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ARTICLE INFO ABSTRACT 

Keywords   Infectious Laryngotracheitis (ILT) is an acute highly contagious respiratory disease of 
chickens. It has significant economic importance due to mortalities and the drop in egg 
production. In this study, seventy samples from different layer farms were collected from the 
outbreaks that occurred in Qalyubia province, Egypt, at the period from February 2018 till 
May 2019 to detect ILTV by molecular characterization through polymerase chain reaction 
assay (PCR) as well as isolation on the specific pathogen free- embryonated chicken eggs 
(SPF-ECEs) through chorioallantoic membrane (CAM) route. Post mortem examination of 
infected chickens revealed hemorrhagic tracheitis with fibrino-hemorrhagic casts and 
caseated materials. The PCR revealed amplification of a 688bp fragment of Infected Cell 
Protein 4 (ICP4) gene. Following that, seven samples were sequenced and phylogenetically 
analyzed. Sequence analysis of the ICP4 gene of these samples revealed complete identity 
with TCO (tissue culture origin) vaccines and the vaccine-related strains, which were 
previously isolated from Giza, Sharqia, Kafr El Sheikh, and Faiyum provinces through the 
years 2007 to 2018. Inoculation of ILTV PCR positive samples on SPF-ECE appeared as 
yellowish-white pock lesions on the inoculated CAM from the first passage. From these 
results, we can say that ILTV circulating in Egypt is a vaccinal strain that regains its 
virulence from the back passage in birds and causes outbreaks all over the country. 
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1. INTRODUCTION 
 
Infectious laryngotracheitis (ILT) is an extremely 
contagious, upper respiratory tract infection of the poultry, 
causing substantial economic damage in chicken farms due 
to high mortalities, reduced growth, and a significant 
decline in egg production (Chacón et al., 2010). 
The disease induces respiratory symptoms in chickens, 
pheasants, partridges, and peafowl. Sneezing, gasping, 
gurgling, rattling, wet rales, conjunctivitis, neck extension, 
and coughing of clotted blood are the predominant clinical 
signs in addition to reduced egg production and high 
mortalities (Lee et al., 2012).  
ILT is caused by Gallid herpesvirus type 1 (GaHV-1) 
related to Iltovirus genus, Alphaherpesvirinae subfamily of 
the family Herpesviridae and finally within order 
Herpesvirales (García, 2008). The GaHV-1 genome is a 
linear double stranded DNA molecule composed of a 
unique long (UL) and unique short (US) region flanked by 
inverted terminal repeats (Leib et al., 1987).  
The first outbreak of the disease was reported in Egypt with 
significant hemorrhagic tracheitis in layers in the province 
of Cairo and Giza in late 1982 and early 1983 (Tantawi et 
al., 1983). Another outbreak of the disease was reported in 
commercial layer chicken flocks, in Sharqia Province, 
Egypt in 2011 which was identified by sequencing of 
glycoprotein G (gG) and thymidine kinase (TK) genes (Ali 
et al., 2014). Another ILTV outbreaks pursued in poultry 

farms in Behera province and four strains of ILTV were 
isolated at the period between 2007 and 2010 from cross-
bred chicken farms (Shehata et al., 2013) which were 
attributed to tissue culture origin (TCO) vaccine related 
strains. ILTV triggered an outbreak in Faiyum province in 
spring 2018 (Nourhan et al., 2019). Between January 2018 
and May 2019, thirty farms in eight Egyptian governorates 
were confirmed to have ILT outbreaks (Bayoumi et al., 
2020). 
The diagnosis of GaHV-1 necessitates laboratory validation 
because clinical symptoms and post mortem examination 
may be confusing as other poultry respiratory pathogens 
may cause related clinical signs and lesions. GaHV-1 
diagnosis should be based on several tests, such as 
histopathological examination, virus isolation, and 
identification of GaHV-1 antigens (Tripathy and García, 
2015). 
For clinical samples, detecting GaHV-1 via PCR is more 
sensitive and reliable than virus isolation, as presence of 
some viruses as adenoviruses that contaminate sample may 
prevent ILTV replication (Williams et al., 1994). 
Recently, the ILTV Isolates have also been characterized 
by the sequence analysis of glycoprotein G (gG) gene, 
infected cell protein 4 (ICP4) and UL47. The ICP4 gene 
proved to be an effective and functional method for 
distinguishing between wild field isolates and vaccine 
strains (Chacon and Ferreira 2009).  
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Although GaHV-1 was firstly propagated via inoculating 
the embryonating chicken egg (ECE), but it also can be 
propagated in several cell cultures including chicken 
embryo liver (CELi), chicken embryo lung (CELu), 
chicken embryo kidney (CEK), and chicken kidney (CK) 
cells (Hughes and Jones,1988).  
ILTV still causing outbreaks in Egypt and leading to severe 
losses in layer farms all over the country. Previous studies 
revealed that it was a vaccinal strain. In our study, we 
aimed to know the reason for an outbreak that occurred in 
Qalyubia province, Egypt and if it is a wild field strain or a 
circulating vaccinal strain. So, we perform a quick 
diagnosis by PCR, sequencing, and phylogenetic analysis 
then make a confirmation by isolation of the virus on ECE. 

