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A B S T R A C T

Infectious laryngotracheitis (ILT) is a highly contagious disease, usually controlled by vaccination with live 
attenuated vaccines. However, the latent infection and adverse reactions caused by the live attenuated vaccines 
against infectious laryngotracheitis virus (ILTV) have limited its use in poultry. Infectious bronchitis virus (IBV) 
is considered a potential vector for vaccine development, but the issue of poor stability in recombinant IBV 
expressing foreign genes has not yet been resolved. In this study, we designed a multi-epitope cassette (gD-T/B) 
containing multiple T and B cell epitopes of ILTV gD protein. The genetic stability of the full-length gD gene and 
the gD-T/B multi-epitope cassette replacing non-essential genes in IBV was systematically analyzed. We found 
that, at the same insertion site, the stability of inserting gD-T/B multi-epitope cassette was consistently higher 
compared to the full-length gD gene. This difference may be related to the presence of more signals affecting 
virus replication or transcription in larger heterologous genes. In addition, the stability of recombinant IBV 
varied depending on the genome region being replaced. When the gene 5 was replaced, rH120-Δ5ab-gD-T/B was 
maintained up to at least passage 20 (P20). Compared with the parental virus H120 strain, rH120-Δ5ab-gD-T/B 
showed similar growth kinetics. Clinical observations and scoring of clinical signs in the vaccination-challenge 
experiment showed that rH120-Δ5ab-gD-T/B provided 90% protection against virulent ILTV, effectively alle
viating clinical signs caused by infection with a virulent strain of ILTV. Furthermore, rH120-Δ5ab-gD-T/B 
significantly reduced the replication and shedding of ILTV in the trachea. Overall, this study suggests that rH120- 
Δ5ab-gD-T/B is a promising candidate vaccine against ILTV.

Introduction

Infectious laryngotracheitis (ILT) is an acute, highly contagious 
upper respiratory infectious disease caused by infectious laryngo
tracheitis virus (ILTV) (Ou and Giambrone, 2012). Strict biosafety 
management and vaccination are the main strategies for controlling ILT 
(Coppo et al., 2013a, 2013b). Although most of the commercial 

attenuated vaccines can provide clinical protection against ILTV virulent 
strains, latent infection and virulence reversion are important factors 
leading to ILT outbreaks (Hughes et al., 1991; Oldoni et al., 2009; Coppo 
et al., 2012; Garcia, 2017).

ILTV belongs to avian herpesvirus type I, with a genome size of 
approximately 150 kb and containing about 80 open reading frames 
(ORF) (Davison, 2010; Wu et al., 2022). Among them, glycoprotein D 
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(gD) is located on the surface of virus particles, mediating virus 
adsorption to susceptible cells and the membrane fusion of virus-host 
cells (Di Giovine et al., 2011; Eisenberg et al., 2012). In addition, gD 
protein plays a crucial role in inducing a protective immune response in 
the body (Lazear et al., 2012; Pavlova et al., 2013; Zhao et al., 2014). In 
other herpesviruses, the above views have been confirmed. The gD 
protein of bovine herpesvirus type 1 (BHV-1) can stimulate a stronger 
cellular immune response than the gB and gC proteins, inducing more 
efficient production of neutralizing antibodies (Hutchings et al., 1990). 
For herpes simplex virus type 1 (HSV-1), gD protein induces the highest 
levels of antibodies, which can completely resist the challenge of HSV 
virulent strains (Lasky et al., 1984). What’s more, the gD protein subunit 
vaccine of pseudorabies virus (PRV) can also protect against the lethal 
challenge of PRV virulent strains (Marchioli et al., 1987).

