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ABSTRACT

Trachea, lung, and conjunctive samples from 51 commercial layer
farms from Bastos region, São Paulo, Brazil, were submitted to nested-
PCR and virus isolation in SPF chicken embryos for ILT diagnosis. This
region experienced an outbreak characterized by respiratory signs,
decrease in egg production and increased mortality. Out of the 51 tested
field samples, 23 were positive for ILT by nested-PCR, 22 were positive
after the virus isolation, and 24 were positive when both techniques
were used. Newcastle disease virus, Avian pneumovirus, or Mycoplasma
gallisepticum were not detected. Infectious bronchitis virus was detected
in one farm and Mycoplasma synoviae was detected in eight farms.
The high incidence of infectious laryngotracheitis virus (ILTV) detection,
the high correlation between the observed clinical signs and the ILTV
detection, and the results of differential diagnosis demonstrated that
ILTV was the causative agent of the outbreak of respiratory disease
observed in Bastos region, São Paulo, Brazil.

INTRODUCTION

Infectious laryngotracheitis (ILT) is a highly contagious acute
respiratory disease of chickens caused by a herpesvirus of the family
Herpesviridae. This disease is common in areas of intensive poultry
production, and its outbreaks result in high economics losses due to
increased mortality, decreased growth rates, and lower egg production
(Guy & Bagust, 2003; Humberd et al., 2002).

Although Infectious laryngotracheitis virus (ILTV) strains are
antigenically homogenous, ILTV strains naturally vary in virulence, from
highly virulent strains, causing high morbidity and mortality, to strains
with low virulence, which that produce mild-to-unapparent infection
(Bauer et al., 1999; Guy & Bagust, 2003). Clinical signs associated with
the severe form of the disease include gasping, depression, nasal
discharge, conjunctivitis, and expectoration of bloody mucus. Upon gross
examination of the trachea, characteristic severe hemorrhages and
mucus plugs are observed (Cover, 1996; Sellers et al., 2004). The clinical
signs associated with less severe forms of the disease include
conjunctivitis, swelling of the infraorbital sinuses, closed eyes, persistent
nasal discharge and mild tracheitis (Timurkaan et al., 2003). Although
some clinical signs of the disease are characteristic, in less severe
episodes many symptoms are common to other respiratory diseases of
poultry.

Many techniques have been described for the detection of ILTV.
The detection of antibodies by serum neutralization or enzyme-linked
immunosorbent assay (ELISA) can be used, but serological tests do not
provide a timely diagnosis (Bauer et al., 1999; Sander & Thayer, 1997).
Histopathology is used for the detection of syncytial cells and intranuclear
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inclusion bodies, but, as necrosis and sloughing destroy
the infected epithelium, ILTV inclusion bodies can only
be detected in tracheal sections from days 1 to 5 post-
infection (Abbas et al., 1996; Humberd et al., 2002;
Tinurkaan et al., 2003). The virus can be isolated from
field material in specific-pathogen-free (SPF) chickens
embryos inoculated via the chorioallantoic membrane
(CAM), or by isolation in primary chicken embryo kidney
(CEK) cells, chicken embryo liver (CELi) cells, or chicken
kidney cells (Hugest et al., 1991; Schnitzlein et al.,
1994). Virus isolation is widely used, and provides
adequate; however, it is time-consuming (Hugest et
al., 1988).

Polymerase chain reaction (PCR) has been used
successfully to detect ILTV DNA from the trachea and
extratracheal sites, such as the conjunctiva and the
trigeminal ganglia (Abbas et al., 1996; Alexander et
al., 1998; Alexander & Nagy, 1997; Williams et al.,
1992).

The first report on ILTV in Brazil was published in
1974, and since then, some cases based on virological
and serological tests were reported (Hipólito et al.,
1974; Vargas, 1995). By the end of 2002, there was
an outbreak of respiratory disease characterized by
respiratory signs, decreased egg production, and
increased mortality in commercial layer farms in the
region of Bastos, São Paulo, Brazil. ILT was clinically
diagnosed, based on the observed clinical signs and
lesions.

