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Abstract

Avian infectious laryngotracheitis was officially reported
in Ecuador after several acute outbreaks characterized
by respiratory clinical signs, decrease in egg production,
and high mortality affecting poultry farms during 2012. A
serologic survey was carried out in order to obtain
evidence of ILT infections in the main poultry farms of
Ecuador by using a commercial screening test (ELISA -
Biocheck®) to detect specific antibodies to ILTV in 2190
serum samples. This study included 92 poultry farms
located in thirteen provinces of Ecuador which
represents the main poultry production  systems
(breeder flock, laying hens, and broilers). Significant
viral circulation was evident in a great proportion of
positive  farms/province. A high  proportion of
seroreactors at the herd and farm-level were detected in
this study: 0.194 and 0.592 respectively, in eleven of the
thirteen surveyed provinces. ITLV DNA was detected by
real time PCR in 29 of the 49 pools of tracheal scraps
which belong to 6 out of 7 total farms. The data obtained
at the present survey provide preliminary information
about the frequency of ILTV infections in Ecuadorian
farms and highlight the need to improve biosecurity
measures in poultry farms and particularly the use of
vaccines in order to achieve a feasible control of ILT in
Ecuador.
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ENCUESTA SEROLOGICA Y MOLECULAR DE LA
LARINGOTRAQUEITIS INFECCIOSA AVIAR EN
ECUADOR

Resumen

La laringotraqueitis infecciosa aviar (ILT) se informo
oficialmente en Ecuador después de la presencia de
varios brotes agudos, caracterizados por signos clinicos
respiratorios, disminucion de la produccién de huevos e
incremento de la mortalidad en las granjas avicolas
durante el afo 2012. Se llevd a cabo una encuesta
seroldgica con el objetivo de obtener evidencia de
infecciones por el virus ILT en las principales granjas de
Ecuador utilizando un ELISA comercial (Biocheck®) para
la deteccion de anticuerpos especificos al virus ILT en
2190 muestras de suero. Este estudio incluyé 92
granjas de aves de corral situadas en trece provincias
de Ecuador, que son representativas de los principales
lugares de produccién avicola y sistema de manejo
(reproductoras, gallinas ponedoras y pollos de
engorde). Se evidencid una alta circulacion viral,
observandose una alta proporcion de animales y
granjas positivas: 0.194 and 0.592 respectivamente. En
la mayoria de las provincias examinadas la proporcion
de animales positivos/granja fue variable yendo desde
el 0 hasta 0.592 en once de las trece provincias
encuestadas. EI ADN del virus ITLV se detectd por PCR
en tiempo real en 29 de las 49 muestras traqueales,
pertenecientes a 6 del total de 7 granjas. Este estudio
proporciona la informaciéon preliminar sobre la
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frecuencia de las infecciones por el virus ILTV en
granjas de Ecuador y pone de manifiesto la necesidad
de mejorar las medidas de bioseguridad en la
produccion avicola y en particular el uso de las vacunas,

con el fin de lograr un control factible de ILT en Ecuador.

Palabras claves: Encuesta seroldgica, laringotraqueitis
infecciosa aviar, ELISA, PCR en tiempo real.

I INTRODUCTION

Infectious laryngotracheitis (ILT) is a relevant respiratory
disease of poultry listed by the World Organization for
Animal Health (OIE). The etiological agent is Gallid
Herpesvirus 1 (GaHV1) also called infectious
laryngotracheitis virus (ILTV) which is classified into the
family Herpesviridae, subfamily Alphaherpesvirinae,
genus llfovirus, according to the Ninth Report of
International Committee on the Taxonomy of Viruses [1].
Annually, ILT causes significant economic losses in the
world-wide poultry industry [2, 3] due to increased

mortality, decreased growth rate, and lower egg
production [4].
Clinical and post-mortem signs of ILT can be

differentiated in two forms according to its virulence:
bloody mucus in the trachea with high mortality is
characteristic of the severe form, while the mild form
causes nasal discharge and conjunctivitis. Both reduce
weight gain and egg production [5]. Major gross lesions
are observed in affected birds which are inflammatory
processes in the trachea and larynx, those lesions
might vary from hemorrhagic to mucoid [6]. In less
severe cases many of the signs are similar to those
exhibited by other respiratory diseases of poultry [7].
Therefore, the diagnostic of ILTV mild infection needs to
be confirmed by laboratory tests detecting the presence
of the virus or specific antibodies in the serum [8].

