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Abstract

Infectious laryngotracheitis (ILT) is an important re-
spiratory disease of chickens and annually causes sig-
nificant economic losses in the poultry industry world-
wide. ILT virus (ILTV) belongs to alphaherpesvirinae
and the Gallid herpesvirus 1 species. The transmission
of ILTV is via respiratory and ocular routes. Clinical and
post-mortem signs of ILT can be separated into two
forms according to its virulence. The characteristic of
the severe form is bloody mucus in the trachea with
high mortality. The mild form causes nasal discharge,
conjunctivitis, and reduced weight gain and egg pro-
duction. Conventional polymerase chain reaction (PCR),
nested PCR, real-time PCR, and loop-mediated isother-
mal amplification were developed to detect ILTV sam-
ples from natural or experimentally infected birds. The
PCR combined with restriction fragment length poly-
morphism (RFLP) can separate ILTVs into several ge-
netic groups. These groups can separate vaccine from
wild type field viruses. Vaccination is a common meth-
od to prevent ILT. However, field isolates and vaccine
viruses can establish latent infected carriers. According
to PCR-RFLP results, virulent field ILTVs can be derived
from modified-live vaccines. Therefore, modified-live
vaccine reversion provides a source for ILT outbreaks
on chicken farms. Two recently licensed commercial
recombinant ILT vaccines are also in use. Other recom-
binant and gene-deficient vaccine candidates are in the
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developmental stages. They offer additional hope for
the control of this disease. However, in ILT endemic re-
gions, improved biosecurity and management practices
are critical for improved ILT control.

© 2012 Baishideng. All rights reserved.

Key words: Infectious laryngotracheitis virus; Infectious
laryngotracheitis; Gallid herpesvirus-1; Polymerase chain
reaction combined with restriction fragment length poly-
morphism; Recombinant laryngotracheitis vaccines

Peer reviewer: Jean-Michel Garcia, PhD, HKU-Pasteur Re-
search Centre, Translational Research group Leader, Dexter H.C.
Man Building, 8, Sassoon Road, Pokfulam, Hong Kong, China

Ou SC, Giambrone JJ. Infectious laryngotracheitis virus in chick-
ens. World J Virol 2012; 1(5): 142-149 Available from: URL:
http://www.wjgnet.com/2220-3249/full/v1/i5/142.htm DOI:
http://dx.doi.org/10.5501/wjv.v1.i5.142

GENERAL BIOLOGY OF INFECTIOUS
LARYNGOTRACHEITIS VIRUS

Infectious laryngotracheitis (ILT) is a member of the
Herpesviridae, the genus Iltovirus and Gallid herpesvirus 1
species[HJ. It was first reported in the 1920s; however, this
disease may have existed in chickens much eatlier. The
genome of ILT virus (ILTV) is linear and approximated
150 kb of double-stranded DNA. It consists of long and
short unique regions (UL, US) and two inverted repeat
sequences (internal repeat; terminal repeat) that flank the
US regions. An assembled complete genome sequence
of ILTV from different strains contains 148 665 base
pairs, and a G + C content of 48.16%. It was predicted
that the genome had 77 open reading frames (ORFs), and
63 of these were homologous to herpes simplex virus-1
genes' . Most recently, 2 research groups used robust
high-throughput methods to sequence the full length of
vaccine and virulent ILTVs. The Australian group se-
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quenced the complete genome of 3 chicken-embryo ofi-
gin (CEO) vaccines, which were European strain, Serva,
and 2 Australian strains, SA2 and A20. The genomes of
the three CEO vaccines had 99% identity, and few single
nucleotide polymorphisms were identified. However, the
virulence was different between SA2 andA20 ILTVs®".
An American research group sequenced the complete
sequences of 4 virulent strains from different genotypes,
and compared them with the Serva strain and the com-
posite sequences. The vaccine and virulent ILTVs were
150, 335 to 153, 633 base pairs with 80 predicted ORFs.
They are highly conserved and only 4 ORFs were differ-
ent in length and 13 to 49 amino acids changed"™. These
full genomic sequences contributed to further knowledge
of the viral pathogenic factors, gene functions, and vac-
cine development. Although ILTV, Marek’s disease virus,
and herpesvirus of turkey (HVT) belong to Alphaherpes-
virinae, neither the nucleotide sequence nor the deduced
amino acid sequence of glycoprotein D and ICP27 were
similar. According to phylogenic analysis, ILTV could be
an early type of a—herpesviruses[g’w]

ILTV is an enveloped virus and sensitive to heat,
ether, chloroform, and other lipolytic solvents"!. Differ-
ent strains of ILTV have different resistance to heat. At
lower temperatures, ILTV maintains infectivity for a long
period. The virus survived for days to months at 13-23 C
in tracheal exudates and chicken carcasses!”. When
stored at -20 ‘C to -60 C, ILTV was viable for months
to years. Storage media containing glycerol or sterile skim
milk greatly increases the infectivity in tracheal swabs'™>'".
It has been shown that the virus was destroyed in 1 min
by treated with 3% cresol or a 1% lye solution. On
a chicken farm, 5% hydrogen peroxide mist adminis-
tered with fumigation equipment completely inactivated

v,

Hosts of ILTV

All ages of chickens are affected, but chickens older than
3 wk are most susceptible to TLTV"". Tt has been shown
that ILTV can infect pheasants, pheasant-bantam crosses,
and peafowl"”. TL'T can infect turkeys at about 100 d of
age. Clinical signs of dyspnea and depression can be ob-
served in infected turkeys' . Other avian species are resis-
tant to ILTV infection' "'”*". Embryonating chicken eggs
are the most common method for propagating ILTVs. In
chicken embryos, ILTV forms plaques on the chorioal-
lantoic membrane (CAM). The plaques can be observed
48 h after infection, and embryos can die in 2-12 d post
infection (PI). Strains of ILTV showed different plaque
size and morphology on the CAM®™?, The IL'TV can be
isolated in primary cell cultures, such as chicken embryo
liver (CEL), chicken embryo kidney (CEK), and chicken
kidney (CK) cell cultures. The sensitivity of ILTV isola-
tion and propagation from field samples vary depending
on the type of cell cultures. CEL was the most sensitive
for isolation, followed by CK. The CEK and chicken
embryo lung cells were less sensitive. Chicken embryo fi-
broblasts, Vero cells, and quail cells were not satisfactory
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Table 1 Viral isolation from swabs in specific-pathogen-free

