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ABSTRACT 

Infectious laryngotracheitis (ILT) is an upper-respiratory disease of poultry of worldwide 

distribution. The disease is caused by infectious laryngotracheitis virus (ILTV), a 

member of the family Herspesviridae, is characterized by acute respiratory signs, and is 

common in areas of intense poultry production. Currently, the main method of control of 

the disease is by vaccination with live attenuated vaccines. In ovo vaccination is a highly 

effective mass of vaccination commonly utilized in the United States, and is 

characterized by reduced costs in labor associated with high protective index of the 

chickens. In an effort to enable in ovo vaccination with ILTV, attenuation of the virus by 

deletion of genes associated with virulence has been performed. Recently, a recombinant 

ILTV depleted of open reading frame C (ORF C) gene induced protection similar to that 

of the TCO vaccine when delivered via eye drop in three week old SPF chickens. The 

objectives of this study are to evaluate the attenuation and protection efficacy of a 



	

recombinant ∆ORF C ILT virus when delivered in ovo in the absence and presence of 

maternally derived antibodies; and to evaluate the protection efficacy of the recombinant 

∆ORF C virus when administered singly via in ovo, spray, or nasal-oral, and when 

administered in ovo followed by either spray or nasal-oral routes at eight-days of age in 

commercial layers. The results of this work indicate that the ∆ORF C recombinant virus 

is capable of eliciting protection against ILT in chickens, however is still not sufficiently 

attenuated for in ovo vaccination; the protection efficacy of ∆ORF C recombinant virus 

was affected by maternally derived antibodies; and priming by in ovo immunization with 

∆ORFC was essential to elicit a strong protective response to ILTV challenge. 
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CHAPTER 1 

INTRODUCTION 

 

Infectious Laryngotracheitis virus (ILTV) is a highly contagious and 

economically significant avian alphaherpesvirus, genus Iltovirus, species Gallid 

Herpesvirus 1 (GaHv-1) and causative agent of infectious laryngotracheitis (ILT), an 

upper respiratory tract infection that may result in severe production losses due to 

mortality, decreased egg production and weight-gain. The virus has a limited host range. 

Natural infections are restricted to galliform birds. It is most commonly described as an 

infection of chickens, although there are reports of natural infections in pheasants, 

peafowl and partridges (5, 10). Experimental (61) and natural (44) infections were 

reported in turkeys. Quail and guinea fowl, as well as non-galliform birds and mammals 

are refractory to infection, (6, 54).  

In addition to biosecurity measures, the main method to control the disease is 

through mass vaccination with live-attenuated vaccines or recombinant viral vector 

vaccines. Live-attenuated vaccines originated from virulent field strains that circulated 

during the late 50’s to early 60’s in the United States and have been attenuated by 

sequential passage in embryonated eggs (chicken embryo origin [CEO]) (50) and cell 

culture (tissue culture origin [TCO]) (22). Live attenuated vaccines are preferred in many 

vaccination programs against ILT due to the rapid onset of immunity, conferring partial 

protection against challenge by three to four days post exposure, and complete protection 
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after one week (27, 30). High levels of protection occur between 15 and 20 weeks post-

vaccination, with degree of protection varying over the year. Early studies have 

demonstrated that revaccination may improve the protection levels against ILTV (28), as 

the infectivity of the vaccine virus might be neutralized, preventing viral replication in 

the host (4, 14, 65). These two live-attenuated vaccines can stimulate a strong and lasting 

immune response, however, side effects such as the ability to transmit and infect non-

vaccinated birds (49) and establishment of latency in the trigeminal ganglia (60) and 

trachea (3) of carrier birds have been attributed to these vaccines. It is speculated that the 

selections of vaccine subpopulations aided by poor mass vaccination, particularly with 

CEO vaccines, have contributed to the persistence of vaccine-derived strains in the field 

(2, 20, 21, 41). Subsequently, these vaccine strains have the potential to revert to higher 

levels of virulence through recombination events with other strains of ILTV (31), or as a 

result of consecutive passages in chickens, vaccine strains (23, 40) become source of ILT 

outbreaks (34). In the case of the CEO vaccine strain, 10 consecutive passages in SPF 

chickens caused severe respiratory disease and mortality, whereas 20 consecutive 

passages of TCO vaccine strain chickens caused mild respiratory reaction in SPF 

chickens (23). Worldwide, CEO vaccine-related strains have been frequently isolated 

from severe ILT outbreaks (9, 36, 38-40, 64), while outbreaks related to TCO 

immunizations are fairly rare (40, 55). 

To avoid introducing live attenuated virus in the field, especially in areas where 

ILT challenge is not considerable, recombinant viral vector vaccines have been 

developed using the fowl poxvirus (FPV) expressing the ILTV glycoprotein B (gB) and a 

membrane associated protein (UL32) (11); and the turkey Herpesvirus (HVT) vector 
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expressing the ILTV glycoproteins I (gI) and D (gD) (25). Both vaccines are 

commercially available in the United States. The hallmark of these recombinant vaccines 

is their safety, as they do not transmit from vaccinated to non-vaccinated chickens (1) and 

can be administered in ovo (29). It has been experimentally demonstrated that 

recombinant viral vector vaccines reduce clinical signs of ILTV but fail to prevent 

challenge virus shedding, whereas live attenuated vaccines are quite effective in reducing 

clinical signs of the disease and viral shedding (13, 29, 56).   

In an effort to improve the control of ILT, deletion of non-essential genes 

related to virus virulence has been pursued in order to develop more stable, Live 

attenuated strains. Twenty individual genes have been successfully removed from 

ILTV genome resulting in recombinant viruses with a wide range of growth defects in 

vitro (15, 35, 42, 43). Among the twenty gene-deleted ILTV recombinants generated, 

only eight have been evaluated in vivo for their level of attenuation and their 

protection efficacy. The mutants contain individual gene deletions such as the UL0 

gene, encoding for a nuclear protein of unknown function (57); UL 23 gene, encoding 

for thymidine kinase (17, 24, 53); UL50, encoding for dUTPase (17, 24, 53); US4 gene, 

encoding for glycoprotein G (12); US5 gene, encoding for glycoprotein J (16, 35); 

UL44 gene, encoding for glycoprotein C (42); UL47 gene, encoding for a tegument 

protein (26) and open reading frame C (ORF C), encoding for a protein of unknown 

function (19). Growth kinetic analysis has indicated that the deletion of genes 

encoding for UL0, thymidine kinase, dUTPase, glycoprotein G, glycoprotein J, 

glycoprotein C, tegument protein and open reading frame C were non-essential for 

virus replication in cell culture (15, 19, 35, 42, 43). Attenuation of the gene deleted 
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recombinants in chickens showed that the UL50 (17) and UL44 (42) gene-deleted 

recombinants preserved some degree of virulence, while ORF C (19), Us4 (gG) (12), 

UL47 (tegument protein) (26), UL23 (thymidine kinase) (24), UL0 (nuclear protein) 

(57), and US5 (gJ) (16) gene deleted recombinants presented moderate to marked 

degrees of attenuation. 

The ILTV genome contains a cluster of five ORFs (A-E) located at the 5’end 

of its genome, ranging from 334 to 411 residues, and unique to the genus Iltovirus. 

These ORFs have been successfully deleted from the ILTV genome and shown to be 

individually dispensable for viral replication in cell culture (58). However, 

recombinant viruses lacking three ORFs (A-C or ORFs C-E) exhibited significant 

growth defects in vitro, and attempts to generate an ILTV lacking all five unique ORFs 

was not successful. Although the precise functions of these ORFs remain unknown, it 

was concluded that ORFs A through E possess significant but redundant functions 

critical for virus replication (58). Among the ORFs that are not essential for 

propagation of the virus in vitro is the ORF C (58). The ORF C gene encodes a 

37.4kDa protein mainly localized in the cytoplasm with a small fraction localized to 

the nucleus of infected cells (58). Full genome analysis of the TCO vaccine strain 

revealed that the TCO ORF C gene contains a point mutation that introduces a 

premature stop codon, predicting that TCO expresses a truncated ORF C polypeptide 

(21). The ORF C sequence was deleted from the United States Department of 

Agriculture ILTV challenge strain (USDAch) through homologous recombination. 

The deletion of the ORF C gene from USDAch strain did not affected viral replication 

in vitro, although it has contributed to virus attenuation in vivo as indicated by lack of 
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tracheal pathology after intratracheal inoculation of SPF chickens. Protection efficacy 

after eye-drop vaccination with ∆ORF C virus was similar to that elicited by TCO 

vaccination (19).  

As mentioned above, some of the limitations in vaccination against ILTV are the 

poor coverage of mass vaccination methods, labor intense vaccination methods 

(individual application) and late onset of immunity elicited by recombinant viral vector 

vaccines. To minimize these problems and to optimize early onset of immunity in the 

chickens, in ovo vaccination has been considered. In ovo vaccination is a highly effective 

mass vaccination method that results in uniform coverage, fast delivery, reduction in bird 

handling, and lower costs when compared to other field vaccination methods (46). In 

addition, in ovo vaccination is widely used method for immunization of broilers and 

layers in the United States against Marek’s disease (MD) (18, 37, 59). Embryo 

vaccination against MD with the three serotypes  (MDV1, MDV2 or HVT) (63), a 

combination of serotypes 2 and 3 (SB1 + HVT) (7, 52, 62), or attenuated serotype 1 

(CVI-988) (47, 48) are considered safe and are commercially licensed MD vaccines for 

use in ovo have been commercially available in the US since 1992 (51). The advances in 

genetic engineering allowed for the construction of recombinant vaccines utilizing the 

HVT and fowl poxvirus (FPV) as vectors to express proteins of ILTV, Newcastle disease 

virus (NDV), infectious bursal disease virus (IBDV) and avian influenza virus (AIV) (1). 

The use of live attenuated virus for vaccination against respiratory disease is still 

limited for commercial in ovo vaccination, for instance, still restrained to experimental 

studies with a recombinant infectious bronchitis virus (IBV) and a recombinant NDV. 

The recombinant IBV was prepared through reverse genetics system, where the insertion 
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of IBV Beaudette strain`s spike protein in the IBV M41-CK strain (8) was considered 

safe and induced high protection (90%) post in ovo vaccination of SPF chickens. 

Furthermore, two recombinant NDV viruses have been engineered utilizing the parental 

NDV Clone 30 vaccine strain possessing alterations in the fusion (F) and hemagglutinin-

neuraminidase (HN), phosphoprotein (P), matrix (M), and large-RNA-dependent-RNA-

polymerase (L) genes. Although both recombinant NDV were not considered safe for in 

ovo vaccination, they induced 100% protective efficiency post challenge with a virulent 

NDV strain (45). Therefore, it is believed that the in ovo vaccination of chickens with 

recombinant live attenuated ILTV will elicit early immunity to ILT. In ovo vaccination 

with an ILTV lacking glycoprotein G (gG) has been reported as safe and efficacious for 

SPF chickens (32). Another ILTV recombinant lacking the glycoprotein J (gJ) was 

developed and applied in ovo resulting in high mortality in commercial broilers during 

the first week of age (33).  

Our hypothesis is that infectious laryngotracheitis virus attenuated by deletion of 

the ORF C gene (∆ORF C) is a safe and efficacious alternative for in ovo and/or early 

vaccination against ILTV in SPF and maternal antibody positive chickens. The first 

objective of this study was to evaluate attenuation and protection efficacy of the virus 

when administered in ovo in specific pathogen free (SPF) and commercial leghorn 

chicken embryos. The second objective was to evaluate the level of attenuation of the 

∆ORF C recombinant virus and its protection efficacy in commercial leghorn chickens 

after a prime immunization in ovo, followed by revaccination at eight days-of-age via 

spray or nasal-oral routes. 
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CHAPTER 2 

LITERATURE REVIEW 

 

VIRAL STRUCTURE, GENOME AND REPLICATION 

Infectious laryngotracheitis virus, the causative agent of the infectious 

laryngotracheitis disease (ILT), is taxonomically classified as Gallid Herpesvirus-1 

(GaHV-1), belongs to the family Herpesviridae, subfamily Alphaerpesvirinae, and genus 

Iltovirus. ILTV was considered the only virus of its genus for many years, until the 

Pstitacid Herpesvirus-1 (PsHV-1), the causative agent of a highly contagious upper 

respiratory and systemic disease in psittacines was also included within this genus (31, 

32, 100). 

Similar to Herpes Simplex Virus 1 (HSV-1), ILTV has an icosahedral viral 

particle with a hexagonal nucleocapsid (80-100 nm) composed of 162 elongated hollow 

capsomers, (29, 164). The diameter of the complete viral particle depends on the amount 

of incorporated tegument protein, which varies between 195-250 nm. An irregular 

envelope surrounds the nucleocapsid and contains viral glycoproteins on its surface (29, 

133).  

The ILTV genome is composed of a double stranded linear DNA with 

approximate size of 150–155 kb, containing 79 predicted open reading frames (ORFs) 

(50, 175), and consists of two regions designated Unique short (US) and Unique long (UL) 
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flanked by two 11 kb inverted repeats. This structure allows the formation of two 

isomers, each of them with a different oriented US region (71, 93). 

Due to genetic similarities between ILTV and other alphaherpesvirus, the 

designations for its ORFs and proteins have been largely adopted from the homologous 

genes and proteins of Herpes Simplex Virus-1 (HSV-1) genome (99), such as UL1 to 

UL54, US2 to US8 and US10, and 12 ORFs encoding homologous HSV-1 glycoproteins 

(gB, gC, gD, gE, gG, gH, gI, gJ, gK, gL, gN and gM) that control viral attachment and 

entry, cell fusion and viral egress. However the exact function and interactions of each 

glycoprotein have not been fully described. When compared to HSV-1, ILTV genome 

possesses unique features, for instance it possesses the UL 3.5 protein, of unknown 

function, also found in most alphaherpesvirus (42, 97), and lacks the capsid-associated 

virion protein UL16, which is conserved in most of Herpesviridae family (43). Five ORFs 

(A-E) of unknown function (157) and two unique genes both encoding for nuclear 

proteins UL0 and UL-1, (175). Furthermore, the translocation of UL47 (tegument protein) 

from UL to US region and the internal inversion of UL22 (envelope glycoprotein H [gH]) 

to UL44 (envelope glycoprotein C [gC]) genes due to a partial inversion of the UL region 

(148) reveal an important phylogenetic distance between Iltovirus and other avian 

herpesviruses. 

Envelope glycoproteins are responsible for mediating virus entry, cell fusion and 

virus egress (113, 145). In addition to their roles in host range and pathogenicity, the 

ILTV’s glycoproteins are immunogenic and responsible for stimulating humoral and cell-

mediated immune responses (172-174). Twelve glycoproteins homologous to those of 

HSV-1 have been identified in the ILTV genome and are designated gB, gC, gD, gE, gG, 
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gH, gI, gJ, gK, gL, gM and gN (148). The gB (118, 119), gC (78, 145), gN (44) and gJ 

(157) are characterized as functional HSV-1 homologues and identified in infected cells 

and virions, while the gG, a chemokine binding protein, is secreted from infected cells, 

and induces the recruitment of inflammatory cells to the site of infection (36, 84).  Based 

on antibody responses in chickens and monoclonal antibodies, the envelope glycoproteins 

gJ and gC have been characterized as the most immunogenic surface glycoproteins of 

ILTV (46, 158). 