As a typical herpesvirus, field and vaccine strains of
GaHV-1 establish livelong latency after primary infection
with implications to the clearance of the virus from the
infected birds and in the control of the disease on poultry
flocks [9, 10, 11]. Several countries have been
demonstrated that most field ILT outbreaks are caused
by viruses indistinguishable from chicken-embryo-origin
vaccine strains [12, 13, 14, 15]. Furthermore, virulent
ILTV can be reconstituted by recombination events
between different vaccine strains [16, 17, 18].
Recombinant viral vector vaccines have been
introduced as a safer alternative; in addition, they can be
administered in ovo [19] that is an extra advantage.

The detection of antibodies by serum neutralization or

ELISA tests can be used, but serological tests do not
provide a promptly diagnosis [20]. Conventional and
real-time polymerase chain reaction (PCR) have been
used successfully to detect ILTV DNA from the trachea
and out of ftracheal sites [21,22,13,23,24,25,26].
Moreover, PCR has been reported to be generally more
sensitive than virus isolation [8].

ILT has not been reported in Ecuador before 2011.
Specific vaccination was officially banned until 2012
when the use of vectored recombinant vaccine was
allowed [27]. Ayala et al [28] documented the ILTV
detection and characterization from an outbreak of
respiratory disease that occurred for the first time in
Ecuador in 2011. The disease was officially reported to
the OIE in 2012 [29] after the occurrence of several
respiratory disease outbreaks, which showed clinical
signs and pathological reaction compatibles with ILT.

The poultry production in Ecuador represents an
important commodity of the national livestock economy.
The eggs are the second top livestock production while
chicken production contributes with the largest volume
of the total meat production [30]. Therefore, the
monitoring and control of economically important poultry
diseases is a priority in Ecuador. This paper describes
the results of an ILT serologic screening and the
confirmatory diagnostic of presence of GaHV1 infection
by real time PCR with the aim to obtain evidence of ILT
infections in the main poultry farms of Ecuador.

Il METHODS

Study population
During the serologic survey 2190 animals were

Table 1.- Farms monitored for specific antibodies to ILTV by ELISA
during the serologic survey in 13 provinces of Ecuador.

i Birds
Pourpose, | Nofarms | o fold | investigated

" Breeders 9 611316 214

Broilers 53 1332430 1259

Laying hens 30 969958 717

“Total 92 2913704 2190

sampled, they were distributed on 92 poultry farms with
three different types of production systems, with a total
population of 2 913 704 birds (Table 1).

Study area

Ecuador is located at the central strip of the Torrid Zone
crossed by The Andes Mountains; therefore, there are
four main natural regions with different climates. The
number of farms selected for the present study is
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showed in the Table 3 grouped by region and province.
The study area comprises the thirteen following
provinces: Azuay, Cafiar, Cotopaxi, Loja, Tungurahua,
Santo Domingo de los Tsachilas (Tsachilas), Guayas, El
Oro, Los Rios, Santa Elena, Sucumbios, Zamora
Chinchipe, and the Galapagos Islands.

Experimental Design

A serologic screening test (EIISA) was conducted in
order to detect the presence of seroreactive animals.
Farms included in this study were selected mainly based
on the size of their production as well as the presumptive
diagnosis of ILT according to the presence of compatible
clinical signs [5]. According to the sampling design for
epidemiological surveillance of avian diseases 2012, all
Ecuadorian provinces with large poultry production were
included (thirteen in total). Serological samples were
selected: broilers, laying hens and breeding hens,
considering that previous studies (unpublished data)
gave us an apparent prevalence of 19.33%. Pastaza
was an exception since it holds a small number of
backyard chickens.

According to the results of the serologic survey, a
second survey was conducted in seven seropositive
farms: chickens with acute or mild respiratory iliness
were tested for the presence of ILTV DNA in tracheal
tissues from these seropositive farms in El Oro, Azuay,
Cotopaxi and Tungurahua provinces.

Farms were visited by technicians (focal points) of the
Poultry Health National Program AGROCALIDAD to
meet the annual sampling of 2012 programmed into
active surveillance of avian diseases.

Sampling strategy

Fourteen to fifty birds per farm were randomly sampled
for the serologic screening according to the population
size. Blood samples were collected and serum was
extracted to detect ILTV specific antibodies by ELISA
test. Furthermore, according to the results of the ELISA
test, seropositive farms were selected to detect ILTV
DNA by real time PCR. Fourteen chickens in each
serpositive farm were slaughtered and fragments of
trachea from each 2 animals were collected together in
one tube for DNA extraction.

