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Abstract
Infectious laryngotracheitis (ILT) is a respiratory disease that causes significant economic losses in the poultry industry 
worldwide. In this study, ILT outbreaks were reported on 30 farms located in eight Egyptian governorates between January 
2018 and May 2019. Gross examination of diseased chickens revealed congestion and hemorrhage of laryngeal and tra-
cheal mucosa with fibrinohemorrhagic casts and/or caseous material in the lumens. Histopathological examination showed 
epithelial sloughing, syncytium formation, heterophilic exudation, and development of eosinophilic intranuclear inclusion 
bodies. Infectious laryngotracheitis virus (ILTV) antigen was detected in the tracheal epithelium, infiltrated inflammatory 
cells, and syncytial cells, using immunohistochemistry. PCR targeting a portion of the thymidine kinase gene was further 
utilized to confirm the presence of ILTV DNA. The complete coding sequences of three envelope glycoprotein genes, gG, 
gD, and gJ, and a partial sequence of the infected cell polypeptide 4 (ICP4) gene from samples representing all of the farms 
and disease outbreaks were determined. Five prototype strains with unique sequences were chosen for detailed molecular 
characterization. Sequence comparisons and phylogenetic analysis of the partial ICP4 gene revealed that two strains were 
chicken embryo origin (CEO)-vaccine-like strains, and three were tissue culture origin (TCO)-vaccine-like strains. Analysis 
of the gJ gene sequence indicated that all of the strains were CEO vaccine-like strains. It was predicted that the latter three 
strains were recombinants of CEO- and TCO-vaccine-like strains. In conclusion, immunohistochemistry coupled with multi-
genomic PCR sequencing proved to be efficient for identification and typing of ILTV strains during disease outbreaks. Both 
CEO-vaccine-like and recombinant virus strains were circulating in Egypt during the 2018 and 2019 outbreaks.

Introduction

Avian Infectious laryngotracheitis (ILT) is a highly conta-
gious upper respiratory disease of chickens. ILT has also 
been described in other bird species, including pheasants, 
peafowl, and turkeys [1]. The disease is characterized by 
conjunctivitis, nasal discharge, head shaking, and a decrease 

in egg production. In severe forms of the disease, gasping, 
coughing, and expectoration of bloody mucus are common 
[2]. Histopathological lesions suggestive of ILT include syn-
cytial cell formation and development of intranuclear inclu-
sion bodies [3]. ILT is caused by infectious laryngotracheitis 
virus (ILTV), or gallid herpesvirus 1 (GaHV-1), which is 
a member of the genus Iltovirus, subfamily Alphaherpes-
virinae, family Herpesviridae [2]. Infections with this virus 
result in variable morbidity and mortality rates (around 90% 
and 70%, respectively) [4, 5], depending on the virulence 
of the circulating strains and whether they are present in a 
coinfection with other respiratory pathogens [2, 6].

Modified live virus vaccines have been licensed and used 
to prevent and control ILT outbreaks worldwide. Vaccine 
strains are either propagated in chicken embryos (CEO; 
chicken-embryo origin) or in cell culture (TCO; tissue-
culture origin). Despite their efficacy, these vaccines are 
potentially able to revert to virulence during passage among 
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vaccinated and contact birds [7, 8]. Furthermore, vaccine 
strains can produce disease after establishing latent infection 
in the trigeminal cranial nerve [9, 10]. Modified live ILTV 
vaccines, particularly CEO vaccines, have been reported to 
be involved in disease outbreaks in many countries world-
wide, including the USA [11], Australia [12], and Canada 
[13].

ILT was first described in Egypt in late 1982 and early 
1983 [14]. Serious outbreaks occurred in different Egyptian 
governorates, with the mortality rate and decrease in egg 
production approaching 20% and 35%, respectively. In 2011 
and 2013, the virus strains identified in field outbreaks dis-
played close sequence similarity to the vaccine strains used 
in Egypt. Pathogenicity testing confirmed that all of those 
field isolates were CEO-like viruses [15, 16].