Replication of ILTV appears to be similar to that of other alphaherpesviruses. The 

process initiates with the attachment of viral surface glycoproteins to the cell receptor and 

subsequent fusion of the viral and cell membranes. Most herpesviruses utilize heparan 

sulfate as their primary surface receptor. In general, the major glycoproteins involved in 

viral attachment of herpesviruses are gB and gC, which interact with the heparan sulfate 

at the cell membrane surface (133), however ILTV does not interact with heparan sulfate 

as its gC is shorter than that of HSV-1, lacking the heparan binding domain (30, 79). 

Although the cellular receptor responsible for ILTV infection is still not known, it is 

believed that gC promotes initial attachment through a different mechanism than that 

utilized by HSV-1. 

Following attachment, the virus initiates 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 to the 

nucleus, through nuclear pores, where transcription and replication of viral DNA occurs 

(50). According to a recent study, ILTV infection triggers the proto-oncogene tyrosine-

protein-kinase Src pathway, which results in prolonged survival of hepatocellular 
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carcinoma cells (LMH) and chicken embryo cells, whereas the suppression of Src 

enhanced viral virulence by making host cells more susceptible to ILTV-induced cell 

death, but limiting ILTV replication (95).  

Following DNA replication, DNA-filled nucleocapsid acquire an envelope by 

migration through the inner lamellae of the nuclear membrane, thereafter, the 

nucleocapsid acquires a final envelope structure with embedded ILTV glycoproteins in a 

second budding event, this time at the trans-Golgi region. After the second budding, the 

nucleocapsid migrates through the endoplasmic reticulum and is accumulated within 

vacuoles in the cytoplasm. Virions are released by cell lysis or by vacuolar membrane 

fusion and exocytosis (54-56, 103). 

In vitro, ILTV can replicate in a variety of cells, including chicken embryo liver 

cells (CEL), chicken embryo lungs, chicken embryo kidney (CEK), chicken kidney (CK) 

(20, 68, 79, 101). In a comparison of several cell culture systems, C. S. Hughes and R. C. 

Jones (68) found that chicken embryo liver (CEL) and chicken kidney (CK) cells were 

the preferred primary culture systems for ILTV isolation and propagation due to their 

sensitivity to virus isolation and higher yield in virus titers. ILTV also replicates in a 

continuous avian cell line derived from a chemically induced chicken liver tumor cell line 

named LMH (leghorn male hepatoma) (76). The LMH cell line has been instrumental in 

the construction of recombinant ILTV and for the study of cell-virus interactions (45). 

Additionally, ILTV can be propagated in the chorioallantoic membrane (CAM) of 

embryonated chickens eggs, usually infected at 9-11 days of embryonation. When 

replicating in the CAM, ILTV produces pox-like opaque plaques that result from necrosis 
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and proliferation of the affected cells. The plaques can be observed as early as 2 days 

post inoculation (PI) with embryo death occurring from 2-8 days PI (151). 

Based on their temporal expression during infection and their dependence on 

protein synthesis or DNA replication HSV-1 genes are identified as immediate-early (IE), 

early (E) and late (L) genes, (116). Immediate early gene products are expressed 

independently of de novo protein synthesis, therefore are not inhibited by cycloheximide 

(CHX), they function as transcription factors. Early genes are generally involved in viral 

DNA metabolism and replication, are dependent of de novo protein synthesis, and are 

inhibited when cells are treated with CHX. Late genes are partially or completely 

dependent on the replication of viral DNA and generally encode structural and other 

proteins involved in virion assembly. Late genes are inhibited by phosphonoacetic acid 

(PAA) (97, 116, 139). More recently transcription of 74 known ILTV genes in LMH 

infected cells was evaluated by reverse transcriptase PCR. Several of these genes are 

enzymes and DNA-binding proteins that regulate viral DNA replication, but most are 

viral structural proteins including capsid, tegument and envelope glycoproteins (97). 

There are evidences that, apart from a few genes (UL5, UL11, UL12 and UL17) that appear 

to have very low levels of expression, all other ILTV genes, including ORFs A-C and UL-

1 were detectable at the earliest time point of infection, with increasing expression 

through the progression of the infection, suggesting that transcription from most of the 

ILTV genes is leaky or subject to more complex patterns of regulation than those 

classically described for alphaherpesviruses (97). 

The genome of ILTV also encodes short RNAs (approximately 22 nt long) known 

as microRNAs. MicroRNAs are non-coding RNAs complementary to target messenger 
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RNA (mRNA), that affect gene expression by binding to the untranslated region (UTR) 

of the target mRNA transcript, resulting in mRNA degradation or translation inhibition 

(161, 171). Virus-host interactions in herpesviruses are characterized by long-term 

survival in latent stage. This demands sophisticated methods of survival without being 

detected by the innate and adaptive host immune systems. A total of seven precursor and 

10 mature microRNAs have been identified with the use of deep sequencing of small 

RNA populations from ILTV infected chicken embryo kidney (CEK) and LMH cells 

(124, 163). The miR-11-5p, miR-113p, mIR-12-5p, mIR-13-3p and mIR14-5p are located 

at the extreme 5` terminus of the genome, a region devoid of large ORFs, these 

microRNAs were not associated with any annotated ORFs (50, 171). One microRNA, 

miR-17-3p was mapped in the origin of replication (OriL) located near the binding site of 

the origin-binding-protein UL9. Four microRNA mir-16-3p, mIR-16-5p, mIR-15-3p and 

mIR-15-5p were mapped to the gene encoding the immediate early transcriptional 

activator protein ICP4. The specific roles of these microRNAs in silencing viral or host 

transcripts remains unknown. L. A. Waidner, et al. (162) demonstrates that ILTV`s mIR-

15 and miR-16 can down regulate the transcriptional activator ICP4 by direct binding and 

cleavage of ICP4 mRNA. Regulation of ICP4 could impact on the balance between lytic 

and latent stages of infection, as example of MDV, the latency associated transcript 

(LAT) is antisense to ICP4 and generally shows inverse levels of expression (15, 16). 

Full genome sequences for 27 strains of ILTV are available at the GenBank 

database, including vaccine strains and wild-type ILTV from Australia (88-90, 92), China 

(83), USA (19, 51, 144) and Italy (114). Full genome sequences of ILTV will further 
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advance our understanding of the disease epidemiology and emergence of strains and 

help in the identification of genes involved in virulence. 

 

PATHOGENESIS 

Infectious laryngotracheitis virus has been detected in most countries around the 

world and remains a serious disease wherever susceptible high-density poultry 

populations exist (9, 50). Restrictions in international trade can be imposed for ILT 

affected areas. 

Natural infections are restricted to galliform birds. It is most commonly described 

as an infection of chickens, although there are reports of natural infections in pheasants, 

peafowl and partridges (11, 28, 159). Experimental (167) and natural (117) infections 

were reported in turkeys. Sub-clinical infection and seroconversion have been reported in 

ducks infected through intratracheal and intranasal routes (170), while starlings, 

sparrows, crows, doves, pigeons and guinea fowl appear to be refractory to the infection, 

as well as non-galliform birds and mammals (12, 140).  

ILTV causes an acute respiratory disease in chickens. Mild to severe forms of the 

disease can be seen in the field, depending on the virulence of the ILTV strain (4, 57, 96). 

Although it affects all ages, the most characteristics clinical signs of ILT can be observed 

as early as three weeks of age. Clinical signs related to severe forms of the disease 

include marked dyspnea with expectoration of blood-stained mucus with the presence of 

fibrino-hemorrhagic exudate, apathy, moderate to severe conjunctivitis, and mortality can 

reach 20% or more, while the clinical signs seen in mild forms include nasal discharge, 

conjunctivitis, sneezing, coughing and mild tracheitis with low mortality (0.1 – 2.0%) (5, 
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74). Decrease in feed consumption, lower egg production and reduced eggshell thickness 

have also been observed (125). Clinical signs usually appear within 6-14 days after 

natural infection, while in experimentally infected birds, clinical signs usually appear as 

early as two days post-infection with the peak at five days post infection (70, 74, 152). 

Many factors such as host age, route of exposure, virulence of the challenge virus 

and initial viral load can affect the outcome of the ILTV infection (50). The first sites of 

replication in naturally infected chickens are the conjunctiva and the mucosa of the upper 

respiratory tract such as the nasal epithelium (6-8). Regardless of the infection route, the 

most active viral replication occurs in the epithelium of the trachea and consequently, the 

trachea is considered the ILTV target organ (3). Gross lesions are characterized by 

mucoid inflammation, degeneration and necrosis of the trachea. Diptheritic changes are 

common and may be seen as mucoid casts that extend the entire length of the trachea. 

Severe hemorrhages into the trachea lumen may result in blood casts where mucus can be 

mixed with blood and necrotic tissue. The cause of mortality may be the result of a 

decrease in feed intake and the occurrence of mucous plugs in the tracheal lumen 

resulting in asphyxiation. The infection curve varies with the severity of lesions, with the 

flock typically recovering within 10-14 days after the initial appearance of clinical signs 

(50, 143). 

As for gross lesions, microscopic changes also vary with regard to the severity 

and stage of disease. Early microscopic changes in the tracheal mucosa are a result of 

goblet cell loss and infiltration of mucosa with inflammatory cells. Respiratory and 

conjunctiva epithelial cells enlarge and become edematous as the infection progresses. 

Multinucleated giant cells (syncytia) are also observed. Lymphocytes, histiocytes and 
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plasma cells migrate into the mucosa and submucosa after 2-3 days. Intranuclear 

inclusion bodies are found in epithelial cells only in early stages of infection (1-5 days 

post infection). Consequently, the affected epithelia desquamate, exposing the lamina 

propria and subsequently its blood vessels that may protrude to the tracheal lumen, 

causing hemorrhage (3, 50, 60, 122, 156). The peak of virus replication occurs in the 

tracheal epithelium from 2-5 days post-infection (80, 110). The virus remains in low 

levels in the trachea after the acute phase of replication. Other mucous membranes such 

as conjunctiva, respiratory sinuses, lungs, air sacs and thymus also can become infected 

(110, 131).  

It has been largely recognized that ILTV strains related to outbreaks vary in 

pathogenicity and can cause high morbidity (90-100%) and variable mortality (5-70%; 

usually between 10-20%), while other strains, can produce mild to unapparent infection 

in chickens with low morbidity (5%) and very low mortality (0.1-2%) (10, 26, 111, 120, 

121, 141, 149).  

Considerable variation exists among ILTV tropism for the trachea and 

conjunctiva. N. C. Kirkpatrick, et al. (80) revealed that ILTV strains with high affinity for 

conjunctiva could severely affect weigh-gain, most likely due to the conjunctivitis and 

associated inability of the bird to locate the feed.  A recent study have identified the 

tropism of ILTV for different organs in natural infected chickens from 60 farms, and 

concluded that the virus possesses great affinity for the middle portion of the trachea and 

conjunctiva and less affinity towards the larynx and other portions of the trachea (143).  

Although ILTV strains of low and high pathogenicity are clearly recognized, 

currently they are considered antigenically similar based on virus neutralization (134, 
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142), cross-protection and immunofluorescence studies (26, 142), therefore genotyping 

analysis utilizing PCR-RFLP has been utilized to study epidemiological relationships 

between strains. However, attempts to correlate restriction length fragment 

polymorphism (RFLP) with strain virulence were unsuccessful (10, 17, 18, 62, 80, 81, 

108, 109). More recently, genetic differences among strains have been studies by full 

genome sequencing (51).  

By definition, latency is the ability of a pathogenic virus to lie dormant in infected 

cells without the production of viral particles. Unapparent infection of the respiratory 

tract is a trait of ILTV persistence. Early studies demonstrated the establishment of a 

carrier state in 2% of the recovered birds for periods up to 16 months after a disease 

outbreak (53, 82) by migrating to the central nervous system where it can establish latent 

infections mainly in the trigeminal ganglion (112, 166), alongside latency in the trachea 

(2, 112). Periods of latency are interspersed with episodes of viral shedding (67, 69) 

making the control of the disease difficult. Stress can trigger viral reactivation, leading to 

migration of ILTV to the trachea, where production and excretion of viral particles takes 

place (67). Therefore, long life birds are ILTV reservoirs and contribute to the spread of 

the disease (10, 59, 65, 111, 132). 

 

VIRULENCE 

By definition, virulence is the ability of a microorganism to invade, resist to the 

host defense mechanism and cause injury to the host, whereas, pathogenicity is defined as 

the potential of a microorganism to produce disease (146, 147). Experimental evaluation 

of circulating ILTV strains is fundamental in order to identify changes in virulence that 



	 25	

can contribute to severity and spread of outbreaks and consequently influence the 

efficacy of vaccination programs. Several aspects of the ILTV infection have been 

evaluated in attempt to identify differences in virulence among strains. Tracheal 

pathogenicity index (TPI), mortality and viral genome copy numbers in trachea of 

infected chickens, restriction fragment length polymorphism (RFLP) and circulating 

antibody titers are some of the parameters that have been utilized to assess ILTV 

virulence (57, 80, 85, 91, 153, 158). Measurement of post-infection antibody titers by 

commercial ELISA kits were determined to be an inaccurate measurement of virulence 

between different ILTV strains (153). Similarly, attempts to correlate RFLP with strain 

virulence were unsuccessful (62, 80, 110). Two additional parameters aim to determine 

the virulence of ILTV strains based on evaluation of the main site of viral replication, the 

trachea. The first is the quantification of viral genome copy numbers in the tracheal 

tissues or swabs using real-time PCR (qPCR) assay. Moreover, the development of a 

duplex qPCR assay allowed the quantification of viral genome copy numbers based on 

the glycoprotein C (UL44) sequence normalized for the chicken DNA present in the 

sample (154). The second parameter is the tracheal pathology index (TPI), based on 

microscopic changes in the tracheal epithelium, such as inflammation, presence of 

syncytia and intranuclear inclusion bodies, mucosal thickness (edema) and hyperemia 

(57). Great divergences exist among studies attempting in determine differences in 

virulence among ILTV isolates. Studies with Australian ILTV strains have correlated the 

TPI with the level of virus replication as estimated by viral genome copy numbers in the 

trachea (80, 91). In contrast, studies have shown that TPI does not reflect the virulence of 
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USA strains as good as viral genome copy numbers, clinical signs and mortality rates 

induced by experimental ILTV infection (85, 110, 153).  

The insertion of a new live vaccine strain in Australia originated two new classes 

of virus that thrived, becoming sources of outbreaks. According to J. Y. Lee, et al. (87), 

one of the characteristics that allowed these two classes of virus to emerge is their 

suitability to the environment and improved capacity of growth and transmission. 

Regarding USA strains, it is known that the CEO revertant presents higher incidence of 

clinical signs as compared to the TCO revertant strains post 20 consecutive passages in 

SPF chickens (59). This emphasizes the importance of the transmission ability of each 

strain in establishing permanent infections and possibly becoming source of outbreaks. 

