the affected broiler flocks up to 12.5% above normal levels, and daily body weight gain reduced down to 8.2 g per bird resulting in the economic losses up to 25.6% of the average market sale price (Vinueza et al., 2011).





2.12 Diagnosis of ILTV
Although diagnosis of severe, acute ILT may be made on the basis of high mortality and expectoration of blood, the milder forms of the disease may resemble respiratory disease caused by other agents such as Newcastle disease and infectious bronchitis. So, ILT infections must be differentiated from other respiratory diseases which present similar clinical signs and lesions. Thus, for confirmation of diagnosis, laboratory methods are required. Those available are as follows:
a) Histological examination of the trachea
b) Detection of virus
c) Detection of antibodies.
Protocols for each of these techniques are given in detail in Tripathy (Infectious laryngotracheitis. In Isolation and identification of avian pathogens, 4th Ed. 1998) and in the OIE Manual of Standards for Diagnostic Tests and Vaccines (OIE, 1996).

2.12.1 Histological examination of the trachea
The development of eosinophilic intranuclear inclusion bodies in the respiratory and conjunctival epithelium is pathognomonic for ILT. Epithelial hyperplasia gives rise to multinucleated cells (syncytia) in which these intranuclear inclusions may be apparent. Additionally, an invasion with heterophils and lymphocytes occurs (Purcell, 1971). Oedema is observed later, with haemorrhage of the lamina propria. Desquamation of the necrotic epithelium and loss of mucous glands also occur. Regeneration commences after approximately six days. After this time, intranuclear inclusions may not be visible. Thus, the appearance of these inclusions is transient and inability to see them does not exclude a diagnosis of ILT.(Bagust et al., 2000).
Inclusion bodies may be observed after staining with Giemsa or haematoxylin and eosin after embedding tracheae in paraffin wax. Longitudinal sections of trachea may afford a greater opportunity to observe the inclusions. Rapid methods of processing tissues for histopathology have been described, and these involve the rapid dehydration of tissues to allow examination within three hours of processing (Bagust & Guy, 1997). While histopathological diagnosis of ILT by detection of inclusion bodies is highly specific (Keller & Hebel, 1992), sensitivity is poor when compared to virus isolation (Guy et al., 1992).
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2.12.2 Detection of virus
A very simple method of ILTV detection is agar gel immunodiffusion (AGID) using a hyperimmune serum to the virus (Jordan & Chubb, 1962). Virus is tested for their presence in macerated tracheal and laryngeal tissues from the affected birds, and although easy to perform, the test relies on a strongly positive antiserum. The AGID test may be of value in differentiating ILT from the diphtheritic form of Fowlpox. Isolation of ILTV may be conducted in embryonated eggs or cell cultures. Exudate and epithelial scrapings or tracheal swabs are emulsified in nutrient broth and the supernatants inoculated onto the dropped CAM of ten- to twelve-day-old fertile chicken eggs or into preformed monolayers of CEL cell cultures. Samples of tissue or swabs should be taken as soon as possible after the onset of clinical signs, since isolation attempts may be unsuccessful beyond six to seven days after infection (Bagust &Guy, 1997). Inoculation of eggs with ILTV results in the production of pocks on the CAM. Inoculation of cell cultures causes syncytium formation. In both instances, more than one passage may be required before the virus is isolated. The virus should then be identified by an alternative means such as IF(Immuno fluorescence), VN(Virus nutralization) or electron microscopy (EM). Hughes & Jones (1988), compared isolation of ILTV by inoculation of fertile eggs using three different routes, as well as primary chick and chicken embryo cell cultures and according to them CEL(chick embryo liver) cells were found to be the most sensitive.
Identification using virus isolation method is time consuming and laborious. Among the more rapid methods for detecting ILTV are IF or immunoperoxidase (IP), an antigen capture ELISA, EM, DNA hybridisation techniques and the PCR. (Bagust et al.,2000) 
IF and IP are performed on sections of epithelial scrapings from affected birds. Wilks and Kogan (1979) detected viral proteins using IF for as long as fourteen days post exposure but others found IF staining to be positive in a shorter period of time (Bagust et al., 1986; Hitchner et al., 1977). Guy et al. (1992) reported that IP was more sensitive than IF. York and Fahey (1988) described an antigen capture ELISA which is claimed to have the same accuracy as virus isolation whilst being more rapid, and to be more accurate than IF.
The use of direct EM for the examination of emulsified tracheal scrapings after negative staining provides potentially the most rapid method of detecting ILTV (Hughes & Jones, 1988; Van Kammen & Spradbrow, 1976). From receipt of material, observation of herpesvirus particles is possible in less than one hour. However, use of the EM is not very sensitive, and a virus titre of 3.0 log10 per gram may be required in the tissues for particles to be detected (Hughes & Jones, 1988). Thus, EM should not be relied upon as a stand-alone detection method .(Bagust et al.,2000)

2.12.3 Detection of antibodies
Several techniques have been used for monitoring of antibodies to ILTV in chicken serum, including AGID, VN, indirect immunofluorescence (IIF) and ELISA (Adair et al., 1985).
For AGID, antigen is provided by virus-infected CAMs or cell cultures (Jordan &Chubb, 1962). The advantage of the test is that it is very simple and can therefore be performed in any laboratory. However, the test is relatively insensitive. VN test is performed using fertile chicken eggs inoculated by the CAM route with enumeration of the pocks on the CAM. Alternatively, the test may be performed more conveniently in cell cultures in micro well plates .(Bagust et al.,2000)

Antibodies to ILTV by IIF can be demonstrated by application of test sera to fixed, pre-infected cell cultures. The method is sensitive but relies on the intensity of fluorescence perceived by individuals, and hence interpretation of results may be subjective (Adair et al., 1985).

Enzyme-linked immunosorbent assay offers ease of testing for large numbers of sera with semi-automation. This method has been demonstrated to be more sensitive than VN (Adair et al., 1985; Bauer et al., 1999), and of comparable sensitivity to IF, with AGID being the least sensitive (Adair et al., .1985). Enzyme-linked immunosorbent assay would therefore seem to be the system of choice for flock testing. (Bagust et al., 2000)

2.12.4 Molecular techniques
ILT DNA detection methods have developed rapidly in recent years. These methods can identify ILTV quickly, accurately, and are highly sensitive. Molecular techniques for ILTV detection include cloned DNA probes for dot-blot hybridization, PCR, nested PCR, real-time PCR, multiplex PCR, in situ hybridization (Nagy, 1992; Abbas et al., 1996; Chang et al., 1997; Clavijo, 1997; Alexander et al., 1998; Humberd et al., 2002; Creelan et al., 2006; Pang et al., 2002; Nielsen et al., 1998), and PCR in combination with restriction fragment length polymorphism (RFLP) (Chang et al., 1997; Kirkpatrick et al., 2006; Oldoni & Garcían, 2007; Oldoni et al., 2008).

ILTV detection using PCR was more sensitive than virus isolation in cell culture and electron microscopy. PCR can detect ILTV in the samples, which are contaminated with other pathogens (Williams et al., 1994). When compared the electron microscopy, histopathological test, viral isolation via CAM route, FA test with Real-time PCR for ILT diagnosis in a broiler farm outbreak, the Real-time PCR was found to be the most sensitive method for ILTV detection (Crespo et al., 2007). Since many laboratories are not set up for Real-time PCR; FA, histopathology and PCR are the most commonly used methods for routine diagnosis of ILT (Crespo et al., 2007).

Ou et al.(2012) recently developed a novel nucleic acid detection method called loop-mediated isothermal amplification (LAMP) for ILTV DNA identification. This method when compared with the Real-time PCR for the sensitivity and specificity, both were found highly specific and sensitive. The LAMP assay can detect ILTV DNA at the concentration of 60 copies/μl in 45 minutes without expensive equipment and reagents. The Real-time PCR on the other hand has a detection limit at a concentration of 10 copies/μl (Ou & Giambrone et al., 2012). The LAMP assay, according to them, is suitable for basic diagnostic laboratory detection in the field and Real-time PCR can be used for further verification.
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Fig 2.16. The principles of LAMP DNA amplification and primer arrangement (Adopted from Notomi et al., 2000).


2.12.4.1 ILTV strain differentiation
It is not possible to identify different strains of ILTV by serological methods, because ILT viruses have close immunodominant domains (Shibley et al., 1962). The most common and effective molecular method for ILTV differentiation is PCR followed by RFLP. PCR-RFLP analysis of single or multiple viral genome regions can differentiate strains from various geographic areas and vaccine strains from field strains (Chang et al., 1997; Leib et al., 1986; Keeler et al., 1993; Neff et al., 2008; Oldoni et al., 2009). Using another molecular method the Restriction endonuclease (RE) analysis of ILTV DNA Guy et al. (1989) differentiated vaccine strains from wild type strains. Moreover, PCR-RFLP analysis was also used for differentiation of the partial genes the ICP4, gC and TK genes to distinguish field strains from vaccine strains. However, using the same test some virulent isolates could not be separated from vaccine strains (Chang et al., 1997). Han et al. (2001) analyzed multiple genes with PCR-RFLP combined with DNA sequence analysis of the gG (glycoprotein G) or gC (glycoprotein C) and TK genes to differentiate vaccine from non-vaccine strains. Kirkpatrick et al. (2006) demonstrated that multiple gene PCR-RFLP was more reliable to differentiate vaccine from the field strains. A new reverse RFLP method was reported to be able to separate vaccine from non-vaccine ILTV strains. This method combined with Real-time quantitative PCR and Restriction enzyme digestion was used to calculate the change of cycle threshold number value between digested and undigested template DNA for examining the genotype of ILT viruses (Callison et al., 2009). Oldoni et al. (2007) investigated ILTV isolates from commercial poultry using multiple gene PCR-RFLP analysis (ORFBTK, ICP4, UL47/gG, and gM/UL9). Using this method they were able to separate ILT viruses into nine genetic groups. Group I and II comprised the USDA reference strains and TCO vaccine strains. No information was provided about Group III by Ou et al.(2012).Group IV isolates were identical to CEO vaccine strains, whereas group V isolates, which had one PCR-RFLP pattern different from the CEO vaccine strains were CEO-related isolates. Group VI, VII, VIII, and IX were field ILTV strains with genomic types different from CEO and TCO vaccines. These groups also showed different isolates based on pathogenicity. In that report, most of ILTV positive poultry isolates were related to vaccine strain (Oldoni & Garcían, 2007). Oldoni et al. (2008) investigated 46 ILTV field isolates collected from the US during 2006 to 2007. They found after multiple PCR-RFLP genotype analysis, many isolates to be similar to vaccine strains. According to these reports, most ILTV field isolates in the US is thought to come from vaccine reversion. Differentiation of vaccine from field viruses is important since countries can initiate trade barrier for importation of chicken products from areas where virulent field viruses exist. Therefore, the more common mild ILT is commonly referred to a “vaccinal” ILT even though PCR-RFLP testing has not always been done (Ou et al.,2012).

In Europe, 104 field isolates were collected for a period of 35 years, from eight different countries. These virus isolates were analyzed using PCR-RFLP targeting the TK gene and it was shown that they belong to separate 3 genetic groups. It was also shown that 98 of these field isolates had the same RFLP patterns as vaccine strains (Neff et al., 2008). In Australia, PCR-RFLP was used to analyze ILTV gG or gC, TK, ICP4, ICP18.5 and ORFB-TK genes from 20 strains. These isolates could be discriminated into five genetic groups. Some of the isolates were found to be closely related to vaccine strains. (Blacker et al., 2011)

2.13 Differential Diagnosis
Respiratory disease associated with ILT must be distinguished from other respiratory pathogens of poultry producing similar clinical signs and gross lesions. These include the-
· Fowlpox virus causing diphtheritic form of Fowlpox
· Infections caused by Newcastle disease virus
· Infection caused by Avian influenza virus
· Infection caused by Infectious bronchitis virus
· Infection caused by Fowl adenovirus and 
· Infection caused by Aspergillus spp.
(http://partnersah.vet.cornell.edu/avian-atlas/search/disease/499)


2.14 Prevalence in Bangladesh
A cross-sectional study was carried out by Sen, 2011 to determine the seroprevalence of Infectious Laryngotracheitis (ILT) in the commercial layer farms of Chittagong district. A one year long study was conducted from October’ 2010 to September’ 2011 encompassing three seasons i.e. winter (mid October to February), summer (March to May) and rainy (June to September). Antigen coated ELISA was performed to determine the antibody titre against ILTV. The overall seroprevalence of ILT was 17.33% in commercial layer farms of 5 selected upazilas of Chittagong district. The highest prevalence was found in Anowara upazila (26.67%) followed by Rangunia (18.46%), Raozan (16.67%), Boalkhali (13.33%) with the lowest prevalence in Patia (10.90%). The prevalence of ILT was found higher in winter (24%) season compared to rainy (16%) and summer (12%). Significantly higher frequency of ILT was observed in the birds of 10-35 weeks of age (23.24%) than the birds of 36-70 weeks of age (7.83%). Prevalence of ILT was found significantly higher (P<0.05) in the farms maintaining lower biosecurity (biosecurity category 2) (22.78%) than in the farms maintaining higher biosecurity (biosecurity category 1) (9.17%). In case of rearing system, the prevalence of ILT was more predominant in the birds rearing in the deep liter (23.48%) than in the cages (13.51%). The results showed that ILT is prevalent and widely distributed in commercial layer farms of Chittagong. (Sen, 2011)
An another study was conducted by Islam et al., 2010 for the isolation and characterization of infectious laryngotracheitis (ILT) virus in layer chickens from commercial farms of Gazipur District. A total of 25 field samples were collected from suspected layer chickens of five commercial farms and were cultivated into 10-12 days old embryonated chicken eggs through chorioallantoic membrane (CAM) route for isolation of field virus where the virus produced discrete pock lesions as early as 2 days of post inoculation and embryo death was recorded within 4-6 days of inoculation. The field viruses were characterized by physico-chemical properties against pH, heat, ether and chloroform, serological test such as virus neutralization test (VNT) and passive haemagglutination (PHA) test and pathogenicity testing. The viruses could be inactivated by pH 4 within 2 hours. Inactivation of viruses was observed at 60°C for 6 minutes, 55°C for 15 minutes and 38°C for 2 days. Etherchloroform treatment also inactivated the viruses. Virus neutralization test revealed that all the virus isolates were neutralized by antiserum to ILT vaccine.
Passive haemagglutination test showed that the tanned sheep RBC sensitized with the virus isolates were agglutinated in presence of the antiserum to ILT vaccine. The pathogenicity test showed 100% mortality in experimental chickens. The same observation was also recorded by Andrease et al. (1989)
From his study the overall incidence of ILTV infection in five commercial farms was recorded as 75.95%. The highest incidence rate was recorded as 25.00% in layer chickens of Kazi farm and the lowest incidence rate was recorded as 14.28 % in layer chickens of Paragon poultry farm. The other farm are Phenix poultry farm, Adunik poultry farm and S-R poultry farm showed 16.67 %, 20.00 %  and 0 % incidence. (Islamet al.,2010).