The close antigenic and genetic relationships between 
field and vaccine viruses make it very difficult to distin-
guish between virus strains in field outbreaks. These two 
types of viruses can cause subclinical mixed infections in 
vaccinated flocks, which can result in the generation of 
recombinant strains with the potential to cause severe dis-
ease unvaccinated contact birds [17]. Natural recombination 
between vaccine and field strains of ILTV has been reported 
frequently [18, 19]. Therefore, molecular characterization 
of the ILTV strains circulating at different times in different 
locations is crucial for providing an early warning about 
potential recombination events and allowing timely adjust-
ments to be made in vaccination programs.

Several molecular characterization methods have been 
used to identify the strains responsible for outbreaks. PCR 
followed by restriction fragment length polymorphism 
(PCR-RFLP) has been used successfully to differentiate 
between field and vaccine strains [13, 20, 21]. However, 
the large amount of DNA needed for this technique limits 
its practicality [22]. Sequencing of specific gene fragments 
appears to be an efficient tool for characterizing field iso-
lates and differentiating them from vaccine strains [15, 16, 
22, 23].

In this study, ILTV strains responsible for disease out-
breaks in Egyptian commercial broiler and layer flocks in 
2018 and 2019 were identified. The circulating strains were 
characterized by sequence and phylogenetic analysis of four 
genes of antigenic and functional significance (gD, gG, gJ 
and ICP4) in comparison to previously isolated field and 
vaccine strains.

Materials and methods

Clinical specimens

Thirty commercial broiler and layer chicken farms, with 
birds of different ages and breeds, located in eight Egyptian 

governorates, including Qalubia (10), Fayoum (5), Mansoura 
(5), Sharkia (4), Alexandria (3), Giza (1), Gharbia (1), and 
Damieta (1), were investigated in this study. Chickens on these 
farms showed signs of respiratory distress and expectoration 
of blood between January 2018 and May 2019. Postmortem 
examination revealed presence of blood clots in the tracheal 
lumen. Five to 10 birds showing typical signs of infection were 
selected from each farm, and samples (larynx, trachea, and 
lung) were collected from individual birds for histopathologi-
cal, immunohistochemical and molecular diagnosis.

Histopathological examination

The tissue samples were fixed in 10% neutral buffered for-
malin, washed in distilled water, and dehydrated in ascend-
ing grades of alcohol. After embedding in paraffin, tissues 
were cut into sections of 4 µm thickness and were stained 
with hematoxylin and eosin for routine histopathological 
examination. Images were captured at magnification pow-
ers of 40x, 200x, 400x, and 600x using an Olympus BX43 
microscope equipped with an Olympus DP27 digital cam-
era with CellSens dimensions software (Olympus, Tokyo, 
Japan).

Immunohistochemistry

Immunohistochemistry was carried out to detect viral anti-
gen in tissue samples, using the EnVision™ FLEX detection 
system (Dako, Santa Clara, CA) (code K8000) according to 
the manufacturer’s guidelines. Briefly, the paraffin-embed-
ded sections were dewaxed and rehydrated, and the epitopes 
were exposed by heat-induced epitope retrieval by immer-
sion in preheated retrieval solution in PT-link tanks and 
incubation at 97 °C for 20-40 min. Endogenous peroxidases 
were neutralized by incubation with peroxidase blocking 
reagent. Tissue sections were incubated overnight with rab-
bit polyclonal anti-ILTV-gE antibody, diluted 1:400 (Bior-
byt orb10560) [24]. After extensive washing, tissues were 
incubated with ready-to-use dextran coupled with horserad-
ish peroxidase and goat polyclonal anti-rabbit antibodies 
for one hour. After another cycle of washing, the immune 
reactivity was revealed by staining with 3,3’-diaminobenzi-
dine tetrahydrochloride and counterstaining with Mayer’s 
hematoxylin. A positive reaction was indicated by brown 
staining under a light microscope. Tissues collected from 
specific-pathogen-free (SPF) chickens were included as 
negative controls.