Furthermore, the ability to transmit to naïve chickens must also be considered as a 

potential virulence factor of ILTV. Altogether, these studies highlight the importance of 

evaluating different aspects of ILTV infection, such as mortality rate, viral genome copy 

numbers, clinical signs and tracheal pathology index and transmission to better determine 

viral virulence. 

The Code of Federal Regulations, Title 9 part 113 section 328, stipulates that at 

least 80% of the non-vaccinated chickens shall present clinical signs of ILT of mortality 

post challenge with a virulent ILTV strain for validation of safety and protection vaccine 

studies. Due to this requirement, the minimum infectious dose must be evaluated in order 

to define safety/protection parameters in evaluating vaccines against ILT. In a study by 

D. M. Koski, et al. (85), the USDAch strain caused clinical signs / mortality in over 80% 

of the chickens intratracheal inoculation of 102.6 EID50, whereas a virulent field isolate 

caused the same level of clinical signs / mortality when chickens were intratracheally 
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inoculated with less concentrated dilutions (between 101.5 and 101.2 EID50). Intratracheal 

inoculation was also utilized in attempts to determine differences in virulence between 

the USDAch and the field isolate GA63140, by infecting chickens with 101, 102, 103 and 

104 TCID50 and observing differences in clinical signs, mortality and viral genome copy 

numbers in the trachea (153). I. Oldoni, et al. (110) utilized higher doses (102.5 TCID50) 

of field strains applied via eye-drop and nasal-oral in order to determine differences in 

virulence among the field strains and the CEO vaccine strain applied according to the 

producer`s indications (approximately 104.5 TCID50). These studies provide evidence to 

support the differences in experimental outcomes based on the minimum infectious dose 

and route of application. It has been experimentally shown that chickens are more 

susceptible to ILTV virus administered by tracheal rather than conjunctival route (40), 

thus, this route has been widely used in experimental studies. Furthermore, the strain of 

choice to evaluate safety / protection induced by vaccine candidates under experimental 

conditions should represent the circulating field strains (85). 

Viral genes have evolved to maximize viral replication by modulating expression 

of cellular genes and/or the host`s immune system. The chemokine binding protein, 

glycoprotein G (gG), common to other alphaherpesvirus such as Equine herpesvirus I and 

Bovine herpesvirus I and V (13) was identified as a virulence factor in ILTV, altering the 

host immune response during ILTV infection (37). In the study, the infection with a ∆gG 

ILTV shifts the cell populations in the trachea, inducing increased numbers of CD4+ and 

CD8+ lymphocytes combined with decreased number of mucosal B lymphocytes and 

concentrations of serum neutralizing antibodies, therefore, affirming the function of this 

protein in modulating the local immune response in the trachea, which is the main site of 
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viral replication.  Clinically, this change was evidenced by the increased thickness in the 

trachea of chickens inoculated with the ΔgG. Moreover, the presence of gG creates 

conditions that favor virus survival in the host (37). 

 The manipulation of host factors that regulate the interaction between host and 

ILTV is known to affect viral virulence. A study has identified the host`s tyrosine-

protein-kinase Src (Src) as an important proto-oncogene. Briefly, Src controls the 

virulence of ILTV and is phosphorylated upon ILTV infection. Function studies revealed 

that Src prolongs the survival of host cells by increasing the threshold of virus induced 

cell death, whereas the silencing of Src gene in LMH cells and chicken embryos favors 

apoptosis of ILTV-infected cells and decreases ILTV titers (95).  

Inhibition of apoptosis in infected cells has been identified as another potential 

virulence factor in ILTV, however, the viral proteins and pathways involved in this 

process are still unknown. J. Y. Lee, et al. (87) found that the pro-apoptotic gene 

cholecystokinin (CCK) is down regulated in ILTV-infected lung cells, suggesting that 

ILTV infection inhibits apoptosis in infected cells. Utilizing immunofluorescence, V. R. 

Reddy, et al. (126) demonstrated that viability of ILTV-infected trachea and conjunctiva 

explant cells was not affected, indicating that ILTV inhibits apoptosis on infected cells, 

while inducing apoptosis in non-infected neighboring cells.  

Although a few virulence factors of ILTV are understood, many genes have been 

deleted from ILTV genome, resulting in viral attenuation in vivo, indicating their role in 

virulence, but the exact mechanisms of attenuation are still unknown. For instance, an 

ILTV recombinant lacking UL47 induced significantly less severe clinical signs of the 

disease, marked by moderate respiratory distress only, combined with the lack of viral re-
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isolation from vaccinated SPF chickens, characterizing an attenuated recombinant virus 

(64). Recently, the deletion of open reading frame C (ORF C), a protein of unknown 

function, from the USDA challenge strain, significantly attenuated the ∆ORF C ILTV for 

three-weeks old SPF chickens, (49). Similarly, the deletion of glycoprotein J (gJ) 

partially reduced the virulence of ILTV for in ovo vaccination of commercial broilers 

(98). 

 

IMMUNITY 

A variety of responses can be generated following ILTV infection, however not 

all of them provide resistance to infection. The passive transfer of antibodies to offspring 

has been previously demonstrated (63), however no significant differences were found 

between chickens hatched from hyper immune and non-vaccinated parents in regard to 

protection against ILTV (73). Maternal antibodies to ILTV present in the egg are 

transferred to the progeny, but generally do not provide protection or interfere with the 

vaccination from 8-10-days of age (27).  

 ILTV neutralizing antibodies can be detected within 5-7 days, peak around 21 

days post infection (73). ILTV-neutralizing antibodies may be detectable for a year or 

more (2). Local antibodies can be detected in tracheal secretions for approximately seven 

days and reach a plateau between 10-28 days post infection (2, 174). Although antibodies 

are produced against the virus, the humoral immune response itself is not responsible for 

resistance to the disease (41, 130). A poor correlation exists between antibody titers and 

the protection of the flock (47, 94).  
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Studies with bursectomized chickens have shown that the absence of antibodies 

did not impair the ability of vaccinated-bursectomized chickens to resist to a challenge 

infection with a virulent ILTV (41), and suggests that rather than the humoral arm, cell-

mediated immune responses are the principal mechanism behind ILTV resistance. 

However, the specific pathways by which the cell-mediated immune response confers 

protection against ILTV is poorly understood.   

The ILTV glycoprotein G (gG), is a chemokine binding protein (36). Researchers 

reported that SPF chickens inoculated with a gG-depleted ILTV recombinant presented 

higher tracheal inflammation as compared to chickens vaccinated with the parental ILTV 

strain. The higher tracheal inflammation correlated with significantly lower clinical signs 

scores and mortality post vaccination (36). Inflammation in response to infection is 

crucial as it influences viral replication, contributes to pathology and the subsequent 

adaptive immune responses, hence, the inflammatory response to ILTV infection is 

critical to both virus virulence and the host response (25). Specific pathogen free 

chickens inoculated with a ∆gG ILTV recombinant showed increased number of 

heterophils, CD4+ and CD8+ lymphocytes, significant decrease in B lymphocytes in 

tracheal mucosa at four days post inoculation, while decreased levels of serum antibodies 

14 days post inoculation (37). Other study explored the use of host inflammatory factors 

to improve the efficiency of vaccines against ILTV. H. Y. Chen, et al. (21) demonstrated 

that the protective efficacy of a fowl poxvirus vector expressing the ILTV gB (FPV-ILT) 

was enhanced by simultaneously expressing ILTV gB and chicken interleukin 18 (IL18) 

(FPV-ILT/IL18). IL18 is know to stimulate T helper 1 (Th1) to secrete interferon-ϒ (138) 

and has been proven to have an adjuvant effect when administered with FPV vector 
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(104). Chicken immunized with FPV-ILT/IL18 showed enhanced T-cell proliferative 

response as compared to FPV-ILT immunized chickens, evidenced by increased CD4+ 

and CD8+ T-cell rations, and enhanced protection, as indicated by the lack of clinical 

signs and mortality post challenge (21). Together, this data underscores the importance of 

local inflammation in the development of protective cell-mediated immunity against 

ILTV. 

 

EPIDEMIOLOGY 

 The disease is particularly common in regions with large poultry concentrations 

and intensive poultry production. A trend toward growing denser poultry populations in 

shorter cycles, rearing different types of poultry (layers and broilers) in the same area, 

combined with poor biosecurity are some of the factors that have contributed to the 

increase of ILTV outbreaks worldwide (22, 50, 115).  

The persistence of ILTV in the field is not completely understood. The virus 

survives for several weeks out of the host, on mechanical carriers and fomites (74, 77). 

Birds vaccinated with live attenuated vaccines or recovered from the disease carry the 

virus in latent stage (2). The virus can be reactivated spontaneously or due to stress (67), 

followed by direct transmission to contact chickens (66). Backyard flocks may also carry 

the virus and represent a source of ILTV to commercial poultry (50). Nevertheless, 

infected birds presenting clinical disease are the major source of virus spread as 

compared to clinically recovered birds (50). Transmission studies have determined that 

four days are necessary for the virulent virus to replicate and transmit to other birds (35), 

whereas live attenuated vaccine strains take 4 to 9 days to transmit to contact chickens 
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(24, 132). Indirect transmission of the ILTV is frequent and occurs through exposure to 

contaminated equipment, personnel, clothing and shoes, improperly disposed 

contaminated litter, manure and infected carcass (22, 38). An epidemiological study 

during an ILTV outbreak in 2005 in California emphasized the importance of biosecurity 

measures such as extended downtime between flocks combined with cleaning and 

disinfection together with improvements of the vaccination program were necessary (22). 

One potential source for spread of the virus is during the transport of infected birds to the 

processing plant during the movement of litter from infected houses (33, 115, 160). As 

expected for an air-borne disease, wind might play an important role in the spread 

patterns of ILTV (72, 115). Farms located within the wind stream of an infected flock are 

10 times more likely to be affected by the disease (72). Seasonality plays a role on the 

incidence of the disease as higher numbers of cases are observed during winter 

(December-February), as opposed to the lower prevalence during summer and fall (115). 

Vertical transmission of ILTV has not been demonstrated (50). 

Due to the minor antigenic changes among ILTV strains and the complexity of 

the serological procedures, molecular classification systems are preferred to study 

epidemiological relationships between strains. The methods utilized for differentiation of 

ILTV strains include restriction endonuclease analysis of viral DNA (58), DNA 

hybridization assays (86), polymerase chain reaction (PCR) combined with RFLP 

analysis (PCR-RFLP) (80), PCR-RFLP and PCR with gene sequencing (61, 107), and 

quantitative Real-Time PCR (qPCR) (154). Restriction fragment length polymorphism 

(RFLP) has been widely used to differentiate ILTV strains into different classes based on 

specific patterns on viral genes, such as ICP4, ICP18.5, gG, gM and thymidine kinase 
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(10, 17, 18, 81, 108, 109). Early studies differentiated ILTV strains based on RFLP of 

single genes, however, one of the primary concerns of this technique is that the 

amplification of only a small part of the genome might not be a reliable tool to 

differentiate between isolates/strains. Further studies used RFLP of multiple genes to 

genotypically differentiate strains. RFLP analysis of ORFB-TK, gM, ICP4 and gG genes 

separated the USA isolated in nine distinct genotypes (108). Group I includes the USDA 

reference strain, Group II the TCO vaccine, Group III the field isolates closely related to 

the TCO vaccine, Group IV includes the CEO vaccine and commercial poultry isolates 

genotypically identical to the CEO vaccine, Group V includes field isolates closely 

related to the CEO vaccine, Group VI includes commercial poultry isolates, Groups VII, 

VIII and IX contain backyard flock isolates (108). Similarly, the combination of RFLP of 

the genes gG, TK, ICP4 and ICP18.5 allowed for the genotypic classification of 

Australian ILTV strains related to outbreaks in five groups. RFLP sequencing of multiple 

genes revealed that vaccine-like strains are source of outbreaks in USA, South America, 

Asia, and Australia (102). RFLP analysis of the ICP4 gene has been utilized in 

epidemiological studies differentiates between strains involved in outbreaks in Peru and 

Brazil (17, 18). Recent studies utilized full genome sequence to identify genomic changes 

related to virulence of live attenuated vaccine strains and field isolates (51). Furthermore, 

the phylogenetic analysis correlates with the previous division of USA isolates in nine 

major groups (108), indicating that there were no early recombination events in the USA 

or that the conserved nature of the genes does not allow for enough bioinformatics 

resolution to discover recombination events (51). 
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By RLFP, the Australian ILTV strains were classified in six classes, with the live 

attenuated vaccine strains SA2 and A20 classified as class 1 and the remaining five 

classified as field strains (10, 81). The introduction of the European CEO Serva vaccine 

(class 7) in Australia, where the Australian live attenuated SA2 and A20 strains were 

utilized, was followed by the emergence of outbreaks of the disease due to. natural 

recombination events, originating the Australian Class 8 and Class 9 strains (10), each 

one with a distinct in vivo phenotype, and significantly increased virulence as compared 

to the parental strains (88). Further studies utilizing full genome sequence confirmed the 

existence of multiple spontaneous recombination events in the Australian field strains Vl-

99 (class 2) and CSW-l (class 4), which presented the ICP4 and US4 sequences from the 

Serva strain and UL27 sequence similar to that of Australian SA2 strain (90). 

Furthermore, (90) there is evidence that recombination events occurred frequently over 

the ILTV evolution, highlighting the risk of new distinct ILTV strains arising in chickens 

simultaneously infected with multiple ILTV strains. 

Until now, the full DNA sequences of 27 vaccine strains and wild-type ILTV 

have been identified from Australia (88-90, 92), China (83), USA (19, 51, 144) and Italy 

(114) and are available at GenBank database. The use of this technique is advancing 

epidemiological studies of ILT and will further advance our understanding of genes 

involved in virulence.  

 

CONTROL  

Infectious laryngotracheitis is a widely distributed respiratory disease of chickens, 

which is usually preventable by means of biosecurity and vaccination. Quarantine, 
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hygiene and preventing the flow of potentially contaminated personnel, feed, equipment 

and birds is central to the successful prevention of ILT. Disinfectants and warm 

temperatures when outside the host rapidly inactivate the virus, thus, contamination 

between successive flocks can be prevented by adequate cleanup. All carcasses, feathers, 

feed, water, and litter should be removed from the facilities. Additionally, buildings and 

equipment should be washed and sprayed with disinfectants such as sodium hypochlorite, 

phenolics, iodophors or quaternary ammonium compound (50). Procedures such as the 

installation of air scrubbers, changes in house ventilation rates, and ionization systems 

show to reduce dust concentrations, could reduce or eliminate infectious particles from 

getting in or out of farms (115). No drug has been shown to be effective in reducing the 

severity of lesions or minimizing the clinical signs of the disease (50). Vaccination has 

proven to be a satisfactory method of developing resistance to ILT in susceptible chicken 

populations, limiting viral spread and abbreviating de duration of a disease when applied 

in face of an outbreak (4, 50). Once vaccination with live attenuated vaccines can result 

in latently infected birds, and its use is recommended only in geographic areas where 

ILTV is endemic (50).  

