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Abstract

Infectious laryngotracheitis (ILT) is a re-emerging, acute respiratory disease in chicken in various parts
of the country including Tamil Nadu, leading to production losses. The present study was conducted to
detect and confirm the pathogen associated with mortality among commercial and native chickens in
five different flocks in and around Salem district of Tamil Nadu. On necropsy examination,
haemorrhagic tracheitis and caseous plugs were noticed along the trachea and no other gross
abnormalities were observed. Tracheal samples from the dead birds were collected for laboratory
investigation. The suspected field samples were screened positive by PCR targeting the ILTV-ICP4
gene. Virus isolation was performed in 9-11 days old embryonated chicken eggs via chorioallantoic
membrane (CAM) route and thickened, haemorrhagic membranes were observed after five days post-
infection, with pock lesions. The infected CAM during the serial egg-passages were also found positive
for ILTV by PCR. Histopathological examination revealed the presence of pathognomonic syncytia
with eosinophilic inclusion bodies in the respiratory tract epithelium and profuse infiltration of
heterophils and mononuclear cells along the submucosa, followed by necrosis and deciliation. This
study confirmed the presence of ILT in both commercial and native chicken flocks by molecular,
histopathological analyses and virus isolation studies, warranting the need for continuous surveillance
and improved vaccines for disease control.

Keywords: Infectious laryngotracheitis virus, chicken, Polymerase Chain Reaction, ICP4 gene,
pathology

1. Introduction

Avian Infectious Laryngotracheitis (ILT) is an economically significant viral disease of
chickens that affects the poultry industry worldwide. It is an acute, highly contagious
respiratory infectious disease that causes mortality, decreased growth rates, and reduced egg
production [ Infectious Laryngotracheitis Virus (ILTV) belongs to the genus lltovirus
within the family Orthoherpesviridae, classified as Iltovirus gallidalphal (previously
classified as Gallid alphaherpesvirus 1) 12!, The virion exhibits an icosahedral nucleocapsid
surrounded by a protein tegument layer encapsulated by an external envelope containing
glycoproteins ! The ILTV genome is a linearized double-stranded DNA of approximately
153 kilobases. The genome comprises unique long (UL) and unique short (US) regions
flanked by inverted repeat sequences (IRS) and terminal repeat sequences (TRS) B,

Since ILTV remains conserved antigenically, the complete genome characterization allows
for its classification into nine genotypes ™. Very often, genotyping of ILTV strains are
mainly based on molecular characterization by PCR of the infected cell protein (ICP4) gene.
This also stands out as the only immediate-early gene of ILTV, whose encoded product
regulates the transcription of the other early and late genes of the virus 481,

The disease manifestations are characterized by severe dyspnea, gasping, ocular and nasal
discharge, and in severe cases, bloody expectoration mixed with mucus *'!l. Gross and
histopathological lesions typically include fibrinous, necrotizing and haemorrhagic sinusitis,
laryngitis, tracheitis, and conjunctivitis. Bronchitis, bronchopneumonia, eosinophilic
intranuclear inclusion bodies with or without syncytia are present [!% '2J depending on the

severity of the disease including occasional esophagitis and ulcerative pharyngitis [,
~gg~
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Birds recovering from ILTV infections act as potential
source of infection for the other susceptible birds in the
flock, with the virus assuming a latent form along the nerve
ganglia. Reactivation of virus may happen under stressed
conditions, enabling reinfection by horizontal transmission
through virus shedding in the nasal secretions and faecal
matter (111,

The virus primarily affects chickens as natural hosts, across
all ages and susceptible breeds, although birds of more than
3 weeks are most affected ['*?!1l. However, ducks and
pigeons remain unaffected by ILTV P! Occasionally in
broilers, lesions are confined to the conjunctiva, nasal
passages and trachea with mild mucoid or catarrhal exudate.
This can be termed the “Silent form of ILT” due to the
absence of characteristic respiratory signs %,