Serologic test
Biocheck® Elisa Test was performed to detect ILTV
specific antibodies following the instructions of the
manufacturer.

Nucleic acid extraction
The inner epithelia from each two pooled trachea were
scrapped and the cells collected into 3mL of

phosphate-buffered saline solution at 0.1 M, pH 7.4
(PBS) and centrifuged at 3000 x g for 20 min. The
supernatant was further used for DNA extraction.

Total DNA was isolated from 200 pl of supernatant using
High Pure Viral Nucleic Acid Kit (Roche) according to
manufacturer's instructions. DNA was eluted in 50 pl of
nuclease free water and further processed by Real
Time-PCR or stored at —20°C until analysis.
Amplification procedures by real time PCR (rt-PCR)
The primers and probe targeted a 100% conserved
region and amplified a 103 bp product fragment of the
ILTV glycoprotein C gene [21]. The fluorogenic TagMan
probe was labeled at the 5 end with the reporter dye
FAM and with the quencher dye BHQ at the 3’-end
(Roche, Inc).The amplification was carried out by
duplicated using a commercial PCR amplification Kkit,
Light Cycler 480 Probe Master (Roche), according to
manufacturer's instructions. Briefly, rt-PCR reaction
contained 3 pl of isolated DNA with 10 ul Probe
master-mixture, each ILTV specific primers at a final
concentration of 0.2 pM, the probe at a final
concentration of 0.2 yM, and nucleic acid-free water
bring the volume to 20 pl. The amplification conditions
were as follows: 10 min at 94°C and 45 cycles of 10 s at
95°C, 30s at 55°C and 4s at 72°C. Positive control DNA
was kindly supplied by the Colombian institute “ICA”
(Instituto Colombiano Agropecuario)

Data analysis

The farms were classified as positive to ILTV if one or
more serum samples tested positive to the ELISA test.
Each tracheal pooled sample was classified as positive
when the threshold cycle (Ct) value was < 45 in the
rt-PCR analysis. Threshold cycle value (Ct) mean and
standard deviation of each farm were calculated.

The proportion of seroreactors (animals that tested
positive) was calculated in each poultry farm, as well as
the proportion of positive farms in each province. The
confidence intervals were estimated in WINPEPI
version 11.22 [31].

Il RESULTS AND DISCUSSION

Specific antibodies to ILTV were found in 424 serum
samples corresponding to 48 farms located in 12 of the
13 investigated provinces. Sucumbios was the only
province without seropositive reactors, just one small
flock was examined (Table 2). High proportion of
seroreactors at the animal and farm-level were detected
in this study: 0.194 and 0.592 respectively (Tables 2 and
3). The distribution of seroreactive farms (Fig. 1) was
mainly grouped in the highland region of the country
(provinces of Tungurahua, Cotopaxi and Azuay ), where
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a higher density of farms/km2 and birds/farm are
present. However, it wasn't observed a systematic
association with different climatic region because the
lowest values were obtained at Loja province that it was
in highland climate. The population density of farms and
animals influenced to the rates of seroreactors.

According to the surveyed farms, ILT distribution pattern
also highlighted areas or regions where the disease was
detected but several neighbor farms resulted unaffected
(Fig.1). Considering the transmissibility of ILTV,
undamaged non-infected farms could have a proper
biosecurity or a low contact rate with infected farms.

Table 2.- Proportions of seroreactor animals to avian infectious lanryngotracheitis virus determined by ELISA in
different provinces of Ecuador

Natural Provi Animals Proportion | Confidence Interval 95%
. rovince
Region Positive | Tested |Seroreactor( nf|imit | Sup Limit

Azuay 6 100 0,060 0,022 0,127
Cafiar 58 200 0,290 0,228 0,359

Highland Cotopaxi 56 100 0,560 0,457 0,660
Loja 5 121 0,041 0,014 0,095
Tungurahua 193 475 0,406 0,362 0,452
Santo
Domingo de 4 82 0,049 0,013 0,120
los Tsachilas

Coastal Guayas 81 282 0,287 0,235 0,344

Lowlands 1755 6 302 0,020 0,007 0,043
Los Rios 3 25 0,120 0,026 0,312
Santa Elena 3 180 0,017 0,004 0,048
Sucumbios 0 5 0,000 0,000 0,522

Amazonic
Zamora 1 46 0,022 0,001 0,115
Chinchipe

Island Galapagos 8 272 0,029 0,013 0,057

Overall 424 2190 0,194 0,177 0,211

Figure 1.- Ecuador map showing the geographic distribution in which the serum samples were collected. Negative
farms to ELISA were signed by yellow tacks and positive farms with red dots. For easier visualization Galapagos Islands
are arbitrarily situated at the right bottom corn.
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However, the structure of the poultry trade was not
studied in the current investigation.