embryonating eggs after sanitizer treatments

Sanitizer Sample 1std 7th d 14thd 21std
Sodium Trachea = = +2 +
hypochlorite Drinker - - + +
Biofilm ND ND ND +
Citric acid Trachea - - + +
Drinker - + + +
Biofilm ND ND ND +
Sodium Trachea - o - -
hydrogen Drinker - - -
sulfate Biofilm - - - -
Hydrogen Trachea - - = -
peroxide Drinker - = - -
Biofilm - = - -
Positive Trachea - - + 1
control® Drinker - + + +
Biofilm + + + +
Negative Trachea - - o -
control* Drinker - - -
Biofilm - = - -

1 . . . . 2 rs . . . 3 .
Negative for virus isolation; “Positive for virus isolation; "Water lines

. . el 4 . . .
received vaccine, but no sanitizer; “Water lines received no vaccine or
sanitizer. ND: Not done.

Table 2 Infectious laryngotracheitis virus isolation from

beetles in specific-pathogen-free embryos

Days after Before H20:2 After H20:2
outbreak treated treated
Farm 1 17 -1 -
53 - -
103 - -
Farm 2 13 2 +
42 +
90 - -

Farm 1: Negative for virus isolation; Farm 2: Positive for virus isolation.

for primary isolation of 1LTV. Lymphocytes, thymocytes,
and activated T cells were not sensitive to ILTV infec-

tion*"*,

Transmission and latent infection: Natural transmis-
sion of ILTV is through the upper respiratory and ocular
routes. Sources of ILTV are clinically affected chickens,
latent infected carriers, contaminated dust, litter, beetles,
drinking water and fomites**"*. Our recent study
showed that ILTV can remain in biofilm of drinking water
lines and subsequently be transmitted to susceptible birds.
Biofilm is a sticky substance produced by bactetia, which
can render microorganism resistant to some routinely
used sanitizers. Commercial sodium hydrogen sulfate (pH
water treatment, PWT®, Jones-Hamilton Co., Walbridge,
OH) and hydrogen peroxide (Proxy-Clean®, Kanters Spe-
cial Products USA, St. Paul, MN) were able to inactivate
ILTV in the water lines” (Table 1). Darkling beetles in
the chicken farms are possible soutces to transmit ILT'V.
Our investigation revealed that in ILTV infected chicken
houses, the datkling beetles contained live virus at least 42
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d after the disease outbreak™ (Table 2). Other possible
sources of transmission included dog, crows, and cats”™”.
Wind-borne transmission between farms was critical
for TLTV spread™. The tissue culture origin (TCO) and
CEO vaccines served as a model for ILTV transmission
as well as replication sz eye drop route. The viruses rep-
licated mainly in the conjunctiva and trachea. The vaccine
viruses can be re-isolated and viral DNA can be detected
from contact exposed birds as eatly as 7 d after expo-
surel .

ILTV can persist in the infected birds. The virus can
be re-isolated from tracheal swabs 7 wk PI, or 2 mo PI
in tracheal samples. The trigeminal ganglion is the target
for ILTV latency. Fifteen months after vaccination, ILTV
in the trigeminal ganglion was reactivated. In mature lay-
ing chickens challenged with virulent ILTV, DNA was
detected in the trigeminal ganglion by polymerase chain
reaction (PCR). The ILTV DNA can be detected in the
trigeminal ganglion at 2 d after birds were vaccinated iz
eye drop route. When birds were stressed, such as the
onset of lay or re-housing, ILTV was re-activated and
spread to susceptible birds"" .

Clinical signs and lesions: There are two clinical
forms of ILT infection (severe and mild). Clinical signs
of the severe form include dyspnea and bloody mucus.
This form can cause high morbidity and mortality up to
70%". The mild form includes depression, reduced
egg production and weight gain, conjunctivitis, swelling
of the infraorbital sinuses (almond shaped eyes), and na-
sal discharge. ILT takes 10 to 14 d for recovery, but with
some strains the clinical signs may extend for weeks™.
The mild form is the most commonly seen type in the
US and is called “silent, vaccinal, or almond-shape eye”
ILT.

Gross lesions are observed in the larynx and trachea.
With the severe form, the mucosa of the respiratory tract
shows inflammation and necrosis with hemorrhage. A
characteristic feature is intranuclear inclusion bodies in
epithelial cells. Inclusion bodies are generally present for
a few days at the early stage of infection before epithelial
cells die. Epithelial cells also form multinucleated cells
(syncytia). When the necrotic epithelial cells detached
from the trachea, bloody mucus was observed”>,

Detection and identification of ILTV

Laboratory diagnosis is required for ILT, because other
diseases cause similar clinical signs and lesions, such as
infectious bronchitis, Newcastle disease, avian influenza,
infectious coryza, and mycoplasmosis. ILTV infection
can be confirmed using several methods, including virus
isolation and DNA detection. A commercial ELISA for
detection of antibodies against ILTV is available; how-
ever, the test is not used for routine laboratory diagnosis.
For ILTV isolation, the CAM inoculation of 9-to-12-d-old
embryos and primary cell culture are used. Swab or organ
samples from the trachea, conjunctiva, larynx, and lung
of clinically affected birds are collected and inoculated on
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the CAM. The CEL and CK cell cultures were suitable
for ILTV isolation. Multinucleated giant cells may be ob-
served 24 h P17,