PCR amplification of ILTV genes and DNA 
sequencing

Total DNA was extracted from the different tissue sam-
ples using a QIAamp DNA Mini Kit (QIAGEN, Hilden, 
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Germany) according to the manufacturer’s protocol. ILTV 
DNA was identified in test samples by amplification of a 
portion of the thymidine kinase (TK) gene using PCR. An 
individual sample was selected from each farm/outbreak to 
serve as an indicator of the molecular characteristics of the 
circulating strains at that specific time and place (Table 1). 
The complete sequences of the gD, gG, and gJ genes and 
a partial sequence of the ICP4 gene were amplified from 
all selected samples for sequence analysis. The commercial 
vaccine  Nobilis® ILT (Intervet, Millsboro, DE) was used 
as a positive control, and SPF chicken tissues were used 
as negative controls. All primer sets, amplification condi-
tions, and amplicon sizes are listed in Table 2. The reac-
tion was carried out using EmeraldAmp GT PCR Master 
Mix (Takara, Kusatsu, Japan) in a Gene-Amp 9700 thermal 
cycler (Applied Biosystems, Foster City, CA). Specific PCR 
products were separated by electrophoresis in a 0.8% aga-
rose gel stained with ethidium bromide, visualized using a 
Gel Doc XR gel documentation system (Bio-Rad Labora-
tories, Milan, Italy), and purified using a Gel/PCR DNA 

Fragments Extraction Kit (Geneaid, Taiwan). The purified 
PCR products were sequenced on both strands using specific 
PCR primers at Macrogen Inc. (Seoul, South Korea). Con-
tigs were edited and assembled using Bioedit program, ver-
sion 7.2.5 (Ibis Biosciences, Carlsbad, CA). The sequences 
of the unique strains were deposited in the GenBank data-
base under the accession numbers MN145884–MN145888 
for the ICP4 gene, MN233657–MN233661 for the gD 
gene, MN233662–MN233666 for the gG gene, and 
MN233667–MN233671 for the gJ gene.

Sequence and phylogenetic analysis

A total of 21, 21, and 19 sequences were retrieved from the 
GenBank database for sequence and phylogenetic analysis of 
the ICP4, gD, and gJ genes, respectively. These strains cover 
a diversity of spatial and temporal ranges and include both 
CEO and TCO field and vaccine strains. Multiple alignment 
of the corresponding sequences was performed using the 
Clustal W algorithm of the MegAlign program in Lasergene 

Table 1  Samples used for 
sequence analysis

1 Cumulative mortality calculated for 5 days from the onset of the disease
2 Vaccination against ILT: -, unvaccinated flock; +, vaccinated flock
3 These chickens were vaccinated with TCO vaccine (LAR-VAC, Italy) and CEO vaccine (Himmvac, South 
Korea) at 35 and 95 days of age, respectively
4 These chicken were vaccinated with TCO vaccine (LT-IVAX, USA) and CEO vaccine (Nobilis® ILT, 
Netherlands) at 35 and 95 days of age, respectively

Location Year of col-
lection

Type and breed of 
chicken

Age (days) Mortality1 (%) Vaccination2

Qualobia 2018 Baladi broiler 38 15 -
Fayoum 2019 Baladi broiler 92 4.2 -
Mansoura 2019 Sasoo broiler 35 4.5 -
Sharkia 2018 Brown layer 172 3.8 +3

Alexandria 2018 Brown layer 392 2.3 +4

Table 2  Oligonucleotide primers used in this study

Primer Sequence (5’-3’) Amplification conditions Ampli-
con size 
(kb)

References

TK-F CTG GGC TAA ATC ATC CAA GAC ATC A 94 °C (5 min), 40 × (94 °C 60 s; 60 °C 30 s; 72 °C 120 s) 72 °C 
10 min

