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Abstract 

ILTV remains a highly contagious respiratory pathogen causing substantial economic losses on the 
global poultry industry. Despite the long-term implementation of routine vaccination programs, 
recurrent outbreaks in vaccinated flocks suggest that the virus’s genomic plasticity driven by both 
genetic drift and inter-strain recombination may be undermining traditional control measures. This 
study aimed to characterize the genomic sequences of some circulating ILTV field isolates in the field 
to delineate the molecular drivers of these vaccine breakthroughs. Tracheal tissues from symptomatic 
chickens were screened using real-time PCR, and three isolates with high viral titters (low Ct values) 
were used for whole-genome next-generation sequencing (NGS). The full-length genomes of isolates 
B1 (152,975 bp), B3 (152,978 bp), and B4 (152,978 bp) were successfully assembled and deposited in 
GenBank under accession numbers PX492157, PX496590, and PX522223. Comparative genomic 
analysis revealed that these isolates share high nucleotide identity with the Australian vaccinal strain 
SA2. Phylogenetic analysis placed these isolates within the wild-type genotype VI–IX cluster, 
grouping them with contemporary Australian and American strains. Despite high overall homology, 
significant non-synonymous substitutions were identified in the gB and gJ glycoproteins relative to 
the USA reference and vaccinal strains. Furthermore, notable mutations were localized in the (ICP4, 
gG, gD, and gI) genes when compared to global vaccinal lineages. These findings demonstrate the 
circulation of novel ILTV field isolates and suggest that genomic divergence, potentially resulting 
from vaccine-derived drift, is facilitating viral persistence. Such data underscores the critical need for 
continuous genomic surveillance to monitor viral evolution and optimize future immunization 
strategies. 

Keywords: ILTV; chicken; vaccine; respiratory isolate; RT-qPCR; NGS; phylogenetic analysis; genetic 
drift 
 

1. Introduction 

The infectious laryngotracheitis virus was first reported in Canada in 1925 [1]. ILTV is classified 
as a member of the family Herpesviridae, subfamily Alphaherpesvirinae, genus Iltovirus, and species 
Gallid alphaherpesvirus-1 [2,3]. ILTV have very specific host range and predominantly affects 
galliform birds [4]. Although chickens are the most frequent hosts, pheasants, peafowl while, turkeys 
could be infected under experimental settings[5–7]. 

In poultry, the severe acute or epizootic form of ILT infection is characterized by significant 
sneezing, respiratory distress, expectoration of blood-mixed mucus, conjunctivitis, and severe 
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hemorrhagic tracheitis along with high mortality reaching up to 70% (ranging from 5% - 70%), a 
milder form that typically ranges from 0.1% - 2% and is characterized by mild to severe conjunctivitis, 
sinusitis, and catarrhal tracheitis, as well as comparatively modest morbidity and infrequent fatality 
[8]. 

ILTV has an icosahedral shape with a hexagonal nucleocapsid that contains its double-stranded 
DNA genome. This nucleocapsid has 162 long and hollow capsomeres of 80–100 nm in diameter 
[9,10]. The ILTV genome is linear double-stranded DNA having a unique long (UL), unique short 
(US) and two inverted repeat (IR) sequences encoded by 150-155 kb nucleotides, with a GpC content 
of 48.2% [11–13]. Under electron microscopy, the ILTV virions resemble normal herpes virions, with 
outer envelopes made of glycoproteins and an icosahedral capsid with a DNA core enclosed in a 
tegument. The entire viral particle is between 200 to 350 nm in size, with the viral capsid diameter is 
about 100 nm [14]. 

The ILTV genome comprises eighty open reading frames (ORFs) distributed across three 
primary genomic regions: sixty-five ORFs are located within the unique long (UL) region, nine are 
situated in the unique short (US) region, and six are mapped within the inverted repeat (IR) segments 
[13]. Sixty-three of the eighty ORFs show similarities to the HSV-1 genome in terms of the location 
and structure of the in-silico predicted protein products.  

The ILTV envelope contains eleven glycoproteins (UL27, UL44, US6, US8, US4, UL22, US7, US5, 
UL53, UL1, and UL10) which are encoded by highly conserved open reading frames (gB, gC, gD, gE, 
gG, gH, gI, gJ, gK, gL, and gM) respectively [15].  

In contrast to HSV-1, the ILTV genome contains unique gene clusters. The first cluster, situated 
between UL45 and UL22, comprises five open reading frames designated ORF A–E. A second ILTV-
specific cluster is located between UL1 and ICP4, encoding UL0 and a divergent UL-1 ortholog.[16].  

Unlike other Alpha-herpes viruses, the ILTV genome lacks the UL16 gene and features an 
inverted conserved gene cluster in the UL region. Furthermore, UL47 is uniquely located in the US 
region between US3 and US4, representing a significant departure from the prototypical UL 
organization seen in HSV-1[17,18].  

The deduced amino acid sequences of two ILTV-specific sections, UL0 and UL (-1), exhibit 
significant similarities, indicating a duplication event during virus evolution [19]. Defective ILTV that 
was unable to spread in permissive cells was produced by deleting the UL (-1) gene of ILTV and 
substituting it with the gene encoding green fluorescent protein (GFP) and the primary immediate 
promoter element of cytomegalovirus.  