Traditional antigen detection uses ILTV polyclonal or
monoclonal antibodies to bind ILTV antigen from clini-
cal samples. Viral antigen was detected using direct or
indirect fluorescent antibodies (FA) in the tracheal smear
or tracheal tissues””. A more sensitive method using im-
munoperoxidase (IP) labeled monoclonal antibodies can
be used as immunoprobes to detect ILTV in tracheal
smears. This IP method detected ILTV on the second
day P, Agar gel immunodiffusion uses hyperimmune
serum against ILTV to detect antigen in tracheal samples
and it can differentiate ILT from the diphtheritic form of
fowl pox. However, the sensitivity was lower than with
other methods™. Antigen capture enzyme-linked immu-
nosorbent assay (AC-ELISA) uses ILTV monoclonal an-
tibodies for antigen detection. The AC-ELISA was faster
and more accurate than AGIP or FA*".

ILT DNA detection methods have developed rapidly
in recent years. These methods can identify ILTV quickly,
accurately, and are highly sensitive. Molecular techniques
for ILTV detection include cloned DNA probes for dot-
blot hybridization, PCR, nested PCR, real-time PCR,
multiplex PCR, 7z situ hybridization™™, and PCR fol-
lowed by restriction fragment length polymorphism
(RFLP)"*™" TLTV detection with PCR was more sensi-
tive than virus isolation in cell culture and electron mi-
croscopy. PCR also detected ILTV in the samples, which
were contaminated with other pathogensm]. Compared
with electron microscopy, histologic test, viral isolation
via CAM route, FA test, and real-time PCR for ILT diag-
nosis in a broiler farm outbreak, the real-time PCR was
the most sensitive method for ILTV detection. Since
many laboratories are not set up for real-time PCR; FA,
histopathology, and PCR ate the most commonly used
methods used for routine diagnosis of Y,

Recently, we developed a novel nucleic acid detection
method, loop-mediated isothermal amplification (LAMP),
for ILTV DNA identification and compared the sensitivity
and specificity with real-time PCR. Both methods are high-
ly specific and sensitive. The LAMP assay can detect ILTV
DNA at the concentration of 60 copies/uL in 45 min
without expensive equipment and reagents. The real-time
PCR has a detection limit at 10 copies/ pLBS]. The LAMP
assay is suitable for basic diagnostic laboratory detection
in the field and real-time PCR can be used for further
vetification.

ILTV strain differentiation

It is not possible to identify different strains of ILTV by
serological methods, because ILTVs have close immuno-
dominant domains””. The most common and effective
molecular method for ILTV differentiation is PCR fol-
lowed by RFLP. PCR-RFLP analysis of single or multiple
viral genome regions can differentiate strains from vari-
ous geographic areas and vaccine from field strains'™™,

Restriction endonuclease analysis of ILTV DNA can
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differentiate vaccine strains from wild type strains™",

Moreover, PCR-RFLP analysis of the partial ICP4 gene,
gC gene, and TK gene can distinguish field strains from
vaccines. However, some virulent isolates could not be
separated from vaccine strains™, Han ez 2/ (2001) ana-
lyzed multiple genes with PCR-RFLP combined with
DNA sequence analysis of the gG and TK genes to dif-
ferentiate vaccine and non-vaccine strains. Researchers
demonstrated that multiple gene PCR-RFLP was more
reliable to differentiate vaccines from field strains”™”. A
new reverse RFLP method was reported to separate vac-
cine from non-vaccine ILTV strains. This method com-
bined real-time quantitative PCR and restriction enzyme
digestion and calculated the change of cycle threshold
number value between digested and undigested template
DNA for examining the genotype of TLTVs!",

Oldoni ef /" (2007) investigated ILTV isolates from
commercial poultry that were collected between 1988 and
2005 using multiple gene PCR-RFLP analysis (ORIFB-
TK, ICP4, UL47/¢G, and gM/ULY). They were able to
separate ILTVs into nine genetic groups. Group 1 and II
comprised the USDA reference strain and TCO vaccine
strains. Group IV isolates were identical to CEO vaccine
strains, whereas group V isolates, which had one PCR-
RFLP pattern different from the CEO vaccine strains
were CEO-related isolates. Group VI, VI, VII, and IX were
field ILTV strains with genomic types different from
CEO and TCO vaccines. These groups also showed dif-
ferent isolates based on pathogenicity. In that report,
most of ILTV positive poultry isolates were related to
vaccine strains”. Oldoni e 2/°” in 2008 investigated
46 TLTV field isolates collected in the US from 2006 to
2007. After multiple PCR-RFLP genotype analysis, many
isolates were similar to vaccine strains'. According to
these reports, most ILTV field isolates in the US might
come from vaccine reversion. Differentiation of vaccine
from field viruses is important since countries can initiate
trade barrier for importation of chicken products from
areas where virulent field viruses exist. Therefore, the
more common mild ILT is commonly referred to a “vac-
cinal” ILT even though PCR-RFLP testing has not always
been done.

In Europe, 104 field isolates were collected during
35 years from eight different countries. These virus iso-
lates were analyzed with PCR-RFLP targeting the TK
gene and it was shown that they separate into 3 genetic
groups. It was also shown that 98 of these field isolates
had the same RFLP patterns as vaccine strains”™. In
Australia, PCR-RFLP was used to analyze ILTV ¢G, TK,
1CP4, ICP18.5 and ORFB-TK genes in 20 strains. These
isolates could be discriminated into five genetic groups.
Some isolates were closely related to vaccine strains®".