A molecular study was conducted by Chakma et al.(2010) on standardization of  polymerase chain reaction by targeting a relatively conserved region of the thymidine kinase gene for the rapid detection of infectious laryngotracheitis virus by using two vaccine samples –“Nobilis® ILT”and “Gallivac LT” freeze dried vaccine collected respectively from the Intervet, Bengal Overseas Limited and Advance Animal Science Company Limited, Dhaka, Bangladesh. From his study a procedure was developed for rapid detection of infectious laryngotracheitis virus by PCR of the conserved region of viral thymidine kinase gene containing DNA fragments. The results of his study suggested that the polymerase chain reaction procedure could serve as a fast and sensitive method for the detection of vaccine strains of infectious laryngotracheitis viruses. (Chakma et al., 2010)
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2.15 Prevention and control of ILT

2.15.1 Management procedures for prevention and control
For intensive broiler production, the short growth cycle and high level of biosecurity measures on farms can reduce the need for prophylactic vaccination .(Bagust et al.,2000)
The application of biosecurity measures will avoid exposing susceptible chickens via contaminated fomites. The importance of site quarantine and hygiene in preventing the movement of potentially contaminated personnel, feed, equipment, and birds is central to successful prevention and control of ILT (Kingsbury & Jungherr, 1958). 
Cooperative control of ILT outbreaks by collaboration between government and industry is most desirable. Where outbreaks have been contained, recovered flocks should be moved for processing under quarantine as soon as possible. Experience with ILT outbreaks in Pennsylvania (Davidson & Miller, 1988) indicates that this interval can be as short as 2 week after the last clinical signs of LT are observed on a farm. 
For control of an ILT outbreak, the most effective approach is a coordinated effort to obtain a rapid diagnosis, to establish a vaccination program, and prevent further virus spread. Vaccination in the face of an outbreak will both limit virus spread and shorten duration of the disease. Spread of LTV between farms can be prevented by appropriated biosecurity measures. Laryngotracheitis virus infectivity is readily inactivated outside the host chicken by disinfectants and warm temperatures, thus carryover between successive flocks in a house can be prevented by adequate cleanup (Hidalgo, 2003). 

2.15.2 Immunization for prevention and control
ILTV infections are usually limited to the upper respiratory tract and viremia is rarely observed. Furthermore, the humoral immune response, including secretory and maternal antibodies and levels of neutralizing antibodies do not correlate well with protection. Instead, protection seems to be mediated primarily by the cellular immune response. These points are important to consider in the development of a vaccination strategy. Any effective vaccine will have to elicit an effective mucosal, cell-mediated, protective immune response (Hidalgo, 2003).
Vaccination for ILT has generally been used only in areas where the disease is endemic, since vaccination can result in the occurrence of long-term "carrier" birds due to the virus' ability to enter a latent state in the sensory ganglia. Furthermore, current vaccines are themselves mildly pathogenic, with a resulting economic "cost". There is justifiable concern over the negative performance (growth, mortality, feed conversion) associated with current ILT vaccines. Guy et al. (1991) have reported that modified live ILT vaccines increase in virulence by mutation during bird-to-bird passage in the field. This has led to an additional reluctance to vaccinate for ILT unless a region is faced with an active outbreak of the disease. Other groups contend that vaccine strains of ILTV are genetically stable (Keeler et al., 1993). However, by spreading into flocks that may contain birds of different ages and with a different immune status, the incompletely attenuated modified live vaccine strains of ILTV may manifest a clinically more severe disease (Hidalgo, 2003).  

2.15.3 Traditional live attenuated ILT vaccines
Traditionally there have been two sources of live attenuated ILT vaccines. Vaccines attenuated by multiple passages in embryonating eggs (CEO) (Samberg et al., 1971), and in tissue culture (TCO) (Gelenczei & Marty, 1964). The CEO vaccines have higher efficacy than TCO vaccines. However, in many cases the use of CEO vaccine can result in lower performance and higher condemnation rates. Broilers are generally vaccinated with CEO vaccine through drinking water only in the face of an outbreak. Furthermore, CEO-derived vaccine strains of ILTV are generally indistinguishable from true field isolates of ILTV (Guy et al., 1990), providing diagnosticians and regulators with additional challenges. The reason for the TCO vaccines offering generally less protection is that they are more highly attenuated and less immunogenic (Hidalgo, 2003).TCO vaccines are commonly used in layer breeders and layers. 
Live attenuated ILT vaccines provide immunity when applied via infraorbital sinuses (Shibley et al. 1962), intranasal instillation (Benton et al., 1958), eye drop (Sinkovic & Hunt,1968), and orally through drinking water (Samberg et al., 1971). However, application of ILT vaccines using eye drop method appears to be more protective than application through water or spray (Fulton et al., 2000). Most vaccines when given using eye drop method had lower mean microscopic lesion scores and higher ELISA titers after one vaccination. In contrast to other mass application methods, eye drop vaccination in flock situations when applied correctly ensures that all birds in that flock have received vaccine. Careful attention must be given to the procedures of vaccine administration to ensure adequate immunization. (Hidalgo, 2003)

2.15.4 Recombinant subunit vaccines
There are many reported experiments on the use of Fowlpox virus and Marek's disease virus as vectors for the insertion of genes from avian pathogens. In these cases, a gene encoding an immunogenic protein is inserted into a region of the host genome which is nonessential for the host's replication (Hidalgo, 2003). ILTV genes have also been inserted into these vectors, and these efforts have involved either the ILTV glycoprotein B or glycoprotein D genes (Keeler et al., 1992). In both cases these are virally-encoded structural glycoproteins which are located on the viral envelope and the surface of infected cells and are required for viral attachment. The ILTV genes for these two proteins have been inserted into Fowlpox or Marek's disease virus vector systems. The recombinant viruses produce proteins, which are immunogenic and elicit a protective immune response. At the moment, a vaccine on the base of a live Fowlpox virus vector genetically modified to express key protective ILTV antigens has been licensed and it is commercially available (Hidalgo, 2003).

2.15.5 Construction of live attenuated recombinant ILT vaccines
Recombinant vaccines for the poultry industry have been constructed by selecting for relatively rare in vivo homologous recombination events. This technique depends on introducing a DNA fragment into tissue culture cells by transfection and then co-transfecting the culture with viral DNA or infecting the culture with virus. This technique can be used to mutate a viral gene by replacing it with a foreign, or marker, gene. Using this method the scientists were able to construct successfully the defined ILTV mutants for thymidine kinase gene (Guo et al., 1994; Okamura et al., 1994; Schnitzlein et al., 1995). The protein encoded by this gene is involved in DNA metabolism and viral pathogenicity. For different reasons these initial live attenuated strains of ILTV have not been found suitable as commercial vaccine candidates. (Hidalgo, 2003)

2.15.6 Novel vaccines approaches
Genetic immunization is another approach to induce protective immunity to infectious diseases. DNA vaccines can be relatively quick and easy to generate. Plasmid DNA is not infectious and it doesn't replicate. Furthermore, plasmid DNA is stable and can be stored under conditions that would destroy a live virus. In addition, plasmid DNA can be administered by a variety of methods, including the potential of in ovo administration. The first ILTV DNA vaccination experiments were reported in 1995 (Keeler et al., 1995). Birds vaccinated intramuscularly with DNA encoding glycoprotein B were found to have levels of protection comparable to those vaccinated with traditional live attenuated ILTV vaccines. Enhancement of DNA vaccine efficacy and the development of a practical cost-effective application of this technology will be required before its acceptance by the poultry industry. This is a duplication of "Recombinant subunit vaccines".

2.15.7 Eradication
Eradication of LTV from intensive poultry production sites appears to be highly feasible due to several biologic and ecologic properties of the virus. Those include the high degree of host-specificity of the virus, the relative fragility of ILTV infectivity outside the chicken, and antigenic stability of ILTV genome (Bagust & Johnson,1995). Furthermore, the chicken is the primary host species as well as the reservoir host. Because, ILTV strains are antigenically homogeneous a single LTV vaccine produces cross-protective immunity for all LTV strains (Hidalgo, 2003). 
Considering that backyard and fancier chicken flocks are likely reservoirs of LTV, they must be included in any eradication effort. (Mallinson et al.,1981)
Eradication of ILT will be facilitated in the future through the development of genetically engineered ILT vaccines, that induce protective immunity without induction of latently infected carrier chickens, it will then be easier to initiate an effective eradication program (Bagust & Johnson,1995). Actually, a vaccine on the base of a live Fowlpox virus vector genetically modified to express key protective ILTV antigens is commercially available. (Hidalgo, 2003)  







CHAPTER III

MATERIALS AND METHOD

3.1 Study areas and period 
The present research work was conducted for isolation of Infectious Laryngotracheitis virus from the chickens in commercial farms from different parts of Bangladesh  using virus propagation method of Chorioallantoic membrane (CAM) route inoculation of chicken embryo and molecular detection & Sequencing of the virus isolates. This investigation was carried out from February 2012 to December 2012. The study populations were commercial chickens in breeder farms from Chittagong and Gazipur districts. The chicken strains were White leghorn, Hi sex brown, Cobb 500 and Shever.

In Chittagong, the samples were collected from Hathazari  farm, Upazilla veterinary hospital (UVH) of  Kotoali  Thana and Shahidul Alam Quaderi Teaching Veterinary Hospital(SAQTVH) of  Chittagong Veterinary and Animal Sciences University (CVASU). In Gazipur district, the samples were also collected.

All laboratory works related to this study were undertaken in the laboratory under the Department of Microbiology, Faculty of Veterinary Science and in the Animal disease diagnostic laboratory of Poultry Research and Training Centre (PRTC), CVASU.

3.2 Sampling Strategy
In case of farms, the samples were collected from the flocks with the history of respiratory problem like coughing, sneezing, dyspnoea, gasping, nasal discharge, swelling around the eyes, eye discharge, depression, etc.  along with the history of high morbidity. In case of hospitals, samples were collected from the birds suffering from respiratory problem that were brought in for post mortem examination.  





3.3 Sample Size
The samples were collected from a total of 100 dead chickens from 9 different poultry flocks of Chittagong and  Gazipur districts that were showing  different respiratory signs after postmortem examination. The samples included larynx, trachea and lungs with characteristic congestion & haemorrhage.

3.4 Source of chicken eggs (embryonated)
Specific pathogen free hatching eggs of one day old were collected from “Pahartoli Regional poultry farm” under the Department of Livestock Services (DLS). Before 
incubation the eggs were washed with 70% ethanol to make them sterile.
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3.5 Preparation of PBS & Viral Transport Media (VTM)
 Phosphate buffer saline were prepared according to manufacturer (Oxoid company, England) instruction (1 PBS tablet for 100 ml DW) which was dissolved by magnetic strirrer. Then autoclaved at 110°c for about 10 minute for sterilization. 
To prepare Viral Transport Media (VTM) the  PBS was mixed with glycerin in 1:1 ratio (for my Experiment 500 ml of PBS were mixed with 500 ml of glycerine) and mix well.Then the antibiotics Gentamycin 250 mg/L, Streptomycin 200mg/L and Benzyle penicillin 2×106 IU/L were added to the VTM and mixed well. The VTM with antibiotics was then stored at 4°C for future use.

3.6 Storage and preservation of samples
All the samples (larynx, trachea and lungs) collected from dead chickens were kept in "Falcon" tubes containing VTM - antibiotic mixture. The Falcon tubes containing the samples were kept in ice bag/box prior and during transport to the laboratory. Upon reaching the laboratory the samples were immediately stored at -80°C until analysis.

3.7 Virus cultivation
3.7.1 Viral Inoculum Preparation 
The samples at -80°C were thawed (avoiding repeated freezing and thawing) in an autoclaved petridish containing antibiotics solution (Penicillin, 8 lac + Gentamycin 0. 250 ml + Streptomycin 2.5 ml)   [.N.B:  SP vet -0.5 gm (Acme) &Gentaren-100ml (Renata)] in 250 ml PBS and chopped to the size of about 1 mm3 or as small as possible using  a sterile scissor and a forceps. Then 1 gm of chopped sample was transferred  to a test tube containing 3 ml of PBS antibiotic mixture and Centrifuged  at 13000 rpm (Dynamica) for about 10 minutes. The supernatant was then collected and used as Virus inoculum to be inoculated  through CAM route (OIE, 2008).

3.7.2 Cultivation of ILTV in CAM route
For isolation of the virus, known pathogen free chicken eggs of one day old were incubated at 37°C for 10-11 days to allow embryos to develop in the eggs. At about 10-11th day of incubation the eggs were candled in a dark room to determine whether the embryos were viable or not. The dead embryonated eggs were discarded and the live embryonated eggs were kept for virus inoculation.
Then 0.1-0.3ml of inoculum from each sample was inoculated into 10-11 days embryonated eggs through the route of dropped Chorio-allantoic sac following the technique of Hitchner (1980). ILTV vaccine named “Nobilis®”(Batch No. A036CJ01, Regn. No. DAR 80-2734 (V) -95) from “Intervet” was used as positive control. Following inoculation, the eggs were incubated at 370C for a period of 7 days and the embryos were examined daily for observing any development changes produced by the virus in the embryos. The embryos died within 24 hours of inoculation were discarded considering as non specific causes.

Throughout the incubation period all the eggs were incubated for 6-7 days in horizontal position to prevent the rotation of false air sac that usually cause excessive nonspecific Mortality (Hitchner,1980).After Seven days of post inoculation incubation, all the eggs were examined for characteristic gross pathological changes in the CAM and in embryo. The typical gross pathological lesions observed visually in CAM were, as formation of pock like lesions with opaque edges and central depressed area of necrosis on the CAM and haemorrhagic and Stunted growth of the ILTV affected embryo with mortality were also observed (Calnek et al.,1997).The samples that showed the above lesions were suspected to be ILT infected. The part of the CAM containing pock like lesions with embryonic changes were separated using a sterile scissor and forceps and were collected in 1.5 ml eppendorf  tubes to store at -80°C until further molecular analysis. 

3.8 Preparation of positive CAM samples for viral DNA/RNA extraction
Small portion of ILT suspected CAM sample (stored at -80°c) were chopped into small pieces using sterile scissors in a petridish and kept in an eppendorf  tube. Then 200 µl of lysis buffer (Viral Gene-spinTM; iNtRON) was added to the tube and vortexed vigorously until the tissues were dissolved. Then the sample was centrifuged at 6000 rpm for about 5 minutes in a bench centrifuge (Dynamica). The pellate was discarded and the supernatant was used for viral DNA extraction.





3.9 Molecular Detection
3.9.1 Equipments and Reagents 
 (
For  Extraction of 
 
Viral DNA/RNA
)Following equipments and reagents were used during this research work.
 