Infectious bronchitis virus (IBV), a global endemic virus, belongs to 
coronaviridae family (Quinteros et al., 2022). The total length of the IBV 
genome RNA is about 27.6 kb, which sequentially encodes 
5′UTR-la/1b-S-3a-3b-E-M-5a-5b-N-3′UTR (Cavanagh, 2007; Peng et al., 
2022). Globally, the effective prevention and control of IB often depends 
on vaccines (Zhao et al., 2023). IBV vector has unique advantages, 
including low cost, convenient immunization and induction of broad 
immune types, which is highly effective in large-scale application (Aston 
et al., 2019). Currently, many studies havd found that recombinant IBV 
was usually genetically unstable. However, the stability of recombinant 
virus was usually greatest when non-essential helper genes were 
replaced by heterologous genes (de Haan et al., 2003; Youn et al., 2005; 
Shen et al., 2009). When green fluorescent protein gene (GFP) and 
human renilla luciferase gene (hRluc) were replaced with ORF3, ORF5 
and intergenic region (IR) of IBV genome respectively, it was found that 
hRluc gene replaced ORF5, resulting in the highest stability of the re
combinant IBV. The hRluc gene could be stably inherited at the nucleic 
acid level up to 12 generations (Bentley et al., 2013). In this study, we 
designed and rescued a recombinant IBV vector vaccine carrying mul
tiple epitopes of ILTV-gD protein, and evaluated its stability, growth 
characteristics and protective efficacy against challenge with ILTV 
virulent strain.

Materials and methods

Ethics statement

Institutional and national guidelines for the use and care of labora
tory animals were closely followed. The use of animals in this study was 
approved by the South China Agricultural University Committee for 
Animal Experiments (approval ID: SYXK2019-0136).

Viruses and cells

Both the IBV H120 strain (GenBank No. ON350836.1) and the ILTV 
WG strain (GenBank No. JX458823.1) in this study were propagated in 
9-day-old specific pathogen free (SPF) chicken embryos. BSR-T7/5 cells, 
a cell line stably expressing T7 RNA polymerase, were generously pro
vided by Prof. Youming Zhang from Helmholtz Institute of Biotech
nology, Shandong University. Chicken kidney cells (CK) were generated 
from 10-day-old SPF chicken embryos. The above cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), plus 1% Antibiotic- 
Antimycotic (10,000 I.U./mL of penicillin, 10,000 µg/mL of strepto
mycin) and incubated at 37◦C with 5% CO2.

Plasmids construction and viral rescue

In order to construct a recombinant IBV vector with chimeric het
erologous genes, according to our previous description, the Red/ET 
homologous recombination technology was used to complete the 
recombination in E. coli DH10B expressing Redα/Redβ recombinant 

protein (Shao et al., 2022). The gD gene and gD-T/B multiple epitope 
cassette of ILTV WG strain were synthesized by Sangon Biotech. The gD 
and gD-T/B containing the homologous sequence of the insertion site 
were amplified by overlapping PCR, and the length of the homologous 
sequence was about 40 bp. Then, a two-step recombination method was 
adopted. Briefly, in the first step, the E. Coli DH10B gyrA462, which 
expresses Redα/Redβ recombinant protein, was used to complete the 
“line-loop” recombination, and the screening gene ccdB-amp was 
replaced or inserted into the expression vector. Condly, the screening 
gene ccdB-amp was successfully replaced by gD or gD-T/B in the engi
neering bacterium E. Coli DH10B, and a correct recombinant was ob
tained through ccdB reverse screening.

According to the manufacturer’s instructions, the recombinant IBV 
plasmid was co-transfected with pVAX1-H120-N into BSR-T7/5 cells 
using lipofectamine® 3000 transfection reagent (Thermo Fisher Scien
tific, USA). After incubation at 37◦C for 4 h, the supernatant was dis
carded and the cells were washed twice with PBS. Fresh DMEM medium 
containing 2% FBS and 1% antibiotics was added and the culture was 
continued for 72 h. After three freeze-thaw cycles, the cell lysates were 
inoculated into 9-day-old SPF chicken embryos. 48 h after inoculation, 
the allantoic fluid of chicken embryos was harvested.

Stability detection of the recombinant IBVs

In order to detect the genetic stability, the recombinant IBVs were 
continuously passaged on chicken embryos for 20 generations. Refer to 
the manufacturer’s instructions of Axyprep humoral Virus DNA/RNA 
Mini-Extraction Kit (Axygen, CA, United State) to extract the viral 
nucleic acids from P1 (1st passage) to P20 generations. The inserted full- 
length gene was amplified by HiScript II One Step RT-PCR Kit (Vazyme, 
Nanjing, China), and the primers were shown in Table 1.