2.24 [21]
TK-R GCT CTC TCG AGT AAG AAT GAG TAC A
gD-F ATG CAC CGT CCT CATC 94 °C (5 min), 40 × (94 °C 30 s; 54 °C 30 s; 72 °C 90 s) 72 °C 10 

min
1.3 [32]

gD-R TTA GCT ACG CGC GCAT 
gG-F CCT TCT CGT GCC GAT TCA ATATG 94 °C (5 min), 40 × (94 °C 30 s; 55 °C 30 s; 72 °C 90 s) 72 °C 10 

min
1.48 [23]

gG-R AAC CAC ACC TGA TGC TTT TGTAC 
gJ-F ATT TCG CCG AGA GAT GGG GAC 94 °C (5 min), 40 × (94 °C 30 s; 53 °C 30 s; 72 °C 90 s) 72 °C 10 

min
1.39 [23]

gJ-R CAG TGT ATT TTC TGA CTC ACCG 
ICP4-F CTT CAG ACT CCA GCT CAT CTG 94 °C (5 min), 40 × (94 °C 60 s; 62 °C 60 s; 72 °C 60 s) 72 °C 10 

min
0.63 [23]

ICP4-R AGT CAT GCG TCT ATG GCG TTGAC 
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software, version 3.18 (DNASTAR, Madison, WI) for 
analysis of divergence, identification of mutation hotspots, 
and prediction of amino acid changes. A phylogenetic tree 
was constructed using the maximum-likelihood method in 
MEGA 6.0 software. Bootstrapping with 1000 replicates was 
done to ensure the robustness of the tree.

Results

Gross and microscopic lesions

Macroscopic examination of the larynx and trachea revealed 
congestion and hemorrhage of mucosa and a fibrinohemor-
rhagic blood clot cast obstructing their lumens (Fig. 1A). 
Caseous material was also found in the larynx and trachea 
in other examined cases (Fig. 1B). Gross examination of the 
lungs revealed congestion with consolidated areas.

Histopathological examination of larynx and trachea 
showed denuded mucosa with a marked increase in mucosal 
thickness due to congestion, edema, and intense infiltration 

by inflammatory cells, mostly by mononuclear cells and het-
erophil granulocytes (Fig. 1C). Intraluminal fibrinohetero-
philic exudates were frequently found together with eryth-
rocytes, desquamated epithelial cells, and syncytial cells 
displaying characteristic eosinophilic intranuclear inclu-
sion bodies (Fig. 1D). Lungs exhibited lymphoid hyperpla-
sia associated with congestion of blood vessels and edema. 
Fibrinoheterophilic exudates with desquamated epithelial 
cells were observed in primary bronchi (Fig. 1E) and para-
bronchial lumens (Fig. 1F).

Immunohistochemical findings

No immunoreactivity was observed in the larynx and tra-
chea of SPF chickens (Fig. 1J). In contrast, immunoreac-
tivity was observed in the laryngeal and tracheal epithelial 
cells of infected chickens (Fig. 1G). Infiltrated inflamma-
tory macrophages were also demonstrated in the propria of 
the larynx and trachea (Fig. 1H). In addition, intranuclear 
immunoreactivity was observed in both luminal cell debris 
and syncytial cells (Fig. 1I).

Fig. 1  Photomicrographs showing gross and microscopic lesions 
caused by of ILTV in different organs in a chicken. (A) Fibrinohaem-
orrhagic exudate in the lumen of trachea associated with conges-
tion and hemorrhage of the tracheal mucosa. (B) Caseous material 
blocking the laryngeal and tracheal lumen. (C) Section of the tra-
cheal wall showing denuded mucosa with marked congestion, edema 
and infiltration of inflammatory cells (Inset). (D) Tracheal lumen 
filled with erythrocytes, inflammatory cells (heterophils and mac-
rophages) caught in fibrinous exudate containing numerous syncytial 