Accordingly, ILTV replication is significantly influenced by the UL (-1) gene [20]. Similar to other 
Alpha herpes viruses, the ILTV genome has two copies of OriS in the IR and terminal repeat (TR) 
sections, an OriL in the UL region, and three possible origins for DNA replication [13]. The properties 
of the ORFs differ from those of other alpha herpesviruses [21]. According to Kelly et al., 2009 [22], 
the tegument proteins aid in the capsidʹs movement into the cytoplasm and eventually the nucleus 
[22]. 

ILTV has a history of global spread than other well-known avian respiratory viral infections, yet 
it is still widely distributed. For many years, ILTV has been widely prevalent on almost every 
continent. Between 2000 and 2013, ILT outbreaks were documented in more than 100 countries [23]. 
Between 2007 and 2017, 88 cases of ILTV were confirmed in California alone in the United States [24], 
but most of these cases included mild clinical manifestations of ILTV infection However, ILTV 
continues to pose a serious risk to the global poultry industry. The virulence of the strain that is 
circulating in the area along with associated infection with other respiratory bacterial and viral 
pathogens significantly influences the morbidity and mortality of reported cases [25].  

ILTV remains prevalent in backyard and commercial poultry systems in North America, which 
adds to the regionʹs persistent health challenges. In Canada, ILTV infection is widespread in backyard 
flocks, and commercial businesses occasionally experience outbreaks [26] and comparable silent 
circulation patterns have been seen in other places, like Costa Rica, where significant ILTV 
seropositivity in unvaccinated backyard poultry raises the possibility that these flocks serve as 
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neglected repositories maintaining regional transmission [27]. The persistence of circulating North 
American ILTV strains was highlighted by a field research conducted in North Alabama that showed 
continuous environmental ILTV contamination even after depopulation and cleaning [28]. Beyond 
North America, similar patterns have been observed in Latin America. For example, Brazil reported 
15 ILTV outbreaks between 2012 and 2014, all of which were similar to the TCO vaccine strain, 
demonstrating the continued persistence of vaccination-derived ILTV after its emergence in 2002 [29]. 
Five ILTV isolates were retrieved from Alberta in Western Canada were found to be wild-type and 
unsimilar to live attenuated vaccines based on the genotyping analysis [30–32]. In Ontario, wild-type 
ILTV outbreaks do occur, but they are still less common than vaccine-associated outbreaks [33].  

Molecular surveillance has emerged as a critical tool for monitoring viral pathogens across 
human and veterinary medicine. By analyzing viruses at the genomic level, researchers can map 
specific mutations that alter phenotypic or genotypic characteristics, potentially leading to the 
emergence of high-virulence variants. This high-resolution approach enables stakeholders and 
decision-makers to refine vaccination strategies and implement proactive interventions to ensure the 
robust protection of target hosts [34–45]. 

Genomic surveillance and epidemiological studies have highlighted the significant role of 
vaccine-derived strains in ILTV outbreaks across North America. Research in Western Canada 
demonstrated that ILTV isolates in British Columbia and Alberta are frequently genotyped using 
partial sequences of ORF a and ORF b, revealing that approximately 85% of these isolates are related 
to vaccine strains, specifically chicken embryo origin (CEO) revertant, while the remainder represent 
wild-type viruses [32]. Similarly, a surveillance study was conducted in the US in Maryland backyard 
flocks identified a high viral burden, characterized by a 26% PCR-based prevalence and a 77% 
seroprevalence. Notably, while global commercial outbreaks are commonly linked to CEO vaccines, 
molecular characterization of these Maryland backyard isolates indicated that eight out of ten ILTV-
positive cases matched tissue culture origin (TCO) vaccines, suggesting distinct patterns of viral 
circulation and vaccine-derived drift in non-commercial poultry populations [46]. 

North American ILTV strains are classified into nine distinct genotypes (I–IX) based on 
comprehensive molecular characterization. Historically, these lineages were defined through PCR-
RFLP targeting the ORF-b-TK intergenic region and the UL47, ICP4, gB, gG, and gM genes; however, 
recent advances in whole-genome and MinION sequencing have further refined these classifications. 
Under this framework, the United States standard challenge strain is assigned to genotype I, while 
genotypes II and III encompass tissue culture origin (TCO) vaccines and their associated virulent 
derivatives. Genotypes IV and V consist of chicken embryo origin (CEO) attenuated vaccines and 
related virulent revertant strains. Furthermore, genotype VI represents virulent, non-vaccine field 
strains circulating within commercial poultry operations, whereas genotypes VII–IX are 
predominantly composed of virulent isolates recovered from backyard flocks. [47]. 

Current molecular evidence indicates that a distinct subset of commercial ILTV isolates belongs 
to genotype VI, representing a lineage that is phylogenetically unrelated to established vaccinal 
strains. In contrast, the vast majority of isolates circulating in U.S. commercial poultry cluster within 
genotypes IV and V, which are characterized by their close genetic relationship to chicken embryo 
origin (CEO) vaccines [48]. Notably, genotypes V and VI exhibit heightened pathogenicity and 
superior replication kinetics compared to genotype IV and chicken embryo origin (CEO) vaccinal 
strains circulating in the United States. These enhanced growth characteristics suggest a higher level 
of viral fitness, contributing to the increased morbidity observed in outbreaks associated with these 
specific lineages [48]. Furthermore, genotype VI has been implicated in severe, rapidly disseminating 
ILT epidemics beyond North America, most notably in Brazil—underscoring its global 
epidemiological significance and potential for widespread geographic expansion [49]. Consistent 
with these observations, molecular characterization of ILTV isolates from British Columbia and 
Alberta between 2009 and 2018 identified genotype V as the predominant lineage. The concurrent 
detection of genotype VI and backyard-associated genotypes VII–IX further illustrates the sustained 
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circulation and expanding genetic diversity of virulent, non-vaccinal ILTV strains within North 
America [32]. 