The results of this study suggests either an active or a
wide ILTV circulation among poultry premises in several
provinces. It is worth to note that this study included the
main poultry producing areas which are distributed in
thirteen from the twenty-four provinces of the country.
Analyzing the proportion of seroreactor birds in each
province (Table2), we can see wide-ranging values
except at the Tungurahua province where more animals
were included in the study. The proportion of positive
farms is high in several provinces (Table 3) suggesting
that the efficiency of ILTV transmission among poultry
premises was high in the main poultry production areas
of the country. Tungurahua and Cotopaxi were the
provinces with the highest poultry densities, they were
coincidently those with the highest proportion of positive
reactors to ILTV. Thus, as the poultry subpopulation in a
farm is larger, the direct contact rates between animals
is facilitated [32, 33].

Regarding to poultry categories, the highest proportions

of positive farms were found in laying hens (24/30) and
breeders (6/7) while in broiler farms seemed less
affected (13/53). Cover [34] observed that all birds are
susceptible to infection, but clinical disease is more
frequent in adults or in layer hens; our results agree with
this statement because the higher proportions of
positive farms were found in laying hens and poultry
breeding flocks. This could be explained because both
categories have a longer productive life span compared
to broilers; therefore, the ITLV latent infection with
reactivation of infection is long lasting in these animals.
The rt-PCR assay amplified ILTV DNA from 59.18% of
the total 29 nucleic acid samples purified from epithelial
scrapings of trachea. These positive samples were
found in six of the seven egg layer farms tested by
rt-PCR (Table 4) which previously were seroreactive by
ELISA test and the Ct values mean were between 23.77
and 37.7. Typical amplification curves were obtained in
all farms as it is shown by rt-PCR analysis of samples
from farm 2 in Latacunga, Cotopaxi province (Fig 2). The
Ct values obtained indicate high levels of ILTV DNA in
the samples and they are in the range considered

Table 3.- Proportions of positive farms to avian infectious lanryngotracheitis virus determined by ELISA in different
provinces of Ecuador

Farms Confidence Interval 95%
Proportion
:Ztuiroar: Province positive
9 Positive Tested farms Inf Limit Sup Limit

Azuay 3 4 0,750 0,194 0,994
Caniar 3 5 0,600 0,147 0,947

Highland Cotopaxi 3 4 0,750 0,194 0,994
Loja 1 5 0,200 0,005 0,717
Tungurahua 16 19 0,842 0,604 0,966
Santo Domingo 2 4 0,500 0,068 0,933
de los Tsachilas

Coastal Guayas 9 11 0,818 0,482 0,977

Lowlands  1=ras 3 13 0,231 0,050 0,538
Los Rios 1 1,000 0,025 1,000
Santa Elena 3 7 0,429 0,099 0,816
Sucumbios 0 0,000 0,000 0,975

Amazonic
Zamora 1 2 0,500 0,013 0,988
Chinchipe

Island Galapagos 3 16 0,188 0,041 0,457

Overall 48 92 0,522 0,415 0,627
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Table 4.- Presence of ILTV- DNA in pooled tracheal samples of chickens from seroreactive farms by real time PCR.

ProvincelCity/Village N° Examined Ct value Standard
positive | Positive (%) Mean Deviation

El Oro/ Pifias/ SanRoque 0 0 - -

215 Pichincha/Quito/ 5 71.43 24.27 3.82

Machachi

216 Azuay/Cuenca 2 28.57 37.62 1.06

/ Sayausy

Cotopaxi 7 100 25.53 4.77

/Salcedo/Matrix

217 Cotopaxi 6 85.71 28.99 6.42

/Latacunaga AlaquezB

220 Cotopaxi 7 100 23.77 6.35

/Latacunga/ AlaquezP

BM1304027 2 28.57 32.45 5.55

TUNGURAHUA/

Ambatos/ Atahualpa

Total 29 59.18

Table 5.- Presence of ILTV- DNA in tracheal samples of chickens from seroreactive farms by real time PCR.