· Microcentrifuge machine (Dynamica, USA).
· Micropipette of variable capacity (Accumax: 20-200µl, 5-50 µl; 
  Biohit: 0.5-10 µl, 100-1000 µl ).
· Vortexer.
· Spin Columns
· Collection tubes
· Viral DNA/RNA extraction kit.(Viral Gene-spin TM ; iNtRON®)

·  (
For amplification of DNA/RNA both in mRT-PCR
 
and PCR
)Thermo cycler (Applied Biosystem, 2720 Thermal cycler, Singapore)
· PCR tubes (200 µl capacity )
· Gel loading buffer 6X (Intron® Biotech)
· RNase free water
· 1% Agarose gel (Sca Kem® LE Agarose, USA. Catalogue no-50002)
· Micropipettes
· Tips for micropipettes
· Digital balance
· Ice
· Gloves
· Primer
 (
For Agar Gel
 
Electrophoresis
)
· Agarose gel casting tray and electrophoresis chamber (Midigel)
· Power supply and electrode leads
· UV light transilluminator(  (Biometra, Germany)
· Agarose, electrophoresis grade.
· 100 bp Ladder (Sizer® )
· Ethidium Bromide solution -500µg/ml (Aldrich ,USA)
· Tris-acetate-EDTA (TAE) buffer (50x) (for 1000 ml)
· UP Water (Gibco, USA).

3.9.2 Extraction of Nucleotide (both DNA and RNA )
DNA/RNA were extracted from all 18 positive samples found in Chorio allantoic membrane (CAM) inoculation. Commercially available Viral Gene-spinTM ; iNtRON® Viral DNA/RNA purification kit was used for this purpose. This kit was specially designed for extraction of both viral DNA and RNA. The procedure was performed by following described protocol.

3.9.2.1 Extraction protocol
1. 150 µl of CAM supernatant (sample) was taken in a 1.5 ml microcentrifuge tube.
2. 200 µl of Distilled water and 50 µl Lysis buffer  was added to the sample.
3. Mixed by vortexing for 15 sec and Incubated at room temperature (15~250C) for 10 min.
4. 350 µl of Binding buffer was added to the sample and mixed completely by gentle vortexing. (This step is conductive efficient passage of cell lysates through a column and to increase binding onto column resins and important for effective deproteinization).
5. The lysates were then placed in the spin columns in a 2µl collection tube that were provided and centrifuged at 13,000rpm for 1min. (The maximum volume of the column was maintained 800 µl carefully).
6. Solution was discarded in collection tube and the column placed back in the same 2ml collection tube.
7. 500 µl of washing buffer "A" was added to the column and centrifuged for 1min at 13,000rpm.
8. The collected solution in collection tube was discarded and placed the spin column back in the same 2 µl collection tube.
9. 500 µl of washing buffer "B" was added to the column and centrifuged for 1min at 13,000rpm.
10. The solution was discarded in the collection tube and again the spin column was placed back in the same 2 µl collection tube  and Centrifuged for 1 min at 13,000rpm. (The spin column membrane was carefully dried because residual ethanol may interfere with downstream reactions).
11. The column was placed back to an RNase-free 1.5ml microcentrifuge tube and 30-60 µl of Elution buffer was added directly onto the membrane.
12. The column was then incubated at room temperature for 1 min and centrifuged for 1 min at 13,000rpm.
13. Finally the eluted solution was collected as template DNA and used for multiple PCR and PCR.

3.9.3 Multiplex PCR (mRT-PCR) amplification of respiratory viruses 
mRT-PCR technique have been used for screening of respiratory viral infection such as Avian Influenza virus (AIV), Newcastle disease virus (NDV), Infectious Bronchitis Virus (IBV) and Infectious Laryngotracheitis Virus (ILTV) from the retrived Chorioallantoic membrane (CAM).
The mRT-PCR was performed in two steps. In the first steps, cDNA synthesis was done from the extracted RNA templates by reversr transcription (RT) reaction. Secondly, multiplex PCR was performed using the synthesized cDNA as templates.

3.9.3.1 Selection of  mRT-PCR primers
 mRT-PCR primers were selected following a standardized protocol previously reported by Rashid et al., 2009.

Table 3.1.  Details of the primers used for multiplex PCR 
	Sl No.
	mRT-PCR Primers
	Primer Name
	Gene
	Sequences (5ʺ-3ʺ)
	Product Size (bp)
	Reference

	1
	AIV 
(All-M)
	AIV- M-F
	M (Matrix Protein) gene
	GAA GGT AGA TAT TGA AAG ATG
	1,023
	Rashid et al., 2009

	
	
	AIV-M- R
	
	GAA ACA AGG TAG TTT TTT ACT C
	
	

	2
	IBV
	IBV-F
	5ʺ UTR (untranslated region )
	GCT TTT GAG CCT AGC GTT
	149
	

	
	
	IBV-R
	
	GCC ATG TTG TCA CTG TCT ATT
	
	

	3
	NDV

	NDV-F
	F0 (fusion protein) gene
	GGA GGA TGT TGG CAG CAT T
	320
	

	
	
	NDV-R
	
	GTC AAC ATA TAC ACC TCA TC
	
	

	4
	ILTV
	ILTV-F
	Tk (Thimidine Kinase) gene
	ACG ATG ACT CCG ACT TTC
	647
	

	
	
	ILTV-R
	
	CGT TGG AGG TAG GTG GTA
	
	




3.9.3.2 cDNA Synthesis by Reverse transcription (RT)
For cDNA synthesis from RNA templates commercially available cDNA synthesis kit, Maxime RT PreMix kit (iNtRON Biotechnology) was used. The synthesis protocol is described below:
· 2 µl of the template RNA was poured in the tubes containing RT PreMix pellet  followed by addition of 18 µl ultra pure water to make total volume of 20 µl.
· The mixture was allowed to stand for 2 minutes in room temperature so that the pellets are completely dissolved. 
· cDNA synthesis was performed in thermo cycler at 45 0C temperature for 60 minutes followed by 5 minutes in 950C temperature for inactivation of the RTase.
· Finally 50µl sterile water was added to the tube to dilute the cDNA products. 
· This diluted cDNA samples were used for the downstream PCR amplification. 

3.9.3.3 mPCR amplification from synthesized cDNA templates
3.9.3.3.1 Preparation of the master mix for mPCR
2X PCR Master mix kit (i-Taq TM, iNtRON) was used for the PCR amplification. For that the mPCR master mix was prepared by the protocol described below: 
·  Required number of thin wall PCR tube of about 200 μl capacity was taken with labeling and put on ice rack.
· The template DNA, multiplex primer solutions, UP water was thawed and placed on ice rack before starting the procedure.  
·  All 4 pairs of primers (AIV, NDV, ILT, IBV) for multiplex PCR were diluted with ultra pure water and placed on ice. The dilution was done in such a way that, the concentration of each primers become 10 pmole/μl each for both forward and reverse strands. Finally same volume of all primers was used to prepare a homogenized mPCR primer mix.
· Multiplex PCR was carried out in a final reaction volume of 20 μl. The master mix components were mixed thoroughly as per the details given in Table 3.3. The master mix pellet was dissolved at the appropriate volumes into PCR tubes by gentle pipetting. 
· The PCR tubes with all the components were transferred to thermal cycler. 
· In case of negative control no template was added with the reaction mixture; instead 2 µl UPW was used.  
Table  3.2. Composition of 2X PCR Master mix solution (i-Taq TM, iNtRON)
	2x PCR Master mix solution (i-TaqTM)
	0.5 ml x 2ea (1 ml x 5ea)

	TaqTM DNA polymerase (5U/µl)
	2.5 U

	dNTPs
	2.5 mM each

	PCR reaction buffer
	1X

	Gel loading buffer
	1X



Table 3.3. Composition of reaction mixture 
	Components
	Volume

	2X PCR Master mix kit
	10 µl

	cDNA Template 
	1 µl

	mPCR forward primer mix (10 pmole/μl)
	2 µl

	mPCR reverse primer mix (10 pmole/μl)
	2 µl

	UP Water
	5 µl

	Total Volume
	20 µl



3.9.3.4 Thermal profile for mPCR
The thermal cycler was programmed according to the program outlined in Table 3.4 to run the mPCR. 
Table  3.4.  Steps and conditions of thermal cycling for mPCR
	Sl No.
	Steps
	Temperature
	Time

	Step 1
	Initial Denaturation
	94°C
	5 min 

	Step 2
	Denaturation
	94°C
	45 sec

	Step 3
	Annealing  
	56°C
	50 sec

	Step 4
	Extension
	72 °C
	1 min

	Step 5
	30 cycles from step 2 to step 4

	Step 6
	Final  Extension
	72 °C
	5 min


N.B:
· The mPCR program was started when PCR tubes were still on ice. The PCR tubes were placed in the thermal cycler after the heat block has reached the temperature of 60°C. 
· After completing the mPCR, the tubes containing mPCR products were kept out from the thermocycler and stored at 4°C in refrigerator until electrophoresis.

3.9.3.5 Analysis of mRT-PCR products by gel-electrophoresis:
mRT-PCR products were analyzed by electrophoresis on 1% agarose gel and examined under UV light using an image documentation system.

The procedure was performed by following ways:
· Gel casting tray was assembled with gel comb of appropriate teeth size and number.
· 1% agarose solution was prepared in 50 ml (1x)TAE buffer by melting in a microwave oven.10µl of ethidium bromide was added to molten agarose to have a final concentration of  0.5µg/µl.
· Molten agarose was poured on to the casting tray and allowed to solidify on the bench.
· The hardened gel in its tray was transferred to the electrophoresis tank containing sufficient TAE buffer. Then the comb was gently removed.
· 5µl of each PCR product was mixed with 1µl of (6x) loading dye and the sample was loaded to the appropriate well of the gel.
· 2µl DNA (100 bp) size marker was loaded in the first well.
· The leads of the electrophoresis apparatus were connected to the power supply and the electrophoresis was run at 120 V-90 mA for 4o minutes.
· Then the gel was gently placed on the UV transilluminator (Biometra, Germany) in the dark chamber of the image documentation system. The UV light of the system was switched on; the image was viewed on the monitor, focused, acquired and saved in computer.









3.9.4 PCR amplification of ICP4 gene of ILTV
For the specific detection of ILTV using ICP4 gene, extracted DNA templates from all 18 CAM were subjected to PCR amplification using the following protocol. 

3.9.4.1 Selection of the Primer
Targeted fragment (687 bp) of infected cell protein 4 (ICP4) gene of infectious larygotracheitis virus (ILTV) was selected for PCR amplification. The primers used in this experiment were previously reported by Sadeghi et al., 2011.
[image: ]










Fig: Nucleotide sequence (5ʺ-3ʺ) of ICP4 gene fragment (687 bp) amplified by the selected primers (marked in yellow and arrows). 

Table 3.5.  Details of the primers used for PCR
	Primer name
	Gene
	             Nucleotide Sequence (5ʺ-3ʺ)
	Product size
	Reference

	ICP4- F
ICP4-R
	ICP4
(180-  867)
	ACTGATAGCTTTTCGTACAGCACG
AGTCATGCGCATCGGGACATTCTCCAGGTAGCA
	687bp
	Sadeghi et al.2011





3.9.4 .2 Standardization of PCR reaction 
For standardization, vaccine virus (Nobilis ILT; Intervet) cultivated in chicken embryo (protocol described previously) was used as positive control. The template DNA retrieved from vaccine virus was subjected to various standardization trials. Different annealing temperatures were used to get the optimum result (shown in table 3.7). For PCR standardization 2X PCR Master mix kit (i-Taq TM, iNtRON) (Table 3.2) was used. The protocol for reaction mixture preparation and PCR amplification was same as the mPCR (discussed before) with some modifications. The modification made in reaction mixture preparation and thermal profiling is given in table 3.6 and 3.7.
Table  3.6. Composition of reaction mixture for ICP4 gene specific PCR
	SL No.
	Components
	Volume

	1
	DNA Template (positive control)
	2 µl

	2
	2X PCR master mix
	10 µl

	3
	ICP 4 F (10 pmole/μl)
	1 μl

	4
	ICP 4 R (10 pmole/μl)
	1 μl

	5
	UP Water
	6 µl

	Total volume
	20 µl




3.9.4.2 .1 Optimization of the thermal cycle using Gradient PCR
For obtaining the optimum annealing temperature, the thermal cycler was programmed for Gradient PCR where different annealing temperature was used for different tubes. The thermal program outlined in Table 3.7.

Table  3.7. Steps and conditions of thermal cycling for Gradient PCR
	Sl No.
	Steps
	Temperature
	Time

	Step 1
	Initial Denaturation
	94°C
	2 min

	Step 2
	Denaturation
	94°C
	1 min

	Step 3
	Annealing (62-68°C)
	Samples
A (61.9°C)
B (63.0°C)
C (64.5°C)
D (65.5°C)
	1 min

	Step 4
	Extension
	72 °C
	1.30 sec

	Step 5
	35 cycles from step 2 to step 4

	Step 6
	Final  Extension
	72 °C
	10 min



3.9.4.2.2 Visualization of the PCR products by gel-electrophoresis
The PCR products of different annealing temperature (A,B,C and D) were visualized by running in  1% agarose gel and examined under UV transilluminator by the same protocol as stated above. Most clear band was visualized at 64.5°C.

3.9.4.3 PCR amplification of positive Sample
Following standardized thermal profile and protocols, template DNA retrieved from both vaccine virus and field isolates (cultivated in chicken embryo) were subjected for PCR amplification. The modification made in reaction mixture preparation and thermal profiling is given in table 3.8 and 3.9.

Table  3.8.  Composition of reaction mixture for each tube
	SL No.
	Components
	Volume

	1
	DNA Template 
	2  µl

	2
	2X PCR master mix
	10  µl

	3
	ICP 4 F (10 pmole/μl) Primer (forward)
	1  μl

	4
	ICP 4 R (10 pmole/μl) Primer (reverse)
	1  μl

	5
	UP Water
	6 µl

	Total Volume                                                           
	20 µl



3.9.4.3.1 Thermal condition for the PCR assay
The thermal cycler was programmed according to the table  3.9 for PCR amplification of targeted ICP4 gene fragment. 

Table  3.9. Steps and conditions of thermal cycling for PCR
	Sl No.
	Steps
	Temperature
	Time

	Step 1
	Initial Denaturation
	94°C
	5 min 

	Step 2
	Denaturation
	94°C
	1 min

	Step 3
	Annealing  
	64.5°C

	1 min

	Step 4
	Extension
	72 °C
	1.30 sec

	Step 5
	35 cycles from step 2 to step 4

	Step 6
	Final  Extension
	72 °C
	10 min




3.9.4.3.2 Visualization of the PCR products by gel-electrophoresis
Then PCR products were visualized by running in  1% agarose gel and examined under UV transilluminator by the same protocol as stated above.