2. Materials and Methods: 

2.1. Chicken Samples Collection and Processing  

One hundred tracheal tissue samples were collected from twelve different chicken flocks and 
were kindly provided by the North Carolina Veterinary Diagnostic Laboratory Services, USA. The 
tissue samples were collected from 40 – 50 days old broiler infected chickens between October 2023 
and November 2024. Processing of these tissue specimens was conducted as described in our 
previous study [50]. Simply, samples from each flock were treated individually and used for the 
preparation of 10 % tissue suspensions as previously described [50]. These tissue suspensions were 
stored at (-80oC) until further testing 

2.2. The Total Viral DNA Isolation and Testing for the ILTV by Real-Time PCR 

Viral genomic DNA was extracted from pooled tissue homogenates for each flock using the 
Quick-DNA/RNA Viral Kit (Zymo Research, Irvine, CA, USA) according to the manufacturer’s 
protocol. The concentration and purity of the isolated DNA were assessed via spectrophotometry 
using a NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA), with samples 
subsequently stored at (–20°C) for downstream analysis. Viral detection and quantification were 
performed via real-time PCR (qPCR) utilizing the PowerUp™ SYBR™ Green Master Mix (Applied 
Biosystems, Foster City, CA, USA) on a QuantStudio 3 Real-Time PCR System (Applied Biosystems). 
The nucleotide sequences of the primers used to amplify ILTV viral genome are: forward primer 
5ʹ-CCTTGCGTTTGAATTTTTCTGT-3ʹ and reverse primer 5ʹ-TTCGTGGGTTAGAGGTCTGT-3ʹ 
targeting UL44 (gC) gene of ILTV was designed using primer3 online server [51]. Chicken GAPDH 
forward primer 5’-CACACAGAAGACGGTGGATG-3′ and reverse primer 5’-
AACAGAGACATTGGGGGTTG-3′ [52] was used to normalized the ILTV viral genome expression 
following 2-^^CT values [53] 

2.3. The Next Generation Sequencing (NGS) 

For whole-genome sequencing (WGS) of the ILTV isolates, genomic DNA samples were 
submitted to Azenta Life Sciences (South Plainfield, NJ, USA). Library preparation and Next-
Generation Sequencing (NGS) were performed according to previously established protocols [Insert 
Citation]. Briefly, the genomic architecture was resolved using [Illumina HiSeq/MiSeq] platforms, 
ensuring high-depth coverage for comprehensive de novo assembly or reference-based mapping 
[43,44]. Briefly, Next-Generation Sequencing (NGS) was conducted by constructing high-quality 
genomic DNA libraries followed by [Insert Platform, e.g., Illumina] sequencing. Raw sequence reads 
were processed for quality control and adapter removal using Trimmomatic (v0.36). The trimmed 
reads were subsequently mapped to the reference ILTV strain SA2 (GenBank Accession No. 
NC_006623) using [Insert Aligner, e.g., BWA or Bowtie2]. The final de novo assembled whole-
genome sequences of the ILTV isolates were then deposited into the GenBank database.  

2.4. Multiple Sequence Alignment (MSA) and Phylogenetic Analysis  

Multiple sequence alignment (MSA) and pairwise identity analysis of the three ILTV isolates 
(ILTV-B1, ILTV-B3, and ILTV-B4) were conducted using Geneious Prime (v2024.11.0.2). 
Representative ILTV sequences encompassing genotypes I through IX were retrieved from the NCBI 
GenBank database to serve as reference strains for comparative analysis. Phylogenetic reconstruction 
was performed using the Maximum Likelihood (ML) method within MEGA 11 software, with nodal 
support assessed via a bootstrap analysis of 1,000 replicates. The evolutionary model was selected 
based on the lowest Bayesian Information Criterion (BIC) score to ensure optimal tree topology [54].      
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2.5. Comparative Divergence Analysis of the Key ILTV Proteins 

A comparative divergence analysis was conducted for the UL27 (gB) and US5 (gJ) genes of 
isolates ILTV-B1, ILTV-B3, and ILTV-B4 against the SA2 and USA reference strains. Multiple 
sequence alignments (MSA) to determine nucleotide and amino acid identity were performed using 
Geneious Prime (v2024.11.0.2). This analysis focused on identifying conserved domains and site-
specific variations within these critical glycoproteins to assess evolutionary distance and potential 
phenotypic shifts relative to established reference lineages. 

2.6. In Silico Structural Modeling of Some Key ILTV Proteins 

The tertiary protein structures of the UL27 (gB) and US5 (gJ) glycoproteins were predicted using 
the AlphaFold 3 server to assess the impact of observed mutations on protein folding. This deep-
learning-based modeling utilized the isolatesʹ deduced amino acid sequences to generate high-
resolution structural predictions. Model reliability was rigorously evaluated using the predicted 
Local Distance Difference Test (pLDDT) scores and Predicted Alignment Error (PAE) matrices. The 
resulting three-dimensional coordinates were then superimposed onto reference structures to 
identify potential conformational shifts or alterations in neutralizing epitopes induced by site-specific 
substitutions [55].  

2.7. Statistical Analysis 

All data collected in this study were subjected to a one-way analysis of variance (ANOVA) to 
determine statistically significant differences between groups. Post-hoc comparisons were conducted 
using [Tukey’s] multiple comparisons test where applicable. Statistical significance was defined as p 
< 0.05, with significant results denoted by an asterisk (*). All computational analyses and figure 
generations were performed using GraphPad Prism (v9.0.0, GraphPad Software, San Diego, CA, 
USA). 