This article describes the first outbreak of severe
ILT in commercial layer hens in the region of Bastos,
and establishes its differential diagnosis with other
respiratory diseases.

MATERIALS AND METHODS

Samples
Trachea, lung, and conjunctive samples were

collected from 11- to 104-week-old commercial laying
hens housed in 51 farms in the region of Bastos, São
Paulo, during an outbreak of respiratory disease for
diagnostic and epidemiological studies. Samples from
randomly selected 14 and 37 farms with and without
clinical signs, respectively, were collected during 2003.
The clinical signs observed were depression, decreased
egg production, nasal discharge, moist rales, coughing,
gasping, dyspnea, expectoration of blood-stained
mucus, and increased mortality. A pool of the three
tissues mentioned above from eight birds in each farm
were homogenized in phosphate-buffered saline
solution at 0.1 M, pH 7.4 (PBS), suspended in a 10%

concentration (w/v), and centrifuged at 3000 x g for
20 min.

A field isolate of ILTV was obtained from the
Agriculture Department Laboratory of the state of São
Paulo. La Sota vaccine strain of the Newcastle disease
virus (NDV), Holland H120 vaccine strain of the
infectious bronchitis virus (IBV) , RTV vaccine strain 8544
of the Avian Pneumovirus (APV), 6/85 vaccine strain of
Mycoplasma gallisepticum, and WVU-1853-ATCC
vaccine strain of Mycoplasma synoviae were obtained
from Intervet Laboratories (Brazil), and used as positive
controls. Ultra pure water was used as negative control.

DNA and RNA extraction
Total RNA was extracted with TRIzol reagent

(InvitrogenTM), according to the manufacturer’s
instructions, and DNA was extracted as described by
Chomksinsky (1993).

ILTV detection by Nested-PCR
DNA was directly extracted from clinical samples

of 51 farms, and submitted to Nested-PCR for ILTV DNA
detection, aiming at amplifying a 219-bp fragment of
the ILTV glycoprotein E gene. Two sets of specific
primers were designed from one published sequence
in GenBank (accession number: NC006623) with FAST
PCR 3.3.64 (© 1999-2004 PCR Team, Institute of
Biotechnology, University of Helsinki, Filand): GE1S
(5´CGTATACCATCCTACAGACGGCA 3´), GE2AS
(5´CGTACAATGGTTCGGTCTTGGA3´), for PCR; and
GE3S (5´AGTCCTCTTATAGCCATCCCCA3´), and
GE4AS (5´ CACCCCCGCGACGACGAAGT 3´) for
nested-PCR.

Amplification and nested-PCR – Five µL of the
extracted DNA were added to the PCR mix [1x PCR
BufferTM (InvitrogenTM), 0.2 mM of each dNTP, 0.5
pmol/µL of each primer (GES1 and GEAS2), 1.5 mM
MgCl2, 25.25 µL ultra-pure water and 1.25U Taq DNA
polymerase to a 50µL final reaction], and submitted to
940C/5’, 40 cycles of 940C/1’, 580C/2’ and 720C/2’,
followed by 720C/10’ for final extension. The second
round (nested) amplification was carried out with 5µL
of the first PCR product added to the PCR mix, similarly
as to first amplification, but employing GES3 and
GEAS4 primers, using the same cycles.

Each step (DNA extraction, PCR and nested-PCR,
and finally electrophoresis) was carried out in different
rooms. Then, 10 µL of the nested product were
analyzed in 1.5% agarose gel electrophoresis stained
with 0.5 µg/ml ethidium bromide. The samples that
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produced the expected 219 bp nested-PCR product
were considered as positive.