 
2. MATERIAL AND METHODS 
 
2.1. Clinical specimens 

Seventy samples were obtained from different layer 
chicken farms in Qalyubia province. These farms showed 
respiratory distress and some of them showed expectoration 
of blood. In post mortem (PM) examination they expressed 
hemorrhagic tracheitis, caseation in the tracheal lumen, and 
caseous laryngitis which represent the ideal pathognomonic 
lesions of ILT. The samples were collected in the period 
between February 2018 till May 2019 and these include the 
larynx, trachea, and lungs. These samples were preserved at 
-80 till usage to confirm the diagnosis by PCR and ILTV 
isolation. From the collected seventy samples only 
seventeen samples (have clear ILT lesions with no 
vaccination history) were taken for molecular 
characterization and then seven of them to be sequenced. 
Post mortem examination of field cases revealed congested 
tracheal mucosa, hemorrhagic tracheitis, presence of 
caseated material and blood clots along the lumen of 
trachea and some cases showed caseous material blocked 
laryngeal lumen as shown in Fig. (1). 
 
 
 
 
 
 
 
 

 

 

 
 
 
Fig.1 (A) Congested mucosa, Blood clots, and caseated material along the 
tracheal lumen. (B) Caseous material in tracheal lumen. (C)Hemorrhagic 
tracheitis and blood clots along the trachea. (D&E) Caseous material 
blocking laryngeal lumen. 

 

2.2. DNA Extraction and PCR amplification 

Complete DNA extracted from prepared tissue samples 
using QIAamp DNA Mini Kit (QIAGEN, Hilden, 
Germany, Catalogue no.51304) in accordance with 
manufacturer’s guidelines. In the tested samples ILTV was 
detected by amplifying portion of the gene ICP4. Seventeen 
samples were chosen from all seventy collected samples to 
be an indicator for the circulating strain in the province. 
Primers set was synthesized by Metabion (Germany) as the 
following: 

ICP4-1F ACTGATAGCTTTTCGTACCAGCACG 

(forward) 
ICP4-1R 
(reverse) 

CATCGGGACATTCTCCAGGTAGCA 

Amplified segment 688 bp (Chacón and Ferreira ,2009). 
 
PCR reaction was carried out in a total volume of 25 μl 
volume including 12.5 μl Emerald Amp GT PCR master 
mix (2x premix), 4.5 μl PCR grade water, 1 μl Forward 
primer, 1 μl Reverse primer, and 6 μl Template DNA. 
Cycling conditions of the used Primers are Primary 
Denaturation at 94˚C for 5 min. followed by Secondary 
Denaturation at 94˚C for30 sec., then Annealing at 62˚C for 
40 sec, then Extension at 72˚C for 45 sec and then finally 
the Final Extension at 72˚C for 10 min. these for 35 cycles 
using T3 Thermal cycler (Biometra) (Chacón and Ferreira, 
2009). 
 PCR products were then analyzed by 1.5% ethidium 
bromide-stained agarose gel, the gel was transferred to a 
UV cabinet. A gel documentation system photographed the 
gel, and data were analysed through computer software.  

2.3. PCR products purification and sequencing 

PCR product purified directly by QIAquick PCR Product 
extraction kit. (Qiagen Inc. Valencia CA). The purified PCR 
product was sequenced in both forward and reverse 
directions on an Applied Biosystems 3130 automated DNA 
Sequencer (ABI, 3130, USA). Using a ready reaction 
Bigdye Terminator V3.1 cycle sequencing kit. (Perkin-
Elmer/Applied Biosystems, Foster City, CA), with 
Catalogue No. 4336817. The sequence reaction was done 
in accordance to the instruction of the manufacture.  
A BLAST® analysis (Basic Local Alignment Search Tool) 
(Altschul et al., 1990) was conducted to determine 
sequence identity to GenBank accessions.  

 

2.4. Phylogenetic analysis 

A comparative analysis of sequences was conducted using 
the CLUSTAL W multiple sequence alignment program, 
version 1.83 of MegAlign module of Lasergene DNAStar 
software Pairwise, which was developed by Thompson et 
al., (1994), and Phylogenetic analysis were done using 
maximum likelihood, neighbor-joining, and maximum 
parsimony in MEGA6 program (Tamura et al., 2013). 
 