3. Results: 

3.1. Molecular Detection and Selection of ILTV Isolates 

The presence of ILTV within tracheal tissue specimens was confirmed using a highly sensitive 
quantitative real-time PCR (qPCR) assay. Among the screened populations, three specific chicken 
flocks exhibited high viral loads, as evidenced by significantly low cycle threshold (Ct) values. These 
isolates designated as (ILTV-B1, ILTV-B3, and ILTV-B4) were selected for downstream genomic 
characterization based on their high viral genome copy numbers. The diagnostic profiles and relative 
quantification for these representative samples are detailed in Figure 1. 
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Figure 1. ILTV viral load quantification by PCR. Tissue samples from four infected chicken flocks (B1 – B4) 
were tested for ILTV viral load. Tissue samples from each flock were pooled together. Chicken tissue samples 
negative for ILTV were used as control. 

3.2. The Genome Structure and Organization of ILTV Isolates Reported in This Study 

The complete genome sequences of isolates ILTV-B1, ILTV-B3, and ILTV-B4 were successfully 
assembled and deposited into the NCBI GenBank database under accession numbers PX492157, 
PX496590, and PX522223, respectively. The genome of ILTV-B1 spans 152,975 bp and exhibits 
99.997% nucleotide identity with the ILTV SA2 reference strain (Figure 2, Table 1). In contrast, both 
ILTV-B3 and ILTV-B4 possess a slightly larger genome size of 152,978 bp. The ILTV-B3 genome 
sequence shares 99.98% homology with the SA2 strain; however, a notable genomic variation was 
identified: a three-nucleotide insertion (ACC) at position 1,673. This insertion results in an additional 
proline residue at position 559 within the ORF F gene product relative to the SA2 reference. ILTV-B4 
demonstrated 99.9% sequence identity with the SA2 strain. Comprehensive genomic annotations and 
the structural organization of all three isolates are detailed (Supplementary Table 1). 
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Figure 2. Complete genome alignment of ILTV-B1, ILTV-B3, ILTV-B4, and SA2 isolates. The black lines indicate 
nucleotides differences. Dashes indicates gaps in sequences. The alignment was performed using Geneious V.9. 
The locations and sizes of predicted ORFs were annotated using Geneious. The green lines indicate genes, gray 
lines indicate miscellaneous features, blue lines indicate regulatory regions, orange lines indicate repeat regions, 
purple line indicates stem loop regions. 

Table 1. Comparative genomic features and GenBank accession numbers of Infectious Laryngotracheitis Virus 
(ILTV) isolates B1, B3, and B4. 

Isolate Name Accession 

No. 

Genome 

length (bp) 

UL 

(bp) 

IR 

(bp) 

US 

(bp) 

TR 

(bp) 

G+C 

content 

ILTV-

B1/LIU/NC/2024 

PX492157 152,975 114,179 12,835 13,126 12,835 48.1% 

ILTV-

B3/LIU/NC/2024 

PX496590 152,978 114,182 12,835 13,126 12,835 48.1% 

ILTV-

B4/LIU/NC/2024 

PX522223 152,978 114,182 12,835 13,126 12,835 48.1% 

3.3. Phylogenetic Analysis Based on the Full-Length Genome Sequences of ILTV-B1, B3, and B4 

A phylogenetic tree was reconstructed using the whole-genome sequences of 52 ILTV isolates, 
representing a global distribution of genotypes I through IX, to contextualize ILTV-B1, ILTV-B3, and 
ILTV-B4. Phylogenetic topology revealed that the three isolates from this study clustered 
monophyletically with the Australian vaccinal strains A20 and SA2 (Figure 3). This clade also 
included North American strains S2.816 and 6.48.88, which were isolated in 2017. Despite the 
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proximity to certain vaccinal lineages, the overall genomic characterization and phylogenetic 
placement categorize ILTV-B1, ILTV-B3, and ILTV-B4 within the virulent field-type lineages 
associated with genotypes VI–IX (Figure 3). 

 
Figure 3. Phylogenetic analysis of the complete genome of sequences of 52 ILTV isolates from different 
geographical locations. The maximum log likelihood of the tree was -256,708.88. The percentage of replicate 
trees associated with taxa clustered together (1,000 replicates) is shown below at each branch. The complete 
genome sequences of ILTV-B1, ILTV-B3, and ILTV-B4 isolates identified in this study are shown in red boxes. 
The genotypes and groups of isolates shown at the right side of the tree are separated based on genotype 
clustering in the phylogenetic tree. The tree was generated using MEGA12 software. 

3.4. Phylogenetic Analysis of Some Key Genes of ILTV-B1, B3, and B4 Isolates 

Phylogenetic reconstruction of five key marker genes (ICP4, UL23 (TK), UL27 (gB), US4 (gG), 
and US5 (gJ) was conducted to evaluate the evolutionary relationships of isolates ILTV-B1, -B3, and 
-B4 against globally distributed strains. Analysis of the ICP4, UL23 (TK), and US4 (gG) loci 
consistently placed the three study isolates within a cluster comprising Australian vaccinal strains 
(SA2 and A20) and North American field strains (S2.816 and 6.48.88) (Figures 4A, 4B, and 4C). 
Similarly, the US5 (gJ) gene showed high homology with SA2, A20, and the Chinese isolate WG 
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(Figure 4E). In contrast, the UL27 (gB) gene exhibited a distinct and discordant clustering pattern 
compared to the whole-genome analysis (Figure 4D). Specifically, while ILTV-B1 remained clustered 
with the SA2 strain, ILTV-B3 grouped with the classical Australian isolates V1-99 and CSW-1 
(isolated in 1999 and 1970, respectively). Furthermore, ILTV-B4 clustered independently with the 
USDA reference strain and the Italian isolate 757/11. These findings suggest a higher degree of genetic 
heterogeneity or potential recombination events within the UL27 locus among these isolates. 