Virus isolation
A pool of trachea, lung, and conjunctive from hens

in each farm was used for virus isolation in
embryonated chicken eggs. A suspension of each
sample was filtered through 0.45 mm and 0.22 mm
membranes, and 30 µm gentamycin (1mg/mL) were
added before the suspension was inoculated in the
chorioallantoic membrane (CAM) of five 9-day-old
specific-pathogen-free (SPF) embryonated chicken
eggs (Biovet Laboratory). The inoculated eggs were
incubated at 37ºC, and daily candled to check for
embryo viability. CAM was harvested 6 days
postinoculation. Field samples were submitted to at
least 5 serial passages.

Differential diagnosis
Primers and reaction conditions described by Pang

et al. (2002), Cavanagh et al. (2002), Cavanagh et al.
(1999), Nascimento et al. (1991), and Lauerman (1998)
were used for the detection of Newcastle disease virus,
infections bronchitis virus, avian pneumovirus,
Mycoplasma gallisepticum, and Mycoplasma synoviae,
respectively.

RESULTS

ILTV detection by Nested-PCR
The nested-PCR technique amplified the expected

219 bp-long fragment length from isolated and clinical
sample strains (Figure 1). The standardized reaction
did not amplify DNA of any of the other avian
pathogens included in this study. This reaction
presented 95.45% sensitivity, and 93.1% specificity
as compared to virus isolation technique.

Standardized PCR directly amplified ILTV DNA from
clinical samples of 23 of the 51 farms (Table 1). In 11
of these 23 positive cases, respiratory signs, reduced
egg production, and increased mortality were
observed. Twenty-one positive cases were from hens
in lay. As to analyzed tissues, ILTV DNA was detected
by PCR in trachea, lung, and conjunctive in 18, 5 and
12 cases respectively.

Virus isolation
ILTV was isolated from 22 farms when inoculated

via chorioallantoic membrane (CAM). ILTV typical
lesions, such as opaque plaques on the CAMs, were
observed five days post-inoculation (Figure 2). Field

 

                            

A       B  C        D    E     F     G       H 

219 bp 

Figure 1 - Nested-PCR products of E glycoprotein gene of ILTV.
Lanes A to E: field samples, Lane F: positive crontrol, Lane G:
negative control, and Lane H: Molecular size maker (100 bp).

 
Figure 2 - Chorioallantoic membrane (CAM) of chicken embryos
inoculated with ILTV. CAM presented opaque plaques.

samples were isolated after first (6 cases), second (3
cases), third (3 cases), fourth (3 cases), and fifth (7
cases) passages (Table 1).

Differential diagnosis
Twenty-four farms were positive when PCR and

virus isolation were used in a parallel diagnosis. Infectious
bronchitis virus (IBV) and Mycoplasma synoviae (MS) were
detected by PCR in one and eight farms, respectively.
One case of IBV-MS concurrent infection and six cases of
ILTV-MS co-infections were detected. Newcastle disease
virus, avian pneumovirus, and Mycoplasma gallisepticum
were not detected in any of the samples. All positive
controls resulted in the expected fragments, while no
amplifications were found in the reactions corresponding
to negative controls.
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DISCUSSION

Diagnosis is the first step to establish control
procedures and to prevent virus dissemination during
an ILT outbreak. Therefore, laboratorial tests offering
fast and highly specific results are necessary.

The standardized nested-PCR performed in this

study yielded high analytical sensitivity and specificity.
DNA detection limit was between 3 and 6 ng/µl, which
is higher than the limit reported by Abbas et al. (1996)
and Humberd et al. (2002), and lower than the results
obtained by Alexander & Nagy (1997) (62.5 ng/µl). This
technique did not amplify DNA or cDNA of the other
avian pathogens included in this study. In addition,

Table 1 - Results of Nested-PCR and Virus Isolation in embryonated eggs for ILTV detection and differential diagnosis with others
respiratory pathogens.