Although clinical manifestations and post-mortem lesions
may be suggestive of ILT, viral etiology can be confirmed
using virus isolation in embryonated chicken eggs by the
chorio-allantoic membrane (CAM) route or primary chicken
liver or kidney cells. These laborious methods have now
been simplified by rapid and precise molecular diagnostics
like PCR 29, realtime PCR for detecting ILT infections and
RFLP for differentiating vaccine and field strains 1% 20-2%,
Although serology is not practised widely, histopathology
has been a preferred screening test for a prompt diagnosis of
suspected infections of ILT, by demonstrating the
intranuclear inclusion bodies in infected tissues 12123,

An effective strategy for preventing ILTV infection is only
by vaccination using live attenuated ILT vaccines [chicken-
embryo-origin (CEO) and tissue-culture-origin (TCO)] in
commercial poultry flocks globally, although not widely
practised in India. These live vaccines have been studied to
be responsible for the emergence of virulent variants [ 1713
2321 during passage in chicken, synonymously described as
“vaccinal ILT” 1531,

Therefore, the objective of this study was to detect and
confirm the re-emerging infections of ILT in both
commercial and native layers of Salem district in Tamil
Nadu, as a part of disease surveillance, based on
pathological and molecular methods.

2. Materials and Methods

2.1 Case history and gross pathology

Poultry farms rearing commercial layer birds and Aseel
chicken in adjoining places in the Salem district of Tamil
Nadu had reported sudden mortality of 4-5 birds daily, since
two days, with respiratory signs, swollen head, nasal
discharge, and severe dyspnoea. The flocks in the two
commercial poultry farms included layers of the Bovans
strain, with a flock size of approximately 10,000 birds of 12-
32 weeks of age. The other three reports were from
backyard flocks of Aseel breed of chicken, 16-25 weeks,
reared in small holdings of 50-100 in close neighbourhood.
Necropsy of the dead poultry carcasses were conducted at
the Avian Disease Laboratory, Thalaivasal, Salem. Severe
haemorrhagic tracheitis filled with blood-mixed mucus was
observed in the affected birds from all five farms, suspected
for ILT. Observations of any other gross pathologic lesions
were also recorded.

2.2 Sampling and processing for virological studies

Tracheal samples were aseptically collected in sterile
containers and transported to the laboratory under cold chain
for virology studies. The samples were triturated to prepare
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10% (w/v) tissue suspension with sterile phosphate-buffered
saline (PBS) containing 100U/ml penicillin, 100 pg/ml
streptomycin and 0.25 pg of amphotericin B and clarified at
3000 rpm for 15 minutes at 4 °C. The supernatant was
harvested and filtered through a 0.45um syringe filter and
stored at -80 °C for nucleic acid extraction and virus
isolation.

2.3 Sampling and processing for pathological studies
Tissue samples of trachea, lungs, air-sacs, liver, spleen were
collected and fixed in 10% neutral buffered formalin for
histopathological studies. Transverse sections of tracheal
samples with haemorrhagic or caseous deposits and other
fixed tissues, measuring approximately 0.5 cm in thickness,
were taken for further processing. The formalin-fixed tissues
including trachea were trimmed to a thickness of about 3
mm, dehydrated, cleared and embedded in paraffin as per
standard procedures. Tissue sections of 3 to Sum thickness
were sliced, mounted on glass slides and stained with
Haematoxylin Eosin (H&E) for histopathological
examination B4,