3.9.4.3.3 DNA purification from Agarose gel for gene Sequencing 
DNA were purified from agarose gel according to MEGAquick-spin® iNtRON protocol. The procedure adopted as follows:
· After electrophoresis, the part of the gel containing the DNA fragment of interest were cut out from the gel using a sharp sterilized scalpel and carefully transferred into a 1.5 ml tube.
· The weight of gel slice in 1.5 ml tube was determined.
· 3 volume of BNL buffer was added with 1 volume of gel. (eg: with the agarose gel weighing 100 mg a 300 ml BNL buffer was added).
· The mixture was then vortexed at 2-3 minutes intervals, when the mixture was incubated at 55°C to allow the gel to dissolve completely. 
· When the colour of the mixture became orange then 10 µl of 3M sodium acetate (pH-5.0) was added to it and mixed well.
· The colour of the mixture was then turned to yellow .
· Then for each of the dissolved gel mixture a spin column was placed in a collection tube and the gel mixture was then transferred to the spin column assembly.
· The spin column was then centrifuged at 13000 rpm for 1 minute .
· The flow through was discarded and the spin column was placed back in the same 2 ml collection tube.
· Then 700 µl volume of washing buffer was added to the spin column and centrifuged at 13000 rpm for about 1 minute.
· Again the flow through was discarded and the spin column was placed back in the same 2 ml collection tube.
· 500 µl volume of washing buffer was added again to the column and centrifuged at 13000 rpm for about 1 minute to dry the membrane.
(It is important to dry the spin membrane since residual ethanol may interfare with other reactions).
· Then the spin column was placed in a clean 1.5 ml microcentrifuge tube and 30-100 µl of Elution buffer was added directly to the centre of the column without touching the membrane with the pipette tip.
· Incubate the spin column with the elution buffer at room temperature for about 1 minute and centrifuge at 13000 rpm for about 1 minute. 
· The spin column was discarded and the final pure DNA in micro centrifuge tube was stored at -20◦c.
	
3.9.5 Sequencing of amplified PCR products
The PCR products were sequenced on a ABI’s 3730XL DNA Analyzers (ABI, USA). The sequencing was performed at capillary sequence laboratory AIT biotech, Singapore where commercial sequencing is routinely conducted.

3.9.6 Assessment of nucleotide bases
After sequencing of the representative PCR product, the quality of the sequence was assessed manually for each nucleotide.  The quality of the spectra was representative of good sequences and was carefully checked for possible elimination of bad quality sequences.

3.9.7 Determination of GC and AT content of obtained sequences
Amount of GC content in the respective sequences from different isolates was calculated by using the science buddies genome analyzer. (http://www. sciencebuddies. org / science-fair-projects/project_ideas/ Genom_GC_ Calculator. shtml)

3.9.8 Sequence Submission to Genbank 
After determining the sequences of ILTV ICP4 gene of representative isolates, we have submitted the sequence in GenBank Database using Bankit program (www.ncbi.nlm.nih.gov/BankIt/help.html).These sequences have been deposited in GenBank database under accession no. KC576525 (for field isolate) and KC576526 (control vaccine isolate).



3.9.9 Comparing obtained sequences with the previously reported ILT isolates
Both of the ILT vaccine and field sequence obtained in this study were compared with the reported sequences using the Basic Local Alignment Search Tool (BLAST) at (http://www.ncbi.nlm.nih.gov/BLAST). The nucleotide BLAST (BLASTN) was used during this study. Besides, for comparing two specific sequences pairwise alignment tool by megablast was used from BLAST site.  

3.9.10 Determination of genetic interrelationship of obtained ICP4 gene sequences
To identify the genetic variation of the obtained sequences of ICP fragment and previously reported reference sequences, multiple alignments was conducted using CLUSTALW software (http://www.genome.jp/tools/clustalw) and viewed by Jalview software (www.jalview.org). The variation of nucleotide position at different points was revealed using these softwares. 

3.9.11 Construction of phylogenetic tree 
To analyze nucleotide variability and the genetic relationship of obtained ILTV ICP4 gene sequences and the previously reported sequences in GenBank we have constructed a phylogenetic tree. We have retrieved sequences from 25 selected BLAST hits of significant E-value (0.00) of ICP4 gene sequences of our obtained field sequence (KC576525).  The selection was conducted in such way that the CEO and TCO vaccine strains along with different filed isolates of the world were included. Regenerative sequences of obtained hits have eliminated in order to get non-redundant ICP4 gene sequences. The sequences obtained from GenBank database (http://www.ncbi.nlm.nih.gov/genbank/) (Benson et. al., 2008) were initially aligned under default conditions by using CLUSTALW program (http://www.genome.jp/ tools/clustalw) (Thompson et al., 1994). Phylogenetic tree constructed by average distance analysis method by BLOSUM62 algorithm (Brinkman and Leipe, 2001) using Jalview 2.8 software package. Finally, the phylogenetic tree of ICP4 gene sequences was made by using TreeGraph2 program (http://treegraph.bioinfweb.info/).




N.B. Precautions followed in the PCR laboratory:
All procedures were carried out under strict aseptic condition. Maximum precautions were taken to avoid contamination. Hand gloves and musk were used all time, nothing were touched in bare hands to avoid contamination with DNase from the skin. All the viral samples were processed under the Biosafety cabinet Class II. Isolation of DNA, preparation of PCR reaction mix, thermo cycling and analysis were performed in three separate rooms to avoid carry-over contamination. Eye protector was used while working with transilluminator (produces UV radiation) for documentation of PCR products. 

Note: The GenBank accession number for sequencing were presented in Annex (Fig . 2 and Fig. 3).






CHAPTER IV

RESULTS

This present study was aimed at identifying the Avian Infectious Larygotracheitis Virus (ILTV) infection in commercial poultry flocks of Bangladesh while exploring the molecular characteristics to ascertain the probable sources of clinical infection.  The use of molecular tools to identify ILTV outbreaks have not been reported previously in the country and the present study was the first attempt of its kind where viral cultivation (in chicken embryo) and multiplex RT-PCR was performed to screen out the ILTV infections from clinical samples followed by ILTV-ICP4 gene specific PCR amplification to characterize the prevalent ILTV isolates. Subsequent identification of possible sources of infection was achieved by comparing with previously reported reference sequences through bioinformatics analysis and by constructing phylogenetic trees.

4.1. Cultivation of field virus 
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)Viral inoculums collected from 100 dead birds from nine commercial poultry flocks with history of clinical respiratory symptoms were cultivated into 9-11 day old embryonated chicken eggs through chorioallantoic membrane (CAM) route inoculation for isolation of field virus. Out of 100 only eighteen (18) embryos showed mortality and gross pathological lesions at 7 days post infection (Table 4.2). The typical gross pathological lesions observed visually on the embryo were discrete (Fig. 4.1 B) or single pock like lesion formation (Fig.4.1 C) with opaque edges and central depressed area of necrosis on the CAM as compared with the fresh uninfected CAM (Fig. 4.1 A). Haemorrhagic embryo and Stunting growth of the ILTV affected embryo were also observed by inoculation with field strains.







4.2. Screening of Respiratory viral pathogens using multiplex RT-PCR assay:
Viral DNA was extracted from 18 suspected chorioallantoic membranes (CAM) with the embryos showing gross lesions of infection (stunted growth of the embryo, haemorrhagic embryo, embryo mortality and pock like lesions on CAM). Then multiplex RT-PCR (mRT-PCR) was performed to identify the possible respiratory viral pathogens involved in the process. The mRT-PCR was optimized for identifying four viruses at a time. That is along with Infectious laryngotracheitis Virus (ILTV), Avian Influenza virus (AIV), Newcastle disease virus (NDV) and Infectious Bronchitis virus (IBV) was added. Throughout the optimization process of mRT-PCR, various modifications were made to the annealing temperature, extension time, cycle number, primer concentration and template dilutions. Finally, strong specific band was found at a template volume of 2 µl for RT amplification for 45 minutes, 30 cycles of PCR amplification, 560C annealing temperature while primer concentration was 10pmol/µl and total reaction volume was 20µl. The mRT-PCR products were visualized in gel electrophoresis where bands at 1023 bp indicates for AIV, 647 bp for ILTV, 320 bp for NDV and 149 bp for IBV infection (Fig. 4.2). The results obtained from the mRT-PCR assay are displayed in Table 4.2. 
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Fig 4.2.  1% Agarose Gel Electrophoresis of mRT-PCR amplified products of individual CAM + field samples. Here, Lane L, ladder (100 bp Marker); Lanes R16, R2, R3, R5, R20 and R65 are for field isolates; Lane N, negative control.  Here, band at 1023 bp is indicative of AIV, 647 bp for ILTV, 320 for NDV and 149 for IBV infection. 

4.3 Amplification of ICP4 gene of ILTV by PCR
[image: ]Fragment of ICP4 gene was amplified from genomic DNA extracted from individual positive CAM (CAM+) samples (which shows pock like lesions with embryonic abnormality) using the forward primer ICP4-F and reverse primer ICP4-R (Sadeghi et al.2011). In the PCR reaction, 3 samples amplified 687 bp fragments among the 18 positive CAM samples. The PCR for ILTV-ICP4 gene was optimized accordingly and the specific band was found at a template volume of 2 µl, 30 cycles of PCR amplification, 560C annealing temperature while primer concentration was 10 pmol/µl and total reaction volume was 20µl. Fragment length of the PCR products were verified by comparing with Sizer ®100 bp marker on 1% Agarose gel. The results of PCR identification of ILTV is shown in (Fig: 4.3). It is important to note that PCR positive filed samples (R3, R 12 and R 16) also showed positive bands in mRT-PCR where Thymidine Kinase (Tk) gene of ILTV was used for primer designing.  




	 



Fig 4.3.  1% Agarose Gel Electrophoresis of PCR amplified products of ICP4 gene of ILTV from individual CAM (+) filed samples. Here, Lane L1 and L2, ladder (100 bp Marker); Lane Cvac, cultivated vaccine isolate (Positive control); R 16, R12, R3 field isolates; Lane N, negative control.  



Table 4.1. Result of molecular detection of ILTV infection. After Initial viral cultivation in CAM route, DNA samples from suspected CAMs were screened by multiplex PCR followed by ICP4 gene specific PCR assay.
	Total Field Samples
	Samples showing gross lesions in the embryos
	Molecular detection of respiratory viral infections from chicken embryos (N=18)

	
	
	Technique
	ND
	ILT
	AI
	ILT+ND
	IB+ND

	ND + AI
	ILT+ND+IB
	No Band

	100
	18 
	mRT-PCR  screening
	3
	1
	1
	1
	4
	1
	1
	6

	
	
	ILTV-ICP4 PCR assay
	3





4.4. Overall distribution of the ILTV infection identified in the present Study
The present study was not designed for production of epidemiological data; therefore the associated risk factors for ILTV infection were not determined. Percent prevalence of ILT was identified to be 3% (Table 4.2) where both commercial layer farms and Broiler breeder farms were affected. Besides, other viral infections like ND, AI and IB was found to be involved with similar clinical presentation and bird mortality.  

Table 4.2. Distribution of ILT infection detected in the present study
	Farm




	Flock Type




	Flock Size



	Breed




	Age of Flock



	History
Of ILT
Vaccination
	Samples collected



	Gross lesions  in CAM route 
	mRT-PCR Screening for respiratory viruses
	Specific PCR for ILTV  (ICP4)  samples


	A
	Commercial Layer
	3000
	Shevar -579
	9 wks
	+
	6
	5 
	ILT, ND, IB 
	2 

	B
	Commercial Layer
	2500
	Shevar -579
	10wks
	+
	6
	
6
	ND, AI, IB 
	0

	C
	Broiler Breeder
	4000
	Cobb-500
	34 wks 
	+
	30
	6 
	ILT 
	1 

	D
	Commercial Layer
	2400
	Hi sex Brown
	40 wks
	-
	5
	0
	0
	0

	E
	Commercial Layer
	1200
	Hi sex Brown
	25 wks
	-
	5
	0
	0
	0

	F
	Commercial Layer
	2200
	White leghorn
	35 wks
	-
	10
	0
	0
	0

	G
	Commercial Layer
	1500
	White leghorn
	54 wks
	-
	5
	0
	0
	0

	H
	Commercial Layer
	550
	Hi sex Brown
	16 wks
	-
	3
	0
	0
	0

	I
	Broiler Breeder
	3500
	Cobb-500
	40 wks
	+
	30
	1 
	IB 
	0

	
	
	
	
	
	
	
	
	
	

	
	Total
	
	
	
	
	100
	18
	
	3 (3%)

	
	
	
	
	
	
	
	
	
	








4.5 Identification of nucleotide bases according to chromatogram peak
After sequencing of the representative PCR product, the quality of the sequence was assessed manually for each nucleotide.  Fig 4.4 represents an example of partial chromatogram of R 3sequences. 



[image: ]















Fig. 4.4.  Partial chromatogram of the sequence of  PCR product (R3). Where red, black, green and blue peaks indicate nucleotide bases T, G, A and C respectively.









4.6. GC content of obtained sequences
The GC content of the sequenced product was calculated by using the genomatrix tools. It was found that in three sequences of filed isolates (R3, R12, R16) the percentage of GC was comparatively more than percentage of AT which is comparable with the sequence of control vaccine isolate (Cvac) (Table 4.3)

Table 4.3 GC and AT content of obtained sequences of field isolates and vaccine isolate
	Isolate number 
	Total bases 
	A 
	T 
	G 
	C 
	Percentage of 
GC 

	R 3
	722
	180
	147
	193
	208
	55.02%

	R 12
	695
	171
	142
	180
	202
	54.96%

	R 16
	727
	189
	144
	185
	204
	53.88%

	C Vac 
	718
	174
	151
	188
	205
	54.74%



4. 7. GenBank accession number of submitted sequences
The sequences derived were later submitted to GenBank databases for accession number. The sequences were accepted with the following GenBank accession number as shown in Table 4.4. The sequences obtained from the field isolates had very few variation among them (Fig. 4.5) and GenBank considered these variations to be resulted from base call error during sequence reading.  Therefore GenBank accepted only one accession number for all the three field isolates and another one for vaccine isolate.  
Table  4.4: Accession number provided by GenBank
	Isolate number 
	Isolate Type 
	GenBank Accepted Accession N0.

	R 3, R 12, R 16
	Field Isolates
	KC576525

	C Vac 
	Vaccine Isolate
	KC576526





























Fig. 4.5. The snapshot from Jalview site showing variations in the ICP4 gene nucleotide sequences among the obtained field isolates. Here first and last 50 nucleotides of all rows   indicate base call errors during sequence reading and therefore excluded for consideration. 