 

Figure 4. Phylogenetic analysis of the ILTV genes sequences from 38 different isolates from different 
geographical locations. (A) Phylogenetic tree showing multiple sequence alignment of ICP4 gene with a 
maximum log likelihood of -7,055.90. (B) Phylogenetic tree showing multiple sequence alignment of UL23 (TK) 
gene with a maximum log likelihood of -1,666.27. (C) Phylogenetic tree showing multiple sequence alignment 
of US4 (gG) gene with maximum log likelihood of -1,667.19. (D) Phylogenetic tree showing multiple sequence 
alignment of UL27 (gB) gene with maximum log likelihood of -3,912.94. (E) Phylogenetic tree showing multiple 
sequence alignment of US5 (gJ) gene with maximum log likelihood of -4,621.84. The percentage of replicates of 
all five trees were associated with taxa clustered together (1,000 replicates) and is shown below at each branch. 
The gene sequences of ILTV-B1, ILTV-B3, and ILTV-B4 isolates identified in this study are shown in red boxes. 
The trees were generated using MEGA12 software. 
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3.5. Mapping the Notable Mutations Within the UL27 (gB) Genes of ILTV-(B1, B3, and B4) Isolates 
Reported in This Study 

The phylogenetic analysis of UL27 (gB) gene shows different clustering patterns when compared 
to the complete genome and other key genes results. Therefore, we investigated to identify the 
mutations in UL27 gene. Multiple sequence alignment of UL27 (gB) gene of ILTV-B1, ILTV-B3, ILTV-
B4, SA2, and USA reference isolates were performed. Results showed four notable variations in UL27 
(gB) gene (Figure 5A – 5J). The first substitution was observed at position 44 of UL27, where SA2 
encodes histidine (Figure 5B), while the USDA reference isolate encodes arginine at the same position. 
The ILTV-B1 and ILTV-B3 encode histidine at position 44 (Figure 5B), while ILTV-B4 encodes 
arginine at the same position (Figure 5C). At position 551 of UL27 gene SA2 and ILTV-B1 encode 
valine (Figure 5D), while the ILTV-B3 and ILTV-B4 encodes methionine at same position (Figure 5E). 
At position 799 ILTV-B1 isolates encode serine instead of proline (Figure 5F, 5G). Similarly, at position 
805 ILTV-B1 isolate encodes arginine instead of lysine (Figure 5H, 5I).  

 

Figure 5. Divergence analysis of the UL27 (gB) gene of ILTV-B1, ILTV-B3, and ILTV-B4 with reference isolate 
USDA and SA2. (A) Multiple sequence alignment of the UL27 (gB) gene of ILTV-B1, ILTV-B3, and ILTV-B4 with 
reference isolate USDA and SA2, showing mismatches of nucleotide and amino acids at four different sites. The 
multiple sequence alignment was performed by using SnapGene V6.0.2 software. (B) Protein structure of UL27 
(gB) gene of reference isolate SA2 showing histidine (His) at 44 positions, (C) which substitutes to arginine (Arg) 
at the same position in ILTV-B1 isolate. (D) Valine (Val) at position 551 of SA2 isolate substitutes to (E) 
methionine (Met) at the same position in ILTV-B1 isolate. (F) Proline (Pro) at position 799 of the SA2 isolate 
substitutes to (G) serine (Ser) at the same position in ILTV-B1 isolate. (H) Lysine (Lys) at position 805 of the SA2 
isolate substitutes to (I) arginine (Arg) at the same position in ILTV-B1 isolate. The amino acid locations are 
indicated by a red arrowhead. (J) Protein structure prediction of UL27 (gB) gene of ILTV-B1 isolate. The sites of 
mismatches are highlighted in red boxes. The protein structure was designed using AlphaFold3 server. 
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3.6. Mutations and Substitution Analysis Within the US5 (gJ) Gene of ILTV- Isolates Reported in This 
Study 

Multiple sequence alignment (MSA) of the US5 (gJ) gene was conducted for isolates ILTV-B1, 
B3, and -B4 in comparison with the SA2 reference strain. The analysis identified four unique non-
synonymous mutations exclusive to the ILTV-B4 isolate (Figures 6A–6C). At nucleotide position 494, 
ILTV-B4 possesses an alanine residue, whereas SA2, ILTV-B1, and ILTV-B3 encode valine (V494A; 
Figures 6D–6E). At position 647, ILTV-B4 encodes threonine, contrasting with the isoleucine found 
in the other three isolates (I647T; Figures 6F–6G). A third substitution was identified at position 694, 
where ILTV-B4 substitutes alanine for threonine (A694T; Figures 6H–6I). Finally, a notable transition 
at position 887 results in a phenylalanine-to-leucine substitution (F887L) unique to the ILTV-B4 
isolate (Figures 6J–6K). 