 Besides biosecurity, the main method of control of ILT in USA is through 

vaccination with live attenuated vaccines and recombinant viral-vectored vaccines. Live 

attenuated vaccines are originated from outbreak-related field strains that circulated in the 

USA between the 50’s and 60’s and were attenuated by serial passages in embryonated 

eggs, chicken embryo origin (CEO) (135) or in embryonic tissue culture origin (TCO) 

(52). TCO vaccines are licensed for eye-drop application only, whereas CEO vaccines 

can induce protective efficacy when applied through eye-drop and mass vaccination 
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routes such as coarse spray and drinking water. Some available live-attenuated vaccines 

provide different grades of protection when applied by different routes, particularly when 

applied by coarse spray or drinking water (47, 65). Successful vaccination with live 

attenuated vaccines via drinking water requires contact of virus with nasal epithelial cells 

as a result of the aspiration of the virus through the external nares and choanae. This 

contact might be poor in chickens vaccinated through drinking water, resulting in poorly 

vaccinated birds (131). In the same way, spray vaccination can result in low coverage, 

deep penetration in the lungs due to small droplets size, or excessive dose (23, 123). Eye-

drop vaccination has been demonstrated to be the optimal delivery method to ensure 

uniform and effective protection (47). Vaccination with live attenuated vaccines has been 

proven to be a satisfactory method for developing resistance to the disease in susceptible 

chicken populations. A study comparing the protection efficacy of both live attenuated 

ILTV strains administered via eye-drop route, concluded that the protection of the CEO 

vaccine is significantly higher than that of the TCO vaccine, based on clinical signs 

scores and reduction of challenge virus (155). Moreover, both vaccine strains replicate in 

the eye conjunctiva and the trachea of infected chickens, however the CEO strain 

replicates and spreads faster and reaching higher viral genome load than the TCO strain 

(132). Although protective, the use of this type of vaccine is only recommended in 

geographic areas where the disease is enzootic because live attenuated vaccine strains can 

establish life-long latent infections and contribute to the spread of the disease and 

persistence of the virus in the field (50).  

The advance of recombinant DNA technology allowed for the production of 

recombinant vaccines utilizing the turkey herpesvirus (HVT) and fowl poxvirus (FPV) as 
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vectors to express exogenous viral proteins. Commercially available in the USA are the 

HVT vector containing the ILTV glycoproteins D and I (Innovax® ILT) (70); the HVT 

vector expressing the ILTV glycoprotein B (Vectormune® HVT-ILT) (39); and the FPV 

vector containing the ILTV glycoprotein B and Unique Long 32 (Vectormune® FP-ILT) 

(70, 150). The hallmark of these products is their safety for the chickens, including in ovo 

vaccination and lack of transmission and reversion to virulence.  

Recombinant vaccines are most commonly applied in ovo and to a lesser extent 

via subcutaneous or wing-web vaccination post-hatch. S. Davison, et al. (34) reported 

that FPV-ILT provides adequate protection against ILTV in layers vaccinated at seven 

weeks of age via wing-web and challenged at 20 weeks of age, however, only partial 

protection, as compared to that of CEO vaccine, was achieved in commercial broilers 

vaccinated in ovo with HVT-ILT and FPV-ILT vaccines (70). Significant differences 

were also observed between the protection efficiency induced by the two different viral 

vectors. A. Vagnozzi, et al. (155) reported that HVT-ILT was more effective than FPV-

ILT when delivered in ovo or subcutaneously (one-day of age), mitigating the disease and 

reducing levels of viral challenge virus in the trachea. Nonetheless, studies with FPV and 

HVT vectored vaccines have indicated that the development of protective immunity may 

be delayed compared to immunity induced by live attenuated vaccines (155). 

In the USA, most broiler breeders and commercial layers are vaccinated twice 

against ILTV either with TCO vaccine via eye-drop route, with CEO vaccine via drinking 

water, eye-drop or coarse spray, or with recombinant viral vector vaccines (FPV-LT and 

HVT-LT) via in ovo, subcutaneous or wing-web application; whereas commercial 

broilers are vaccinated only in the face of an outbreak with recombinant vaccines in ovo 
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or with CEO vaccine via drinking water at 12 or 16-days of age. 

In ovo vaccination is a highly effective mass vaccination method due to the 

uniform coverage, fast delivery, reduction in bird handling, and lower costs when 

compared to other field vaccination methods (127). This mass vaccination method has 

facilitated the delivery of recombinant vaccines, becoming a standard field procedure for 

immunization of broilers and broiler breeders in the United States against Marek’s 

disease (MD) (48, 106, 165). Embryo vaccination against MD including the serotypes 3 

(MDV or HVT) (169), a combination of serotypes 2 (SB1) and 3 (14, 137, 168), and an 

attenuated serotype 1 (CVI-988) (128, 129) is considered safe. MD vaccine for in ovo 

administration have been commercially available in the US since 1992 (136). Other 

vaccines commonly applied in ovo are infectious bursal disease (IBDV) and Fowlpox 

disease (FPV).  

In the future, he use of respiratory viruses as vectors is likely to facilitate mass 

application of viral-vectored vaccines, in a similar way to commercial live attenuated 

vaccines (1). For instance, two NDV LaSota recombinants expressing ILTV gB of gD 

have been generated and shown to induce up to 90% protection against clinical signs of 

ILT and reduce challenge virus loads in the trachea. Moreover, the NDV-gB strain 

induced protection level similar to that of the ILTV CEO vaccine (75). 

As a vaccine adjuvant and an immune-modulatory molecule, the interleukin 18 

(IL-18) has been shown to regulate the immune response toward a Th1 type (105). 

Furthermore, a recombinant FPV vector expressing the ILTV gB and the chicken IL-18 

was generated and applied via wing-web in SPF chickens and shown to induce high 

protection efficacy (100%) post-challenge on preliminary studies. The study suggests that 
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the higher level of protection with this recombinant virus is due to the higher T-

lymphocyte proliferation (CD4+ and CD8+) known to be significantly involved on the 

protective efficacy against ILTV (105).  
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ABSTRACT 

 A recombinant Infectious laryngotracheitis virus (ILTV) depleted of the open 

reading frame C (ORF C) gene was previously developed and showed significant levels 

of attenuation post intratracheal/ocular and eye-drop delivery and induced satisfactory 

protection against Infectious laryngotracheitis (ILT). In ovo vaccination is a highly 

effective method for mass immunization of poultry, providing increased coverage, fast 

delivery and lower costs as compared to other field vaccination methods. In the USA, in 

ovo vaccination with Marek`s disease virus (MDV) is a standard procedure, capable of 

inducing early and effective immune response against Marek’s disease. The objectives of 

this study were to evaluate the attenuation and protection efficacy of the ∆ORF C 

recombinant virus when delivered in ovo in the absence or presence of ILTV maternally 

derived antibodies (MAb). In ovo delivery of ∆ORF C recombinant virus did not affect 

hatchability or weight-gain, and transmission of the virus to contact chickens was low. 

However, 5 to 19 % mortality was observed in specific pathogen free (SPF) chickens 

vaccinated with 3.5 (log10) and 3.8 (log10) TCID50 of ∆ORF C per embryo, respectively. 

While in commercial layers, in the presence of MAbs, no mortalities were observed. In 

ovo vaccination with ∆ORF C ILTV induced satisfactory protection after challenge, 

particularly in the absence of maternal antibodies, as SPF chickens vaccinated with 3.8 

(log10) TCID50 dose showed significant reduction in clinical signs of the disease and 

tracheal virus load after challenge, while reduction of challenge virus load in commercial 

layers was not as significant. These results indicate that the ∆ORF C recombinant virus is 

still not properly attenuated for in ovo vaccination and the protection efficacy of ∆ORF C 

recombinant virus was affected by maternally derived antibodies.  
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INTRODUCTION 

Infectious laryngotracheitis (ILT) is a highly contagious respiratory disease of 

chickens that results in severe production losses to the poultry industry (4, 9). The 

etiological agent of the disease is Gallid Herpesvirus-I (GaHV-I) but is also commonly 

referred as Infectious laryngotracheitis virus (ILTV). Currently, the main method of 

controlling the disease is through vaccination with live attenuated vaccines applied via 

eye-drop drinking water and spray, or with recombinant viral vector vaccines 

administered in ovo.  

Live attenuated vaccines commercialized in the United States are originated from 

virulent field strains of ILTV that circulated during the late 50’s to early 60’s in the 

country (19), and were attenuated by serial passages either in embryonated eggs (chicken 

embryo origin [CEO]) or in embryonic chicken tissue cultures (tissue culture origin 

[TCO]) (14, 32). Although effective in preventing and reducing mortality, viral shedding 

and clinical signs of the disease, these vaccines, in particular CEO, are composed of 

mixed viral subpopulations (12, 13), and the selection of virulent vaccine subpopulations 

aided in part by poor mass vaccination coverage has contributed to an increase in vaccine 

strain virulence and to the persistence of vaccine derived outbreaks (3, 13, 25). 

Widely used for immunization of broilers and broiler breeders in the United 

States, in ovo vaccination is a highly effective mass immunization method with increased 

coverage, fast delivery, reduction in bird handling, lower costs as compared to other field 

vaccination methods (28), and early induction of protective immunity (16). In ovo 

vaccination is considered a standard procedure for immunization against Marek’s disease 

(MD) (10, 23, 42). Embryo vaccination against MD with MDV serotypes 1 (CV1-988, 
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Rispens), 2 (SB-1), and serotype 3 (HVT) (44), or combination of serotypes 1, 2, and 3 in 

bivalent (HVT-SB1) and trivalent vaccines (5, 29, 30, 34, 43) have been considered safe 

and are commercially available in the US since 1992 (33). Other vaccines commonly 

applied in ovo are infectious bursal disease (IBD) and Fowlpox disease (FP) (2, 15). 

 The advance of recombinant DNA technology allowed for the production of 

recombinant vaccines utilizing the turkey herpesvirus (HVT) as a vector to express 

exogenous viral proteins. HVT vectored vaccines expressing proteins from infectious 

bursal disease virus (IBDV), Newcastle disease virus (NDV), infectious laryngotracheitis 

virus (ILTV) and avian influenza virus (AIV); and fowl poxvirus (FPV) expressing 

proteins of NDV, ILTV and AIV (1) are commercially available in the USA. The 

hallmark of these viral vector vaccines is their lack of transmission and reversion to 

virulence. Notably, for ILTV, FPV and HVT vectored vaccines the development of 

protective immunity may be delayed as compared to that induced by live attenuated 

vaccines (37).  

 In an effort to improve control of ILTV, attention has turned towards developing 

more stable ILTV live attenuated vaccines by deletion of genes associated with virulence. 

The deletion of the gene coding for glycoprotein G (gG), a viral chemokine binding 

protein, produced an attenuated recombinant virus suitable for vaccination of three-weeks 

old SPF chickens. The authors have shown that the lack of gG shifts the immune 

response away from the humoral branch, enhancing cell-mediated immunity against 

ILTV, eliciting protection comparable to that of live attenuated vaccines (6, 8). In the 

same way, another recombinant ILTV depleted of glycoprotein J gene was considered 

poorly attenuated for in ovo vaccination of commercial broilers, inducing high mortality 
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of chickens during the first weeks of age (22). Recently, a recombinant ILTV depleted of 

open reading frame C (ORF C) gene was developed and shown to be significantly 

attenuated for intratracheal/ocular and eye-drop delivery in SPF chickens, yet eliciting 

high level of protection post challenge, similar to that of the TCO vaccine (11). The 

objective of the present study was to evaluate the attenuation and protection efficacy of 

the ∆ORF C recombinant virus when administered in ovo in the absence and presence of 

ILTV maternally derived antibodies. 

 

MATERIALS AND METHODS 

Virus strains. The ΔORF C recombinant virus (11) was passed in chicken kidney cells 

(CK) and the fifth passage was used to vaccinate chicken embryos in ovo. The MDV 

bivalent commercial vaccine Cevac HVT-SB1® (Ceva Animal Health, Lenexa, Kansas, 

USA) was prepared according to manufacturer`s recommendations. The challenge virus 

strain used in this experiment was the virulent GA 63140, genotype V field isolate (36). 

Both ILT viruses were propagated and titrated in chicken kidney (CK) cells prepared 

from 3 to 4 weeks old chickens as previously described (31). Titers were calculated as the 

50% tissue culture infective dose (TCID50) using the method of Reed and Meunch (27). 

 

Experimental design. A standard practice of the poultry industry is to administer MDV 

vaccines in ovo. In this study in order to mimic this practice, the ILTV ∆ORF C 

recombinant virus was co-administered with a full dose of the bivalent MDV vaccine. 

Embryos that were not vaccinated with ILTV received a full dose of MDV bivalent 

vaccine by itself (Table 3.1). A total of 500 SPF (Valo BioMedia North America Inc., 
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Adel, Iowa, USA) and 330 commercial layers (Hy-line North America Inc., Mansfield, 

Georgia, USA) embryos were incubated at 99.5˚F and 55% humidity. At 18 days of 

embryonation eggs were candled and non-viable embryos were eliminated. At 19.5 days 

of embryonation embryos were inoculated with 200 µL of ILTV/MDV or only MDV. 

Vaccine was delivered into the amniotic cavity using a 23-gauge 1-inch needle. A total of 

100 SPF embryos were inoculated with ΔORF C recombinant ILTV, 50 with a 3.5 (log10) 

TCID50 dose (MAb-Vx3.5) and 50 with a 3.8 (log10) TCID50 dose (MAb-Vx3.8) 

combined with a full dose of MDV vaccine. To evaluate the effect of maternally derived 

antibodies on in ovo vaccination with ΔORF C recombinant virus, eggs from commercial 

layer breeders expected to have high levels of ILTV maternal antibodies, as they were 

vaccinated twice with live attenuated CEO vaccine, were utilized. A total of 50 

commercial layer embryos were vaccinated with ΔORF C recombinant ILTV, 25 with a 

3.5 (log10) TCID50 dose (MAb+Vx3.5) and 25 with a 3.8 (log10) TCID50 dose 

(MAb+Vx3.8) combined with a full dose of MDV vaccine. At hatch, 18 SPF chickens 

vaccinated only with MDV and 180 non-vaccinated commercial layer chickens were bled 

to determine the level of ILTV maternally derived antibodies.  

A total of 250 SPF embryos were vaccinated only with one full dose of MDV 

vaccine. 100 of the MDV vaccinated SPF embryos were hatched separated from the 

ILTV vaccinated groups and identified as non-vaccinated for ILTV (NVx). The 

transmission of ΔORF C recombinant virus was evaluated by introducing MDV 

vaccinated embryos before hatch (hatch contacts) and chickens post hatch (post hatch 

contacts) together with ILTV/MDV vaccinated embryos and chickens, respectively. At 

weeks 1, 2, and 3 of age tracheal swabs were collected from hatch contact and post hatch 
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contact chickens to detect and quantify the presence of ILTV genomes by real-time PCR 

(qPCR). A total of 150 MDV vaccinated SPF embryos, identified as hatch contacts (HC), 

were divided in four groups. Fifty hatch contacts were placed with each MAb-Vx group 

and 25 hatch contacts were placed with each MAb+Vx group of embryos. Chickens 

hatched in baskets containing 25 ILTV/MDV vaccinated embryos in one side and 25 

hatch contact embryos in the other side, divided by a 0.5 cm plastic mesh. Hatch contact 

chickens were housed separately from ILTV vaccinated chickens.  