To test the stable expression of heterologous proteins, rIBVs of P5, 
P10, and P20 generations were infected with single-layer CK cells at a 
multiplicity of infection (MOI) of 0.1. Meanwhile, rH120 infection group 
and no treatment group were set. 48 h after infection, CK cells were 
harvested. After protease lysis with 1% protease inhibitor, the super
natant was collected by centrifugation, and western blot analysis was 
performed using specific mouse monoclonal antibody (MAb) against gD 
and rabbit MAb against IBV-N (prepared in our laboratory).

Growth kinetics

9-day-old SPF chicken embryos were inoculated with the recombi
nant IBVs and parent virus H120 strain at a dose of 100 50% egg 
infection dose (EID50) via the allantoic route, respectively. The allantoic 
fluid of chicken embryos was harvested at 12, 24, 36, 48, 60 and 72 h 
after inoculation for EID50 measurement, and the growth kinetic curve 
of the recombinant virus was drawn using GraphPad Prism 8 software.

Immunization and challenge experiments

154 healthy one-day-old SPF chickens were randomly divided into 7 
groups with 22 chickens in each group. Chickens in groups A and B were 
vaccinated with 100 uL of rH120-Δ5ab-gD-T/B via the oculonasal route 
at a dose of 104.0 EID50. Meanwhile, chickens in groups C and D were 
vaccinated with 100 uL of rH120 via the same route at a dose of 104.0 

EID50 and served as vector controls. Moreover, chickens in groups E, F, 
and G were treated with equal amounts of PBS, and these served as 
unvaccinated controls. Based on the immunization schedule of the 
attenuated IBV vaccine used in clinical practice, a booster immunization 
was carried out 14 days post vaccination (dpv) following the same im
munization protocol. At 28 dpv, chickens in groups A, C, and E were 
challenged with the virulent ILTV-WG strain via the intratracheal 
inoculation route at a dose of 103.5 EID50, respectively, while chickens in 
groups B, D, and F were challenged with the virulent ILTV at a dose of 
104.0 EID50. Chickens in group G was inoculated with the same amount 
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of PBS via the same route. For detailed information, please refer to 
Table 2. After challenge, mortality and clinical signs of ILT were 
recorded daily for 10 days. Briefly, chickens were rated on a scale of 0 to 
3: normal (0), mild (1), moderate (2), and severe (3), according to 
clinically observed breathing patterns, conjunctivitis, and depression 
(Zhao et al., 2014; Hao et al., 2023).

Serum antibody detection

Blood samples were collected from 10 marked chickens in each 
group at 7, 14, 21, and 28 dpv. To determine the antibody titers against 
ILTV, all serum samples were detected using a commercial enzyme- 
linked immunosorbent assay (ELISA) test kit (BioChek, Netherlands).

Detecting viral load and shedding of ILTV in chickens

Tracheal swabs were collected from 10 marked chickens in each 
group at 3 and 7 days post challenge (dpc). Meanwhile, four unmarked 
chickens were randomly euthanized in each group, and 100 mg tracheal 
tissue samples were collected. The swab and tissue samples were treated 
according to the manufacturer’s instructions, and viral DNA was 
extracted from the samples using Axyprop humoral Virus DNA/RNA 
Mini Extraction Kit (Axygen, CA, USA), with a final elution volume of 40 
μL. The ILTV viral loads in the tracheal swab and tissue samples were 
quantified by real-time PCR, which amplified the UL27 gene (encoding 
glycoprotein B) of ILTV using the sense primer 5′-AGA
CACTGCATCTATGGACGTTGG-3′ and the antisense primer 5′- 
TGCTCCAGTTGGAGAAGAACATGC-3′. Real-time PCR assays were per
formed using C1000 TouchTM Thermal Cycler (Bio-rad, CA, USA) and 
Taq Pro Universal SYBR qPCR Master Mix (Vazyme, Nanjing, China). 
The reaction system with a final volume of 20 μL included 10 μL of 
premix, 0.4 μL of each primer, 8.2 μL of nuclease free water, and 1 μL of 
template, with each sample repeating three reactions. The reaction was 
carried out at 95◦C for 5 min, 40 cycles of 95◦C for 10 s, and 60◦C for 30 
s.