IMMUNITY AND VACCINATION

ILT vaccine induces protection against challenge in 1 wk.
Humoral immunity is not the major immune response
against ILTV in chickens. Research verified the impor-
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tance of cell-mediated immunity (CMI) in the resistance
to ILTV. An experiment was designed in which chickens
were bursectomized with cyclophsophamide and surgical
methods to block the humoral immune responses. Vacci-
nated bursectomized chickens developed protective CMI
responses against virulent ILTV challenges“ﬁ]. It con-
firmed that CMI was more important than humoral im-
munity. Furthermore, local CMI responses in the trachea
produced protection from ILTV challenge in bursecto-
mized chickens. Mucosal antibodies wetre not essential for
resistance to challenge[“].

Vaccination is effective in the prevent ILTV infection.
However, ILT vaccine viruses can create latent infected
carrier chickens. These latent carriers are a source for
spread of virus to non-vaccinated flocks. Therefore, it is
recommended that ILT vaccines be used only in endemic
areas. The most currently used ILT vaccine strains are
attenuated modified-live TCOs or CEOs viruses. Com-
pared with protection afforded by TCO and CEO vac-
cines, there was no significant difference in the immunity
of chickens at 10 wk post vaccination. However, when
chickens over 20 wk of age were vaccinated, the CEO
vaccines induced better protection than TCO vaccines™.
Methods for live vaccine administration are eye drop,
drinking water, and aerosol spray. The drinking water
route poses some problems in that chickens might not
receive enough viruses at the target organ (nasal epithelial
cells) and drinking water quality varies between poultry
houses. Thus, these birds may fail to develop protective
immunity and may have rolling (continual) reactions'”
On the other hand, with spray route, some chickens may
develop severe reactions, because excess dosage of small
droplets can penetrate deep into the respiratory tract™,

Reports have shown that modified-live vaccines in-
crease their virulence by bird-to-bird passage. Serially
passaged modified-live ILT vaccines zz vivo for 35 genera-
tions. After the 6th passage, this vaccine strain produced
severe clinical signs in challenged chickens. Furthermore,
restriction endonuclease analysis of the viral genomes
between original and final passage showed no differ-
ences between isolates. CEO vaccines have the tendency
to increase in virulence more than TCO vaccines, when
passed in chickens®"™. Investigations of ILTV isolates
collected from around the wotld were analyzed by PCR-
RFLP. They revealed that some current field virulent iso-
lates were closely related to vaccine strains. This implies
that field isolates originated from vaccine strains after
back passage in chickens™™*>" .

Recently recombinant vaccines have been commer-
cialized. Including partial ILTV genes were inserted into
fowlpox and HVT modified genomes. A recombinant
fowlpox vaccine, which contained ILTV glycoprotein B
(gB) gene, was shown to induce protection against viru-
lent strains”". Another recombinant fowlpox virus, which
contains ILTV gB and UL 32 genes, showed some effica-
cy to provide protection against virulent strain challenge
via wing web administration”. Two licensed commercial
recombinant ILT vaccines are used in the US. One is pro-
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duced by the CEVA (Biomune Company, Lenexa KS),
which uses fowl poxvirus as a vector with an insertion
of ILTV ¢B and UL 32 genes. The other is produced by
Intervet (Intervet, Inc. Millsboro, DE), in which ILTV gl
and gD genes are cloned into HVT. When these licensed
commercial recombinant ILT vaccines were vaccinated
by 18-d-old embryos ## ovo injection, they reduced the
clinical signs, but not virus replication after challengem.
These recombinant ILTV vaccines did not cause latent
infections and virulent reversion. Although these recom-
binant vaccines are safer than previously developed live
vaccines, their increased cost and the fact that they must
be injected has limited their use.

Several studies tried to develop new ILT vaccine can-
didates by gene deletion. Some ILT'Vs, with deleted viru-
lent viral genes, retained their ability to induce immune
responses without producing clinical signs and latency.
Recombinant virus with deleted gJ, TK, and, ULO genes
readily showed attenuation, and could be used for vaccine
production” ", The gG-deficient ILTV, administered
by either eye drop or drinking water routes for 3-wk-old
specific-pathogen-free birds, induce adequate immunity
against challenge. Therefore, it may be able to a use for
large-scale vaccination. However, further studies need to
be done to determine the protection of this gG-deficient
vaccine on commercial chicken farms!”. There were also
ILTV non-essential genes, which were deleted to test
their ability as vaccines. The ILT mutants, which had five
unique ORF A-E deleted, removed gN and gM, and the
green fluorescent protein was inserted into the UL50
gene deleted region™™. The gC deleted LTV resulted
in reduced virulence and it could be a marker vaccine®.
These recombinant and gene-deleted 1LTVs could be
used as candidates to differentiate vaccinated from field-
infected birds. Recombinant vaccines used ILTV as a
viral vector to contain H5 or H7 genes of highly patho-
genic AIVs. These recombinant ILTV may protect birds
from ILT and pathogenic ATV, Recently, a new ILTV
vector had a HPAI H5 gene inserted into a deleted UL50
gene region. This recombinant virus protected birds from
homologous and heterologous H5N1 and H5N2 viruses
challengel%’gﬂ. An ILTV ¢B gene DNA vaccine was de-
veloped. The gB gene combined with chicken IL-18 as
bicistronic vector induced better protection in chicken
from ILTV challenge than the gB gene monocistronic
vector alone®™. Using ILTV gB gene plasmid DNA vac-
cine and chicken IL-18 plasmid DNA as an adjuvant
induced T helper-1 immune response, which protected
birds from virulent ILTV chaﬂenge[g(’].