In order to assess transmission of ΔORF C recombinant virus post vaccination, a 

total of 100 MDV vaccinated SPF embryos, identified as post hatch contacts (pHC) 

hatched in a separate incubator. These were divided, in groups containing 9 to 12 

chickens, and housed with MAb-Vx3.5, MAb-Vx3.8, MAb+Vx3.5, and MAb+Vx3.8 

groups of chickens. The number of eggs that were vaccinated per group and groups of 

chickens are listed in Table 3.1.  

At 28-days of age chickens from the NVx, MAb-Vx3.5, MAb-Vx3.8, 

MAb+Vx3.5, and MAb+Vx3.8 groups were inoculated with the virulent GA 63140 

isolate at 3.5 (log10) TCID50 /chicken. The challenge virus was administered in a total 

volume of 200 µl per chicken, 100 µL were applied intratracheally and 100 µL via eye-

drop (50 µL in each eye). A group of NVx chickens was inoculated with 200 µL of cell 

culture media (100 µL intratracheally and 50 µL in each eye).  

 

Evaluation post vaccination. Hatchability, cumulative mortality, clinical signs, weight-

gain and transmission to hatch contacts and post hatch contacts were evaluated post 

vaccination. Clinical signs of conjunctivitis, respiratory distress and apathy were 
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evaluated at week 1, 2, and 3 of age and categorized as negative, mild, moderate and 

severe. Mortality was recorded from hatch until three weeks of age. Lungs and tracheas 

were collected from dead chickens and analyzed through qPCR to quantify ILTV genome 

load and correlate it with the cause of death. The percentage body weight gained until 

three weeks of age was calculated using the following formula: [(Final weight – Initial 

weight) / Initial weight]. Tracheal swabs were collected from hatch contacts (HC) and 

post hatch contacts (pHC) at 7, 14 and 21 days of age and analyzed by qPCR to quantify 

ILTV genome load and evaluate transmission to contact birds. 

 

Evaluation post challenge. Clinical sings and mortality were scored from day 3 to 6 post 

challenge (PC) as previously described by A. Vagnozzi, et al. (37). Briefly, each chicken 

received a score for each clinical sign category, in which a score of normal = 0, mild =1, 

moderate = 2 and severe = 3, dead chickens received a total score of 6. The sum of 

clinical signs for each bird was averaged and a mean clinical signs score (CSS) was 

assigned at each time point for each group of chickens. Tracheal swabs were collected 

from all chickens at five days post challenge and analyzed by qPCR to quantify challenge 

virus genome load. All chickens were weighed before challenge at 28-days of age and at 

35-days of age (seven-days post-challenge) to calculate the average percentage body 

weight gained per group of chicken after challenge. 

 

DNA extraction. Tracheal swabs were placed in 2 mL sterile tubes containing PBS 

solution + 1% antibiotic-antimycotic (penicillin + streptomycin+ amphotericin B) + 2% 

newborn calf serum and stored at -80˚C until processing for DNA extraction. DNA was 
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extracted using MegaZorb DNA mini-prep kit® (Promega, Madison, Wisconsin, USA), 

according to manufacturer’s recommendations with some modifications. Briefly, 70 µL 

swab suspension was resuspended with 7 µL of proteinase K and 50 µL of lysis buffer at 

56˚C for 10 minutes in a 96-well plate. 20 µL of magnetic beads were added along with 

125 µL of binding buffer to each well, following incubation for 10 minutes at room 

temperature. The supernatant was removed and the beads were washed twice with 

washing buffer. Finally, the DNA was eluted from the beads with 100 µL of elution 

buffer. 

 

Quantitative real-time PCR for ILTV.  

ILTV genome load were determined by qPCR in tracheas and lungs collected from dead 

birds post hatch until three weeks of age, in tracheal swabs collected from hatch and post 

hatch contacts at 1, 2, and 3 weeks post hatch, and tracheal swabs collected at five days 

post challenge. A duplex real-time PCR assay normalized for α-collagen chicken DNA 

was utilized as previously described by A. Vagnozzi, et al. (36). Briefly, the viral genome 

load for each sample was normalized to the amount of host collagen DNA. The relative 

amount of viral DNA was expressed as Log10
2-∆∆Ct (21). 

 

Serology. Commercial layers used in the study are originated from CEO vaccinated 

breeders, so the presence of ILTV maternal antibodies was expected. To determine the 

levels of ILTV maternal antibodies, serum samples were collected at one day of age from 

non-vaccinated commercial layers and MDV-vaccinated SPF chickens. Antibodies were 

detected with an in-house developed recombinant glycoprotein B (gB) based ELISA 
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previously described (17). Briefly, recombinant glycoprotein B expressed by 

bacuolavirus was purified from culture supernatants. The gB ELISA was shown not to 

cross-react with polyclonal sera raised against other diseases of poultry. Reactivity of 

sera was expressed as sample to positive ratio (SP Value) per plate. The SP values were 

calculated as corrected optical density (OD) of the unknown sample using the following 

formula [(OD unknown sample - average OD of known negative sample) / average OD of 

known positive sample]. Samples that received an SP value greater than 0.11 were 

considered positive for glycoprotein B antibodies. 

 

Statistical analysis. Data were entered into Microsoft Office Excel 2011 and analyzed 

via Prism 6.0 software (GraphPad Software Inc., La Jolla, CA). Mann-Whitney test was 

applied to analyze statistical differences between maternal antibodies level in SPF and 

commercial layers. Kruskal-wallis test was used to determine statistical differences in 

weight-gain post vaccination and post challenge and differences in clinical signs scores at 

five days post challenge among all the groups. Kruskal-wallis test was used to determine 

statistical differences in viral genome load post-challenge between each vaccinated group 

and the NVxCh group. All statistical analyses were performed at the 5% level of 

significance. Percentage hatchability and cumulative mortality were calculated in 

Microsoft Excel and were not statistically analyzed.  

 

RESULTS 

Serology. The mean SP value obtained for SPF chickens (N=18) was -0.12. On the other 

hand, the mean SP value for commercial layers (N=180) was 0.35. Differences in SP 



	 71	

values were significant between the two groups (Mann-Whitney test, p<0.0001) (Figure 

3.1). These results indicate that contrary to SPFs, commercial layers were positive for 

ILTV gB antibodies at one day of age. Therefore as expected commercial layers were 

positive for maternally derived ILTV antibodies.  

 

Attenuation of recombinant ∆ORF C virus. Hatchability, mortality, clinical signs, 

weight-gain, and transmission to contacts during weeks 1 to 3 of age were evaluated. The 

hatchability of NVx and vaccinated MAb- groups of chickens ranged from 88% to 90%. 

Whereas the hatchability for vaccinated MAb+ groups of chickens ranged from 72% to 

76% (Table 3.2).  

Cumulative mortality until three weeks of age reached 1.5% to 2.9% for NVx 

chickens, whereas mortality for MAb-Vx3.5 and MAb-Vx3.8 groups of chickens reached 

5.7% and 19.4%, respectively and no mortalities were recorded for MAb+ groups of 

chickens (Table 3.2).  

ILTV genome load was quantified in trachea and lungs collected from one, two 

and seven mortalities within the NVx, MAb-Vx3.5 and MAb-Vx3.8 groups of chickens, 

respectively. No ILTV DNA was detected in samples from the NVx chicken. While in 

samples from MAb-Vx3.5 and MAb-Vx3.8 groups of chickens ILTV genomes were 

detected in all tracheas, and in eight of the nine lungs analyzed, viral genome load in 

these tissues ranged from 3.9 to 8.1 (data not shown).  

Clinical signs scores were evaluated for all groups of chickens from hatch to three 

weeks of age. Differing from NVx chickens, the MAb-Vx3.5 group of chickens presented 

low incidence of moderate respiratory distress (4.0%), whereas the MAb-Vx3.8 group of 
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chickens in addition to low incidence of moderate respiratory distress (2.%), presented 

mild conjunctivitis (1.1%). The MAb+Vx3.8 group presented low incidence of mild 

conjunctivitis (3.7%). The MAb+Vx3.5, HC and pHC groups of chickens did not present 

discernible clinical signs of ILT (data not shown). 

The average weigh-gain for each group from hatch to three-weeks of age is shown 

in Table 3.2. The NVx group of chickens gained an average of 441.4%, whereas MAb-

Vx3.5 and MAb-Vx3.8 groups an average of 455.4% and 454.6%, respectively. 

Percentage weight gained for MAb- vaccinated groups of chickens was statistically 

similar to the NVx group of chickens (p=≥0.42). Mab+Vx3.8 chickens achieved 436.2% 

increase in weight-gain, statistically similar to NVx chickens (p>0.99), while 

MAb+Vx3.5 chickens reached only 390.3% increase in weight-gain, which was 

significantly lower compared to the NVx group of chickens (p=0.013). Chickens from the 

HC and pHC groups gained 435.1% and 422.6% weight, which was statistically similar 

to NVx chickens (p≥0.82).  

Tracheal swabs were collected at 1, 2, and 3 weeks of from hatch contacts (HC) 

and post hatch contacts (pHC) and analyzed by qPCR to quantify ILTV genome load and 

evaluate transmission to contact birds. The proportion of tracheal swabs positive for the 

presence of ILTV DNA is shown in Table 3.2. None of the tracheal swabs collected from 

the NVx group (N=46) had detectable levels of viral genome load, whereas ILTV 

genome load was detected in 3.7% (n=12/326) of the tracheal swabs collected from HC 

chickens and in 1.6% (n=38/192) of the tracheal swabs collected from pHC chickens. 
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Protection efficacy induced by the recombinant ∆ORF C virus. To evaluate the 

protection efficacy induced by the vaccination with ∆ORF C in ovo, at 28-days of age, 

MAb-Vx35Ch, MAb-Vx38Ch, MAb+Vx3.5Ch, MAb+Vx3.8Ch and NVxCh groups of 

chickens were challenged with the virulent ILTV strain GA 63140 and monitored for 

clinical signs of ILT from 3 to 6 days post challenge (PC). As shown in Figure 3.2A, the 

peak of clinical signs was identified at five days post challenge particularly noticeable for 

the NVxCh group of chickens. Although no mortality was observed within the NVxCh 

group of chickens moderate to severe respiratory distress, moderate apathy and 

conjunctivitis were observed. The mean clinical signs at five days post challenge for each 

group of chickens are shown in Figure 3.2B. Clinical signs scores were significantly 

lower for the vaccinated groups (MAb-Vx3.5Ch, MAb-Vx3.8Ch, MAb+Vx3.5Ch, and 

MAb+Vx3.8Ch) as compared to clinical signs scores for the NVxCh group of chickens 

(p≤0.015). Clinical signs scored for vaccinated groups of chickens were significantly 

higher than those scored for the NVxNCh group (p≤0.004), however no significant 

differences in clinical signs scores were observed among vaccinated groups of chickens 

(p≥0.87). 

The post-challenge weight-gain between 28 and 35-days of age (7 days PC) was 

calculated. The percentage mean weight-gain post challenge for each group is shown in 

Figure 3.2C. The highest weight-gain was noted for NVxNCh chickens (31.78%), 

statistically higher (p<0.0001) than the weight gained by the NVxCh group (3.7%). 

Percentage mean weight gained for MAb-Vx3.8Ch was 25.5%, statistically similar to 

NVxNCh (p=0.46) and significantly higher than NVxCh (p<0.0001). While the MAb-

Vx3.5Ch group achieved 12.5% increase in weight-gain, significantly lower than weight 
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gained by NVxNCh group of chickens (p<0.0001) and similar to the weight gained by 

NVxCh group of chickens (p=0.41). Average weight-gained by the MAb+Vx3.8Ch was 

21.72%, statistically similar to NVxNCh group of chickens (p=0.09) and significantly 

higher than NVxCh group of chickens (p<0.0001). Percentage mean weight gained for 

the MAb+Vx3.5Ch chickens was 12.44%, which was statistically similar to weight 

gained by the NVxCh (p=0.9) group of chickens and significantly lower than the 

NVxNCh group of chickens (p<0.0001) (Figure 3.2C). 

Quantification of challenge virus load in trachea at five days post challenge is 

expressed as viral genome load (log10 2-∆∆Ct) (Figure 3.2D). There was no detection of 

ILTV DNA in tracheal swabs collected from NVxNCh chickens. Mean viral genome load 

detected in tracheal swabs from the NVxCh group of chickens was 4.47. The mean 

challenge viral genome load from MAb-Vx3.5Ch and MAb-Vx3.8Ch groups of chickens 

was 2.95 and 2.40, respectively, which was significantly lower than viral load detected 

from NVxCh group of chickens (p≤0.02). The mean challenge virus genome load for 

MAb+Vx3.5Ch and MAb+Vx3.8Ch groups of chickens was 3.26 and 3.85, respectively, 

statistically similar to the mean genome viral load detected for the NVxCh group 

(p≥0.57). 

 

DISCUSSION 

 The objective of the present study was to evaluate attenuation and protection 

efficacy of the ∆ORF C recombinant virus when administered in ovo in MAb- and MAb+ 

chickens. Placement of vaccines into the various areas within the egg may enhance or 

limit the embryo`s response to the virus. The highest protection efficacy of bivalent 
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Marek`s disease vaccine (HVT-SB1) was found when the inoculum was applied into the 

amniotic fluid (40). In commercial practice, the broiler embryos are vaccinated between 

17 and 19 days of embryonation (16, 39), the embryo stage that ensures greater rate of 

deposition of inoculum in the amniotic fluid (41). Due to the lower embryo development 

of leghorn type birds as compared to broiler chickens (38), in this study, embryos were 

vaccinated at 19.5 days of embryonation, which, in our experience, correspond to the 

optimal development stage under our incubation conditions (data not shown).  

Attenuation of the recombinant ∆ORF C virus was evaluated by assessing 

hatchability, mortality, clinical signs, weight-gain and transmission to contact chickens 

post vaccination. In agreement with previous studies where in ovo vaccination with ILTV 

recombinants ∆gJ (22) and ∆gG (20) was performed in broilers and SPFs, no effect on 

hatchability was observed for either SPF and commercial layers in this study. Overall, 

hatchability values from MAb- groups were similar to that of non-vaccinated chickens. 

The lower hatchability in MAb+ chickens was most likely due to incubation irregularities 

rather than effects of the recombinant virus. Similar to what was observed when ∆gJ 

ILTV recombinant was administered in ovo in commercial broilers (22), moderate to high 

levels of ILTV DNA were detected in trachea and lung from chickens presenting severe 

respiratory distress post hatch, between 1 and 14-days of age, that resulted in elevated 

mortalities. In contrast, no mortalities were observed in MAb+ chickens when the 

recombinant ∆ORF C virus was administered. The absence of mortality was most likely 

associated with interaction of maternally derived antibodies with the replication of the 

recombinant ∆ORF C virus by a not yet known mechanism. 