Pathological analysis of trachea tissue

At 5 dpc, four unmarked chickens were randomly euthanized in each 
group, and the tracheas were collected and fixed with 10% neutral 

formalin solution. The tissue samples were stained with hematoxylin 
and eosin (H&E) after embedding in paraffin, and histopathological 
changes were observed under an upright microscope.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8 software 
(GraphPad Software Inc., La Jolla, CA, USA). The one-way analysis of 
variance (ANOVA) was adopted for multiple comparisons. Results were 
considered to be statistically significant if P < 0.05 (*), P < 0.01 (**), or 
P < 0.001 (***).

Results

Construction of recombinant IBV expressing ILTV gD protein multiple 
epitope

The positions of five B-cell epitopes and fifteen T-cell epitopes on the 
ILTV gD gene are shown in Fig. 1A, forming four multi-epitope regions 
which were assembled into one multi-epitope cassette by linking se
quences (Fig. 1B). The three-dimensional (3D) structure of the gD pro
tein was predicted using AlphaFold3 (Fig. 1C), and multi-epitope 
regions were labeled in the 3D structure of the gD protein using 
Pymol software (Fig. 1D). In order to develop a recombinant IBV 
expressing ILTV-specific immunogens, the H120 strain was used as a 
vector backbone. Red/ET homologous recombination technology was 
used to replace 3ab, 5ab and IR of H120 genome with gD gene and gD-T/ 
B multi-epitope cassette, respectively (Fig. 2). The recombinant IBV 
plasmids were co-transfected with helper plasmid pVAX1-H120/N into 
BSR-T7/5 cells stably expressing T7 RNA polymerase by liposome 
method, and then incubated in 5% CO2 at 37◦C for 72 h. Finally, the 
results of RT-PCR and genome sequencing confirmed that the recombi
nant IBVs were successfully rescued.

Genetic stability of recombinant IBVs

To further evaluate the potential of rIBV as a vaccine vector, the 
genetic stability of heterologous genes was first detected at the nucleo
tide level. Recombinant IBVs were continuously propagated in chicken 
embryos for 20 generations and the integrity of heterologous genes was 

Table 1 
Primers for detection of genetic stability by RT-PCR.

Virus Forward (5′-3′) Reversed (5′-3′) RT-qPCR Product (bp)

rH120-Δ3ab-gD GGCATTATGCCTCTAATGAG CCTACAAATATGTAAAGCGCTG 1335
rH120-Δ3ab-gD-T/B 744
rH120-ΔIR-gD GTAGCAACAGGTGGAAGTAGC AAGACGCGTTTTGGTCCGTG 1348
rH120-ΔIR-gD-T/B 757
rH120-Δ5ab-gD TTGTTGTAGGTTGTGGTCCC AAGGCTCTGCTTGTCCTGCT 1345
rH120-Δ5ab-gD-T/B 754

Table 2 
Grouping for the immune challenge experiment and observation of clinical signs in chickens at different days post-challenge.

Group Vaccinationa ILTV challenge doseb Number of chickens showing clinical signs/number in groupc

1 2 3 4 5 6 7 8 9 10

A rH120-Δ5ab-gD-T/B 103.5 EID50 0/10 0/10 1/10 1/10 1/10 0/10 0/10 0/10 0/10 0/10
B rH120-Δ5ab-gD-T/B 104.0 EID50 0/10 0/10 2/10 2/10 2/10 1/10 0/10 0/10 0/10 0/10
C rH120 103.5 EID50 0/10 0/10 6/10 9/10 10/10 8/10 7/10 3/10 1/10 1/10
D rH120 104.0 EID50 0/10 1/10 7/10 10/10 10/10 9/10 8/10 4/10 2/10 1/10
E PBS 103.5 EID50 0/10 0/10 5/10 9/10 10/10 7/10 6/10 3/10 2/10 1/10
F PBS 104.0 EID50 0/10 1/10 7/10 10/10 10/10 8/10 7/10 4/10 2/10 2/10
G PBS / 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10