4.8 NCBI BLAST analysis
4.8.1 NCBI BLAST analysis of vaccine isolates (Cvac)
The sequence data were used to conduct non-redundant BLASTN analysis to characterize the ILTV vaccine isolates that was used in the present study.  The BLASTN analysis revealed that nucleotide sequence of isolate Cvac (GenBank: accession no. KC576526) was 100% similar with that of the sequence of chicken embryo origin (CEO) ILTV vaccine Nobilis ® (Intervet) having GenBank: accession no. FJ477351. This result confirms the validity of the positive control used in this study as the same vaccine was cultivated by CAM route inoculation. Besides, the BLASTN hits showed 100% similarity with some filed isolates of Gallid herpesvirus 1 (ILTV) from BRAZIL (Sequence ID. FJ477378, FJ477374, FJ477379, FJ477376 and FJ477375). The results of 100% sequence similarity are presented in table 4.5.  Snapshot view (Fig 4.6) represents the graphic summary of 119 blast hits on the query sequence KC576526 where Fig 4.7 shows the sequence producing significant alignment with distinct GenBank accession numbers. Moreover, a snapshot (Fig 4.8) exhibits the similarity of sequence of GenBank: accession no. KC576526, with the sequence of GenBank: accession no FJ477351.
















Table 4.5. BLASTN hits shows 100% similarity of the sequence of vaccine isolate (Cvac) with other sequences in GenBank database.  
	GenBank Accession No.

	Gallid herpesvirus 1 (ILTV) isolates ICP4 partial cds

	Query coverage

	Base  Length (Bp)

	E Value

	Maximum Identity


	KC576526.1

	BD-Vaccine isolate 
	100%

	681

	0

	100%

	FJ477378.1

	ILTV/USP 64/Brazil
	92%

	628

	0

	100%

	FJ477374.1

	ILTV/USP 52/Brazil
	92%

	628

	0

	100%

	FJ477379.1

	ILTV/USP 65/Brazil
	90%

	616

	0

	100%

	FJ477376.1

	ILTV/USP 59/Brazil
	90%

	616

	0

	100%

	FJ477375.1

	ILTV/USP 57/Brazil
	90%

	616

	0

	100%

	FJ477351.1

	CEO vaccine Nobilis-ILT 
	90%

	616

	0

	100%



	




 












Query ID: KC576526.1|
Description: Gallid herpesvirus 1 isolate Serva ICP4 (ICP4) gene, partial cds (Vaccine Isolate Cvac)
Molecule type: Nucleic acid
Query Length: 681
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Fig.  4.6:  The graphic summary of 119 blast hits on the query sequence, KC576526. The red color indicates 100 percent similarity between the query sequence and those already Submitted in the GenBank database.
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Fig. 4.7.   The sequence producing significant alignment with GenBank accession no. KC576526. The topmost hits were all Gallid herpesvirus 1 hits and 100 percent similar to our sequence of vaccine isolate (Cvac).  
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Fig 4.8.   The similarity of sequence of Gen Bank: accession no KC576526 (Vaccine isolate) with that of GenBank: accession no.  FJ477351 (CEO vaccine Nobilis); alignment shows 100 percent match between two sequences.








4.8. 2. NCBI BLASTN analysis of ILTV field isolate  
BLASTN analysis using sequences derived from field isolates (GenBank accession no. KC576525) revealed that it has 99% similarity with that of previously reported Gallid herpesvirus- 1 isolates of CEO vaccine strains (GenBank accession no. JN580317.1, JN580316.1, JN580313.1 and JN804827.1), field isolates form Australia (JN804827.1 and JN804826.1), China (JN969099.1 and JN969097.1), and live attenuated vaccine strains (JQ083493.2 and HQ630064.1) which is shown in table 4.6.  Pairwise alignment with Nobilis CEO Vaccine isolate (FJ477351) also showed 99% similarity with nucleotide base gaps in 3 positions.  Besides, 97% similarities observed with field isolates from China and Bostos strains from Brazil (Fig.4.10). Several snapshots (Fig. 4.9) representing the graphic summary of 144 blast hits on the query sequence and the sequence producing significant alignment with distinct GenBank accession number (Fig.4.10) is given below. 
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Fig. 4.9.  The graphic summary of 100 blast hits on the query sequence KC576525. The red color indicates 100 percent similarity between the query sequence and those already submitted in the GenBank data.






























Fig.4.10. The sequence producing significant alignment with distinct GenBank accession number KC576525.1. The topmost hits were all ILTV CEO vaccine isolates and were 100 percent similar to our filed sequence. 

Table 4.6. Table shows some top similarities to the sequence of Bangladeshi field isolate (CVASU-1); GenBank AC. No. KC576525 with other sequences from GenBank Database through Blast search.
	GenBank Accession No.
	Query Coverage
	Gallid herpesvirus 1 (ILTV) isolates ICP4 partial cds
	Base  Length (Bp)
	E Value
	Maximum Identity

	KC576525.1
	100%
	ILTV/CVASU-1
	708
	0
	100%

	JN580317.1
	95%
	ILTV/strain CEO/Low  passage
	679
	0
	99.12%

	JN580316.1
	95%
	ILTV/ strain CEO/High passage
	679
	0
	99.12%

	JN580313.1
	95%
	ILTV/Strain CEO-TRVX (USA)
	679
	0
	99.12%

	JN804827.1
	95%
	ILTV/Strain CL 9 (Australia)
	679
	0
	99.12%

	JN804826.1
	95%
	ILTV/Strain ACC78 (Australia)
	679
	0
	99.12%

	JN969100.1
	95%
	ILTV /strain Jiang-2011(China)
	679
	0
	99.12%

	JN969099.1
	95%
	ILTV /Anhui-2011 (China)
	679
	0
	99.12%

	JN969097.1
	95%
	ILTV /Jiangsu-2011-2 (China) 
	679
	0
	99.12%

	JQ083493.2
	95%
	ILTV /vaccine LT Blen
	679
	0
	99.12%

	HQ630064.1
	95%
	ILTV /live attenuated Serva
	679
	0
	99.12%

	HM230784.1
	95%
	ILTV / CEO vaccine strain Merial 
	679
	0
	99.12%

	HM230784.1
	95%
	ILTV / CEO Nobilis ®Intervet
	679
	0
	99.12%

	KC576526.1
	96%
	BD  ILT vaccine Serva
	683
	0
	98.68%
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Fig. 4.11. Pairwise alignment between Bangladesh field isolate KC576525 and Nobilis CEO vaccine isolate FJ477351 shows 99% similarity with nucleotide base Gaps in 3 positions and 1 SNPs (Single Nucleotide polymorphism).





4.9. Evaluation of genetic variations of Bangladeshi field isolate (KC576525) with Vaccine isolates (KC576526) and closely related sequences 
The 687 bp long target fragments of ICP4 gene that was amplified by PCR, revealed genetic variation and polymorphism among sequences of vaccine and field isolates as well as with previously reported sequences to a minute extent (Table 4.7). Here, the TCO vaccine strain and reference field strains of ILTV shows almost identical results where CEO origin and live attenuated vaccines show distinct deletion of 12 nucleotides (CGGCCCAAGACG). This absence of the nucleotides permits easily discriminate CEO vaccine from TCO strain and field isolates. Both fragments of ICP4 gene from vaccine isolates and field isolates of Bangladesh showed much similarity with the CEO vaccine strains. The CEO strains and Bangladeshi field isolate both showed the absence of above specified 12 nucleotides coding four amino acids: alanine-alanine-glycine-aspartate in the analyzed fragment of 687-bp (table 4.7); therefore it can be postulated that the live CEO vaccines might have acted as the source of field infection in Bangladesh. Single nucleotide polymorphism was observed in nucleotide position 632 both in the field and vaccine isolates of ILTV from Bangladesh (Table 4.7). Besides, 3 more nucleotide was found to be present in the field isolates at 638-640 which were absent in vaccine isolates. A snapshot from Jalview site showed the alignment similarity of the target fragments from various sequences (fig. 4.12). A pairwise sequence alignment also compares the vaccine and filed sequences of Bangladesh (fig. 4.13)













Table  4.7.  Variation in the ILTV -ICP4 gene nucleotide sequences at different nucleotide sites among reference sequences as well as sequence of vaccine and filed isolate of Bangladesh. Here the targeted fragment of ICP4 gene sequences of USDA (EU104909), TCO vaccine strain (EU104908), Strain 1874C5 (JN542533), Live attenuated vaccine (Serva) strain (HQ630064), ILTV strain-Jiang (JN969100), CEO-high egg passage vaccine (JN580316) and CEO-low egg passage vaccine (JN580317) were considered as reference sequences while sequence of vaccine isolate of Bangladesh (KC576526) and CVASU-1 ILTV field isolate of Bangladesh (KC576525.1) was considered as query sequences. Target fragments of all the sequences retrieved from GenBank were aligned using CLUSTALW alignment software to find out the variations in nucleotide position.
	Isolates
	Nucleotide in Position (ICP 4 gene) From  position 180-867

	
	92
	93
	94
	95
	96
	97
	98
	99
	100
	101
	102
	103
	258
	276
	416
	434
	632
	638
	639
	640
	644
	663

	USDA
Ref. Strain
	C
	G
	G
	C
	C
	C
	A
	A
	G
	A
	C
	G
	G
	A
	C
	-
	G
	-
	-
	-
	C
	A

	TCO Vac. Strain
	C
	G
	G
	C
	C
	C
	A
	A
	G
	A
	C
	G
	G
	A
	C
	-
	G
	-
	-
	-
	C
	A

	Strain 1874 (USA)
	C
	G
	G
	C
	C
	C
	A
	A
	G
	A
	C
	G
	G
	G
	A
	G
	A
	-
	-
	-
	C
	A

	Live Atn.  Serva vaccine strain
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	G
	-
	-
	-
	C
	A

	Strain Jiang
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	G
	-
	-
	-
	C
	A

	CEO Vaccine High Egg passage
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	G
	-
	-
	-
	C
	A

	CEO low egg passage Vaccine
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	G
	-
	-
	-
	C
	A

	BD-Vaccine isolate
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	G
	-
	-
	-
	C
	A

	BD Field isolate
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	A
	A
	C
	-
	A
	G
	C
	A
	M
	M



Note;  (-)= deletion; Blue Box= Nucleotide polymorphism; Red box= novel insertion ambiguity); M= A or C 
























Fig: 4.12. Snapshot from  Jalview site showing similarity between targeted fragment of ICP4 gene sequences of USDA reference strain (EU104909), TCO vaccine strain (EU104908), Strain 1874C5 (JN542533), Live attenuated vaccine (Serva) strain (HQ630064), ILTV strain-Jiang (JN969100), CEO-high egg passage vaccine (JN580316) and   CEO-low egg passage vaccine (JN580317) as well as vaccine isolate of Bangladesh (KC576526) and CVASU-1 ILTV field isolate of Bangladesh (KC576525.1). Here, the yellow box indicates the deletion site which discriminates between the CEO vaccine and TCO/field strains. 





























Fig. 4.13. Pairwise alignment shows variation in between the sequence of vaccine isolate (KC576526.1) and field isolate (KC576525.1) of ILTV from Bangladesh.






4.10. Genetic interrelationship of obtained ICP4 gene sequences
Dendogram tree depicted a genotypic variation of ICP4 gene sequences KC576526.1 and KC576525.1 shown in (Fig. 4.14). It can be clearly noticed that the ICP4 gene sequences of the vaccine and the field isolate of Bangladesh are very closely related as they fall under the same branch of the phylogenic tree. Other members of the same branch are mostly CEO vaccine and ILT live attenuated vaccines. Besides, field isolates of USA (JN 542533), Brazil (JN 543523) and China (JN 969100, JN 969097) are also related to the sequences attained in this study (Fig. 4.13). The TCO vaccine strains and USDA reference strain sequences are found distantly related as they are placed in different branch. The Indian field isolates EF660072, EF660074 etc and the strain Jiang (JN 969100) are most distantly related.
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Fig.4.14
 
The genetic interrelationship of Bangladeshi isolates and previously published reference sequences of ILT inferred from Phylogenetic tree constructed by average distance analysis method using BLOSUM62 with Jalview software. The sequences were aligned using CLUSTALW and tree was edited using TreeGraph2.
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CHAPTER V

DISCUSSION

Infectious larygotracheitis (ILT) is an important infectious disease of chickens caused by Infectious larygotracheitis virus (ILTV), a member of the genus Gallid herpesvirus 1 (GaHV-1) belonging to the family Herpesviridae (Roizman, 1982). Similar to other respiratory infections, it is responsible for severe clinical illness including respiratory distress, dyspnoea, gasping, coughing, expectoration of bloody mucus, high mortality and production loss (Albicker-Rippinger and Hoop, 1998). To date ILT has been identified in most of the countries around the world and remains a serious disease for commercial poultry farming (Biggs, 1982). Poultry in Bangladesh is a fast growing industry in the livestock sub-sector of agriculture and one of the very important sources of animal protein for the people of the republic. Despite of having enormous potentiality, this industry has been seriously threatened by the emergence of several infectious diseases during the past few years and particularly, highly transmissible viral infections are causing extensive mortality in commercial poultry flocks with the consequence of great economic damage to the farmers. Among the viral infections, recent emergence of highly pathogenic avian influenza (HPAI) has taken the scenario to an excruciating level (http://www.who.int/mediacentre/ factsheets/avian_ influenza/en/). ILT also has been documented as a persistent endemic infection in developed countries (Guy and Garcia, 2008). Despite improved biosecurity and vaccination programs in recent years, the disease continues to emerge in the field on a regular basis in the intensive poultry farms (Kerr, 2010). In earlier years several reports have been published on severe epizootic forms of ILT. However in recent years , sporadic outbreaks  of ILT in broiler flocks have been identified as an emerging problem in several countries including Australia (Critchley, 2004; Wells, 2004; Defour-zavala , 2008; Davison et al.,2005).In 2007 and 2008 , a series of ILT outbreaks were reported in commercial layer and broiler flocks , predominantly in victoria (Kirkpatrick et al., 2009).  In Bangladesh, very few studies have been conducted yet on the detection of ILTV in commercial chicken flocks although it has been suspected in many commercial farms based on gross pathological lesions (Masuduzzaman, personal communication). Islam et al., (2010) have isolated and characterized infectious larygotracheitis (ILT) virus from commercial farms of Gazipur District. Besides, Chakma et al., (2010) successfully optimized the standard PCR based amplification of thymidine kinase (Tk) gene for the rapid detection of infectious larygotracheitis virus from commercially available vaccines. However, until now no comprehensive study has been conducted in Bangladesh focusing on the genetic characterization of the local ILTV isolates and the probable sources of this infection. Therefore, the present study was designed to isolate the infectious larygotracheitis virus (ILTV) from suspected birds showing clinical respiratory symptoms and to determine the presence of infection using conventional virological methods and molecular techniques. As ILT is considered to be an emerging disease in Bangladesh the gene sequencing and bioinformatic analysis were also applied to find out the probable sources of this infection. The present study was not designed for production of epidemiological data, so the samples were collected randomly from flocks where suspected outbreaks of respiratory viral infection were reported. The associated risk factors for ILTV infection were also not determined under this study.
Viral diseases such as Avian influenza (AI), Newcastle disease (ND), and infectious bronchitis (IB) present similar clinical signs and lesions to ILT, therefore, confirmatory diagnosis of ILT infection must be assisted by laboratory methods (OIE, 2008). Multiple diagnostic methods such as isolation and serological tests are required for detecting and differentiating several viral respiratory infections. However, these isolation and culture methods are time consuming and labor intensive. Molecular methods, such as DNA probes, polymerase chain reaction (PCR) and single tube multiplex reverse transcription-polymerase chain reaction (mRT-PCR) have been used for rapid detection of avian pathogens with a very high level of sensitivity (Alexander et al., 2000; Ali et al, 2000 and Schnitzlein et al., 1995). The multiplex PCR has the ability to amplify and differentiate multiple specific nucleic acids. Previous studies have successfully applied the mRT-PCR techniques to distinguish four common avian viruses like ILTV, IBV, NDV, and AIV at a time in a single assay (Rashid et al., 2009; Huang and Wang 2008).  Considering the above facts and also that as they produce same lesions as ILT in chicken embryos like, dwarfing of the embryos  and haemorrhagic embryos found in IB (http://www.infectious-bronchitis.com/laboratory-tests-ib.asp) and embryonic death within 24 to 96 hours of post-inoculation found in ND and AI (Spackman et al., 2003 and Woolock, 2008), in our case we have also applied the mRT-PCR technique to detect and differentiate the IBV, NDV, and AIV the three common respiratory infections found in Bangladesh, from ILTV. 