	 76	

Based on the lack of ILT clinical signs and low tracheal pathology the 

recombinant ∆ORF C virus appeared to be attenuated for three week old SPFs chickens 

when administered via the intratracheal or eye-drop routes (11). In this study, the 

increased mortality and the incidence of mild to moderate clinical signs of the disease 1 

to 3 weeks post hatch in SPFs chickens indicates that recombinant ∆ORF C virus still 

retains residual virulence for in ovo vaccination. In ovo vaccination of SPF chickens with 

recombinant ILT virus deficient in the viral chemokine binding protein (∆gG) gene has 

also shown mortalities induced during the first week post hatch due to increase 

replication of the recombinant virus in trachea and yolk sac with viral load ranging from 

4.0 to 8.7 (log10).  

The Newcastle disease lentogenic vaccine strain clone 30 was genetically 

modified by introducing genetic changes that resulted in attenuated strains as indicated by 

reduced intracerebral pathogenicity indexes. When these recombinant NDV clone 30 

viruses were administered to SPFs embryos at 18 days of embryonation, it resulted in 

overall high rates of infection observed at one day post-hatch and 20 to 60% mortality up 

to 21-days of age (26). Considered together post-hatch mortalities induced after in ovo 

administration with attenuated NDV clone 30 recombinants and ILTV recombinants ∆gJ 

(22), ∆gG (20) and ∆ORF C were associated with an increased replication of the 

respective recombinant virus, suggesting that the capacity of the embryo to respond to 

vaccination was overwhelmed by viral replication. In a recent study inoculation of 18 day 

old SPFs embryos with cpG, the ligand that stimulates Toll like receptors 21 and 9, 

resulted in reduction of ILTV replication in lungs and trachea of chickens four and seven 
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days post-hatch (35). Currently, no live attenuated vaccines against respiratory disease of 

poultry for in ovo administration are commercially available. 

Regardless of mortality induced by the recombinant ∆ORF C ILT virus no effect 

on weight-gain was observed for MAb-Vx3.5, MAb-Vx3.8 or MAb+Vx3.8 groups of 

chickens. The MAb+Vx3.5 group of chickens showed decrease weight-gain, however the 

lack of clinical signs and mortality in this group of chickens is not related to in ovo 

vaccination with ∆ORF C ILT virus. 

The low proportion of tracheal swabs from hatch contacts and post hatch contacts 

where ILTV genome load was detected indicates a low rate of transmission of the ∆ORF 

C ILT virus from vaccinated to non-vaccinated chickens. The lack of transmission is a 

desired characteristic for ILTV vaccines, as it will reduce the persistence of vaccine 

strains in the field. The high rate of transmission of the CEO vaccine (31), in particular, 

contributes to the emergence of vaccine-derived strains that are responsible for outbreaks 

of the disease while circulating in the field (7, 18, 24). Further studies are necessary to 

compare the transmission of ∆ORF C and the commercial counterparts under the same 

experimental conditions. 

The protection efficacy of recombinant ∆ORF C virus was assessed after 

challenge at 28-days of age by assessment of clinical signs, weight-gain, and challenge 

virus load. In this study protection of vaccinated groups of chickens was defined as 

reduction in clinical signs and challenge virus genome load combined with increased 

weigh-gain post challenge. All vaccinated groups showed a significant reduction in 

clinical signs, MAb – and MAb+ groups of chickens that received a 3.8 (log10) dose of 

recombinant ∆ORF C virus showed significant increase in weight-gain, however, only 
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MAb- groups of chickens showed a significant reduction of virus load post-challenge. 

Based on decreased clinical signs, reduction of challenge virus load, and increased 

weight-gain after challenge, only the MAb-Vx3.8Ch group of chickens was considered 

fully protected against ILT, while MAb+ Vx3.8Ch was partially protected because 

vaccination did not significantly decrease challenge virus replication in the trachea. In 

ovo vaccination of SPFs chickens with recombinant ∆gG ILT virus did not decrease 

challenge virus replication in the trachea, indicating that protection efficacy of 

recombinant ∆gG ILT virus was partial (Legion et al., 2012).  

The reduction of challenge virus genome load in trachea after challenge was 

contingent on the presence of maternally derived ILTV antibodies at vaccination. The 

presence of ILTV maternally derived antibodies most likely interacted with the 

replication of recombinant ∆ORF C virus and consequently interfered with protection 

efficacy in a portion of the vaccinated chickens.  

In conclusion, in ovo vaccination with the recombinant ∆ORF C virus has no 

effect on hatchability and low transmission to contact chickens, however induce 

considerable mortality in MAb- chickens in contrast to MAb+ chickens. Therefore, this 

recombinant virus was sufficiently attenuated for in ovo vaccination of commercial layers 

but not for SPF chickens. Based on clinical signs, weight-gain and viral genome load in 

trachea post challenge, in ovo administration of ∆ORF C has the potential to protect 

chickens against ILT disease. The possible interaction between maternal antibodies and 

∆ORF C reduces ILT-derived mortality in the first weeks of age, however diminishing 

the protection efficacy post challenge. Further studies are necessary to determine the 
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optimal dose to be applied in ovo in combination with adjuvants that could increase the 

immune response of the embryo as a way to improve protection efficacy. 
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Table 3.1 Groups vaccinated in ovo with MDV or MDV and ILTV at 19.5-days of embryonation and challenged as 28-days of age 

Maternal 
antibodies In ovo vaccine Groups N Challenge Groups post Ch N 

MAb 
negativea 

 

MDVc Non-vaccinated (NVx) 50 No NVxNCh 38 
MDV Hatch Contacts (HC) 150 No - - 
MDV Post-hatch Contacts (pHC) 100 No - - 
MDV Non-vaccinated (NVx) 50 Yes NVxCh 33 

MDV c +ILTV 3.5 (log10) d MAb-Vx3.5 50 Yes MAb-Vx3.5Ch 31 
MDV+ILTV 3.8 (log10) MAb-Vx3.8 50 Yes MAb-Vx3.8Ch 29 

MAb 
positiveb 

MDV+ILTV 3.5 (log10) MAb+Vx3.5 25 Yes MAb+Vx3.5Ch 18 
MDV+ILTV 3.8 (log10) MAb+Vx3.8 25 Yes MAb+Vx3.8Ch 18 

a Specific pathogen free (SPF); b Commercial layers; c Full dose bivalent vaccine Cevac HVT& SB-1® (Ceva Animal Health); d ILTV 
ΔORF C recombinant virus dose per embryo 
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Table 3.2. Attenuation of ∆ORF C virus post in ovo vaccination 

Group ID Hatchability (%) Cumulative 
mortality (%) a Weight-gain (%) b qPCR ILTV c 

NVx 90 2.85 441.4 0% (0/46) 
HC - 1.52 435.1 3.7% (12/326) 
pHC - 1.52 422.6 1.6% (3/192) 

MAb-Vx3.5 88 5.72 455.4 - 
MAb-Vx3.8 90 19.44 454.6 - 
MAb+Vx3.5 76 0 390.3* - 
MAb+Vx3.8 72 0 436.2 - 

a cumulative mortality from 1-21-days of age; b weight-gain from 1-21-days of age; c samples positive for 
ILTV detection, tracheal swabs collected from 1-3 weeks of age; * significantly lower as compared to the 
NVx group. 
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Figure 3.1. Maternal antibodies (MAb) against ILTV in non-vaccinated Specific 
Pathogen Free (MAb-) and commercial layers (MAb+) at 1-day-of-age. The presence of 
MAb was analyzed by an in-house developed glycoprotein B (gB) based ELISA utilizing 
serum from one-day-old chickens. Reactivity of sera was expressed as sample to positive 
ratio (SP Value).  
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Figure 3.2. Protection efficacy elicited by inoculation of ∆ORFC in ovo. Chickens 
inoculated with ∆ORF C and one group of non-vaccinated chickens (NVxCh) were 
challenged with the virulent ILTV strain GA 63140. One group of chickens remained 
unchallenged (NVxNCh). Peak of clinical signs (A), mean clinical signs scores per group 
at five days post challenge (B), mean weight-gain at five days post challenge (C), viral 
genome load in the trachea at five days post challenge (D). Statistical differences among 
groups are expressed by different letter superscripts.  
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CHAPTER 4 

PROTECTION EFFICACY OF RECOMBINANT ∆ORF C INFECTIOUS 

LARYNGOTRACHEITIS VIRUS (ILTV) WHEN DELIVERED IN OVO, SPRAY 

AND BY NASAL-ORAL IN THE PRESENCE OF MATERNALLY DERIVED 

ILTV ANTIBODIES 1  
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ABSTRACT 

A recombinant Infectious laryngotracheitis virus (ILTV) depleted of the open 

reading frame C (ORF C) gene was previously developed and evaluated for in ovo 

vaccination. Although the recombinant ∆ORF C virus induced considerable mortality in 

specific pathogen free (SPF) chickens it also elicited a strong protection against ILT after 

in ovo vaccination. In contrast, in ovo vaccination with recombinant ∆ORF C virus in 

commercial layers was safe, while the protection efficacy was hampered due to increased 

levels of maternally derived ILTV antibodies. The objective of this study was to evaluate 

the protection efficacy of the recombinant ∆ORF C virus when administered singly via in 

ovo, spray, or nasal-oral routes, and when administered in ovo followed by either spray or 

nasal-oral at eight-days of age in commercial layers. In ovo delivery of ∆ORF C 

recombinant virus did not affect hatchability or weight post vaccination. Chickens 

vaccinated with ∆ORF C recombinant virus presented up to 6.5% mortality while non-

vaccinated embryos presented up to 2.2% mortality by eight-days of age. Optimal 

protection was obtained when in ovo vaccination with ∆ORF C ILTV was combined with 

nasal-oral revaccination. Chickens vaccinated singly in ovo or in ovo followed by spray 

were partially protected as they showed clinical signs of the disease and failed to gain 

weight as compared to non-vaccinated chickens. Chickens vaccinated at eight-days of age 

singly via spray or nasal-oral were not protected. Overall the recombinant ∆ORF C ILTV 

induced protection against ILTV when administered in ovo in the presence of maternally 

derived antibodies. Furthermore priming by in ovo immunization with ∆ORF C was 

essential to elicit a strong protective response to ILTV challenge.  
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INTRODUCTION 

Infectious laryngotracheitis (ITL) is a highly contagious respiratory disease of 

chickens that results in severe production losses to the poultry industry (4, 9). The 

etiological agent of the disease is Gallid Herpesvirus-1 (GaHV-1), commonly referred to 

as Infectious laryngotracheitis virus (ILTV). Currently, the main method of controlling 

the disease is through vaccination. In United States, most broiler breeders and 

commercial layers are vaccinated twice against ILTV either by eye-drop route with a live 

vaccine attenuated by consecutive passages in tissue culture (TCO) (16); via drinking 

water or coarse spray or eye-drop with a live vaccine attenuated in embryos (CEO) (11, 

33). Commercial broilers are vaccinated only in the face of outbreaks, in ovo or 

subcutaneously with the recombinants turkey herpesvirus (HVT) and fowl poxvirus 

(FPV) vectored vaccines expressing the ILTV glycoproteins D and I (HVT-LT) and 

glycoprotein B (HVT-LT) (10, 39), ILTV glycoprotein B and Unique Long 32 (FPV-LT) 

(2, 39) or with CEO vaccine via drinking water between 10 to 16-days of age.  

Mucosal vaccination is a non-invasive alternative for vaccination in chickens as it 

is capable of eliciting strong local and systemic immune responses in mucosal-associated 

lymphoid tissues (MALT) (21). Eye-drop, coarse spray and drinking water remain the 

traditional methods used for delivery of ILTV vaccines into the bird`s mucosa. These 

vaccination methods have been experimentally tested in chickens from 1 to 28-days of 

age (5, 14). In particular with the CEO vaccine, severe clinical signs were detected in 

birds vaccinated via course spray at one-day of age (5), while mild vaccine reactions 

were observed when the vaccine was administered via spray, drinking water and eye-drop 

between 14 to 28-days of age. In previous studies all CEO vaccinated chickens were 
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satisfactorily protected after challenge (5, 14). Contrary to earlier studies where it was 

proposed that underdevelopment of the immune system renders young birds non-

responsive to ILTV vaccination (1, 7, 15, 16), J. K. Clarke, et al. (5) found that despite 

the harsh reaction induced by ILTV vaccination at one day of age, chickens were 

protected nine days after vaccination, suggesting that early post-hatch vaccination 

induced a fast protective immune response.  

In ovo vaccination is a highly effective mass immunization method with increased 

coverage, fast delivery, reduction in bird handling and lower costs as compared to other 

field vaccination methods (31). Live Marek`s disease virus (MDV) serotypes 1 (CV1988, 

Rispens), 2 (SB-1), and serotype 3 (Turkey herpesvirus - HVT), Fowl poxvirus (FPV) 

and Infectious bursal disease virus (IBDV) vaccines are commonly administered in ovo 

(3, 12, 17, 28, 43, 44). 

Early studies showed that embryo vaccination at 18-days of age with HVT 

resulted in better protection at hatch than subcutaneous vaccination at one day of age 

followed by challenge at three-days of age. Furthermore MDV maternally derived 

antibodies did not inhibit the response to in ovo vaccination, despite their reduction in the 

protection efficacy of HVT (36).  

Although the exact mechanisms by which in ovo vaccination works are not fully 

understood, early studies with HVT vaccination at 17 and 18 days of embryonation 

promptly showed vaccine replication in the lungs (37) as well as a high interferon 

response (35). The uptake of in ovo vaccines applied at the amniotic and intra-embryonic 

routes was localized to the intestinal and respiratory tracts indicating the ingestion of the 

vaccine by the embryo (23). In a recent study I. M. Gimeno, et al. (19) reports that in ovo 
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vaccination with MDV serotypes 1, 2 and 3 resulted in the expansion and activation of 

splenic T cell populations. In particular vaccination with HVT induced a significant 

activation of T leukocytes and enhanced the immune responses against unrelated 

antigens, suggesting that HVT vaccination accelerates the maturation of the immune 

system. This effect may explain the efficacy of in ovo vaccination with HVT to prevent 

Marek’s disease. Experimentally, in ovo vaccination of chickens against MDV followed 

by revaccination with homologous and heterologous serotypes at one day of age by the 

subcutaneous route resulted in higher protection against early challenge (two-days of age) 

(18). The most prevalent practice in the industry is in ovo vaccination against MD and 

other diseases controlled by HVT recombinant viral vector vaccines. Other less 

frequently vaccines applied in ovo are Infectious bursal disease (IBD) and fowl pox (FP) 

disease (3, 17), the use of live attenuated vaccines against respiratory viruses is still 

limited for commercial in ovo vaccination.  

In an effort to enable in ovo vaccination with ILTV, attenuation of the virus by 

deletion of genes associated with virulence has been performed. The deletion of the gene 

coding for glycoprotein G (gG), a viral chemokine binding protein, produced an 

attenuated recombinant virus suitable for vaccination of SPF chickens in ovo and at three-

weeks of age. The authors have shown that the lack of gG shifts the immune response 

away from the humoral branch, enhancing cell-mediated immunity against ILTV, 

eliciting protection comparable to that of live attenuated vaccines (6, 8, 25). Another 

recombinant ILTV depleted of glycoprotein J gene was considered poorly attenuated for 

in ovo vaccination of commercial broilers, as it induced high mortality during the first 

weeks of age (27). Recently, a recombinant ILTV depleted of open reading frame C 
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(ORF C) gene induced protection similar to that of the TCO vaccine when delivered via 

eye drop in three-week old SPF chickens (13). In ovo vaccination with ∆ORF C resulted 

in increased mortality post-hatch while inducing satisfactory protection of SPFs chickens. 