a SPF chickens were immunized at one day of age by eye drop, and boosted according to the same immunization procedure at 14 days of age.
b At 28 dpv, the chickens were challenged via intratracheal inoculation with the ILTV WG strain.
c The marked chickens used for clinical observation.
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detected by RT-PCR and genome sequencing (Fig. 3). The results had 
showed that the stability of recombinant IBVs varied depending on the 
inserted heterologous genes or insertion sites. Overall, recombinant IBVs 
with with the complete gD gene insertion generally exhibited lower 
genetic stability. rH120-Δ5ab-gD and rH120-ΔIR-gD experienced de
letions of the heterologous gene at P9 and P6, respectively, while rH120- 
Δ3ab-gD encountered a deletion as early as at P2. In comparison, the 
stability of recombinant IBVs with gD-T/B multi-epitope cassette 
insertion was significantly improved. The heterologous genes in rH120- 
Δ3ab-gD-T/B and rH120-ΔIR-gD-T/B remained stable until P6, while 
the heterologous genes in rH120-Δ5ab-gD-T/B were stable for at least 
P20.

Antigenic analysis of rH120-Δ5ab-gD-T/B

To further analyze the antigenicity of rH120-Δ5ab-gD-T/B and the 
stability of heterologous protein expression across different passages, 
rH120-Δ5ab-gD-T/B and rH120 were infected with CK cells at MOI=0.1. 
Cell lysates were harvested 48 hours post infection (hpi) and subjected 

to Western blot analysis. The results, as shown in Fig. 4A, demonstrated 
that protein bands approximately 19 kDa were observed in the rH120- 
Δ5ab-gD-T/B infection groups of P5, P10, and P15, indicating that the 
recombinant virus rH120-Δ5ab-gD-T/B could stably express the ILTV 
multi-epitope cassette gD-T/B protein at different generations. In 
contrast, only a protein band of approximately 45 kDa corresponding to 
IBV-N was observed in the rH120 infection group. No specific protein 
bands for gD-T/B and IBV-N were detected in the MOCK group.

Growth kinetics of rH120-Δ5ab-gD-T/B

To analyze the impact of replacing the 5ab gene of H120 with the gD- 
T/B multi-epitope cassette on viral replication, a comparative analysis of 
replication dynamics within chicken embryos was conducted between 
rH120-Δ5ab-gD-T/B and rH120. As shown in Fig. 4B, similar prolifer
ation curves were observed for the recombinant virus rH120-Δ5ab-gD- 
T/B and the parental virus rH120. Similarly, rH120-Δ5ab-gD-T/B and 
rH120 reached peak titers at 36 hpi, after which the titers decreased 
slowly. Overall, rH120-Δ5ab-gD-T/B showed a slightly lower titer than 

Fig. 1. Design of the T/B multi-epitope cassette (gD-T/B) of ILTV gD protein. (A) The gD-T/B multi-epitope cassette consists of five B-cell epitopes and fifteen T- 
cell epitopes. Yellow boxes represent B-cell epitopes; blue boxes represent T-cell epitopes; green boxes represent multiple epitopes. (B) The amino acid sequence of 
the gD-T/B multi-epitope cassette contains four multiple epitopes (P1, P2, P3, P4) linked by flexible amino acids. (C) The reference glycoprotein D of ILTV. (D) The 
position of proposed multiple epitopes in the 3D structure of reference glycoprotein D of ILTV.

Fig. 2. Schematic diagram of the construction of recombinant IBVs. Recombinant IBVs were constructed by inserting the full-length gD gene or gD-T/B multi- 
epitope cassette at different positions in the IBV genome using Red/ET homologous recombination technology. The genome schematic diagram of wild-type H120 
strain and recombinant H120 strains, showing the position of foreign genes. The full-length gD gene is shown in a red box; the gD-T/B multi-epitope cassette is 
represented by a green box.
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rH120, with a difference from log10 0.2 to 0.4. The above results indi
cated that the replacement of the 5ab gene of H120 with the gD-T/B 
multi-epitope cassette had almost no impact on the virus’s replication 
in chicken embryos.