 

Figure 6. Divergence analysis of US5 (gJ) gene of ILTV-B1, ILTV-B3, and ILTV-B4 with reference strain SA2. (A) 
Multiple sequence alignment of the complete US5 (gJ) gene of ILTV-B1, ILTV-B3, and ILTV-B4 with reference 
isolate SA2. (B) Multiple sequence alignment showing mismatches of nucleotide and amino acids at four 
different sites of ILTV-B4 isolate. The multiple sequence alignment was performed by using SnapGene V6.0.2 
software. (C) Protein structure prediction of US5 (gJ) gene of ILTV-B4 isolate. The sites of mismatches are 
highlighted in red boxes. (D) Protein structure of US5 (gJ) gene of reference isolate SA2 showing valine (Val) at 
494 positions, (E) which substitute to alanine (Ala) at the same position in ILTV-B4 isolate. (F) Isoleucine (Ile) at 
position 647 of SA2 isolate substitutes to (G) threonine (Thr) at the same position in ILTV-B4 isolate. (H) Alanine 
(Ala) at position 694 of the SA2 isolate substitutes to (I) threonine (Thr) at the same position in ILTV-B4 isolate. 
(J) Phenylalanine (Phe) at position 887 of the SA2 isolate substitutes to (K) leucine (Leu) at the same position in 
ILTV-B4 isolate. The amino acid locations are indicated by a red arrowhead. The protein structure was designed 
using AlphaFold3 server. 

3.7. Mutations and Substitution Analysis Within the Structural Proteins of ILTV-B1, ILTV-B3, ILTV-B4 
Compared to the ILTV Vaccine Strains 

Comparative multiple sequence alignment (MSA) revealed a distinct landscape of amino acid 
substitutions within the ILTV-B1, -B3, and -B4 isolates relative to widely utilized vaccine strains of 
North American (LT-Blen, Laryngo Vacc, and US-IVAX), Australian (Serva/SA2), and European 
(Nobilis Laringovac®) origins (Table 2). These non-synonymous mutations were distributed across 
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14 distinct viral proteins, with heavy clustering within the structural envelope glycoproteins. 
Specifically, significant polypeptide alterations were identified in gH (UL22), gB (UL27), gD (US6), 
and gG (US4). Beyond the structural components, the Thymidine Kinase (UL23) and the major 
transcriptional regulator ICP4 exhibited substantial variability, with the latter harboring seven 
substitutions across its coding sequence. The spatial distribution and frequency of these mutations 
underscore a significant genetic divergence between the field isolates and the attenuated vaccine 
strains. While the sequenced isolates maintain a high degree of homology with the Australian SA2 
strain, they demonstrate a pronounced evolutionary distance from the North American vaccinal 
lineages (Figure 3). 

Table 2. Comparative analysis of amino acid substitutions in ILTV-B1, -B3, and -B4 isolates relative to global 
vaccinal reference strains (American, Australian, and European lineages). 

Gene Protein Position Amino Acid Substitution 

UL22 Envelope glycoprotein H 

1202 H → R/H 

1696 I → V 

1703 L → S 

1813 N → H 

UL23 Thymidine kinase 755 T → M 

UL27 Envelope glycoprotein B 

131 R → H 

1651 M → V/M 

1931 I → T 

2395 P → P/S 

2414 K → R/K 

UL1 Envelope glycoprotein L 377 P → Q 

UL53 Envelope glycoprotein K 646 V → I 

UL49.5 Envelope glycoprotein N 
46 V → M 

118 Y → H 

US4 Envelope glycoprotein G 

133 I → L 

173 V → G 

292 H → N 

344 V → G 

353 A → V 

387 Q → H 

850 F → L 

872 Q → R 

US5 Envelope glycoprotein J 

23 R → H 

903 M → I 

1276 T → A 

1481 A → V 

US6 Envelope glycoprotein D 

61 K → E 

580 V → L 

592 P → S 

644 T → N 
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752 Q → R 

US7 Envelope glycoprotein I 

115 I → V 

533 A → D 

555 L → F 

631 A → T 

670 V → I 

US8 Envelope glycoprotein E 629 K → R 

ICP4 Transcriptional regulator 

815 A → T 

2240 N → D 

2523 L → P 

2531 S → P 

3426 V → G 

3909 L → P 

4302 P → L 

4. Discussion 

The ILTV; Gallid alphaherpesvirus 1 is a prominent member of the Alphaherpesvirinae 
subfamily within the Ortho-Herpesviridae family. Consistent with other Alpha Herpesviruses, ILTV 
is characterized by a relatively low nucleotide substitution rate compared to many other DNA 
viruses. This evolutionary stability is primarily attributed to the high-fidelity proofreading activity 
of the viral DNA polymerase, which minimizes the accumulation of spontaneous mutations during 
genome replication [56].  

LTV possesses a linear, double-stranded DNA genome of approximately 150 kb with a mean 
G+C content of 48%. While the virus is categorized into several distinct genotypic groups based on 
global epidemiological data, localized variations continue to emerge. In the present study, three field 
isolates designated ILTV-B1, ILTV-B3, and ILTV-B4 were recovered from ILTV-positive poultry 
flocks in North Carolina, USA. To elucidate their genetic architecture and evolutionary standing, 
these isolates were subjected to high-depth whole-genome sequencing (WGS). 

A phylogenetic tree was produced by multiple sequence alignment of the whole genome 
sequences [57]. The clusters of various ILTV strains are displayed in Figure 3. Nine genotypic clusters 
been developed based on sequence analysis [32]. 