2.5. Isolation of ILTV on CAM 

The PCR positive samples (trachea and larynx) were 
minced using sterile iced mortar and pestle to prepare 
10%suspensions in PBS (pH 7.2) solution containing 
Penicillin (1000IU/ml) and Streptomycin 100mg/ml). The 
suspension was centrifuged at 4°C for 15 minutes at 8000 
rpm. The supernatant fluid of the sample (0.2ml) was 
inoculated into 12- day old SPF eggs (Kom Oshim farm for 
SPF-eggs, El-Faiyum, Egypt) via the chorioallantoic 
membrane (CAM) route for four passages, and control 
negative eggs inoculated with (0.2ml) PBS. The eggs were 
taken to be incubated at 37°C for 7 days then candled daily 
for mortalities and examined for lesions. 
. 

 
3. RESULTS 
 
3.1. Molecular detection of ILTV by PCR 
PCR was performed for the field samples against a control 
negative sample. Out of seventeen tracheal samples, fifteen 
samples were GaHV-1 ICP4 PCR-positive: with an 
expected amplicon size of 688 bp as shown in Fig. (2). 
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Fig.2 PCR amplification of 688pb of ICP4 gene from ILTV infected field 
samples. Lane L; 1000 bp DNA size marker. Lane C; Control positive. Lane 
N; Negative control. Lanes 1-17 represent the samples from all 9 and 14 
were the only negative results. 

3.2. Sequencing and phylogenetic analysis 
Nucleotide sequencing and alignment were made for the 
ICP4 gene for only seven PCR positive samples and tested 
for their identity percent in comparison with reference 
strains obtained via GenBank Fig. (3) and Fig. (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: The identity % between identified strains with red spots and the 
reference ones on GenBank. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: Phylogenetic analysis of ICP4 gene of ILTV identified samples. 
Phylogenetic analysis was done using MEGA6 program. The tree was 
constructed via multiple alignments of amino acids sequences of ICP4 gene 
and was analyzed by neighbor-joining analysis with 1000 bootstrap 
replicates. Samples of our study are marked by red spots. 

 
Analysis of the nucleotide sequence of the ICP4 gene 
amplicon of seven field samples reveals that they share 
100% homology with each other and with Faiyum 2018 
strain (GenBank: MN082685.1), ILTV-EG/CLEVB-
99/2015 (GenBank: MG279552.2) from Egypt and with the 
USDA strain (GenBankJN542534.1) reference strain. They 
share 97.6% homology with Laryngovac® (GenBank: 
FJ477350.1) and poulvac ILT® (GenBank: KP677882) that 
represent attenuated vaccines. Phylogenetic analysis 

showed the closest relationship between the ILTV isolated 
in the present study with the USDA strain 
(GenBankJN542534.1) reference strain. The sequenced 
samples were published on GenBank and had accession 
numbers as shown in table (1). 
Table 1 Molecular identified strains with their accession numbers. 

Strain 
N0. 

Strain ID Accession number 

1 ILTv EGY-BU Sh1.2018 MT199131 
2 ILTv EGY-BU Sh2.2018 MT199132 
3 ILTv EGY-BU Sh3.2019 MT199133 
4 ILTv EGY-BU Sh4.2019 MT199134 
5 ILTv EGY-BU Sh5.2019 MT199135 
6 ILTv EGY-BU Sh6.2019 MT199136 
7 ILTv EGY-BU Sh7.2019 MW512848 

  
3.3. Signs of ILTV on CAM of SPF-ECE 
Isolation of virus was conducted through inoculation of 
supernatant of centrifuged collected field samples, trachea 
and larynx, into CAM of ECE. At first passage, generalized 
edema and yellowish-white pocks were observed on the 
CAMs of inoculated eggs with the viral suspensions from 
the first egg passage. In comparison to the CAM of non-
inoculated control eggs, the membranes tended to be 
cloudy, and thickened Fig. (5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Chorioallantoic membranes (CAM) inoculated with a homogenate of 
infected field samples showing yellowish-white pock lesions (A&B) CAM 
of 1st passage, (C) 2nd   passage CAM, (D&E) yellow shadow of pocks on 3rd 
passage egg (black arrow) and after harvesting the membrane showed 
aggregation of pocks, (F) 4th passage CAM. 