The samples, lungs and upper respiratory tract, for this study were collected from the dead birds with suspected gross lesions. All the birds were collected from nine different poultry flocks having clinical history of respiratory illness. Out of 100 samples viral inoculums from eighteen (18) produced characteristic gross lesions (stunted growth of the embryo, haemorrhagic embryo, embryo mortality and pock like lesions on CAM) in the embryonated eggs at 7 day post-inoculation. Burnet (1934) stated that embryo mortality due to ILTV occurs within 2-12 days post-inoculation. The gross lesions on CAM recorded in this study were similar to Calnek et al. (1997). After initial cultivation of viruses in the embryos multiplex RT-PCR was performed to identify the viruses involved in the infection. Out of the 18 only 12 samples showed either single or mixed (with two or three viruses) infections involving avian influenza virus (AIV), Newcastle disease virus (NDV), infectious bronchitis virus (IBV) and infectious laryngotracheitis virus (ILTV). Among them, only 3 samples were found to be positive for ILTV along with other infections. Subsequently, all the three samples were subjected to ILT specific PCR assay which again showed positive results for ILTV. Therefore, the percent prevalence of ILT among the suspected respiratory infections was considered to be 3%. Several investigators studied the prevalence and incidence, pathology, immunity, propagation and diagnosis of ILTV (Oldoni et al., 2009; Pavlova et al., 2009; Crespo et al., 2007; Bagust et al. 2000 and Hughes et al., 1991) with similar results. There are two clinical forms of ILT; the severe epizootic form of the disease spreads rapidly and cause high morbidity (90–100%) with mortality varying from 5% to 70% averaging between 10-20% (Hinshaw et al., 1931; Seddon & Hart, 1935). On the other hand, mild enzootic forms of ILT observed in the intensive poultry producing areas of Europe, Australia, New Zealand and the United States presented morbidity as low as 5% and a mortality between 0.1-2% (Raggi et al., 1961). Besides, sporadic cases occur in all classes of birds which are typically vaccinated against ILT and sporadic cases are often related to errors in vaccine application (Hidalgo, 2003).  In this study ILTV was detected in the samples from the farms where the birds were vaccinated against ILT indicating a possibility of errors in vaccine application. 
For the confirmatory diagnosis of ILTV infected cell protein 4 (ICP4) gene was used to amplify in PCR reaction.  Multiple genes and regions such as infected cell protein 4 (ICP4), Thymidine kinase (TK), glycoprotein G (gG) and glycoprotein E (gE) genes has have been successfully utilized for PCR-RFLP assay to differentiate ILTV isolates (Creelan et al., 2006; Garcia and Riblet, 2001; Kirkpatrick et al., 2006). Although the differentiation by PCR-RFLP was shown to be efficient in discriminating ILTV isolates in many countries, these approaches included simultaneous amplification of several genes and the need for viral propagation for amplification of fragments bigger than 2 kbp (Neff et al., 2008; Oldoni and Garcia, 2007). On the other hand, DNA sequencing has more discrimination potential and may reveal possible evolutionary and recombination events, as well as other avian pathogens. The efficacy of amplification and sequencing of the ICP4 gene for characterization and differentiation of TCO (Tissue culture origin) and CEO (Chicken embryo origin) vaccine strains and field isolates of ILTV was successfully proven (Chacon et al., 2009). The ICP4 gene plays a role in regulation of gene expression early in infection and commonly used in epidemiological studies in order to know the origin of the strain involved in outbreaks (Chacon et al., 2009)  

In the present study amplification and sequencing of a specific 687 bp fragment of the ICP4 gene was conducted using previously reported primer set which has been successfully applied for efficient differentiation between field isolates and attenuated vaccine strains (Sadeghi et al., 2011). The 687-bp fragment sequence of the vaccine isolates (Cvac) (GenBank Ac. No. KC576526) which has been used as positive control revealed absence of 12 nucleotides (from position 92-103) which was also common for other CEO vaccines strains (e.g. CEO high and low passage, live attenuated Serva strain, etc.). This deletion of 12 nucleotides coding for about four amino acids permit easy discrimination between CEO vaccines from TCO strains and field isolates (Chacon et al., 2009). This is noteworthy that the field isolate (CVASU-1) (GenBank Ac. No. KC576525)  was also lacked in those nucleotides indicating that there remains no discrimination between filed strain and CEO vaccine strains. This result leads to the fact that the infection might have originated from vaccine strains used for vaccination. 

BLASTN search for the sequence fragment of vaccine isolate (GenBank Ac. No. KC576526) from Bangladesh showed 100% homology with the sequence of CEO vaccine strain utilized by the Nobilis ILT from Intervet®. This result represents the accuracy of positive control and the precision of the test results. Besides the BLAST search also showed 100% relevance with some field isolates of ILTV from Brazil. On the other hand BLASTN search for the field isolate of ILTV (GenBank Ac. No. KC576525) showed close resemblance (99.12% homology) with that of the CEO vaccine strains and some filed isolates from China, USA, Brazil and Australia. The accession no. obtained for the field isolate showed 98.68% resemblance with the sequence of Nobilis ILT vaccine (CEO) strain. Pairwise alignment of the sequence of Bangladeshi field isolate showed variation in only 4 nucleotides with that of known vaccines.

The phylogenic tree constructed by BLOSUMS 62 average distance measurement method demonstrated that both the sequence of Vaccine (KC576526) and field isolate (KC576525) remain in the same branch of the tree along with other CEO vaccine strains. Also there shows close resembles with several sequences of field outbreaks from different regions of the world. The reference filed sequences from USA and TCO vaccine strain remain in comparatively distant branch of the dendogram. Sequences of field outbreak in India render completely distant branch in the tree which indicate that the Indian field isolates and Bangladeshi field isolates are not related and not influenced by the geographical distribution.  

Usually two types of ILT live attenuated vaccines have been widely used to control the disease; the vaccines attenuated by serial passages in embryonated eggs, the chicken embryo origin CEO (Samberg et al., 1971); and the vaccine generated by multiple passages in tissue culture origin (TCO) (Gelenczei and Marty, 1964). In many countries, the attenuated vaccines are associated with some negative effects, such as the capacity to infect non vaccinated birds, reversion of virulence and production of latently infected carrier birds (Guy et al., 1991; Hughes et al., 1991; Kotiw et al., 1995). In addition, CEO vaccine related virus strains were frequently isolated from severe ILT outbreaks (Neff et al., 2008; Oldoni and Garcia, 2007; Oldoni et al., 2008). In Bangladesh, for controlling ILT, commercial poultry raisers are using ILT vaccine imported from abroad without any concern of the local isolates/serotypes of ILTV or without confirming the causal agent of the disease. Vaccine associated problems occur when vaccine is administrated incorrectly and/or chick’s immune system cells are affected by immunosuppressive viral diseases such as infectious bursal disease, reticuloendotheliosis, chicken infectious anaemia, mycotoxicosis, and synchronized with other respiratory infections (Jordan,1993). So, vaccination fails to provide immunity to most birds in a flock, and biosecurity measures fail to prevent spread of vaccine viruses to unvaccinated flocks (Guy et al., 1991; Fulton et al 2000). Factors influencing protection after vaccination with modified live (ML) viruses include the age and health of the host, the route of vaccination, the tropism and the dose of the vaccine viruses (Jordan 1993).  The present study clearly demonstrates that the mortality associated with the ILTV infection might have been influenced by the vaccination. Previous studies confirmed that most ILTV outbreaks were shown to be closely related to CEO vaccines and only a few outbreaks were related to the TCO vaccine (Oldoni and Gracia, 2007; Oldoni et al., 2008). In this study the ILTV were identified in only those flocks where there was previous record of ILT vaccination (Nobilis; Intervet) show this fact in the result chapter. CEO vaccine isolates persist in long lived bird operations and spill-over broiler populations (Davison et al., 2005). Moreover, particularly the CEO vaccines can easily revert to virulence after bird-to-birds passage (Guy et al., 1991) or after reactivation from latency (Hughes et al., 1991). Once vaccine strains have been introduced in the field, the identification of ILTV strains is difficult because of the antigenic and genomic homogeneity of the vaccines and field viruses (Guy and Bagust, 2003). This study has successfully characterized the genome of field isolate of ILTV in Bangladesh using the selected fragment of ICP4 gene. No distinct difference was obtained between the field isolate and vaccine isolate which suggest that the outbreaks were vaccine originated. The PCR amplification and sequencing of ICP4 gene revealed a single nucleotide polymorphism and 3 insertions in different positions in the field sequence. These traits of the field isolate should be rigorously evaluated with replication and further analysis. This might lead to better understanding of the origin of the virus involve in outbreaks or typing the virus strain circulating among the farms.  



CHAPTER VI

CONCLUSION

The aim of the present study was to optimize PCR based molecular detection and characterization of Infectious Laryngotracheitis Virus in commercial poultry flocks of Bangladesh. In this study ICP4 specific PCR protocol was successfully optimized and revealed Infectious Laryngotracheitis virus (ILTV) from clinical respiratory cases. Genomic characterization of ICP4 gene from field isolation of ILTV revealed that the infection was originated from the live attenuated Chicken embryo origin (CEO) vaccine strain. Phylogenetic analysis also demonstrated close resemblance with different vaccine viruses rather than the field isolates from neighbouring countries. Thus, It can be concluded that, Introduction of chicken embryo originated (CEO) live vaccines might have caused the clinical illness in commercial flocks. Further investigation is required to find out the possible risk factors involve in such infection.
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Fig 1. A glimpse of activities performed in Lab. A) Preparation of Antibiotic Solution; B) Candling of Egg to detect the viability of embryo at 10-11 day old;               C) Making a hole through Air sac route. D) Chopping of suspected CAM sample before DNA extraction; E) Addition of Lysis buffer to Chopped CAM sample;                   F) Vortexing of CAM sample in eppendorf tube; 

LOCUS       KC576525       708 bp    cRNA    linear   VRL 20-APR-2013
DEFINITION  Gallid herpesvirus 1 isolate ILT/Bangladesh/2012/CVASU-01 ICP4        (ICP4) gene, partial cds.
ACCESSION   KC576525
VERSION     KC576525.1  GI:478733438
KEYWORDS    .
SOURCE      Gallid herpesvirus 1 (Infectious laryngotracheitis virus)
ORGANISM    Gallid herpesvirus 1
Viruses; dsDNA viruses, no RNA stage; Herpesvirales;           Herpesviridae;
            Alphaherpesvirinae; Iltovirus.
REFERENCE   1 (bases 1 to 708)
AUTHORS   Das,S., Ripa,R.N., Islam,M.S., Alim,M.A., Das,A. and
            Kamaruddin,K.M.
TITLE     Molecular Claracterization of Infectious Laryngotracheitis   
            Virus from Vaccine and field Isolates of  
            Bangladesh
  JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 708)
AUTHORS   Das,S., Ripa,R.N., Islam,M.S., Alim,M.A., Das,A. and
            Kamaruddin,K.M.
TITLE     Direct Submission
JOURNAL   Submitted (05-FEB-2013) Department of Molecular Biology and Genetics, Aarhus University, Blichers Alle  20, Tjele  8830, Denmark
COMMENT     ##Assembly-Data-START##
            Sequencing Technology :: Sanger dideoxy sequencing
            ##Assembly-Data-END##
FEATURES             Location/Qualifiers
     source          1..708
                     /organism="Gallid herpesvirus 1"
                     /mol_type="viral cRNA"
                     /isolate="ILT/Bangladesh/2012/CVASU-01"
                     /host="Gallus gallus"
                     /db_xref="taxon:10386"
                     /country="Bangladesh"
                     /collection_date="2012"
     gene            <1..>708
                     /gene="ICP4"
     CDS             <1..>708
                     /gene="ICP4"
                     /codon_start=1
                     /product="ICP4"
                     /protein_id="AGJ51145.1"
                     /db_xref="GI:478733439"
                     /translation="TDSFSYSTPPLFSSEDELFHSVIAENAAQDVDGREMSLRDLIAM
                     LNDMDPENINSIEPCPNATSDVVALDINVDTDQPGVYTVIDSLAHPCETPMEQQHVEC
                     PCPLPAVEKTTAVRRQEVVRKSERVARSRSRRAMARSLSNRRPVPSPQRTSKDRLPKR
                     GKREFSKKMGPSHLTSSSSSSSSSFSLSGRRGRLARRLESAGSEKSARASXDRDSAXL
               VLPGECPDAPCNKARVNY"

ORIGIN      
1   actgatagct tttcgtacag cacgccacct cttttttcca gcgaggacga    gctctttcac
61  tctgtcatcg ctgagaatgc ggcccaagac gtggacgggc gagaaatgtc tctccgcgac
121  cttatagcga tgttaaacga catggatccc gaaaacataa actctataga accgtgtccg
      181 aacgctacca gtgatgtcgt ggcactagat attaacgtgg ataccgatca gcccggagtt
      241 tatacagtca tcgactcgct cgcacatccc tgcgaaactc ccatggagca gcagcacgtt
      301 gaatgcccgt gtccattacc tgcagtagag aaaacaaccg ctgtgaggcg tcaagaagtg
      361 gtgaggaagt cagagagagt ggccagatct cgttcgcgac gcgccatggc gcgatctttg
      421 agcaaccggc gccccgtccc ttcgccgcag aggaccagca aagaccgtct ccccaagcga
      481 gggaagaggg aattttcgaa gaagatgggc ccgagccacc ttacctcttc ctcctcttcc
      541 tcctcttcct cattctcgct gtcagggagg aggggacgtc tcgcccgaag gctggaaagc
      601 gcgggaagtg aaaaatccgc cagagcaagc mccgaccggg actctgcccm attagtgcta
      661 cctggagaat gtcccgatgc cccatgtaat aaggcgcgtg tgaactac
//

Fig 2. GenBank accession no. (KC576525) of  ICP 4 gene specific field isolate (CVASU-01)of ILTV.





