The global population of ILTV is categorized into distinct genotypic clusters based on their 
evolutionary origin. Clusters I, II, and III are primarily composed of Tissue Culture Origin (TCO) 
vaccine strains, while Chicken Embryo Origin (CEO) vaccines and their immediate derivatives 
constitute Cluster IV. Additionally, Cluster V is characterized by CEO-related field strains. In 
contrast, virulent wild-type ILTV isolates are typically sequestered within genotypic clusters VI 
through IX, which are genetically divergent from standard North American vaccinal lineages. The 
isolates characterized in this study ILTV-B1, -B3, and -B4 map to these latter clusters (VI–IX). 
Interestingly, despite their wild-type classification, they exhibit the highest degree of genetic 
homology with the Australian vaccine strains SA2 and A20, suggesting a unique evolutionary 
trajectory or historical introduction. 

The American vaccines, which are frequently used to prevent and control ILTV infections 
worldwide, belonged to CEO Vaccine clusters, while the sequenced isolates belonged to the wild-
type genotypic clusters. The vaccine strain itself can revert to virulence after bird-to-bird 
transmissions, potentially causing outbreaks.  

While American Chicken Embryo Origin (CEO) vaccine strains are widely utilized for the global 
control of ILTV, they are phylogenetically restricted to specific vaccinal clusters. In contrast, the 
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isolates characterized in this study ILTV-B1, -B3, and -B4—align with virulent wild-type genotypic 
clusters [58]. A critical concern in ILTV management is the inherent instability of live-attenuated CEO 
vaccines; these strains maintain the capacity to recover pathogenicity through successive bird-to-bird 
passages. This process, known as reversion to virulence, often leads to the emergence of ʺvaccine-
derivedʺ outbreaks that can mirror the clinical severity of wild-type infections. The clear genotypic 
separation between the sequenced isolates and these American CEO clusters suggests that the current 
North Carolina outbreak may be driven by distinct field-type lineages rather than simple vaccine 
reversion. 

A comprehensive sequence analysis was conducted by aligning the ILTV-B1, -B3, and -B4 
isolates against a panel of internationally utilized vaccinal strains. This comparative framework 
included North American Chicken Embryo Origin (CEO) and Tissue Culture Origin (TCO) strains 
(LT-Blen, Laryngo Vac, and US-IVAX), as well as European and Australian reference lineages such 
as the Serva and Nobilis strains. 

Detailed sequence analysis of the Unique Long (UL) region identified a significant density of 
both synonymous and non-synonymous mutations across the structural and regulatory loci. The 
sequenced ILTV isolates (ILTV-B1, -B3, and -B4) exhibited a high degree of genetic heterogeneity, 
characterized by more than nine distinct nucleotide variants within conserved regions. The genes 
(gC, UL3, UL4, UL11, UL12, UL13, UL14, UL20, UL24, UL25, UL26.5, UL31, UL32, UL33, UL34, UL35, 
UL40, UL45, UL 49, and UL 51) may not be involved in ILTV virulence because the amino acid 
sequences of these genes differ between strains [59]. 

The ICP4 gene regulates viral transcription, which is necessary to induce infection [60,61]. The 
proteinʹs potentially flexible region enables it to effectively interact with a variety of transcription 
factors [62]. Stress factors and latency infection periods affect ICP4 expression levels. As a result, ICP4 
and latent viral reactivation are closely linked [63].  

Comparative genomic analysis of the ILTV-B1, -B3, and -B4 isolates against North American and 
European vaccinal lineages identified seven distinct non-synonymous mutations at nucleotide 
positions 815, 2240, 2523, 2531, 3426, 3909, and 4302. These substitutions represent significant points 
of divergence between the field isolates and attenuated reference strains. 

Glycoproteins are linked to host range diversity and are crucial for virus attachment to and 
penetration of host cells [64]. Three mutations were found at amino acid positions 131, 1651, and 1931 
on the gB protein, as indicated in Table 2. Furthermore, compared to American and European 
vaccinal strains, the gD protein had five amino acids mutations at positions 61, 580, 592, 644, and 752, 
and the gL protein had one mutation at aa position 377, indicating the significance of these amino 
acids on the gB, gD, and gL proteins in determining the cell tropism of ILTVs [59].  

The connection between the virus and the host depends on the glycoproteins gB [65,66], gC 
[67,68], gD [69,70], and gH/gL [71–73]. Mutations in these genes can change the structure and function 
of the relevant protein, which can impact or prevent the virus from interacting with the receptors on 
the host cells [57,74]. In this study we found mutations at amino acid position 44, 551, 799, and 805 of 
gB glycoprotein of ILTV-B1, ILTV-B3, and ILTV-B4 when compared to SA2 and USDA reference 
isolate (Figure 5A – 5J).  

The translated protein functional activity may be impacted by this substitution. Another unique 
gene of ILTV is the ORF B gene [75]. The importance of this protein in viral replication in vitro has 
been evaluated in earlier research using an ORF B deletion mutant of ILTV [75]. When reproduced in 
immortalized chicken hepatoma cells, the ORF-B deletion mutant produced viral plaques that were 
comparable in size to the wild type virus but replicated to lower titers [75]. 

In this study, in gC and gM, no variation was observed at the amino acid level. Strong 
evolutionary conservation of these envelope proteins is indicated by the lack of amino acid variation 
in the glycoproteins gC and gM among the examined ILTV isolates, underscoring their functional 
significance in the viral life cycle. While not necessary for viral replication in vitro, gC facilitates 
effective virus attachment, entrance, cell-to-cell transmission, and immunogenicity. Its conservation 
indicates significant selection pressure to preserve important virus–host interactions [4,76]. Like this, 
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gM is a highly conserved herpesvirus envelope protein that plays a role in virion assembly, secondary 
envelopment, intracellular trafficking, and virus egress, frequently through the formation of a gM/gN 
complex. In the Alpha herpesviruses, even slight changes in gM have been demonstrated to hinder 
virion morphogenesis and viral spread [77]. 