 
4. DISCUSSION 
ILT is an avian respiratory disease that causes significant 
economic losses in poultry production because of sever 
clinical symptoms. Laryngotracheitis is a significant 
respiratory disease of poultry and has a major economic 
effect worldwide on poultry industries (Bagust et al., 2000).  
This study represents the rapid detection of ILTV with 
molecular characterization that caused an outbreak in 
commercial layer flocks in Qalyubia province, Egypt. The 
clinical examination of the infected chickens revealed that 
they showed depression, dyspnea, conjunctivitis and some 
farms reported expectoration of blood. These represented 
same clinical signs reported by Hughes et al. (1991). Post 
mortem examination of field cases revealed congested 
tracheal mucosa, presence of caseated material and blood 
clots along the lumen of trachea and some cases showed 
caseous material blocked laryngeal lumen. These post 
mortem lesions are similar to those detected by Guy and 
Bagust (2003); Moreno et al. (2010); Preis et al. (2013) and 
Bayoumi et al. (2020).  
It is not possible to rely on clinical signs and PM only for 
diagnosis of ILTV, so other diagnostic methods are 
essential. So that, molecular characterization was done. 
PCR is an extremely adaptive ILTV recognition technique 
(Pang et al., 2002). The modified-live ILT vaccine viruses 
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can infect susceptible birds and they also lead to field 
outbreaks of the disease (Guy et al., 1991). So, the 
differentiation between wild and vaccinal strains during 
outbreaks has a very critical role in disease control and also 
in surveillance studies. DNA sequence is the standard for 
genetic and molecular recognition for any virus (Lee et al., 
2013). The nucleotide sequences obtained aid to compare 
various virus strains isolated in different geographical areas 
(Chacón et al., 2010).  
 Infected cell protein 4 (ICP4) gene is often used to assess 
the origin of the strain causing disease outbreaks even it is 
vaccinal strain or field strain of the virus (Chacón and 
Ferreira, 2009). PCR was performed for the field samples 
against a control negative sample. Out of seventeen 
tracheal samples, fifteen samples were GaHV-1 ICP4 PCR-
positive with an expected amplicon size of 688 bp. This 
was the same as the result of (Chacón and Ferreira, 2009; 
Nourhan et al., 2019). 
Nucleotide sequencing and alignment were made for the 
ICP4 gene for only seven PCR positive samples and tested 
for their identity percent in comparison with reference 
strains obtained via GenBank. 
The nucleotide sequence analysis of ICP4 gene amplicon of 
seven field samples reveals that they share 100% homology 
with each other and with Faiyum 2018 strain (GenBank: 
MN082685.1), ILTV-EG/CLEVB-99/2015 (GenBank: 
MG279552.2) from Egypt and with the USDA strain 
(GenBankJN542534.1) reference strain. They share 97.6% 
homology with Laryngovac® (GenBank: FJ477350.1) and 
poulvac ILT® (GenBank: KP677882) that represent 
attenuated vaccines. Phylogenetic analysis showed the 
closest relationship between the ILTV isolated in the 
present study with the USDA strain (GenBankJN542534.1) 
reference strain. Our findings from the nucleotide and 
amino acid sequence suggested that ILTV vaccinal strains 
may be the cause of the outbreaks in commercial layer 
chicken flocks in Qalyubia, Egypt, although, the samples 
were taken from unvaccinated flocks. These findings are 
compatible with results by Shehata et al. (2013); Magouz 
(2015) and Nourhan et al. (2019) who observed that ILT 
viruse in outbreaks was related to vaccinal strain and so 
this suggested that viruses from CEO and TCO-ILT 
vaccines regain their virulence from bird-to-bird back 
passages and so can leading to serious outbreaks in 
susceptible flocks in Egypt.  
Also, these results are in agreement with the results 
obtained by Oldoni and García (2007) who showed that the 
vaccine strain was deeply related to most commercial 
poultry isolates of ILTV. Such outbreaks have shown that 
now the wild circulating virus is replaced by ILT vaccinal 
strain (Chang et al., 1997). These findings highlight the 
importance of using recombinant DNA-based vaccines and 
implementing biosecurity steps to reduce the chance of 
ILTV spread. Further epidemiological studies are expected 
in the context of ILTV circulation in Egypt, including 
chickens from the backyard.  
The second step for the presence of ILTV was the isolation 
on ECE by CAM route. The gold standard approach for 
ILTV diagnosis is still viral isolation (Guy and Bagust 
2003). The virus suspension was inoculated in ECE via the 
CAM route, generalized edema and yellowish-white pocks 
were formed on the CAMs of inoculated eggs that appeared 
from the first passage. In comparison to Non-inoculated 
CAM, the membrases look cloudy and somewhat 
thickened.  
Pock lesion detected after two passages by Ali et al. (2014) 
while detected after three passages by Magouz (2015) and 
after four passages by Islam et al. (2010), opposite to pock 

lesions in our finding which showed pocks rapidly on CAM 
at the first passage. This may could be related to the high 
viral concentration and the great adaptability of the virus to 
ECE.  
 
5. CONCLUSION  
ILTV molecularly characterized and isolated from the 
clinical cases of ILTV outbreaks of Qalyubia province was 
related to vaccinal strains. This means that the virus 
circulating is a vaccinal strain that regains its virulence 
from back passage in birds. It may be due to recombination 
between modified attenuated vaccines or appeared from 
latency from neighbor vaccinated flocks. It is 
recommended to use new vectored vaccines to avoid 
recirculation of vaccinal virus strains in the field. 
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