cells (arrows) containing intranuclear eosinophilic inclusion bodies 
(Inset). (E and F) Presence of fibrinohaemorrhagic exudate with des-
quamated epithelium (arrows) in the lumen of the bronchus (E) and 
parabronchus (F). (G) Positive immunoreactivity of infected tracheal 
epithelial cells as well as inflammatory macrophages in the tracheal 
mucosa and lumen. (H) Expression of viral antigen in inflammatory 
macrophages and lymphocytes in the lamina propria of the trachea 
(arrows). (I) Intranuclear positive reaction in a syncytial cell (arrows). 
(J) Negative control for IHC
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Molecular characterization of the circulating ILTV 
strains

All samples collected from the chicken farms under inves-
tigation were positive for ILTV by PCR targeting a 2.24-bp 
portion of the TK gene. The resulting amplicons from the 
individual samples representing the disease outbreaks on 
different farms had the expected fragment lengths for the gD, 
gG, gJ, and ICP4 genes (Table 2). Sequence analysis of the 
amplified fragments revealed that only five prototype ILTV 
strains were circulating during the different disease out-
breaks, regardless of the geographical distribution and time 
of the outbreak. These prototype strains were Qalubia_2018, 
Sharkia_2018, Alexandria_2018, Fayoum_2019, and Man-
soura_2019. The sequences of these prototype strains were 
deposited in GenBank and analysed in this study.

A multiple sequence alignment was made using the 
sequences of the five Egyptian prototype strains and various 
strains circulating in Egypt between 2007 and 2010, strains 
from other countries, and reference CEO and TCO vaccine 
strains. A high degree of overall sequence similarity was 
found between the prototype strains and the different Egyp-
tian and vaccine strains (Fig. 2, Table 3). No changes were 
observed in the nucleotide sequence of gG gene. A single 
mutation (A to T) was found downstream of the gG coding 
region of the Fayoum_2019 strain (data not shown). The 
nucleotides at two positions (484 and 878) in the gJ gene 
of the five Egyptian prototype strains were identical to the 
corresponding nucleotides in the CEO rather than TCO vac-
cines. Various inconsistent mutations were found at nucleo-
tide positions 99, 1195 and 1212 of the gD gene (Table 3). 
Some of these mutations resulted in amino acid changes.

Fig. 2  Alignment of deduced amino acid sequences of partial ILTV 
ICP4 protein sequences (last 210 amino acids). The alignment was 
generated using the Clustal W algorithm in the MegAlign program 
(Lasergene, version 3.18). All Egyptian strains were aligned in com-
parison to reference CEO and TCO vaccine strains. The Egyptian 

strains identified in this study are indicated at the left side by blue 
brackets. The CEO vaccine was used as a reference sequence. Identi-
cal residues are indicated by dots, and amino acids that differ are indi-
cated using the single-letter code
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Sequence analysis of the partial ICP4 gene fragment 
allowed clear differentiation between CEO-vaccine-like 
strains (Sharkia_2018 and Fayoum_2019) and TCO-vac-
cine-like strains (Qalubia_2018, Alexandria_2018, and 
Mansoura_2019) based on the pattern of nucleotide vari-
ation. Analysis of the deduced amino acid sequence of the 
Egyptian strains identified in this study and previous studies 
allowed specific consistent amino acids to be identified in 
CEO-like strains (L1292, R1328, and S1437) and in TCO-
like strains (P1292, G1328 and T1437) (Fig. 2). A unique 
amino acid change (S1300G) resulting from the mutation 
G3898A was only found in the TCO-like strains identified 
in this study (Table 3, Fig. 2).