Farm                          ILTV Diagnosis and virus isolation Differential diagnosis
Nested-PCR Passage in embryonated eggs to

verify plaque formation IBV NDV aMPV MG MS
1 +++++ 5th - - - - -
2 - - - - - - -
3 - - - - - - -
4 - - - - - - -
5 - - - - - - -
6 - - - - - - -
7 - - - - - - -
8 - - - - - - -
9 - - - - - - -
10 - - - - - - -
11 +++++ 4th - - - - -
12 - - - - - - -
13 +++++ - - - - - -
14 +++++ 2nd - - - - -
15 +++++ 1st - - - - -
16 +++++ 5th - - - - -
17 - - - - - - -
18 +++++ 5th - - - - -
19 - - - - - - -
20 +++++ 1st - - - - -
21 +++++ 1st - - - - +++++
22 - - +++++ - - - +++++
23 +++++ 4th - - - - +++++
24 - - - - - - -
25 - - - - - - -
26 +++++ 5th - - - - +++++
27 +++++ 3rd - - - - +++++
28 - - - - - - -
29 - - - - - - -
30 +++++ 1st - - - - +++++
31 +++++ 5th - - - - -
32 +++++ 1st - - - - +++++
33 +++++ 2nd - - - - -
34 - - - - - - -
35 +++++ 3rd - - - - -
36 - - - - - - -
37 - - - - - - -
38 - - - - - - +++++
39 +++++ 1st - - - - -
40 +++++ 5th - - - - -
41 +++++ 3rd - - - - -
42 - - - - - - -
43 +++++ - - - - - -
44 - - - - - - -
45 - - - - - - -
46 +++++ 4th - - - - -
47 - - - - - - -
48 - - - - - - -
49 - - - - - - -
50 +++++ 2nd - - - - -
51 - 5th - - - - -
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when two PCR products were submitted to DNA
sequencing, the identity of amplified fragment was
confirmed (data not shown).

As Standardized nested-PCR was used due to its
high efficiency to detect ILTV. Samples were collected
from commercial laying hens from Bastos region, São
Paulo State. Poultry from this region had been suffering
respiratory disease, with high mortality and lower egg
production due to lesions in respiratory tract. ILT was
suggested based on clinical signs and lesions observed
in the field, and by the fact that no ILT vaccine had
been used before, as this disease had never been
reported in this area.

Out of the 51 tested samples, 23 field samples were
positive for ILT in nested-PCR, 22 samples were positive
in virus isolation, and 24 were positive when both
techniques were performed.

Most research studied focusing on laboratorial
diagnosis and standardization of new techniques used
almost exclusively trachea samples. In this study,
trachea, lung, and conjunctive tissues were included,
and separately tested by nested-PCR because these
are the target organs involved in replication and
infection cycles.

In this work, out of 23 ILT positive farms diagnosed
by nested-PCR, ILTV was detected in trachea in 78%
of the positive cases, which explains the choice of this
organ for ILT diagnosis. In addition, 22% of ILT-positive
cases were detected in lungs, and 52% were detected
in conjunctive samples, suggesting the importance of
including conjunctive samples for ILT diagnoss. When
using nested-PCR, samples consisting only of trachea
were not efficient to detect all positive cases.
Nevertheless, when trachea and conjunctive sample
results were pooled, it was possible to detect 100% of
the positive cases. This shows the importance of
conjunctive samples for the accuracy of ILT diagnosis.

Nested-PCR results were compared to isolation in
embryonated chicken egg CAM results for ILT diagnosis
at the farm level. Nested-PCR, as standardized in the
present study, presented high relative sensitivity
(95.45%) and specificity (93.1%) as compared to virus
isolation. Therefore, the nested-PCR described here
may be useful to confirm ILT in suspect cases. In
addition, results can be obtained in less than 24 hours,
which is essential for decision-making during outbreaks.

The correlation between results of virus isolation
and nested-PCR was very significant, that is,in all
samples from which ILTV was isolated, viral DNA was
detected by nested-PCR, with one exception (in this
case, ILTV was isolated in the fifth passage, but the

farm was negative in nested-PCR when directly tested
in clinical samples). This finding may be explained by
the low concentrations of viral particles in the original
sample. This is common in early and late infection
stages. It was reported that the highest virus titer is
recovered from experimentally infected birds between
days 2 and 4 post-infection (PI), which then decreases
until day 6 PI, after which no virus is recovered (Bagust
1986, Bagust, et al. (1986). Inflammation-associated
factors and Taq polimerase inhibitors present in tissues
can also produce false-negative results in PCR
reactions.