In contrast in ovo vaccination of commercial layers, bearing maternally derived 

antibodies, showed absence of mortality post-hatch accompanied of diminished 

protection post-challenge (34).  

Vaccination of commercial layers with live attenuated ILT vaccines at six weeks 

of age followed by vaccination via spray at 10 weeks of age considerably improved the 

protection as compared to chickens that were not re-vaccinated (22), indicating that a 

second immunization against ILTV is necessary for longer living birds.  

Based on our previous studies, the in ovo vaccination with recombinant ∆ORF C 

virus is capable of inducing protection in the absence or presence of maternally derived 

antibodies suggesting that in ovo vaccination primes an immune response against ILTV. 

The objective of this study was to evaluate if a second immunization with ∆ORF C virus 

enhances the protection elicited by in ovo vaccination. The protection efficacy of ∆ORF 

C virus was evaluated in commercial layers when administered via in ovo, spray, or 

nasal-oral routes, and in ovo followed by either spray or nasal-oral revaccination at eight-

days of age in the presence of maternally derived antibodies. 

 

MATERIALS AND METHODS 

Virus strains. The ΔORF C recombinant virus (13) was passaged in chicken kidney cells 

(CK) and the fifth passage was used to vaccinate chicken embryos in ovo. The MDV 

bivalent commercial vaccine Cevac HVT& SB-1® (Ceva Animal Health, Lenexa, 
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Kansas, USA) was prepared according to manufacturer`s recommendations. The 

challenge virus strain used in this experiment was the virulent GA 63140, genotype V 

field isolate (38). Both ILT viruses were propagated and titrated in chicken kidney (CK) 

cells prepared from 3 to 4-weeks old chickens as previously described (32). Titers were 

calculated as the 50% tissue culture infective dose (TCID50) (30). 

 

In ovo vaccination. Before vaccination, each set of eggs was placed inside a class II type 

A2 safety cabinet, sprayed with BioSentry® 904 Disinfectant (1:249 dilution) (HACCO, 

Inc., Randolph, Wisconsin, USA), air dried for 2 to 3 minutes, and the external shell 

punched by introduction of 2 mm 18-gauge needle. Two hundred µL of virus suspension 

was delivered in the amniotic cavity of each embryo using a 23-gauge one-inch needle.  

 

Spray vaccination. A total of 1 liter of ∆ORF C suspension containing 4.5 (log10) 

TCID50/mL was prepared by diluting the cell free virus stock in tissue culture distilled 

water. Approximately 200 µL of virus at dose of 3.8 (log10) TCID50 per chicken was 

sprayed per group of chickens. After drying out, the chickens were separated according to 

their respective groups. 

 

Nasal-oral vaccination. The ∆ORF C virus was diluted in cell culture media (DMEM + 

2% calf serum) at a concentration of 4.5 (log10) TCID50/mL, and administered in a total 

volume of 200 µL per chicken (3.8 (log10) TCID50/chicken), 100 µL were applied orally 

and 100 µL via nasal (50 µL in each nostril). 
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Experimental design. A standard practice of the poultry industry is to administer MDV 

vaccine in ovo. In this study in order to mimic this practice, the ILTV ∆ORF C 

recombinant virus was administered combined with a full dose of the bivalent MDV 

vaccine. Embryos that were not vaccinated with ILTV received a full dose of MDV 

bivalent vaccine by itself (Table 4.1). A total of 600 commercial layer eggs (Hy-line 

North America Inc., Mansfield, Georgia, USA) were incubated at 99.5˚F and 55% 

humidity. At 18 days of embryonation the eggs were candled and non-viable embryos 

were eliminated. At 19.5 days of embryonation 582 embryos were vaccinated with 200 

µL of ILTV/MDV or MDV vaccine, delivered into the amniotic fluid. A total of 240 

embryos were inoculated with a full dose of MDV vaccine together with recombinant 

∆ORF C virus, 120 with a 3.8 (log10) TCID50 dose (Vx3.8) and the remaining 120 with a 

4.1 (log10) TCID50 dose (Vx4.1). A total of 342 embryos were in ovo vaccinated solely 

with a full dose of MDV vaccine and identified as non-vaccinated for ILTV in ovo 

(NVx). Each group of embryos was hatched in a separate incubator and identified with 

neck tags at hatch.  

In order to evaluate the effects of a second vaccination with ∆ORF C, at eight-

days of age, the Vx3.8 group of chickens was divided in three subgroups: the first (n=36) 

did not receive any second vaccination (Vx3.8); the second (n=34) was revaccinated via 

spray (Vx3.8+S); and the third (n=33) was revaccinated via nasal-oral (Vx3.8+N). 

Similarly, the Vx4.1 group of chickens was divided in three subgroups: the first (n=37) 

did not receive any second vaccination (Vx4.1); the second (n=35) was revaccinated via 

spray (Vx4.1+S); and the third (n=29) was revaccinated via nasal-oral (Vx4.1+N).  
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In order to assess the protection of ∆ORF C virus when administered singly by 

spray or nasal-oral post-hatch a total of 139 chickens not previously vaccinated in ovo 

with ILTV (NVx) were vaccinated either via spray (Vx (S) n=69) or via nasal-oral (Vx 

(N) n=70) (Table 1) with ∆ORF C virus at the dose mention above.  

At 28-days of age, chickens from NVx, Vx (S), Vx (N), Vx3.8, Vx3.8+S, 

Vx3.8+N, Vx 4.1, Vx4.1+S and Vx4.1+N were challenged with the virulent ILTV strain 

GA 63140 at 3.0 (log10) TCID50/chicken (Table 4.1). The challenge virus was 

administered in a total volume of 200 µL per chicken, 100 µL were applied 

intratracheally and 100 µL via eye-drop (50 µL in each eye). A group of NVx chickens 

(NXvNCh) was inoculated with 200 µL of cell culture media (100 µL intratracheally and 

50 µL in each eye). 

 

Evaluation post vaccination. Hatchability, cumulative mortality and weight were used 

as parameters to assess the impact of the recombinant ∆ORF C virus post vaccination. 

Cumulative mortality was recorded from hatch until eight-days of age. All chickens were 

weighed at 28-days of age.  

 

Evaluation post challenge. Clinical sings and mortality were scored from 3 to 7 days 

post challenge (PC) as previously described by A. Vagnozzi, et al. (39). Briefly, each 

chicken received a score for each category of clinical sign, in which normal condition 

received a score of 0, mild a score of 1, moderate a score of 2 and severe a score of 3, 

dead chickens received a total score of 6. The sum of clinical signs for each bird was 

averaged and a mean clinical signs score (CSS) was assigned at each time point for each 
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group of chickens. Mean clinical signs scores at the peak of clinical signs were compared 

among groups of chickens. Tracheal swabs were collected from all chickens at five days 

post challenge and analyzed by qPCR to quantify challenge virus genome load. All 

chickens were weighed before challenge at 28-days of age and at seven days post-

challenge (35-days of age) to calculate the average percentage body weight gained per 

group of chickens after challenge. The percentage body weight gained per chickens was 

calculated using the following formula: [(Final weight – Initial weight) / Initial weight]. 

The percentage reduction in tracheal viral genome load for vaccinated groups of chickens 

was calculated as described below.  

 

DNA extraction. Tracheal swabs were placed in 2 mL sterile tubes containing PBS 

solution + 1% antibiotic-antimycotic (penicillin + streptomycin+ amphotericin B) + 2% 

newborn calf serum and stored at -80˚C until processing for DNA extraction. DNA was 

extracted using MegaZorb DNA mini-prep kit® (Promega, Madison, Wisconsin, USA), 

according to manufacturer’s recommendations with some modifications. Briefly, 70 µL 

swab suspension was resuspended with 7 µL of proteinase K and 50 µL of lysis buffer at 

56˚C for 10 minutes in a 96-well plate. 20 µL of magnetic beads were added along with 

125 µL of binding buffer to each well, following incubation for 10 minutes at room 

temperature. The supernatant was removed and the beads were washed twice with 

washing buffer. Finally, the DNA was eluted from the beads with 100 µL of elution 

buffer. 
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Quantitative real-time PCR for ILTV. Viral genome load were determined by qPCR in 

tracheal swabs collected at five days post challenge. A duplex real-time PCR assay 

normalized for α-collagen chicken DNA was utilized as previously described by A. 

Vagnozzi, et al. (38). Briefly, the viral genome load for each sample was normalized to 

the amount of host collagen DNA. The relative amount of viral DNA was per sample was 

expressed as log10
2-∆∆Ct (26). Percentage reduction in tracheal viral genome load for 

vaccinated groups was calculated using the following formula: [(mean log10
2-∆∆Ct from 

NVx-Ch – mean log10
2-∆∆Ct from the group) / mean log10

2-∆∆Ct from NVx-Ch].  

 

Serology. Commercial layers used in the study originated from CEO vaccinated breeders, 

so the presence of ILTV maternal antibodies was expected. To determine the levels of 

ILTV maternal antibodies, serum samples were collected at 1 and 4-days of age from 51 

to 55 chickens originated from the same company. Antibodies were detected with an in-

house developed recombinant glycoprotein B (gB) based ELISA previously described by 

(20). Briefly, recombinant glycoprotein B expressed by bacuolavirus was purified from 

culture supernatants. The gB ELISA was shown not to cross-react with polyclonal sera 

raised against other diseases of poultry. Reactivity of sera was expressed as sample to 

positive ratio (SP Value) per plate. The SP values were calculated as a corrected optical 

density (OD) of the unknown sample. Briefly, OD unknown sample minus average OD 

of known negative divided by the average OD of known positive sample. Samples that 

received an SP value greater than 0.11 were considered positive for glycoprotein B 

antibodies. 
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Statistical analysis. Data were entered into Microsoft Office Excel 2011 and analyzed 

via Prism 6.0 software (GraphPad Software Inc., La Jolla, CA). Kruskal-wallis test was 

used to determine statistical differences in weight post vaccination, weight-gain post 

challenge, clinical signs scores at five days post challenge and, viral genome load post 

challenge among all the groups. All statistical analyses were performed at the 5% level of 

significance. Antibody levels, percentage hatchability and cumulative mortality were 

calculated in Microsoft Excel and were not statistically analyzed. 

 

RESULTS 

Serology. The mean SP value obtained for commercial layer chickens at 1 day of age 

(N=55) was 0.22, and at four-days of age (N=51) was 0.24 (Figure 4.1). These results 

indicate that as previously tested the source of commercial layer embryos (Hy-line North 

America) utilized in this experiment carries maternally derived ILTV antibodies.  

 

Hatchability, mortality and weight post-vaccination. The hatchability of NVx and 

vaccinated groups of chickens ranged from 89% to 92% (Table 4.2). Cumulative 

mortality until eight-days of age was notably higher in Vx3.8 and Vx4.1 groups, reaching 

6.4% and 6.5%, respectively, whereas the NVx group reached only 2.2% cumulative 

mortality (Table 4.2). Average weight at 28-days of age ranged from 274.0g to 299.8g. 

Weights of ILTV vaccinated groups of chickens were statistically no different (P≥0.08; 

n≥29) to the NVx group of chickens (Table 4.2). 
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Protection efficacy. To evaluate protection efficacy induced by the in ovo vaccination 

with ∆ORF C followed by revaccination via nasal-oral or spray post-hatch, at 28-days of 

age, chickens vaccinated with ∆ORF C and one group of non-vaccinated chickens 

(NVxCh) where challenged with a virulent ILTV GA 63140 and monitored for clinical 

signs of ILT from 3 to 7 days post challenge (PC). As shown in figure 4.2A, the peak of 

clinical signs was identified at five days PC, particularly noticeable for the NVxCh group 

of chickens. The mean clinical signs at five days post challenge for each group of 

chickens is shown in figure 4.2B. Clinical signs scored for Vx(S), Vx(N), Vx3.8 and 

Vx3.8+S groups of chickens were statistically similar to the clinical signs of the NVxCh 

group (P≥0.07). Clinical signs scored for Vx3.8+N, Vx4.1, Vx4.1+S and Vx4.1+N were 

statistically lower as compared to the NVxCh group (P<0.0001). However, still 

statistically higher (P≤0.002) as compared to NVxNCh group of chickens (Figure 4.2B) 

 The weight-gain between 28 and 35-days of age (7 days PC) was calculated. The 

percentage mean weight-gain post challenge for each group is shown in Figure 4.2C. The 

highest weight-gain was noted for NVx-NCh chickens (35.2%), statistically higher 

(P<0.0001) than the weight-gain of the NVx-Ch group (21.5%). The mean weight-gain 

recorded for Vx3.8 (31.8%), Vx3.8+S (32.6%), Vx3.8+N (36.1%) and Vx4.1+N (31.7%) 

groups were statistically similar to the weight gained by the NVx-NCh group (P≥0.10). 

Interestingly, Vx4.1 and Vx4.1+S gained 31.1% and 29.6% weight, respectively, which 

were significantly lower to weight gained by the NVx-NCh group of chickens (P≤0.02). 

Mean weight-gain for the groups Vx(S) and Vx(N) was 24.8% and 24.5%, respectively, 

and significantly lower compared to NVx-NCh chickens (P<0.0001). 
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 Mean challenge virus genome load in tracheal swabs collected at five days post 

challenge are presented in figure 4.2D. Mean challenge virus genome load from Vx(S) 

and Vx(N) groups was 3.14 and 2.82, respectively, similar to genome load (3.02) 

detected for NVxCh group (P>0.99). Mean challenge virus genome load detected for 

Vx3.8, Vx3.8+S, Vx3.8+N, Vx4.1, Vx4.1+S and Vx4.1+N groups of chickens ranged 

from 0.38 to 1.75, and were significantly lower as compared to the NVxCh group 

(P≤0.0013). Mean challenge viral loads from Vx4.1+S and Vx4.1+N groups of chickens 

were 0.38 and 0.68, respectively, significantly lower than those detected for NVx-Ch 

group of chickens (P<0.0001) (Figure 4.2D). Challenge virus load percentage reduction 

of Vx (S) and Vx (N) groups of chickens was 0 and 7%. Vaccinated groups Vx3.8, 

Vx3.8+S, Vx3.8+N and Vx4.1 reached 48%, 48%, 62% and 67% reduction of challenge 

virus load, respectively, while Vx4.1+N and Vx4.1+S reached 77% and 87% reduction in 

challenge virus genome load (Figure 4.2D). 

 

DISCUSSION 

We have previously shown that in ovo vaccination with the recombinant ∆ORF C 

induced partial protection in commercial layers. The diminished protective efficacy was 

attributed to the interaction of maternally derived antibodies with the recombinant virus, 

(34). The objective of this study was to evaluate if a second immunization with ∆ORF C 

virus enhances the protection elicited by in ovo vaccination in commercial layers. The 

protection efficacy of ∆ORF C virus was evaluated when administered via in ovo, spray, 

or nasal-oral routes, and in ovo followed by either spray or nasal-oral revaccination at 

eight-days of age in the presence of maternally derived antibodies. 
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 In ovo deposition of MDV vaccines into the amniotic fluid or embryo body 

enhances the embryo`s response and consequently improves performance of vaccination 

(41, 42). The optimal time for in ovo vaccination that ensures greater rate of deposition of 

inoculum in the amniotic fluid is between 17.5 and 19 days of embryonation (42). Due to 

the lower embryo development of leghorn type birds as compared to broiler chickens 

(40), in this study chicken embryos were vaccinated at 19.5 days of embryonation. 