2.4 Screening for ILT by diagnostic PCR

Viral DNA was extracted from tracheal tissue suspensions
suspected for ILT, using a commercial DNA extraction kit
(M/s. Transcience Innovative Technologies, Chennai) as per
the manufacturer’s instructions. All the samples were
screened by Polymerase chain reaction (PCR) amplifying
635 bp fragment of the ICP4 gene >33 of ILTV using a pair
of forward (5’-CTT-CAG-ACT-CCA-GCT-CAT-CTG-3")
and reverse (5° AGT-CAT-GCG-TCT-ATG-GCG-TTG-
AC-3’) primers. PCR was performed in a total reaction
volume of 20 pl containing 10ul of master mix (2x), 1 uM
of each forward and reverse primer, 7ul of nuclease-free
water, and 2ul of extracted DNA with the following
conditions: 94°C/3min for initial denaturation, followed by
35 cycles of 94°C/1min, 62°C/Imin, and 72°C/1.5min and a
final extension at 72°C/10min. About 5 ul of the PCR
products were separated by agarose gel (1.5%)
electrophoresis, stained with ethidium bromide solution
(0.5mg/ml) and visualized in a gel documentation system
(Gel Doc™, Bio-Rad, USA) for the target-specific product.

2.5 Virus isolation and confirmation by PCR

About 0.1-0.2 ml of the processed tissue suspension was
inoculated into 9-11 days-old embryonated chicken eggs
through the chorioallantoic membrane (CAM) route. The
eggs were incubated at 37°C for 5-7 days. Any embryonic
deaths within 24 hours of inoculation, were considered as
non-specific. The infected CAMs were harvested, examined
for cytopathic effect and processed for detection of ILTV by
PCR. Three to four serial passages of all the ILTV-positive
CAMs were carried out in embryonated chicken eggs by
CAM route. The infected CAMs of each passage were
harvested and processed further for confirmation of ILTV
by ICP4 gene PCR.

3. Results and Discussion

Infectious laryngotracheitis is a highly contagious, upper
respiratory disease in poultry continuing as a threat to the
poultry industry, due to high mortality rates and substantial
economic losses. In the present study, ILTV was detected
from five poultry farms - two of them from commercial
layer flocks and three from Aseel chicken reared in the
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backyards in and around Salem district of Tamil Nadu.
While ILT can affect chickens across all age groups, those
older than three weeks were reported to exhibit the highest
susceptibility to ILTV B, The affected birds in this study
were in the age group of 12-32 weeks age, indicating a
diverse range of age groups affected by ILTV, commonly
reported by earlier researchers 61,

Although native chicken are known to be tolerant to
diseases in general, compared to commercial chicken, poor
management and biosecurity are major predisposing factors
for infectious diseases like ILT and many other respiratory
diseases of poultry.

3.1 Clinical signs and gross pathology

In this report, the ailing birds in the flocks suspected of ILT,
exhibited clinical signs of dullness, nasal discharge and
dyspnoea presented as ‘pump-handle type of respiration’ - a
characteristic manifestation of ILT. Occlusion of the
laryngeal and tracheal Iumen by the catarrhal or
haemorrhagic exudates have resulted in the birds extending
their neck, gasping for air. Similar clinical manifestations
have been the classical signs reported in the past [ 10 21 30-
¥, The post-mortem lesions were predominantly in the
larynx and trachea, characterised by haemorrhagic tracheitis
and blood-mixed mucous casts along the tracheal lumen of
the affected birds (Fig.1A) indicative of an acute condition.
Discrete congestion and generalised catarrhal changes with
caseous exudates (Fig.1B) as deposits were also observed in
some birds as reported earlier [1°-2%: 3032 35371 while no
significant gross lesions were recorded in conjunctiva or any
other visceral organs, except for the upper respiratory tract.
Although the tracheal casts were formed over a period of
time, the infected birds early in an outbreak, died from an
acute infection, with no gross pathologic signs. Sometimes,
the major pathologic findings have been limited to swelling
of the conjunctiva and infraorbital sinuses, in mild cases of
ILT reported earlier 1*3. The virus seemed to possess a
distinct tissue tropism, being limited in its invasion of the
mucous membrane of the upper respiratory tract. Although
the pathogen might have entered the circulation, no
characteristic lesions were visible in any other tissues.

Fig 1: Birds affected with ILTV showing (1A). haemorrhagic
tracheitis (1B). fibrinonecrotic or caseous exudate

https://www.biologyjournal.net

3.2 Screening results by diagnostic PCR

The present study detected ILTV in all the five samples
collected from different poultry flocks suspected for ILT by
PCR targeting the fragment 2 of the infected cell protein 4
(ICP4 gene). The ILTV-ICP4 PCR amplified a 635bp
fragment using gene-specific primers (Fig.3).