Protective efficacy of rH120-Δ5ab-gD-T/B against ILTV challenge in 
chickens

To evaluate the protective efficacy of the recombinant virus rH120- 
Δ5ab-gD-T/B against ILTV challenge, immunization and challenge 

experiments were conducted, as illustrated in Fig. 5A. After challenged 
with the virulent ILTV WG strain, clinical signs of the chickens were 
recorded daily for 10 days (Table 2). As expected, no clinical symptoms 
were observed in group G, while the main clinical signs in groups C to F 
chickens were coughing up blood and severe respiratory distress 
(Fig. 5B). Chickens in groups C to F experienced a peak in clinical 
symptoms at 4 to 5 dpc, with mortality rates ranging from 10% to 20%, 
after which they began to gradually recover. Compared to groups C to F, 
the clinical scores of groups A and B were significantly lower. During the 
trial period, one chicken with severe symptoms and one with mild 

Fig. 3. Genetic stability analysis of recombinant IBVs. The recombinant viruses rH120-Δ3ab-gD, rH120-Δ3ab-gD-T/B, rH120-ΔIR-gD, rH120-ΔIR-gD-T/B, 
rH120-Δ5ab-gD and rH120-Δ5ab-gD-T/B were continuously passaged in chicken embryos, and the allantoic fluid was harvested 48 h post-inoculation for identi
fication. The foreign genes of the recombinant viruses were amplified by RT-PCR using primers from Table 1 and analyzed by agarose gel electrophoresis. Re
combinant viruses that were determined to have deletions of foreign genes were not passaged further. The PCR products of the expected size were indicated by black 
arrows; the smaller PCR products that did not meet expectations were indicated by red arrows.
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symptoms were observed in group B. Chickens in group A did not show 
clinical signs of moderate severity or above, and only one chicken 
showed mild symptoms of continuous sneezing at 3 dpc, but had fully 
recovered by 6 dpc (Fig. 5C). These results indicated that rH120-Δ5ab- 
gD-T/B could alleviate the clinical signs caused by challenge with a 

virulent ILTV strain.

Immune response induced by rH120-Δ5ab-gD-T/B in chickens

To assess the humoral immune response induced by rH120-Δ5ab-gD- 

Fig. 4. Protein expression stability and growth characteristics of rH120-Δ5ab-gD-T/B. (A) Growth kinetics curves of the recombinant virus rH120-Δ5ab-gD-T/ 
B and the parental virus rH120 in chicken embryos. (B) Expression of the gD-T/B multi-epitope cassette protein in generations P5, P10, and P20 of rH120-Δ5ab-gD-T/ 
B was detected by Western blot.

Fig. 5. Clinical observations and mean clinical sign scores after challenge with virulent ILTV. (A) Schematic diagram of the immune challenge experiment 
design. Blood samples were collected on days 7, 14, 21, and 28 for the detection of antibodies against ILTV. On days 31 and 35, tracheal swabs and tracheal tissues 
were collected for the detection of ILTV viral load. On day 33, tracheal tissues were collected for histopathological examination. (B) Clinical symptoms of chickens 
post challenge with virulent ILTV. (C) Mean clinical sign scores per group of chickens at 0 to 10 dpc. The data shown is the average value for each group of 
ten chickens.
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T/B in chickens, serum samples were collected from each group at 7, 14, 
21, and 28 dpv, and antibody titers against ILTV were determined by 
ELISA. The data showed that there was no statistically significant dif
ference in ILTV antibody levels among the groups at 7 dpv and 14 dpv (P 
> 0.05). At 21 dpv and 28 dpv, compared to the control group and the 
rH120 immunized group, the antibody levels of the rH120-Δ5ab-gD-T/B 
immunized group showed a significant increase (P < 0.001), but did not 
reach the threshold for seropositivity (Fig. 6A).

rH120-Δ5ab-gD-T/B reduced ILTV shedding and tissue viral load in 
trachea post challenge

The reduction of viral shedding and tissue viral load in the trachea 
post challenge is one of the important criteria for evaluating the efficacy 
of ILTV vaccines. Viral loads in tracheal swabs and tissues were quan
tified by qPCR at 3 and 7 dpc. As shown in Fig. 6B, at 3 and 7 dpc, the 
genome copies of ILTV in tracheal swabs of the rH120-Δ5ab-gD-T/B 
immunized groups (groups A and B) were significantly higher than thoes 
of the non-vaccinated/non-challenged group (group G) (P < 0.001), but 
significantly lower than thoes of the rH120 immunized groups (groups C 