Prevention and control of ILTV infection using chicken
house management

It is important to avoid contact between vaccinated or
recovered field virus infected birds with non-vaccinated
chickens. It is also critical to remove contaminated
fomites for prevention and control of ILTV infection.
To control ILTV outbreaks, improved biosecurity and
management practices are necessary. Biosecurity includes
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protocols and procedures to prevent pathogens from in-
fecting and transmitting disease by humans, insects, wild
birds, or other animals"”. A study found that heating litter
at 38 'C for 24 h, using commercial litter treatments, and
in-house composting for 5 d reduced this virus below de-
tection levels™ . Rapid diagnosis, a suitable vaccination
procedure, and co-operation between government and
industry atre critical for ILT control. In 2005, California
had a “vaccinal LT” outbreak in broiler farms. Although
the companies improved the biosecurity and vaccination
in these farms, they did not stop the chickens from being
infected with ILT. Therefore, a strategy of depopulation,
extended downtime, and strict biosecurity eliminated ILT
in these farms was perforrned[go]. Recently, for controlling
the outbreaks, geographic information systems were used
to provide the information of the regions for biosecu-
rity, quarantine, vaccination, and the route to processing
plants. Government agents, industry companies, grow-
ers, and veterinatians need to work together and design a
program for outbreak control”".

CONCLUSION

ILT continues as an economical important poultry
disease. House management and biosecurity measures
should be performed for disease control. For eradication
ILT, the modified-live vaccines need to be replaced by
improved recombinant vaccines for the prevention of
latent infection and virulent reversion.

REFERENCES

1  McGeoch DJ, Dolan A, Ralph AC. Toward a comprehensive
phylogeny for mammalian and avian herpesviruses. | Virol
2000; 74: 10401-10406

2 Davison AJ, Eberle R, Hayward GS, McGeoch DJ, Minson
AC, Pellett PE, Roizman B, Studdert M], Thiry E. Herpesviri-
dae. In: Fauquet CM, Mayo MA, Maniloff ], Desselberger U,
Ball LA, editors. Virus Taxonomy: Eighth Report of the In-
ternational Committee on Taxonomy of Viruses. San Diego:
Elsevier Academic Press, 2005: 193-212

3 McGeoch DJ, Rixon FJ, Davison A]. Topics in herpesvirus
genomics and evolution. Virus Res 2006; 117: 90-104

4  May HG, Tittsler RP. Tracheo-laryngotracheotis in poultry. ]
Am Vet Med Assoc 1925; 67: 229-231

5 Thureen DR, Keeler CL. Psittacid herpesvirus 1 and infec-
tious laryngotracheitis virus: Comparative genome sequence
analysis of two avian alphaherpesviruses. | Virol 2006; 80:
7863-7872

6 Lee SW, Markham PF, Markham JF, Petermann I, Noor-
mohammadi AH, Browning GF, Ficorilli NP, Hartley CA,
Devlin JM. First complete genome sequence of infectious
laryngotracheitis virus. BMC Genomics 2011; 12: 197

7 Lee SW, Devlin JM, Markham JF, Noormohammadi AH,
Browning GF, Ficorilli NP, Hartley CA, Markham PF. Com-
parative analysis of the complete genome sequences of two
Australian origin live attenuated vaccines of infectious la-
ryngotracheitis virus. Vaccine 2011; 29: 9583-9587

8 Spatz SJ, Volkening JD, Keeler CL, Kutish GF, Riblet SM,
Boettger CM, Clark KF, Zsak L, Afonso CL, Mundt ES, Rock
DL, Garcia M. Comparative full genome analysis of four
infectious laryngotracheitis virus (Gallid herpesvirus-1)
virulent isolates from the United States. Virus Genes 2012; 44:
273-285

October 12,2012 | Volume 1 | Issue5 |



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Johnson MA, Prideaux CT, Kongsuwan K, Tyack SG, Shep-
pard M. ICP27 immediate early gene, glycoprotein K (gK)
and DNA helicase homologues of infectious laryngotrache-
itis virus (gallid herpesvirus 1) SA-2 strain. Arch Virol 1995;
140: 623-634

Johnson MA, Tyack SG. Molecular evolution of infectious
laryngotracheitis virus (ILTV; gallid herpesvirus 1): an an-
cient example of the Alphaherpesviridae? Vet Microbiol 1995;
46: 221-231

Meulemans G, Halen P. Some physico-chemical and biologi-
cal properties of a Belgian strain (U 76/1035) of infectious
laryngotracheitis virus. Avian Pathol 1978; 7: 311-315

Jorden FTW. A review of the literature on infectious laryn-
gotracheitis (ILT). Avian Dis 1966; 10: 1-26

Bagust TJ, Jones RC, Guy JS. Avian infectious laryngotrache-
itis. Rev Sci Tech 2000; 19: 483-492

Schalm OW, Beach JR. The resistance of the virus of infec-
tious laryngotracheitis to certain physical and chemical fac-
tors. | Infect Dis 1935; 56: 210-223

Neighbor NK, Newberry LA, Bayyari GR, Skeeles JK, Bea-
sley JN, McNew RW. The effect of microaerosolized hydro-
gen peroxide on bacterial and viral poultry pathogens. Poult
Sci 1994; 73: 1511-1516

Fahey K]J, Bagust TJ, York JJ. Laryngotracheitis herpesvirus
infection in the chicken: the role of humoral antibody in im-
munity to a graded challenge infection. Avian Pathol 1983; 12:
505-514

Crawshaw GJ, Boycott BR. Infectious laryngotracheitis in
peafowl and pheasants. Avian Dis 1982; 26: 397-401

Portz C, Beltrdo N, Furian TQ, Junior AB, Macagnan M,
Griebeler J, Lima Rosa CA, Colodel EM, Driemeier D, Back A,
Barth Schatzmayr OM, Canal CW. Natural infection of tur-
keys by infectious laryngotracheitis virus. Vet Microbiol 2008;
131: 57-64

Hayles LB, Macdonald KR, Newby WC, Wood CW, Gil-
christ EW, MacNeill AC. Epizootiology of infectious laryn-
gotracheitis in British Columbia 1971-1973. Can Vet | 1976;
17:101-108

Seddon HR, Hart L. Infectivity experiments with the virus
of laryngotracheitis of fowl. Aust Vet ] 1936; 12: 13-16