750 bp
500 bp

100 bp

Fig 3: PCR amplification of ICP4 gene from ILTV suspected
samples. M - DNA marker (100-1000bp), Lane 1-5 - Field samples
suspected for ILT collected from five different farms, Lane 6 -
Positive control, Lane 7 - Negative control

The ICP4 gene is noteworthy of its vital role in regulating
viral gene expression during the initial phase of infection as
an immediate-early transcribing gene %1, This biological
property and conserved nature of the ICP4 gene and
henceforth its utility in the molecular diagnosis of ILT has

been well-documented by WOAH and other researchers [ %
21,27, 33]

3.3 Virus isolation

Virus isolation studies was done using 9-11 days old
embryonated chicken eggs inoculated by the CAM route.
Thickening of CAM, with hemorrhagic blood vessels were
observed after 5 days post infection (SDPI) as described
earlier 131, All the five infected embryos exhibited a stunted
growth. The appearance of typical pock lesions were distinct
in the third passage (Fig.4A, 4B) of two of the isolates
derived from the native birds. The virus isolates from the
other three samples produced only thickened, haemorrhagic
CAM without any pock lesions in the fourth passage in this
study, similar to those documented in the previous studies
31, Further serial passages in embryonated chicken eggs or
cell culture may enable the demonstration of the
characteristic pock lesions of ILTV.

Fig 4A, 4B: Virus isolation results
Chorioallantoic membrane of uninfected control (Fig.4A) and ILT-
suspected sample inoculated (Fig.4B) in embryonated eggs, (SDPI)
showing thickened, haemorrhagic blood vessels and opaque ‘pock
lesions’ (indicated by arrow) after 3 passage.
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However, to confirm the presence of ILTV, the DNA
extracted from the infected CAM harvested from each
passage, was subjected to ILTV-ICP4 -PCR. A positive
amplification of the target gene could be demonstrated in
every passage, confirming the presence of the virus (Fig. 5).

Fig 5: PCR confirmation of serial passages of ILTV in
embryonated eggs by CAM route. Lane M - 1 kb plus MW
marker, Lane 1, 2, 3 - 1%, 2" & 3™ passages, Lane 4 - Positive
control, Lane 5 - Negative control

3.4 Histopathology

Diagnosis relying solely on clinical signs and lesions is not
conclusive and hence requires laboratory confirmation.
Histopathology is the gold standard diagnostic method and

https://www.biologyjournal.net

is also a rapid diagnostic tool, because intranuclear inclusion
bodies found in the tracheal and conjunctival epithelial cells
are pathognomonic of ILT.

Histopathological examination of all the tracheal tissue
samples from the five different sources in this study,
revealed microscopical lesions pertaining to acute tracheitis.
Major portions of trachea in all the samples could be
demonstrated for haemorrhagic and necrotic lesions, with
multifocal erosion of the mucosal epithelium. The mucosa
and submucosa layers were infiltrated by numerous
heterophils, lymphocytes and plasma cells. Denuded
epithelial cells forming syncytia were present in the lumen.
Deciliation with multifocal haemorrhages and cellular
infiltrations were observed as characteristic microscopical
findings (Fig.6 A& B).

The desquamated epithelial cells formed syncytia in the
respiratory mucosa mixed with the exudates. Intranuclear,
eosinophilic inclusion bodies with margination of
chromatin, that appeared as ‘“grape-like clusters” were
observed in the respiratory epithelium along with
haemorrhages (Fig. 6C) suggestive of ILT. The
haemorrhagic exudate with cellular debris might have
occluded the tracheal lumen, resulting in pump-handle type
of respiration in the affected birds. However, these inclusion
bodies have been reported to typically disappear by the
fifth-day  post-infection,  following  necrosis  and
desquamation of the superficial epithelial cells 1% 18 231,

Fig 6: Histopathological findings of tracheal sections from ILT-suspected samples, stained by Haematoxylin -Eosin.
(A). Extensive haemorrhages in the tracheal mucosa, 40X (B). Acute inflammatory changes with diffuse infiltration of heterophils,
macrophages, lymphocytes in mucosa and submucosa, 40X (C). Denuded tracheal mucosal epithelium showing haemorrhages, syncytia
formation with intranuclear inclusions (arrow) and loss of cilia, 100X.