Phylogenetic analysis

Phylogenetic analysis of the partial ICP4 gene sequence by 
the maximum-likelihood method in MEGA 6.0 showed that 
the ILTV strains were separated into two main categories: 
CEO vaccine and vaccine-like strains, and TCO vaccine 
and vaccine-like strains. A third lineage including field iso-
lates from Brazil, China, and the USA was also identified. 
The five Egyptian prototype strains were in two different 
groups, with the Sharkia_2018 and Fayoum_2019 strains 
belonging to the CEO group, together with the Egyptian 
strains Behera2007, Behera2009, and Behera2010, and with 
the Qalubia_2018, Alexandria_2018, and Mansoura_2019 
strains belonging to the TCO group, together with the Egyp-
tian isolate Giza_2007 (Fig. 3). In contrast, a phylogram 
generated using the gJ gene placed all the five Egyptian 
prototype strains in the CEO group (Fig. 4A). No clear 
separation of CEO and TCO strains was observed when the 
gD gene was analyzed. The phylogram of gD did, however, 

show a separation between the Australian vaccine and vac-
cine-like strains and the rest of the isolates (Fig. 4B).

Discussion

ILTV is a herpesvirus that replicates in the laryngeal and tra-
cheal mucosa, causing severe respiratory problems in chick-
ens and other bird species [25]. Histopathology is considered 
an important measure for diagnosis of ILTV, particularly 
in the acute phase of infection [3, 26]. The principal histo-
pathologic hallmark is necrosis of the laryngeal and tracheal 
epithelium with intensive inflammation of the mucosa and 
appearance of eosinophilic intranuclear inclusion bodies 
in syncytial cells. The laryngeal and tracheal lumens are 
mostly filled with fibrinoheterophilic exudate, cell debris, 
and inflammatory cells (macrophages and lymphocytes). 
Consequently, the lumen gets plugged with blood clot and/
or caseous material, causing gasping and asphyxia [25, 27]. 
Immunohistochemistry is widely used to confirm ILT diag-
nosis through detection of the viral antigen in infected epi-
thelium, syncytial cells, and macrophages [26, 28].

In this study, ILT was diagnosed on 30 farms located in 
eight Egyptian governorates during apparent disease epi-
sodes between January 2018 and May 2019. The disease 
was initially recognized due to the appearance of the typi-
cal clinical signs, postmortem lesions, and histopathological 
changes of ILTV infection (Fig. 1). Then, the causative virus 
was identified in all samples using PCR targeting a portion 
of the TK gene.

To investigate the nature and origin of the ILTV strains 
circulating in Egypt, a small-scale molecular survey was 
conducted using multiple-genome target sequencing. All of 

Table 3  Record of nucleotide changes in selected ILTV genes

ICP4, infected cell polypeptide 4; gG, glycoprotein G; gJ, glycoprotein J
*The nucleotide position is calculated from the start codon of each gene of the CEO vaccine
^  he CEO vaccine strain was used as a reference sequence. Identical residues are indicated by dots, and differing residues are indicated using the 
single-letter code
1 Chicken-embryo-origin vaccine (GenBank accession no. EU104900)
2 Tissue-culture-origin vaccine (GenBank accession no. EU104908)
3 The identification code for samples is province name and year of sample collection

Gene ICP4 gD gJ

Nucleotide  position* 3875 3898 3927 3951 3982 4017 4309 99 101 163 1185 1195 1202 461 484 832 878 894
CEO  vaccine1,^ T G C C A A T C C C G A G A C A T G
TCO  vaccine2 C . T T G G A . . . . . . . T . C .
Qalubia_20183 C A T T G G A G G . . . . . . . . .
Fayoum_2019 . . . . . . . G G . T C A . . . . .
Mansoura_2019 C A T T G G A G . . . . . . . . . .
Sharkia_2018 . . . . . . . . . . . . . . . . . .
Alexandria_2018 C A T T G G A . . . . . A . . . . .
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the strains representing different farms and outbreak epi-
sodes in the current study were included in the molecular 
survey. The complete sequences of three envelope glyco-
protein genes (gG, gJ, and gD) and a partial sequence of the 
ICP4 gene were analyzed and compared, since these genes 
are commonly used, either separately or in combination, to 
differentiate between field and vaccine strains [15, 16, 23].