Province/Village Total tested | N°positive | Examined Range of Ct
Positive (%) value
El Oro/ Pihas 7 0 0 <45
Tungurahua/ Pillaro 7 7 100 20.5437.12
Azuay/Cuenca 7 3 42.95 36.87-37.7
Cotopaxi/Salcedo 7 7 100 19.2832.6
Cotopaxi/Latacunga1 7 6 85.71 18.0632.55
Cotopaxi/Latacunga2 7 7 100 18.9933.43
Total 42 30 71.42
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Figure.- 2 Amplification curve of Real Time PCR analysis of the tracheal samples from one of the representative tested
farms (Cotopaxi/Latacunga2)
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positive elsewhere (Table 5). [24].

The positive results by the ELISA test and the
confirmation by rt-PCR were consistent with the ILT
characteristic symptoms [5] such as tracheitis, watery
eyes, and dyspnea observed in the screened farms
before or during the serologic survey. Acute clinical
signs were not observed in all animals during the
sampling process. However, the tracheal tissues
showed hemorrhages and mucoid exudate in all positive
animals to the rt PCR suggesting mild or subclinical
infection. Clinical signs usually appear between 6 and
12 days post infection (PI) but the rt-PCR technique can
detect DNA virus already on the third day Pl [5].
Consequently, it is possible that some samples were
collected in the early stages of infection before to the
appearance of clinical signs.

In Cotopaxi and Tungurahua provinces, the presence of
ILTV infections was confirmed by rt-PCR, regardless the
samples for ILTV DNA detection were taken a month
after the serologic sampling. It is well documented the
latency of ILTV infections, after recovery from the acute
phase, the virus shedding initially ceased, then
intermittent, low level shedding of virus could be
detected by PCR or viral isolation in trachea and
trigeminal ganglion [34, 35,36] considering the high
sensitivity of the rt-PCR [8, 3,26]. Furthermore, the ILTV
infection could be cycling within the large poultry
population of these farms, as well located in poultry
densely populated areas, where ILTV infections use to
be recurrent [38].

Failure to confirm the presence of ILTV infection by
rt-PCR in El Oro province (Table 4) could be explained
by the sanitary and control measures implemented in
this farm after the positive serologic results. This farm
was selected to undergo the rt-PCR due to its large
number of commercial animals although only 3/25
animals were seroreactors to the ELISA test. All the
other farms tested by rt-PCR yield specific amplification
curve in at least two of the seven tracheal pools. The Ct
values obtained indicate moderate levels of ILTV DNA
in the samples and they are in the range considered
positive elsewhere.

Clinical ILT affecting poultry in Ecuador was informed to
the OIE in 2012 [29].In a similar period, results of
positive chickens to a serological ELISA conducted for
monitoring purposes were published [39]. These authors
did not observe clinical signs of ILT although the
evaluation is limited to the Floreana Island in the
Galapagos archipelago. ILTV infections on poultry were
not reported in Ecuador before 2011, but Ayala et al
(2014) obtained positive samples for the presence of

ILTV. The origin of the outbreaks and infections by ILTV
remains to be elucidated in Ecuador although there are
several possible sources:

a) Given that some ILT outbreaks themselves may be
entirely mild [5, 8], they could be consequently
misdiagnosed before 2012[29].

b) ILTV vaccination was officially banned in the country
until 2012. Therefore most of the poultry population
become immunologically naive in which the virus
incursion could induce not only the chronic or mild form
of ILT [5, 11]. The recognized role of ILT vaccines
causing outbreaks [10, 12, 13,17,15] could be fairly
ruled out in Ecuador, at least as the main cause of the
observed outbreaks.

c) ILTV could be introduced in Ecuador from neighboring
countries like Colombia and Peru where the disease
have been clinically demonstrated or existed limited to
one or more zones [40].

Further molecular PCR analysis in association with
restriction fragment length polymorphism analysis and
gene sequencing [2, 13] would help to clarify the main
sources of ILTV circulating in Ecuador, as well as aiming
to complement further disease control strategies.

IV CONCLUSIONS

The serologic survey and the confirmatory molecular
diagnostic suggested evidence of a fairly presence of
ILT infection in the main poultry farms of Ecuador. The
current work highlights the need to apply a control
program of ILT based on vaccination and standard
biosecurity measures in the poultry farms of Ecuador.
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