Burnet F. The propagation of the virus of infectious laryngo-
tracheitis on the CAM of developing egg. Br | Ex Pathol 1934;
12:179-198

Brandly CA. Studies on certain filterable viruses. 1. Factors
concerned with the egg propagation of fowl pox and infec-
tious laryngotracheitis. ] Am Vet Med Assoc 1937; 90: 479-487
Srinivasan VA, Mallick BB. Studies on multiple inoculations
of infectious laryngotracheitis virus in chickens. Indian Vet |
1977;54:1-5

Hughes CS, Jones RC. Comparison of cultural methods for
primary isolation of infectious laryngotracheitis virus from
field material. Avian Pathol 1988; 17: 295-303

Chang PW, Jasty V, Fry D, Yates V]. Replication of a cell-
culture-modified infectious laryngotracheitis virus in experi-
mentally infected chickens. Avian Dis 1973; 17: 683-689
Schnitzlein WM, Radzevicius ], Tripathy DN. Propagation
of infectious laryngotracheitis virus in an avian liver cell line.
Avian Dis 1994; 38: 211-217

Ou S, Giambrone JJ, Macklin KS. Infectious laryngotracheitis
vaccine virus detection in water lines and effectiveness of
sanitizers for inactivating the virus. | Appl Poult Res 2011; 20:
223-230

Ou SC, Giambrone JJ, Macklin MS. Detection of infectious
laryngotracheitis virus from darkling beetles and their im-
mature stage (lesser mealworms) by quantitative polymerase
chain reaction and virus isolation. ] Appl Poult Res 2012; 21:
33-38

Kingsbury FW, Jungherr EL. Indirect transmission of infec-
tious laryngotracheitis in chickens. Avian Dis 1958; 2: 54-63
Johnson Y], Gedamu N, Colby MM, Myint MS, Steele SE,

(4 9

TR
JBaishideng®

WJV | www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Ou SC et al. Infectious laryngotracheitis virus

Salem M, Tablante NL. Wind-borne transmission of infec-
tious laryngotracheitis between commercial poultry opera-
tions. Int ] Poult Sci 2005; 4: 263-267

Rodriguez-Avila A, Oldoni I, Riblet S, Garcia M. Replication
and transmission of live attenuated infectious laryngotrache-
itis virus (ILTV) vaccines. Avian Dis 2007; 51: 905-911

Bagust TJ. Laryngotracheitis (Gallid-1) herpesvirus infection
in the chicken. 4. Latency establishment by wild and vaccine
strains of ILT virus. Avian Pathol 1986; 15: 581-595

Williams RA, Bennett M, Bradbury JM, Gaskell RM, Jones
RC, Jordan FT. Demonstration of sites of latency of infectious
laryngotracheitis virus using the polymerase chain reaction.
J Gen Virol 1992; 73 (Pt 9): 2415-2420

Guy JS, Garcia M. Laryngotracheitis. In: Saif YM, Fadly AM,
Glisson JR, McDougald LR, Nolan LK, Swayne DE, editors.
Disease of poultry. 11th ed. Ames: Iowa State University
Press, 2008: 137-152

Hinshaw WR, Jones EE, Graybill HW. A study of mortality
and egg production in flocks affected with laryngotracheitis.
Poult Sci 1931; 10: 375-382

Nair V, Jones RC, Gough RE. Herpesviridae. In: Pattison
M, McMullin PF, Bradbury JM, Alexander DJ, editor. Poul-
try diseases. 6th ed. Philadelphia: Sunders Elsevier, 2008:
267-271

Goodwin MA, Smeltzer MA, Brown ], Resurreccion RS,
Dickson TG. Comparison of histopathology to the direct im-
munofluorescent antibody test for the diagnosis of infectious
laryngotracheitis in chickens. Avian Dis 1991; 35: 389-391
Guy JS, Barnes HJ, Smith LG. Rapid diagnosis of infectious
laryngotracheitis using a monoclonal antibody-based immu-
noperoxidase procedure. Avian Pathol 1992; 21: 77-86

Jordan FTW, Chubb RC. The agar gel diffusion technique in
the diagnosis of infectious laryngotracheitis (ILT) and its dif-
ferentiation from fowl pox. Res Vet Sci 1962; 3: 245-255

York JJ, Fahey K]. Diagnosis of infectious laryngotracheitis
using a monoclonal antibody ELISA. Avian Pathol 1988; 17:
173-182

Nagy E. Detection of infectious laryngotracheitis virus in-
fected cells with cloned DNA probes. Can | Vet Res 1992; 56:
34-40

Abbas F, Andreasen JR, Baker R], Mattson DE, Guy JS.
Characterization of monoclonal antibodies against infections
laryngotracheitis virus. Avian Dis 1996; 40: 49-55

Chang PC, Lee YL, Shien JH, Shieh HK. Rapid differentia-
tion of vaccine strains and field isolates of infectious laryngo-
tracheitis virus by restriction fragment length polymorphism
of PCR products. | Virol Methods 1997; 66: 179-186

Clavijo A, Nagy E. Differentiation of infectious laryngotra-
cheitis virus strains by polymerase chain reaction. Avian Dis
1997; 41: 241-246

Alexander HS, Key DW, Nagy E. Analysis of infectious la-
ryngotracheitis virus isolates from Ontario and New Bruns-
wick by the polymerase chain reaction. Can | Vet Res 1998;
62: 68-71

Humberd J, Garcia M, Riblet SM, Resurreccion RS, Brown
TP. Detection of infectious laryngotracheitis virus in forma-
lin-fixed, paraffin-embedded tissues by nested polymerase
chain reaction. Avian Dis 2002; 46: 64-74

Creelan JL, Calvert VM, Graham DA, McCullough SJ. Rapid
detection and characterization from field cases of infectious
laryngotracheitis virus by real-time polymerase chain reac-
tion and restriction fragment length polymorphism. Avian
Pathol 2006; 35: 173-179