LOCUS       KC576526        681 bp    cRNA    linear   VRL 20-APR-2013
DEFINITION  Gallid herpesvirus 1 isolate Serva ICP4(ICP4)gene, partial cds
ACCESSION   KC576526
VERSION     KC576526.1  GI:478733440
KEYWORDS    .
SOURCE      Gallid herpesvirus 1 (Infectious laryngotracheitis virus)
ORGANISM    Gallid herpesvirus 1
Viruses; dsDNA viruses, no RNA stage; Herpesvirales;    Herpesviridae;
            Alphaherpesvirinae; Iltovirus.
REFERENCE   1  (bases 1 to 681)
AUTHORS     Das,S., Ripa,R.N., Islam,M.S., Alim,M.A., Das,A. and
            Kamaruddin,K.M.
TITLE       Molecular Claracterization of Infectious Laryngotracheitis                                 Virus from Vaccine and field Isolates of Bangladesh
JOURNAL     Unpublished
REFERENCE   2  (bases 1 to 681)
AUTHORS     Das,S., Ripa,R.N., Islam,M.S., Alim,M.A., Das,A. and
            Kamaruddin,K.M.
TITLE       Direct Submission
JOURNAL    Submitted (05-FEB-2013) Department of Molecular Biology and
Genetics, Aarhus University, Blichers Alle 20, Tjele 8830,    Denmark
COMMENT     ##Assembly-Data-START##
            Sequencing Technology :: Sanger dideoxy sequencing
            ##Assembly-Data-END##
FEATURES             Location/Qualifiers
     source          1..681
                     /organism="Gallid herpesvirus 1"
                     /mol_type="viral cRNA"
                     /isolate="Serva"
                     /isolation_source="CAM Pok lesion (vaccine virus in chick
                     embryo)i"
                     /db_xref="taxon:10386"
                     /country="Bangladesh"
                     /collection_date="20-Sep-2012"
                     /note="live attenuated virus"
     gene            <1..681
                     /gene="ICP4"
     CDS             <1..681
                     /gene="ICP4"
                     /codon_start=1
                     /product="ICP4"
                     /protein_id="AGJ51146.1"
                     /db_xref="GI:478733441"
                     /translation="DRLSYSTPPLFSSEDELFHSVIAENAAQDVDGREMSLRDLIAML
                     NDMDPENINSIEPCPNATSDVVALDINVDTDQPGVYTVIDSLAHPCETPMEQQHVECP
                     CPLPAVEKTTAVRRQEVVRKSERVARSRSRRAMARSLSNRRPVPSPQRTSKDRLPKRG
                     KREFSKKMGPSHLTSSSSSSSSSFSLSGRRGRLARRLESAGSEKSAESPDRDSAQLVL
                     PGECPDAA"
ORIGIN      
        1 gataggcttt cgtacagcac gccacctctt ttttccagcg aggacgagct ctttcactct
       61 gtcatcgctg agaatgcggc ccaagacgtg gacgggcgag aaatgtctct ccgcgacctt
      121 atagcgatgt taaacgacat ggatcccgaa aacataaact ctatagaacc gtgtccgaac
      181 gctaccagtg atgtcgtggc actagatatt aacgtggata ccgatcagcc cggagtttat
      241 acagtcatcg actcgctcgc acatccctgc gaaactccca tggagcagca gcacgttgaa
      301 tgcccgtgtc cattacctgc agtagagaaa acaaccgctg tgaggcgtca agaagtggtg
      361 aggaagtcag agagagtggc cagatctcgt tcgcgacgcg ccatggcgcg atctttgagc
      421 aaccggcgcc ccgtcccttc gccgcagagg accagcaaag accgtctccc caagcgaggg
      481 aagagggaat tttcgaagaa gatgggcccg agccacctta cctcttcctc ctcttcctcc
      541 tcttcctcat tctcgctgtc agggaggagg ggacgtctcg cccgaaggct ggaaagcgcg
      601 ggaagtgaaa aatccgccga aagccccgac cgggactctg cccaattagt gctacctgga
      661 gaatgtcccg atgccgcatg a
//

Fig  3. GenBank accession no. (KC576526) of ICP 4 gene specific vaccine isolate of ILTV.









Table 1: Commercially available Viral Gene-spin TM ; iNtRON® Viral DNA/RNA purification kit
	Contents
	Quantity

	Binding buffer
	40 ml

	Lysis buffer (composed with high concentration of guanidium salt)( Intron ® Biotech)
	30 ml

	Washing buffer A
	30 ml

	Washing buffer B (40ml of absolute ethanol was added before use)
	10 ml

	Elution Buffer
	20 ml

	Spin Columns 
	50 columns

	Collection tubes 
	50 pieces



Table 2 : Composition Of TAE Buffer
	Tris-acetate-EDTA (TAE) buffer (50x)
	 For 1000 ml

	Tris base	
	242 gm

	EDTA	
	100 ml (0.5 M)

	Acetic acid (pH 8.5 ± 0.2)
	52.4 ml

	Distilled deionized water
	to make1000ml
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Query 22 CCACCICTTTTTICCAGCGAGGACGAGCTCTTICACICIGICATCGCTGAGAATGCGGCC 1
T
Shjet 1 CCACCICTTTTTICCAGCGAGGACGAGCTCTTICACICTGICATCGCTGAGAATGCGGCC 60

Query 82  CAAGACGTGGACGGGCGAGAAATGICICICCGCGACCTTATAGCGATGTTARACGACATG 141
I
Shjct 61  CAAGACGTGGACGGGCGAGARATGICICICCGCGACCTTATAGCGATGTTARACGACATG 120

Query 142 GATCCCGAAAACATAAACTCTATAGAACCGIGICCGAACGCTACCAGTGATGICGIGECA 201
I
Shjct 121 GATCCCGARRACATARACTCTATAGAACCGIGICCGAACGCTACCAGTGATGICGIGECA 180

Query 202 CTAGATATTAACGTGGATACCGATCAGCCCGGAGTTTATACAGICATCGACTCGCICGCA 261
I
Sbjct 181 CTAGATATTAACGTGGATACCGATCAGCCCGGAGTTTATACAGICATCGACTCGCICGCA 240

Query 262 CATCCCTGCGAAACTCCCATGGAGCAGCAGCACGTTGAATGCCCGIGICCATTACCTGCA 321
I
Shjct 241 CATCCCTGCGARACTCCCATGGAGCAGCAGCACGTTGAATGCCCGTGICCATTACCTGCA 300

Query 322 GTAGAGAAAACAACCGCTGTGAGGCGICAAGAAGTGGTGAGGAAGTCAGAGAGAGTGRCC 381
DU
Shjct 301 GTAGAGAAAACAACCGCTGTGAGGCGICAAGAAGTGGTGAGGAAGTCAGAGAGAGTGRCC 360

Query 382 AGATCICGTICGCGACGCGCCATGGCGCGATCTTTGAGCAACCGGCGCCCCGICCCTICE 441
LU
Sbjct 361 AGATCICGTICGCGACGCGCCATGGCGCGATCTTIGAGCAACCGGCGCCCCGICCCTICE 420

query 442 s01
spiee 421 ae0
Query 502 s61
spjee 481 40
Query s62 21
spiee 541 500

Query 622 AGCCCCGACCGGGACT 637
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Shiet 601 AGCCCCGACCGEGACT
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‘Gl nerpesyirs 1 srain Bastos solste ILTV/rexil 20030USF-08 ICP4 (1CP4) gene, parisl oie
Gl nerpesyins 1 isolte ILTV/Bresil2003/USP-A7 infected cell potein 4 (1CP4) gene, parisl oos
Gl nerpesyirs 1 isolte ILTV/Bresil2003/USP-A4 infected cell potein & (1CP4) gene, paril cos
‘Gl nerpesyirs 1 isolte ILTV/Bresil2003/USP-AE infected cell potein 4 (1CP4) gene, paril oos
‘Gl nsrpesyins 1 isolte ILTV/Brezil2004/USP-45 infected cell potein 4 (1CP4) gene, parisl oos
‘Gl nerpesyins 1 isolte ILTV/Bresil2003/USP-A8 infected cell potein 4 (1CP4) gene, paril oos
Gl herpesyirs 1 sirsin TCO vaesine LTLIVAX ICE4 (1CP4) gene, paril ois

‘Gl nerpesyins 1 isolte ILTV/Bresil2004/USP-32 infected cell ptein 4 (1CP4) gene, paril cos
‘Gl nsrpesyirs 1 isolte ILTV/Brezi2007/USP-58 infected cell potein & (1CP4) gene, paril coe
‘Gl nerpesyins 1 isolste ILTV/Bresil2004/USP-41 ICP& ICE4) gene. parial otz

‘Gl nerpesyins 1 isolste ILTV/Brezil2004/USP-35 CP4 ICE4) gsne. parisl otz

‘Gl nerpesyins 1 isolste ILTV/Bresil2004/USP-38 (CP& ICE4) gsne. prial otz

‘Gl nerpesyins 1 isolste ILTV/Brezil2004/USP-25 CP& ICE4) gene. parial otz

‘Gl nerpesyirs 1 srain Bastos solste LTV/rexil 20030USP-26 ICP4 (1CP4) gene, parisl ois

‘Gl nerpesyirs 1 srain Bastos solste LTV/rexil 20030USP-25 ICP4 (1CP4) gene, parisl oie
‘Gl nerpesyirs 1 srain Bastos solste LTV/Erexil 20030USP-22 ICP4 (1CP4) gene, parisl oie
‘Gl nerpesyirs 1 srain Bastos solste LTV/rexil 20030USP-20 ICP4 (1CP4) gene, parisl ois
‘Gl nerpesyirs 1 srain Bastos solste LTV/Brezil 20030USP-13 ICP4 (1CP4) gene, parisl oie
‘Gl nerpesyirs 1 sirain Bastos solste LTV/Brezil 20020USP-12 ICP4 (1CP4) gene, parisl oie
‘Gl nerpesyirs 1 srain Bastos solste LTV/rezil 20030USF-04 ICP4 (1CP4) gene, paril oie
Gl nerpesyirs 1 isolte ILTV/Brezil2008/USP-68 infected cell potein 4 (1CP4) gene, paril oos
‘Gl nerpesyirs 1 isolte ILTV/Bresil2003/USP-A 1 infected cell potein 4 (1CP4) gene, paril cos
‘Gl nerpesyins 1 isolte ILTV/Bresil2003/USP-AE infected cell ptein 4 (1CP4) gene, paril cos

Gl herpesyins 1 isolste ILTV/Peru2008/USP-61 ICP& (ICE4) gsne. parisl otz

‘Gl nerpesyirs 1 srain Bastos solste LTV/Erexil 20030USF-03 ICP4 (1CP4) gene, parisl oie
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Gallid herpesvirus 1 strain CEO vaccine Nobilis-ILT ICP4 (ICP4) gene, partial cds
Sequence ID: gblFJ477351.1| Length: 1306 Number of Matches: 1

Range 1: 1t 616 GenBank Graphics
Score. Expect  Identities Gaps Strand

1120 bits(606) 0.0 615/619(99%) 3/619(0%) Plus/Plus.

Query 25  CCACCICTTTTTICCAGCGAGGACGAGCTCTTICACICIGICATCGCTGAGAATGCGGCC 84
T
Shjet 1 CCACCICTTTTTICCAGCGAGGACGAGCTCTTICACICTGICATCGCTGAGAATGCGGCC 60

Query 85 CAAGACGTGGACGGGCGAGAAATGICICICCGCGACCTTATAGCGATGTTARACGACATG 144
I
Shjct 61  CAAGACGTGGACGGGCGAGARATGICICICCGCGACCTTATAGCGATGTTARACGACATG 120

Query 145 GATCCCGAAAACATAAACTCTATAGAACCGIGICCGAACGCTACCAGTGATGICGIGECA 204
I
Shjct 121 GATCCCGARRACATARACTCTATAGAACCGIGICCGAACGCTACCAGTGATGICGIGECA 180

Query 205 CTAGATATTAACGTGGATACCGATCAGCCCGGAGTTTATACAGICATCGACTCGCICGCA 264
I
Sbjct 181 CTAGATATTAACGTGGATACCGATCAGCCCGGAGTTTATACAGICATCGACTCGCICGCA 240

Query 265 CATCCCTGCGAAACTCCCATGGAGCAGCAGCACGTTGAATGCCCGIGICCATTACCIGCA 324
I
Shjct 241 CATCCCTGCGARACTCCCATGGAGCAGCAGCACGTTGAATGCCCGTGICCATTACCTGCA 300

Query 325 GTAGAGAAAACAACCGCTGIGAGGCGTCAAGAAGTGGTGAGGAAGTCAGAGAGAGTGRCC 384
DU
Shjct 301 GTAGAGAAAACAACCGCTGTGAGGCGICAAGAAGTGGTGAGGAAGTCAGAGAGAGTGRCC 360

Query 385 AGATCICGTICGCGACGCGCCATGGCGCGATCTTTGAGCAACCGGCGCCCCGICCCTICE 444
LU
Sbjct 361 AGATCICGTICGCGACGCGCCATGGCGCGATCTTIGAGCAACCGGCGCCCCGICCCTICE 420

Query 445 S04
spiee 421 ae0
Query 505 s6s
spjee 481 40
Query 565 A 624
HHHHHH\\HHHHHHHHHHHHHHHHH\HHHH i}
spiee 541 GA 599
Query 625

IR
Shict 600 --AAGCCCCGACCGGGACT 616
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USDA-strain/EU104909.1/1- 657
TCO-vaccine/EU104908.4/1-657
stin. 2374C5/1.657
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CE0-highs1-675
Ceo-lows2-675