Glycoprotein G plays a crucial role in the virulence of 
ILTV in chickens [29]. Specific nucleotide positions in 
the gG gene (e.g., 316) serve as markers for differentiation 
between field and vaccine strains [23]. However, all of the 
strains identified in this study showed 100% nucleotide and 
amino acid sequence identity to the CEO and TCO vaccine 
strains, including at position 316. Similar findings were 
documented in previous outbreaks in Egypt [16]. Likewise, 
the nucleotide position at 163 of the gD gene was identi-
cal in both Egyptian and vaccine strains. This position was 
previously utilized for discrimination between some Argen-
tinean isolates and vaccine strains [23]. However, the Egyp-
tian strains identified in this study displayed a variety of 
mutations at different positions in the gD gene with variable 

effects on the amino acid sequence. The influence of these 
mutations on the virulence of the virus in field outbreaks 
cannot be determined unless a significant number of virus 
strains are analyzed on a spatial and temporal basis.

ICP4 is an important viral protein that is involved in regu-
lation of gene expression early in infection and is commonly 
used in epidemiologic studies for characterization of circu-
lating virus strains [15]. Sequence and phylogenetic analysis 
have indicated that Sharkia_2018 and Fayoum_2019 strains 
are CEO-vaccine-like strains and that the Qalubia_2018, 
Alexandria_2018, and Mansoura_2019 strains are TCO-
vaccine-like strains (Fig. 3). Since both types of vaccines 
are licensed and utilized in Egypt, it is difficult to conclude 
whether the circulating field strains originated from the vac-
cine strains via a still-undefined evolutionary pathway (e.g., 
recombination) or the disease in Egypt is simply a vaccine-
related outbreak.

Interestingly, sequence and phylogenetic analysis of 
the gJ gene indicated that all five prototype strains used in 
this study were identical in their nucleotide and deduced 
amino acid sequences to CEO vaccine and vaccine-like 

Fig. 3  Phylogenetic analysis 
of different field and vaccine 
strains of ILTV. The phylogram 
was generated by alignment 
of 562-bp fragment of ICP4 
using the maximum-likelihood 
method in the MEGA 6.0 
program. The name, origin, date 
of identification, and acces-
sion number of each strain are 
indicated. The Egyptian strains 
identified in this study are 
indicated by a red asterisk. The 
CEO and TCO clades are indi-
cated at the right side by black 
and blue brackets, respectively. 
Bootstrap probabilities are 
shown at the branch nodes. The 
scale bar at the bottom indicates 
the error rate
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strains (Table 3, Fig. 4A). These results suggest that the 
Qalubia_2018, Alexandria_2018, and Mansoura_2019 
strains are recombinants derived from both CEO and TCO 
vaccines or vaccine-like strains rather than TCO-vaccine-
derived strains. Comprehensive sequencing studies of 
the different strains may still be required to support these 
findings.

The appearance of recombinant virus strains might 
explain the increased virulence of the circulating strains dur-
ing the current outbreaks, regardless of the age, breed, and 
vaccination state. It has been proposed that ILT outbreaks 
occur following the establishment of vaccination programs 
[11]. Vaccine viruses gradually replace the wild strains in 
field [20], and their virulence increases during the process of 
bird-to-bird transmission [15, 16]. Many investigators have 
documented recombination of vaccine strains and the emer-
gence of new virulent field isolates as a result [18, 19, 30, 
31]. It is likely that both CEO-vaccine-like and recombinant 

ILTV strains have been circulating in Egypt, causing disease 
outbreaks in 2018 and 2019.

In conclusion, the results presented here highlight the 
need to reconsider the current vaccination strategies together 
with the enforcement of biosecurity measures to curb future 
ILT outbreaks and to decrease the risk of widespread virus 
transmission. More comprehensive studies are critically 
needed to characterize the circulating strains and recom-
binants and to determine their geographical and temporal 
distribution, particularly among backyard chickens.
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