Pang Y, Wang H, Girshick T, Xie Z, Khan MI. Development
and application of a multiplex polymerase chain reaction for
avian respiratory agents. Avian Dis 2002; 46: 691-699

Nielsen OL, Handberg K], Jorgensen PH. In situ hybridiza-
tion for the detection of infectious laryngotracheitis virus in
sections of trachea from experimentally infected chickens.
Acta Vet Scand 1998; 39: 415-421

October 12,2012 | Volume 1 | Issue5 |



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Ou SC et al. Infectious laryngotracheitis virus

Kirkpatrick NC, Mahmoudian A, O’'Rourke D, Noormo-
hammadi AH. Differentiation of infectious laryngotracheitis
virus isolates by restriction fragment length polymorphic
analysis of polymerase chain reaction products amplified
from multiple genes. Avian Dis 2006; 50: 28-34

Oldoni I, Garcia M. Characterization of infectious laryngo-
tracheitis virus isolates from the US by polymerase chain
reaction and restriction fragment length polymorphism of
multiple genome regions. Avian Pathol 2007; 36: 167-176
Oldoni I, Rodriguez-Avila A, Riblet S, Garcia M. Character-
ization of infectious laryngotracheitis virus (ILTV) isolates
from commercial poultry by polymerase chain reaction and
restriction fragment length polymorphism (PCR-RFLP).
Avian Dis 2008; 52: 59-63

A Williams R, Savage CE, Jones RC. A comparison of direct
electron microscopy, virus isolation and a DNA amplifica-
tion method for the detection of avian infectious laryngotra-
cheitis virus in field material. Avian Pathol 1994; 23: 709-720
Crespo R, Woolcock PR, Chin RP, Shivaprasad HL, Garcia
M. Comparison of diagnostics techniques in an outbreak of
infectious laryngotracheitis from meat chickens. Avian Dis
2007; 51: 858-862

Ou SC, Giambrone JJ, Macklin KS. Comparison of a TagMan
real-time polymerase chain reaction assay with a loop-me-
diated isothermal amplification assay for detection of Gallid
herpesvirus 1. ] Vet Diagn Invest 2012; 24: 138-141

Shibley GP, Luginbuhl RE, Helmboldt CF. A study of infec-
tious laryngotracheitis virus. I. comparison of serologic and
immunogenic properties. Avian Dis 1962; 6: 59-71

Leib DA, Bradbury JM, Gaskell RM, Hughes CS, Jones RC.
Restriction endonuclease patterns of some European and
American isolates of avian infectious laryngotracheitis virus.
Avian Dis 1986; 30: 835-837

Keeler CL, Hazel JW, Hastings JE, Rosenberger JK. Restric-
tion endonuclease analysis of Delmarva field isolates of in-
fectious laryngotracheitis virus. Avian Dis 1993; 37: 418-426
Neff C, Sudler C, Hoop RK. Characterization of western Eu-
ropean field isolates and vaccine strains of avian infectious
laryngotracheitis virus by restriction fragment length poly-
morphism and sequence analysis. Avian Dis 2008; 52: 278-283
Oldoni I, Rodriguez-Avila A, Riblet SM, Zavala G, Garcia M.
Pathogenicity and growth characteristics of selected infec-
tious laryngotracheitis virus strains from the United States.
Awvian Pathol 2009; 38: 47-53

Guy JS, Barnes HJ, Munger LL, Rose L. Restriction endonu-
clease analysis of infectious laryngotracheitis viruses: com-
parison of modified-live vaccine viruses and North Carolina
field isolates. Avian Dis 1989; 33: 316-323

Han MG, Kim SJ. Analysis of Korean strains of infectious
laryngotracheitis virus by nucleotide sequences and restric-
tion fragment length polymorphism. Vet Microbiol 2001; 83:
321-331

Callison SA, Riblet SM, Rodriguez-Avila A, Garcia M. Re-
verse restriction fragment length polymorphism (RRFLP): A
novel technique for genotyping infectious laryngotracheitis
virus (ILTV) live attenuated vaccines. | Virol Methods 2009;
160: 119-124

Blacker HP, Kirkpatrick NC, Rubite A, O’'Rourke D, Noor-
mohammadi AH. Epidemiology of recent outbreaks of in-
fectious laryngotracheitis in poultry in Australia. Aust Vet |
2011; 89: 89-94

Fahey K]J, York JJ. The role of mucosal antibody in immunity
to infectious laryngotracheitis virus in chickens. | Gen Virol
1990; 71 (Pt 10): 2401-2405

Andreasen JR, Glisson JR, Goodwin MA, Resurreccion RS,
Villegas P, Brown ]. Studies of infectious laryngotracheitis
vaccines: immunity in layers. Avian Dis 1989; 33: 524-530
Robertson GM, Egerton JR. Replication of infectious laryn-
gotracheitis virus in chickens following vaccination. Aust Vet
J1981;57: 119-123

(4 9

TR
JBaishideng®

WJV | www.wjgnet.com

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Clarke JK, Robertson GM, Purcell DA. Spray vaccination of
chickens using infectious laryngotracheitis virus. Aust Vet |
1980; 56: 424-428

Guy JS, Barnes HJ, Smith L. Increased virulence of modified-
live infectious laryngotracheitis vaccine virus following bird-
to-bird passage. Avian Dis 1991; 35: 348-355

Kotiw M, Wilks CR, May JT. The effect of serial in vivo pas-
sage on the expression of virulence and DNA stability of an
infectious laryngotracheitis virus strain of low virulence. Vet
Microbiol 1995; 45: 71-80

Tong GZ, Zhang S], Wang L, Qiu HJ, Wang YF, Wang M.
Protection of chickens from infectious laryngotracheitis
with a recombinant fowlpox virus expressing glycoprotein
B of infectious laryngotracheitis virus. Avian Pathol 2001; 30:
143-148