Performing in ovo vaccination of commercial layers manually at 19.5 days of 

embryonation we obtained a deposition of 81.5% in the amniotic fluid and 12.5% in the 

embryo body (data not shown).  

In ovo vaccination with the recombinant ILTV had no effect on the hatchability, 

in agreement with previous studies in commercial broilers, layers and SPF chickens (27, 

34). 

In ovo vaccination with ILTV and NDV recombinant viruses induced high 

mortality in SPFs chickens, that was associated with increased viral replication (29, 34). 

However we have observed that mortality induced by in ovo vaccination of commercial 

layers with ∆ORF C virus can vary. In two consecutive experiments utilizing the same 

source of commercial layers vaccinated in ovo at 19.5-days of embryonation, with 

dosages ranging from 3.5 to 4.1 (log10) mortality varied from 0% to 6.5%. The presence 

of ILTV maternally derived antibodies was confirmed by an in-house developed 

recombinant glycoprotein B (gB) ELISA. The mean SP value for anti-gB antibodies 

obtained from one-day old chickens within the group that did not presented mortality was 

0.35 (+/- 0.25 SD) (34). While in this study, where mortality reached up to 6.5%, the 

mean SP values for anti-gB antibodies was 0.22 (+/- 0.34 SD). Although we cannot 
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determine if there are significant differences in maternal antibodies levels between the 

two experiments, these results may hint that mortality induced by in ovo vaccination with 

∆ORF C virus is related to the level of maternally derived antibodies. In contrast to in 

ovo vaccination, revaccination with ∆ORF C virus at eight-days of age via spray and 

nasal-oral route did not further increase the mortality rate within the vaccinated groups. 

This was expected as previous work has shown that recombinant ∆ORF C virus is highly 

attenuated as indicated by the low level of replication in trachea after mucosal 

vaccination via eye-drop (13).  

Weight-gain has been previously utilized as a parameter to characterize the 

virulence of ILTV strains (24, 34). Although this study analyzes weight at 28-days of 

age, our data corroborates previous studies indicating that in ovo vaccination with the 

recombinant ∆ORF C virus has no effect on weight-gain (25, 34).  

 In this study a fully protected group of vaccinated chickens was defined by a 

reduction in clinical signs and challenge virus genome load, and increased weigh-gain 

post challenge. Based on the established parameters, the Vx3.8+N and Vx4.1+N groups 

of chickens were fully protected against ILT. While Vx4.1 and Vx4.1+S were partially 

protected based on the lower weight gained; and Vx3.8 and Vx3.8+S were partially 

protected based on failure to reduce clinical signs. Groups Vx(S) and Vx(N) were 

considered not protected based on failure to reduce clinical signs and tracheal challenge 

virus load, and low weight gain. Among the parameters evaluated after challenge the 

reduction of challenge virus genome load ranging from 48% to 62% in groups vaccinated 

in ovo with 3.8 (log10) and 67% to 87% in groups vaccinated in ovo with 4.1 (log10) 

indicated that both the in ovo priming dose and revaccination greatly enhanced protection 
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efficacy. A. Vagnozzi, et al. (38) and A. Vagnozzi, et al. (39) reported that commercial 

broilers vaccinated with the commercial CEO vaccine via eye-drop at 14-days of age had 

reduction in tracheal challenge virus load comparable to that of non-vaccinated non-

challenged chickens. Although the objective of this study was not to compare the 

protection induced by ∆ORF C virus to the commercial counterparts, the reduction in 

challenge virus load post in ovo vaccination of commercial layers is a strong indicator of 

the potential of this recombinant virus in reducing challenge virus load as well as the 

CEO vaccine, however with the advantage of a mass vaccination method. 

In agreement with our previous study, these results demonstrate that recombinant 

∆ORF C virus is capable of eliciting a protective immune response to challenge after in 

ovo vaccination. Furthermore, we suggested an interaction of maternally derived 

antibodies with the ∆ORF C virus, consequently interfering with the protection efficacy 

induced by ILTV (34). In this study the protection efficacy induced by ∆ORF C in 

commercial layers indicates that the interaction of the virus with maternally derived 

antibodies can be overcome and elicit protective response to challenge.  

The vaccination with the recombinant ∆ORF C induced satisfactory protection 

post eye-drop vaccination in three-weeks old SPF chickens (13). In contrast, we observed 

that commercial layer chickens were not protected when vaccinated at eight-days of age 

via spray and nasal-oral routes. A possible reason for these differences in protection is 

most likely linked due to the route of administration, suggesting that the ocular mucosa is 

more responsive to ∆ORF C infection than the nasal-oral mucosa. When the virus enters 

the host via the ocular route, it will first come in contact with the conjunctiva associated 

lymphoid tissues (CALT) and the peri-ocular Harderian gland, tissues rich in lymphoid 
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cells (21) and essential sites where immune responses are generated to the express of 

virus uptake and processing by immune cells (13). Although eye-drop is an accurate 

mucosal delivery method for poultry vaccination, it is a labor-intensive procedure. Future 

studies should improve the use of post-hatch mass vaccination methods by optimizing the 

dose of ∆ORF C and the diluent, and the spray technique.  

In conclusion, the possible interaction between maternally derived antibodies 

against ILTV and in ovo vaccination with ∆ORF C can be overcome by increased doses 

of the virus in ovo and revaccination. Based on clinical signs, weight-gain and viral 

genome load in trachea post challenge, in ovo administration of ∆ORF C has the potential 

to protect chickens bearing maternally derived antibodies against ILTV. In ovo priming 

dose and revaccination greatly enhanced protection efficacy, however, the administration 

of ∆ORF C solely via spray or nasal-oral routes did not induce protection post-challenge 

highlighting the better suitability of the ∆ORF C virus for in ovo vaccination. Future 

studies remain necessary to optimize the protection efficacy induced by vaccination with 

∆ORF C against ILT and to satisfy the safety considerations according to the Title 9 of 

the Code of Federal Regulations, in SPF chickens. 
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Table 4.1. Groups vaccinated in ovo with MDV or MDV+ILTV at 19.5-days of embryonation, revaccinated at eight-days of 
age and challenged at 28-days of age 

In ovo vaccine Post-hatch 
vaccine c 

Group post 
vaccination N d Challenge 

(Ch) Groups post Ch N Ch 

MDV a - Non-vaccinated (NVx) 65 No NVxNCh 65 
MDV - Non-vaccinated (NVx) 64 Yes NVxCh 64 
MDV Spray Vx(S) 69 Yes Vx(S)Ch 69 
MDV Nasal-oral Vx(N) 70 Yes Vx(N)Ch 70 

MDV a +ILTV 3.8 (log10) b - Vx3.8 36 Yes Vx3.8Ch 36 
MDV+ILTV 3.8 (log10) Spray Vx3.8+S 34 Yes Vx3.8+SpCh 34 
MDV+ILTV 3.8 (log10) Nasal-oral Vx3.8+N 33 Yes Vx3.8+InCh 33 
MDV+ILTV 4.1 (log10) - Vx4.1 37 Yes Vx4.1Ch 37 
MDV+ILTV 4.1 (log10) Spray Vx4.1+S 35 Yes Vx4.1+SpCh 35 
MDV+ILTV 4.1 (log10) Nasal-oral Vx4.1+N 29 Yes Vx4.1+InCh 29 

a Full dose bivalent vaccine Cevac HVT& SB-1® (Ceva Animal Health); b ILTV ΔORF C recombinant virus dose per embryo; 
c Post-hatch vaccination with B∆ORFC at 3.8 (log10) TCID50/embryo via spray or nasal-oral application at eight-days of age; d 
Number of chickens in each group at eight-days of age. 
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Table 4.2. Hatchability, mortality and weight post in ovo vaccination with MDV or 
MDV+ILTV 

Group Hatchability 
(%) Cumulative mortality (%)a Weight (g) b 

NVx 
89% 

2.2% 295.2 (± 33.9) 
Vx(S) - 284.8 (± 31.2) 
Vx(N) - 289.5 (± 34.7) 
Vx3.8 

92% 
6.4% 274.0 (± 34.1) 

Vx3.8+S - 278.2 (± 33.9) 
Vx3.8+N - 289.8 (± 38.4) 

Vx4.1 
92% 

6.5% 286.4 (± 29.6) 
Vx4.1+S - 299.8 (± 33.6) 
Vx4.1+N - 289.1 (± 37.0) 

a Cumulative mortality from 1 to 8-days of age; b Weight at 28-days of age. 
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Figure 4.3.Maternal antibodies against ILTV in non-vaccinated commercial layers at 1 
and 4-days of age (DOA). The presence of maternal antibodies was analyzed by an in-
house developed glycoprotein B (gB) based ELISA utilizing serum from 1 and 4 days old 
chickens. Reactivity of sera was expressed as sample to positive ratio (SP Value). Dashed 
line represents the SP cut off value (0.11). 
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Figure 4.4. Protection efficacy elicited by inoculation of ∆ORF C in ovo. Chickens 
inoculated with ∆ORF C and one group of non-vaccinated chickens (NVxCh) were 
challenged with the virulent ILTV strain GA 63140. One group of chickens remained 
unchallenged (NVxNCh). Peak of clinical signs (A); Mean clinical signs scores per group 
at five days post challenge (B); Mean weight-gain at five days post challenge (C); Mean 
viral genome load in the trachea and percentage reduction in viral load at five days post 
challenge (D). Different superscripts letters express statistical differences among the 
groups.  
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CHAPTER 5 

DISCUSSION 

	

 The avian infectious laryngotracheitis virus (ILTV) continues to cause outbreaks of the 

disease worldwide. While live attenuated vaccines can offer a good protection, the vaccine strains 

can also produce latent infections as well as clinical disease after consecutive passages in 

chickens in the field. Therefore, lapses in biosecurity and improper vaccine administration 

contribute to the spread of ILTV and subsequent emergence of outbreaks. In an effort to improve 

control of ILTV, attention has turned towards developing more stable ILTV live attenuated 

vaccines by deletion of genes associated with viral virulence. Recently, a recombinant ILTV 

depleted of open reading frame C (ORF C) gene was developed and shown to be significantly 

attenuated for intratracheal/ocular and eye-drop delivery in SPF chickens, yet eliciting high level 

of protection post challenge, similar to that of the TCO vaccine (1). This thesis assesses the 

possibility of mass vaccination of chickens with recombinant ∆ORF C virus, via in ovo route. 

The objective of the first study (Chapter 3) was to evaluate the attenuation and protection 

efficacy of recombinant ∆ORF C virus for in ovo vaccination of chickens in the absence and 

presence of maternally derived antibodies. Attenuation was assessed based on hatchability, 

cumulative mortality, clinical signs, weight-gain and transmission post-vaccination. Overall, in 

ovo vaccination with ∆ORFC did not influence hatchability and weight-gain, showed low levels 

of transmission to naïve contact chickens and induced low levels of clinical signs post-

vaccination. No mortalities post-vaccination were recorded for chickens bearing maternally 

derived antibodies, however, the virus still induces high mortality levels during the first three 

weeks of age in the absence of maternally derived antibodies. Protection efficacy was assessed on 
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the basis of prevention or reduction of clinical signs, and reduction of tracheal viral load without 

negative effects in weight-gain post-challenge. In ovo vaccination with ∆ORF C was capable of 

inducing complete protection in chickens impaired of maternally derived antibodies, however 

only partial protection in chickens bearing maternally derived antibodies. Therefore, maternally 

derived antibodies against ILTV most likely interacted with the replication of recombinant ∆ORF 

C virus post-vaccination and consequently interfered with protection efficacy in a portion of the 

vaccinated chickens. 

The objective of the second study (Chapter 4) was to evaluate the potential of the 

recombinant ∆ORF C virus to elicit protection against ILT in chickens bearing maternally derived 

antibodies when administered singly via in ovo, spray, or nasal-oral, and when vaccinated in ovo 

and revaccianted by either spray or nasal-oral application at eight-days post-hatch. Hatchability, 

cumulative mortality and weight were assessed post-vaccination. Overall, the results of this study 

confirm that ∆ORF C had no effects in hatchability and weight post in ovo vaccination, however 

chickens with maternally derive antibodies vaccinated in ovo with recombinant ∆ORF C virus 

exhibited up to 6.5% mortality during the first week of age while no ILT vaccinated chickens 

presented up to 2.2% mortality during the first week of age. No mortalities were observed after 

revaccination by oral-nasal or spray administration. Chickens vaccinated in ovo and revaccinated 

via nasal-oral route were completely protected against ILT, whereas chickens vaccinated solely in 

ovo or vaccinated in ovo and revaccinated via spray were partially protected. The in ovo priming 

dose and the route of revaccination greatly enhanced the protection efficacy of the virus while the 

sole vaccination via spray or nasal-oral routes at eight days of age was not protective.  As shown 

by our laboratory the ∆ORF C virus induced a solid protective response in three week-old SPF 

chickens when applied via the ocular mucosal route (1). Therefore the failure of ∆ORF C virus to 

protect eight day-old chickens may be associated with the administration route. It appears that the 

nasal-oral route was not as effective as the ocular route in eliciting an adequate immune response, 

but further studies remain necessary to confirm this hypothesis. 
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A highlight of this study (Chapter 3) was the significant reduction of challenge virus load 

observed in trachea of chickens vaccinated in ovo with the ∆ORF C virus in the presence of 

maternally derived antibodies. Although our objective was not to compare the recombinant ILTV 

with the commercial counterparts, the challenge virus reduction achieved by in ovo with the 

∆ORF C virus in the presence of maternally derived antibodies was comparable to that reported 

for the live attenuated CEO vaccine when administered via eye-drop to 14-day old chickens (4, 

5). Two other gene-deleted ILTV recombinants have been tested for their suitability for in ovo 

vaccination of chickens. Whereas one of them, depleted of the glycoprotein J (gJ) still induced 

high mortality of commercial broilers (3), the other, depleted of glycoprotein G (gG) failed to 

reduce tracheal virus load post-challenge (2). 

In conclusion, in ovo vaccination with the recombinant ∆ORF C was capable of eliciting 

a protective response to challenge in the presence or absence of maternally derived antibodies. 

Although ILTV maternally derived antibodies weakened the protective efficacy of in ovo 

vaccination  in ovo priming dose and revaccination greatly enhanced protection efficacy and 

outdid interference of maternally derived antibodies. To our knowledge, this study is the first one 

to demonstrate the interference of maternal antibodies with in ovo vaccination against ILTV. The 

administration of ∆ORF C solely via spray or intranasally did not induce protection post-

challenge highlighting the suitability of the ∆ORF C virus for in ovo vaccination. Due to the 

considerable mortality, especially during the first week of age of SPF chickens, the ∆ORF C virus 

in its present form does not satisfy the USDA safety considerations.  
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