Fig. 6. Protective Efficacy of rH120-Δ5ab-gD-T/B against ILTV. (A) Humoral immune response induced by rH120-Δ5ab-gD-T/B. Serum samples were collected 
from the rH120-Δ5ab-gD-T/B immunized group, rH120 immunized group, and control group at 7, 14, 21, and 28 dpv. ILTV antibody titers were measured by ELISA. 
The data shown are measurements for each group of ten chickens. (B) Shedding of virulent ILTV in tracheal swabs was detected at 3 dpc and 7 dpc. Data presented are 
the means ± SD for ten chickens per group. (C) The viral genome load of virulent ILTV in tracheal tissues was detected at 3 dpc and 7 dpc. Data presented are the 
means ± SD for four chickens per group. The differences between groups are analyzed using ANOVA (***P < 0.001).
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and D) and the non-vaccinated/challenged groups (groups E and F) (P <
0.001). Similar results were also observed in the detection of viral load 
in tracheal tissue (Fig. 6C). These results indicated that rH120-Δ5ab-gD- 
T/B could reduce the shedding and replication of virulent ILTV strain in 
chickens.

Histopathological lesions in trachea post challenge

To assess the microscopic lesions in the trachea of chickens after 
ILTV challenge, necropsy was performed on chickens at 5 dpc to 
examine tracheal lesions, and histopathological studies were conducted 
on the trachea. Notably, extensive mucous secretion accompanied by 
red caseous material occluding the trachea was observed in groups C to 
F, while no significant lesions were observed in groups A, B, and G 
(Fig. 7). In addition, histopathological studies revealed significant 
pathological changes in the trachea of groups C to F, such as severe 
damage to the tracheal mucosa, sloughing of epithelium, increased 
thickness of tracheal mucosa, disappearance of cilia, and infiltration of 
inflammatory cells in the mucosa. The tracheas of groups A, B, and G 
were normal, with no pathological lesions.

Discussion

Currently, live attenuated vaccines were widely used to prevent ILT. 
In the current trend, live attenuated vaccines would remain the main 
method of ILT prevention and control for a long time. However, recent 
studies had reported that ILTV live attenuated vaccines could recombine 
with field strains, leading to immune failure and causing significant 
losses in the poultry industry (Fakhri et al., 2020; Perez et al., 2020; 
Sabir et al., 2020). Interestingly, a recent study had shown that ILTV 
field strains were gradually evolving towards chicken embryo origin 
(CEO) vaccine strains (Yi et al., 2024). In addition, the virulence of ILTV 
live attenuated vaccines was generally strong, causing significant re
actions in animals after vaccination. Meanwhile, the latent infections 
caused by these vaccines were one of the important factors leading to 
ILT outbreaks (Bayoumi et al., 2020; Mossad et al., 2022). Continuous 
negative reports had caused scholars from various countries to hold a 
concerned attitude towards the use of ILTV live attenuated vaccines 
(Elshafiee et al., 2022; Ponnusamy et al., 2022; Santander-Parra et al., 
2022). Therefore, the development of new ILTV vaccines was of great 
significance.

Coronaviruses were positive-strand RNA viruses with potential as 
immune vectors, yet the issue of poor stability of their recombinant vi
ruses remained unresolved. The large RNA genome in coronaviruses 
allowed for genomic modification through mutation and recombination, 
providing additional plasticity that made these viruses inherently more 
prone to genetic instability (Su et al., 2016). In the past few years, IBV 
had been shown to accept and express foreign genes, but more research 
was focused on IBV vector vaccines expressing different genotypes of 

IBV S protein (Armesto et al., 2011; Keep et al., 2020). Therefore, we 
initiated a study on a bivalent IBV vector vaccine expressing ILT pro
tective antigens, evaluating its stability and immunogenicity.