In two farms positive for ILT in nested-PCR, it not
only possible to isolate ILTV until the fifth passage.
These samples might have had inactivated viral
particles, and consequently replication in embryonated
eggs did not occur. Other possibilities are low virus
concentration in original sample and the need of
additional passages.

The comparison of PCR to virus isolation – a
widespread method for diagnosing ILT – indicates that,
very early in infection, PCR is not as efficient as virus
isolation in identifying infected birds. Later, PCR yields
higher numbers of positive samples as compared to
virus isolation (Alexander & Nagy, 1997). In some cases,
the failure to isolate ILTV may be due to low virus
concentrations present in carrier birds (Abbas &
Andreasen, 1996; Williams et al., 1994). Latent ILTV
was detected in trigeminal ganglia of birds that
recovered from the disease 61 days after infection by
PCR, but it was not possible to isolate the virus (Williams
et al., 1992).

A high frequency of ILTV infection was detected in
this study: 47% (24/51). The positive results in the
nested-PCR are consistent with the characteristic
laryngotracheitis symptoms, such as tracheitis, watery
eyes, and dyspnea, observed in the surveyed farms. In
13 of the 24 positive farms, no clinical signs were
observed during sample collection. Clinical signs usually
appear between 6 and 12 days PI, but the PCR
technique can detect DNA virus already on the third
day PI (Alexander & Nagy 1997). Consequently, it is
possible that samples were collected in the early stages
of infection, before to the appearance of clinical signs.
Eleven of the 14 farms with respiratory disease (79%)
were ILT-positive. This high correlation between possible
ILT clinical signs and ILTV detection suggests that this
pathogen caused the clinical manifestations observed.

ILT was more frequently diagnosed in farms with
hens in lay (87.5% of cases), while only three of the
12 farms with younger birds included in the study were
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ILT-positive. When considering farms with respiratory
disease, 93% of cases included adult birds, whereas
only one from three ILT-positive farms with younger
birds showed clinical signs during sample collection.
These results are consistent with those obtained by
other authors. Cover (1996) observed that all birds are
susceptible to infection, but clinical disease is more
frequent in adult or in lay birds.

The signs and lesions observed in field, and the high
frequency of ILTV, detected by nested-PCR and
confirmed by virus isolation, suggest that ILTV was
probably responsible for the outbreak. However, as
the observed signs could have been caused by other
pathogens, differential diagnosis with other respiratory
agents was performed. Infectious bronchitis virus was
detected in one farm, which presented respiratory
disease and was ILT-negative. Mycoplasma synoviae
(MS) was detected in eight farms with clinical disease,
but in six cases, ILTV was also detected. However,
considering the high correlation between clinical
disease and ILTV detection in the present study, MS
probably acted as secondary agent. Avian influenza
was ruled out by laboratory tests performed by the
Official Services of São Paulo State (Data not shown).
Avibacterium paragallinarum, Pasteurella multocida,
and Ornitobacterium rhinotracheale were not included
in the differential diagnosis of this study because the
disease caused by these agents does have not epidemic
characteristics, as those observed during the outbreak
in the region of Bastos.

The results obtained herein demonstrate high ILTV
incidence , high correlation between clinical findings
and detection of this agent, using virus isolation and
nested-PCR. It was shown that this testis a fast,
sensitive, and highly specific tool for ILT diagnosis.

Therefore, based on these results, as well as on the
clinical history and on differential diagnosis results, we
conclude that ILTV was responsible for the outbreak
of respiratory disease that began by the end of 2002
in commercial layers in the region of Bastos (Sao Paulo
State), and that the use of the PCR described the
present study in both trachea and conjunctive samples
may allow, in addition to diagnosis during outbreaks,
epidemiological surveillance,and possibly molecular
epidemiology by DNA sequencing, for instance.
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