Compared to other viral envelope glycoproteins, the ILTV gG exhibits a comparatively high 
degree of amino acid polymorphism, which is consistent with its non-essential but biologically 
significant function in virus host interactions. Eight significant point mutations at amino acid 
positions 133, 173, 292, 344, 387, 825, 850, and 872 were found in the current investigation, suggesting 
continued genetic diversification within the gG coding area. Instead of being involved in structural 
processes like virion assembly, ILTV gG is a secreted and envelope-associated protein that has been 
linked to immunological regulation and virulence, which may allow for better tolerance for sequence 
variation [4,76]. Several functional areas may be under selective pressure, either due to host 
immunological responses or adaptability to various epidemiological circumstances, according to the 
distribution of mutations found throughout the gG sequence in this study [78].  

A single mutation was found in gE at position 629; gE and gI are necessary for effective cell-to-
cell transmission and pathogenicity in ILTV, and the little change is in line with its crucial function 
in viral dissemination [4,78]. Five-point mutations were found in gI at positions 115, 533, 555, 631, 
and 670. Since gI interacts with gE to promote neurotropism and cell-to-cell dissemination, these 
mutations may be responsible for strain-specific variations in tissue tropism or virulence [78]. ILTV 
glycoprotein sequence analysis showed little variation in gH, gJ, and gK. Four-point mutations were 
found in gH at locations 1202, 1696, 1703, and 1813. Glycoprotein J showed several alterations, such 
as insertions/deletions in 1962 and 1991 and point mutations at 23, 765, 903, 1276, and 1481. One 
mutation was found in glycoprotein K at location 376 (Table 2). 

ILTV has three origins of viral DNA replication, like many other Alpha herpesviruses. with one 
copy of OriL in the UL region and two copies of OriS in the IRS and TRS regions [79]. Although 
deletions of oriL or both copies of oriS had no influence on viral replication in vitro, the PCR product 
of this region was sequenced in our investigation to ensure the sequence accuracy [80,81]. Since a 
deletion has been identified in the OriS of virulent strains LJS09 and USDA but not in those of other 
virulent or attenuated vaccine strains, the results of the OriS sequences may support these earlier 
findings. 

The UL15 sequence analysis identified several amino acid changes at positions 403, 660, 1360, 
2366, and 2794 (Table 2). A highly conserved terminase packaging subunit is encoded by homologues 
of the ILTV UL15 gene in other herpesviruses [82]. It has been determined that twenty highly 
conserved UL15 sites are necessary for cleavage and packing of DNA [82]. The attenuated phenotype 
of A20 ILTV may potentially be caused by an interaction between the two mutant gene products 
(UL15 and ORF B). This is especially pertinent in light of earlier research on herpes simplex virus 1, 
which showed that UL15 interacts with several other herpesvirus proteins, such as UL28 and UL33 
[83]. 

The tertiary structures of the UL27 (gB) and US5 (gJ) glycoproteins were modeled using 
AlphaFold3 to assess the potential impact of identified sequence variations. Structural mapping of 
these non-synonymous mutations onto the high-confidence models revealed that polymorphisms are 
strategically distributed across critical functional domains. In gB, several amino acid substitutions 
were localized within key antigenic epitopes, as well as the membrane fusion and receptor-binding 
domains. These structural alterations suggest potential modifications in viral entry kinetics and 
altered immunogenicity, which may facilitate escape from neutralizing antibodies. Conversely, 
mutations within gJ were predominantly identified within surface-exposed loops and regulatory 
motifs, potentially modulating host-virus interface dynamics and enhancing immune evasion 
strategies. Collectively, these structural insights indicate that ILTV glycoproteins are undergoing 
continuous genetic diversification. Such molecular evolution carries significant implications for viral 
fitness, clin 
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To categorize ILTV strains, more accurate diagnostic techniques will be developed using 
genome sequence comparisons. The thorough comparisons of ILTV strains shed light on the 
functional gene families that may affect the attenuation, pathogenesis, virulence, and life cycle of the 
ILTV virus. Both the examination of sequence variations and the prediction of mutational impacts on 
the functions of viral proteins are made possible by the viability of complete genome sequencing 
utilizing NGS techniques. 

The ILTV isolates whole genome sequencing showed that they were genetically similar to 
Australian field strains, but that they differed significantly at the amino acid level in several 
glycoproteins when compared to commonly used American vaccine strains. These variations indicate 
that strain-specific vaccines could be required to offer the best defense against circulating ILTV strains 
and highlight the possible limitations of cross-regional vaccine efficacy. The sequence and structural 
variants that have been found highlight the significance of continuous genomic surveillance and 
comparative analysis to better understand the genetic determinants of ILTV pathogenicity and 
immune evasion, improve disease control, and influence vaccine design. 

Targeted mutagenesis of the ILTV genome would be required to conclusively identify if one or 
both non-synonymous SNPs found in this study are crucial for the attenuation of A20 ILTV. Since 
CEO-vaccine-related isolates of ILTV have often been found to be the cause of disease, this is essential 
for researching the epidemiology of ILTV during disease outbreaks [60,61].  
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