A key finding in our study was that the stability of inserting gD-T/B 
multi-epitope cassette was consistently higher compared to the full- 
length gD gene (Fig. 3). Previous study had shown that coronaviruses 
had helical nucleocapsid structures, which might be less restriction on 
genome size (de Haan et al., 2005). Moreover, an expansion of about 
10% of its natural size (a total insertion size of 2.7 kb) in the coronavirus 
genome was indeed accepted without adversely affecting virus growth 
(de Haan et al., 2003). However, the larger gD gene is not as stable as the 
gD-T/B multi-epitope cassette, which may be related to the presence of 
more “heterologous signals” in larger heterologous genes. These “sig
nals” could be secondary RNA structures or protein binding sites that 
affect viral replication or transcription, leading to larger foreign genes 
being more likely to be lost (de Haan et al., 2005).

The stability of foreign genes in recombinant coronaviruses is largely 
determined by the insertion site (de Haan et al., 2005; Bentley et al., 
2013). The above view had been confirmed in this study. Regardless of 
whether the inserted heterologous gene was full-length gD gene or 
gD-T/B multi-epitope cassette, we observed that the stability of the re
combinant virus was highest after replacing gene 5 (Fig. 3). When 
foreign gene (encoding green fluorescent protein) was inserted into the 
IBV genome in the form of fusion to the C-terminus or N-terminus of 
structural genes, unstable recombinant viruses were obtained (Shen 
et al., 2009). Similar results had also been reported in mouse hepatitis 
coronavirus (MHV) and transmissible gastroenteritis virus (TGEV) (Sola 
et al., 2003; Bosch et al., 2004). However, when heterologous genes 
replaced non-essential genes, foreign genes in the recombinant coro
navirus genome had achieved higher stability (Sola et al., 2003; de Haan 
et al., 2005; Shen et al., 2009). Currently, there were no clear reports on 
the functions of IBV accessory proteins, but it had been confirmed that 
the absence of accessory proteins did not affect viral replication (Casais 
et al., 2005; Hodgson et al., 2006). Consistent with previous studies, in 
this study, replacing gene 5 with the gD-T/B multi-epitope cassette did 
not affect the replication of the recombinant virus (Fig. 4A).

As is well known, vaccine-induced immune responses play a crucial 
role in antiviral immunity and viral infection. Unexpectedly, in this 
study, the level of humoral immunity induced by rH120-Δ5ab-gD-T/B 
was low. Although a significant increase in antibodies against ILTV was 
detected after 21 dpv, it ultimately did not reach the threshold for 
serological positivity (Fig. 6A).

The possible reason was that the antigen coated in the ILTV ELISA 
antibody detection kit used in this study was the whole virus of ILTV, 
and the numerical value obtained by such kits might be low when 
detecting the level of antibodies against the gD-T/B multi-epitope 
cassette. In addition, multiple studies had shown that cell-mediated 
immunity was the main immune response in the case of ILTV infection 
(Fuchs et al., 2007; Coppo et al., 2013a, 2013b). Serological testing of 

Fig. 7. Representative necropsy and histopathological analysis of the trachea post challenge with virulent ILTV. Four chickens from each group were 
euthanized at 5 dpc for tracheal lesion observation. Red arrows indicate gross lesions characterized by excessive mucous secretion or red caseous material obstructing 
the trachea. Additionally, tracheal tissues were collected for histopathological examination. Typical pathological changes are indicated by black arrows, such as 
severe damage to the tracheal mucosa, sloughing of epithelium, increased thickness of tracheal mucosa and disappearance of cilia.
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specific antibodies against ILTV was a useful standard for assessing the 
immunogenicity of vector vaccines, but there was no positive correla
tion with clinical protective efficacy (Sabir et al., 2019). Therefore, in 
order to comprehensively evaluate the immunogenicity of the vector 
vaccines, it was necessary to assess both local and cell-mediated 
immunity.

Overall, rH120-Δ5ab-gD-T/B not only overcame the poor stability of 
recombinant IBV but also provided effective protection against virulent 
ILTV. Challenged with ILTV WG strain at a dose of 103.5EID50, rH120- 
Δ5ab-gD-T/B provided 90% protection effect under the premise that the 
morbidity in the non-vaccinated/challenged group was 100%. Mean
while, rH120-Δ5ab-gD-T/B significantly reduced the replication and 
shedding of ILTV in the trachea, reducing the opportunity for ILTV to 
spread among chicken flocks and enter the environment.
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