0T Vaccine/CS76526.2/1-672
CVASU-Bangisdesn/2- 675

Consensus

USDAstr3infEU09909.1/1-657
TCO-vaccine/EU 104908 4/1- 657
stein. 2974C5/1.657

sain-Jisng chins_INSE5100.1/2-675

CE0-highs1-675
Ceo-lows2-675

0T Vaccine/CS76526.2/1-672
CVASU-Bangisdesn/2- 675

Consensus

USDAstr3infEU09909.1/1-657
TCO-vaccine/EU 104908 4/1- 657
stein. 2974C5/1.657

sain-Jisng chins_INSE5100.1/2-675

CE0-highs1-675
Ceo-lows2-675

0T Vaccine/CS76526.2/1-672
CVASU-Bangisdesn/2- 675

Consensus

243 GccaGAGTTTATAcGGTcafcaacTicacicacacafcccfacaanaciicccafiacaccaccaceacaficanficcccalaficcaffacciiccaciacacanaacaaccaciaiicacacal e
203 GECCGGAGTTTATACGGTCATCGACTICGCT CaCACAT CCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCGT ¥

203 GECCGGAGTTTATACGGTCATCGACTICGCT CaCaCATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCGT 26
231 GECCGGAGTTTIATIACAGTCATCGACTICGCT CaCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCG 35
231 GECCGGAGTTTIATIACAGTCATCGACTICGCT CaCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCG 35
231 GECCGGAGTTTIATIACAGTCATCGACTICGCT CaCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCG 35
231 GECCGGAGTTTIATIACAGTCATCGACTICGCT CaCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCG 35
228 GECCGGAGTTTIATIACAGTCATCGACTICGCT CaCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGTTGAATIGCCCGTGTICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCGT 24
231 GECCGGAGTITATIAC AGTICATCGACTICGCTCGCACATCCCTGCGAAACTCCCATIGGAGCAGCAGCACGITGAATIGCCCGRGTICCATTACCTGCAGHAGAGAAAACAACCGCTGTGAGGCGT:S:

GCCCGGAGTTTATACAGT CATCGACT CGCTCGCACATCCCT GLGAAACT CCCAT GGAGCAGCAGCACGTTGAAT GCCCGT T CCATTACCT GCAGT AGAGAAAACAACCGCT GTGAGGCGT

364 CARGAAGTIGGTGAGGAAGTICAGAGAGAGTGGCCAGATICTCETICGCaACGEGCCaTaGCacaATCTITG - AGCAACCGGCACCCCaTcCCTICGCCaCAGAGGACCAGTARAGACCATICHC
364 CAAGAAGT GGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCaTGGCACGATCTTTG - AGCAACCGGCGCCCCGTCCCTTCGCCaCAGAGGACCAGTARAGACCGTCTCAs:
368 CAAGAAGT GGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGG - CCaTGGCACATCTTTGGAGCAACCGGCGCCCCGTCCCTTCGCCaCAGAGGACCAGTARAGACCGTCTCAs:
352 CAAGAAGTGGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCATGGCACGATCTTTG - AGCAACCGGCACCCCGTCCCTTCGCCCAGAGGACCAGTARAGACCGTCTCAT
352 CAAGAAGTGGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCATGGCACGATCTTTG - AGCAACCGGCGCCCCGTCCCTTCGCCaCAGAGGACCAGTARAGACCGTCTCAT
352 CAAGAAGTGGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCATGGCACGATCTTTG - AGCAACCGGCGCCCCGTCCCTTCGCCaCAGAGGACCAGTARAGACCGTCTCAT
352 CAAGAAGTGGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCATGGCACGATCTTTG - AGCAACCGGCGCCCCGTCCCTTCGCCaCAGAGGACCAGTARAGACCGTCTCAT
345 CAAGAAGTGGIIGAGGAAGTICAGAGAGAGT GGCCAGAT CTICGTTCGCGACGCGCCATGGCACGATCTTTG - AGCAACCGGCGCCCCGTCCCTTCGCCGCAGAGGACCAGTARAGACCGTCTCAS
352 CAAGAAGTGGTIGAGGAAGTICAGAGAGAGTGGCCAGATCTICGTTCGCGACGCGCCATGGCGCGATCITTG - AGCAACCGGCGCCCCGTCCCITCGCCGCAGAGGACCAGCARAGACCTCTC AT

CAAGAAGTGGTGAGGAAGT CAGAGAGAGT GGCCAGATCTCGTTCGCGACGCGCCAT GRCGCGATCTTT G- AGCAACCGACGCCCCATCCTTCaCCGCAGAGGACCAGCARRGACCGT CTC

494 CCCARGCGAGGGAAGAGGGAATITTTICGAAGAAGATGGGCCCaAGECACCITACCTCTTCclccllcicc]ccRcilccicaTcilcacilalcacaaAaaAGGGaACGTCTICaCCCGARGECE M-
498 CCCAAGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCTCCTCTTCCTCATTCTCGCTGNCAGGGAGGAGGGGACGTCTCGCCCGARGEE -
498 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCTCCTCTTCCTCATTCTCGCTGNCAGGGAGGAGGGGACGTCTCGCCCGAAGEE d-
471 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCICCTCTTCCTCATTCTCGCTGNCAGGGAGGEAGGGGACGTCTCGCCCGAAGECSD;
472 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCICCTCTTCCTCATTCTCGCTGNCAGGGAGGAGGGGACGTCTCACCCGARGECSD;
472 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCICCTCTTCCTCATTCTCGCTGNCAGGGAGGAGGGGACGTCTCACCCGARGECSD;
472 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTITACCTCITCCTCCTCTTCCICCTCTTCCTCATTCTCGCTGICAGGGAGGAGGGGACGTCTCACCCGARGECSD;
465 CCCARGCGAGGGAAGAGGGAATTTTCGAAGAAGATIGGGCCCaAGCCACCTTACCTCITCCTCCTCTTCCTCCTCTTCCTCATTCTCGCTGNCAGGGAGGAGGGGACGTCTCaCCCGARGEE e
472 CCCARGCGAGGGAAGAGGGAATTITCGAAGAAGATIGGGCCCaAGCEACCITACCTCITCCTCCICITCCTCCRCINCCTCATTCTCGCTGNCAGGGAGGEAGGGEACGTCTCECCCGAAGECSD;
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USDAstr3infEU104909.1/1-657 1 AcTs ATAGCTTITCGTIACAGC ACGCCACCTICTITITTICCAGCGAGG ACG AGCTICTTTICACTCTGTIcATccTlAG AATIGCG6C ARG ACGCEECCCAAGACGTIGGACE6GCaAGAAATIGH 121
TCO-vaccine/EU104908.4/1-657 1 ACTIGATAGCTTTTCGTACAGCACGCCACCTCTTTTTTCCAGCGAGGACGAGCTCTTTCACTCTGTCATCGCTGAGAATGCGGCCCARGACGCGGCCCAAGACGTGGACGGGCGAGAAATGT 121
stin. 2374C5/1.657 1 ACTIGATAGCTTTTCGTACAGCACGCCACCTCTTTTTT CCAGCGAGGACGAGCTCTTTCACTCTGTCATCGCTGAGAATGCGGCCCARGACGCGGCCCAAGACGTGGACGGGCGAGAAATGT 121
sain-iang chins_ INSE5100./2.675 1 ACTGATIAGCTTTTICGTACAGCACGCCACCTCTTTTTTCCAGCGAGGACGAGCTCITTCACTCTIGTCATCSCTGAGAATSCS GCCCAAGACGTGGACGGGCGAGAAATGT 105 =
1 ACTIGATAGCTTTTCGTACAGCACGCCACCTCITTTITTCCAGCGAGGACGAGCTICITTCACTCTGT CATICGCTGAGAATGCE GCCCAAGACGTGGACGEGCGAGARATGE 105
CE0-highs1-675 1 ACTGATAGCTTTTCGTACAGCACGCCACCTCTTTTTTCCAGCGAGSACGAGCTCTTTCACTCTGTCATCGCTGAGAATGCS GCCCAAGACGTGGACGEGCGAGARATGE 105
Ceo-lows2-675 1 ACTIGAT AGCTTTTCGTACAGCACGCCACCTCTTTTTTCCAGCGAGGACGAGCTCTTTCACTCTGTCATCGCTGAGAATGCS GCCCAAGACGTGGACGEGCGAGARATGE 103
0T Vaccine/CS76526.2/1-672 1 GATAGGCTTTCGTACAGCACGCCACCTCTTTTTTCCAGCGAGSACGAGCTCTTTCACTCTGTCATCGCTGAGAATGCS GCCCAAGACGTGGACGGGCGAGARAT G106
CVASU-Bangisdesn/2- 675 1 ACTIG AT AGCTTTTCGTACAGCACGCCACCTCTTIITTCCAGCGAGSACGAGCTICIITCACTCTGTCATCGCTGAGAATGCS GCCCAAGACGTGGACEGGCGAGARATGE 105

conmas —

ACTGATAGCTTTTCGTACAGCACGCCACCTCTTTTTTCCAGCGAGGACGAGCTCTTTCACTCTGT CATCGCT GAGAAT GCGGCCCAAGACGCEGCCCAAGACGT GAACGGGCGAGARATGT

vonsmievomosanesy i CRCRCcacaaccRATaccaATGTAnaCaaCATssATICCCanAnCATARACTCTATIAG AncCaTiaTcCanncacTaccasTioaTicTicaTioscacTacaTafancaTcaaTaccaaficas
70 vaind U003 12,657 131 CTCTCCOCGACCTTATIAGCGATGTTAAACGACATGGATCCCGAAAACAT AAACTCTATAGAACCGTGTCCGAACGCTACCAGTGATGTCGTGGCACT AGATATTAACGT GG AT ACCGATCA LS
Sin 574512657 122 CTCTCCGCGACCTTAT AGCGATGTT AAACGACATGGATCCCGAAAACAT AAACT CTATIAGAACCGTGTCCGAACGCT ACCAGTGATGTCGTGGCACTAGAT ATTAACGTGGAT ACCGATICAZSE
in Jors ehi N3 100372675 130 CTCTCCGCGACCTTAT AGCGATGTTAAACGACAT GG ATCCCGAAAACATAAACT CTATAGAACCGTGTCCGAACGCTACCAGTGATGTCGTGGCACTAGAT ATTAACGTGGATACCGATICAZID

10 CTCTCCGCGACCTTATAGCGATGTTAAACGACATGGATCCCGAAAACAT AAACT CTATIAGAACCGT T CCGAACGCTACCAGTGATGTCGTGGCACTAGATATTAACGTGGATACCGATICAZID

CE0-highs1-675 110 CTCTCC6CGACCTT AT AGCGATGTTAAACGACATGGATCCCGAAARCAT AAACTICT AT AGAACCGTGTICCGAACGCTACCAGTGATGTCGTGGCACTAGAT ATTIAACGTGGAT ACCGATCAZI0
Ceo-lows2-675 110 CTCTCC6CGACCTT AT AGCGATGTTAAACGACATGGATCCCGAAARCAT AAACTICT AT AGAACCGTGTICCGAACGCTACCAGTGATGTCGTGGCACTAGAT ATTIAACGTGGAT ACCGATCAZI0
0T Vaccine/(CE76526 /1672 107 CRCTICCGCGACCTTATAGCGATGTTIAAACGACATGGATICCCGARAACAT ARACTCT ATIAGAACCGTIGTCCGAACGCT ACCAGTGATGTCGTGGCACT AGATIATT AACGT GG AT ACCGATCALIT

CVASU-Bangisdesn/2- 675 110 CRCTCC6CGACCIT AT AGCG AT GTTAAACGACATIGGATCCCGAAAACAT AAACTICTIAT AGAACCGTGTICCGAACGCTACCAGTGATGTCGTGGCACTAGATATTAACGTGGATACCGATCAZI0

orenas _

CTCTCCGCGACCTTATAGCGAT GT T ARACGACAT GGATCCCGAARACAT ARACT CTATAGAACCGT T CCGAACGCT ACCAGT GATGTCGTGGCACT AGATATT ARCGT GGAT ACCGAT CA

USDAstr3infEU09909.1/1-657 243 6cccosAGTTTAflAcasTicafcaacTicscicacacaficcciiscaanaciicccallscaccascae acsiifsaaflscccaliaficc aTTaccioc acTacacaaaC AnccacTisTiGaasCass
TCO-vaccine/EU 104908 4/1- 657 243 GCCCGGAGTTT AT ACGGT CATCGACTICGCTCGCACATCCCTGCGARACTCCCATIGGAGCAGCAGCACGTTGAATGCCCGTGTICCATT ACCTGCAGTIAGAGARAAC AACCGCTGTGAGGCGT 383
stein. 2974C5/1.657 243 GCCCGGAGTTT AT ACGGT CATCGACTICGCTCGCGCATCCCTGCGARACTCCCATIGGAGCAGCAGCACGTTGAATGCCCGTGTICCATTACCTGCAGTIAGAGARAACAACCGCTGTGAGGCGT 383
sin-isng chins_INSE100.1/2. 675 231 6CCCGGAGTTT ATIACAGT CATICGACTCGCTCGCACATCCCTGCGAAACTICCCATGGAGCAGCAGCACGTTGAATGCCCGTGTCCATT ACCTIGCAGT AGAGAAAACAACCGCTIGTGAGGCGT 351

231 GECCGGAGTTTATACAGTCATCGACTICGCT CGCACATCCCTGCGAAACTCCCATIGGAGCAGCAGEACGTTGAATGCCCGTGICCATTACCTGCAGIAGAGAAAACAACCGCTGTGAGGCGT 51

CE0-highs1-675 231 GCCCEGAGTTTAT ACAGTCATCGACTICGCT CGCACATCCCTGCGARACTCCCATIGGAGCAGCAGCACGTTGAATGCCCGTGTCCATTACCTGCAGTAGAGARAACAACCSCTGTGAGGCGT 351
Ceo-lows2-675 231 6CCCEGAGTTTATACAGTCATCGACTICGCTCGCACATCCCTGCGARACTCCCATIGGAGCAGCAGCACGTTGAATGCCCGTGTICCATTACCTGCAGTAGAGARAACAACCGCTGTGAGGCGT 351
0T Viccine/(C76526 /1672 125 GECCGGAGTTTIAT ACAGTIC ATCGACTCGCTCGCACATCCCTGCGARACTCCCATGGAGCAGCAGCACGTTGAATIGCCCGTIGTCCATTIACCTGCAGTAGAGAARAC ARCCGCTGTGAGGCGT 3
CVASU-Bangisdesn/2- 675 231 GCCCGGAGTITATAC AGTICATCGACTICGCTCGCACATCCCTGCGARACTCCCATIGGAGCAGC AGCACGITGAATIGCCCGTGTCCATTACCTGCAGTIAGAGARAACAACCSCTGTGAGGCGT 351

orenas _

GCCCGGAGTTTATACAGT CATCGACT CGCTCGCACATCCCT GLGAAACT CCCAT GGAGCAGCAGCACGTTGAAT GCCCGT T CCATTACCT GCAGT AGAGAAAACAACCGCT GTGAGGCGT
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P
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P
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P
GTAGAGAAAACAACCGCTGTGAGGCOTCAAGAAGTGGTGAGGAAGT
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