Previous reports have indicated the limitation in the
diagnosis of chronic ILT infections based on histopathology,
because the viral inclusion bodies disappear during chronic
stages of the disease where desquamation of epithelial cells
and necrosis are common 1% 33,

3.5 Molecular confirmation of ILTV

Though the gross lesions and histopathological evidences
strongly suggest ILTV infection, molecular analysis by PCR
targeting the Infected Cell Protein-4 (ICP4) has been
extensively used by researchers for the detection of ILTV in
the suspected field samples, owing to its rapid, precise, and
highly sensitive detection of viral particles. However, the
conventional methods of demonstration of the virus by
isolation using embryonated eggs or tissue culture 33 remain
the gold standard methods. Further, detection by fluorescent
antibodies or immunohistochemistry enable to confirm the
diagnosis.

The diagnostic PCR results obtained in this study were
consistent with the earlier reports including the gross and
microscopic pathological findings, except for the minimal

~gg~

involvement of conjunctival mucosa. Although conventional
PCR is quite less sensitive than real-time PCR, its efficacy
in diagnosing ILT has been well described in previous
reports [1214.22.39. 401 Fytyre studies should incorporate such
real-time monitoring to enhance diagnostic accuracy for the
rapid identification of ILTV in disease outbreaks 28411,
However, the demonstration of ILTV-specific PCR product
in mild cases of infection may indicate either the presence of
low virulent viruses or reactivation of latent virus in the
trachea producing a low-level persistent infection. Further
exploration by other PCR-based methods like LAMP and
real-time PCR will enable the sensitive and reliable
detection of latent ILTV infections 2133401,

3.6 Control of ILT

Globally, the control of Infectious Laryngotracheitis Virus
(ILTV) is achieved through the use of live, attenuated
vaccines either of tissue culture origin or chicken embryo
origin. Although there are no approved or licensed vaccines
against ILT in India, the recent disease outbreaks reported in
poultry may be attributed to the re-emerging ILTV, which
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might be an outcome of the vaccine virus regaining its
virulence during passage in birds and causing chronic
infections 2. While ILTV vaccines are effective in
preventing mortality, they do not inhibit infection or
excretion of the virulent virus. Spontaneous recombination
events between vaccine strains and virulent viruses have led
to the emergence of new variants, resulting in widespread
ILTV outbreaks globally, especially in regions where live
attenuated vaccines are employed [1% 2% 38 431 Several studies
have reported a close genetic relationship between vaccines
and virulent viruses, with CEO-related virulent strains
circulating and causing disease 1*% #1 Further studies
using PCR-RFLP analysis and sequencing would throw
more light on the differentiation of the vaccine virus from
circulating field strains 28 3% 431,

Stringent biosecurity is an effective preventive measure
against ILT. Maintenance of hygiene of farm workers,
equipment, and vehicles in the farm premises should be
practised to reduce the risk of carrying infected material into
contact with the flock. Movement of feed, birds and other
farm materials from flocks with a history of ILT, or those
using ILT vaccine, or sites containing backyard flocks to the
healthy flocks must be avoided.

In conclusion, the present study confirms the presence of
ILTV infection in commercial layers and native Aseel
chicken through molecular detection, virus isolation and
histopathological analyses. A continuous surveillance of the
early detection of circulating ILTV strains in such
geographical locations, will enable the execution of
appropriate biosecurity measures to better control the spread
of the disease. Development of novel and effective vaccines
remain the need of the hour, to combat the reemerging
infections of ILT in poultry.
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