Davison S, Gingerich EN, Casavant S, Eckroade R]. Evalu-
ation of the efficacy of a live fowlpox-vectored infectious la-
ryngotracheitis/avian encephalomyelitis vaccine against ILT
viral challenge. Avian Dis 2006; 50: 50-54

Johnson DI, Vagnozzi A, Dorea F, Riblet SM, Mundt A, Zav-
ala G, Garcia M. Protection against infectious laryngotrache-
itis by in ovo vaccination with commercially available viral
vector recombinant vaccines. Avian Dis 2010; 54: 1251-1259
Okamura H, Sakaguchi M, Honda T, Taneno A, Matsuo K,
Yamada S. Construction of recombinant infectious laryngo-
tracheitis virus expressing the LacZ gene of E. coli with thy-
midine kinase gene. | Vet Med Sci 1994; 56: 799-801
Schnitzlein WM, Winans R, Ellsworth S, Tripathy DN. Gen-
eration of thymidine kinase-deficient mutants of infectious
laryngotracheitis virus. Virology 1995; 209: 304-314

Veits J, Liischow D, Kindermann K, Werner O, Teifke JP,
Mettenleiter TC, Fuchs W. Deletion of the non-essential
ULO gene of infectious laryngotracheitis (ILT) virus leads to
attenuation in chickens, and ULO mutants expressing influ-
enza virus haemagglutinin (H7) protect against ILT and fowl
plague. | Gen Virol 2003; 84: 3343-3352

Devlin JM, Browning GF, Gilkerson JR, Fenton SP, Hartley
CA. Comparison of the safety and protective efficacy of
vaccination with glycoprotein-G-deficient infectious laryn-
gotracheitis virus delivered via eye-drop, drinking water or
aerosol. Avian Pathol 2008; 37: 83-88

Fuchs W, Mettenleiter TC. The nonessential UL49.5 gene of
infectious laryngotracheitis virus encodes an O-glycosylated
protein which forms a complex with the non-glycosylated
UL10 gene product. Virus Res 2005; 112: 108-114

Fuchs W, Mettenleiter TC. DNA sequence of the UL6 to
UL20 genes of infectious laryngotracheitis virus and char-
acterization of the UL10 gene product as a nonglycosylated
and nonessential virion protein. | Gen Virol 1999; 80 (Pt 8):
2173-2182

Fuchs W, Ziemann K, Teifke JP, Werner O, Mettenleiter TC.
The non-essential UL50 gene of avian infectious laryngotra-
cheitis virus encodes a functional dUTPase which is not a
virulence factor. | Gen Virol 2000; 81: 627-638

Pavlova SP, Veits J, Blohm U, Maresch C, Mettenleiter TC,
Fuchs W. In vitro and in vivo characterization of glycopro-
tein C-deleted infectious laryngotracheitis virus. | Gen Virol
2010; 91: 847-857

Liischow D, Werner O, Mettenleiter TC, Fuchs W. Protection
of chickens from lethal avian influenza A virus infection by
live-virus vaccination with infectious laryngotracheitis virus
recombinants expressing the hemagglutinin (H5) gene. Vac-
cine 2001; 19: 4249-4259

Pavlova SP, Veits ], Keil GM, Mettenleiter TC, Fuchs W. Pro-
tection of chickens against H5N1 highly pathogenic avian
influenza virus infection by live vaccination with infectious
laryngotracheitis virus recombinants expressing H5 hemag-
glutinin and N1 neuraminidase. Vaccine 2009; 27: 773-785
Pavlova SP, Veits ], Mettenleiter TC, Fuchs W. Live vacci-
nation with an H5-hemagglutinin-expressing infectious la-

October 12,2012 | Volume 1 | Issue5 |



85

86

87

ryngotracheitis virus recombinant protects chickens against
different highly pathogenic avian influenza viruses of the H5
subtype. Vaccine 2009; 27: 5085-5090

Chen HY, Zhao L, Wei ZY, Cui BA, Wang ZY, Li XS, Xia PA,
Liu JP. Enhancement of the immunogenicity of an infectious
laryngotracheitis virus DNA vaccine by a bicistronic plasmid
encoding glycoprotein B and interleukin-18. Antiviral Res
2010; 87: 235-241

Chen HY, Zhang HY, Li XS, Cui BA, Wang SJ, Geng JW, Li
K. Interleukin-18-mediated enhancement of the protective
effect of an infectious laryngotracheitis virus glycoprotein B
plasmid DNA vaccine in chickens. ] Med Microbiol 2011; 60:
110-116

Macklin K, Giambrone J. Biosecurity. It is everybody’s job.

(49

TR
JBaishideng®

WJV | www.wjgnet.com

149

88

89

90

91

Ou SC et al. Infectious laryngotracheitis virus

Alabama Poul 2011; 7: 22

Giambrone JJ, Fagbohun O, Macklin KS. Management prac-
tices to reduce infectious laryngotracheitis virus in poultry
litter. ] Appl Poult Res 2008; 17: 64-68

Macklin K, Giambrone J. Eliminating LT from the farm. Ala-
bama Poul 2007; 2: 21

Chin RP, Garcia M, Corsiglia C, Riblet S, Crespo R,
Shivaprasad HL, Rodriguez-Avila A, Woolcock PR, Franca
M. Intervention strategies for laryngotracheitis: impact of ex-
tended downtime and enhanced biosecurity auditing. Avian
Dis 2009; 53: 574-577

Dufour-Zavala L. Epizootiology of infectious laryngotrache-
itis and presentation of an industry control program. Avian
Dis 2008; 52: 1-7

S- Editor Wang JL L- Editor A E- Editor Zheng XM

October 12,2012 | Volume 1 | Issue5 |



