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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 SEROLÓGICA Y MOLECULAR DE LA 
LARINGOTRAQUEÍTIS INFECCIOSA AVIAR EN 
ECUADOR

Resumen
La laringotraqueítis infecciosa aviar (ILT) se informó 
oficialmente en Ecuador después de la presencia de 
varios brotes agudos, caracterizados por signos clínicos 
respiratorios, disminución de la producción de huevos e 
incremento de la mortalidad en las granjas avícolas 
durante el año 2012. Se llevó a cabo una encuesta 
serológica 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 detección de anticuerpos específicos al virus ILT en 
2190 muestras de suero. Este estudio incluyó 92 
granjas de aves de corral situadas en trece provincias 
de Ecuador, que son representativas de los principales 
lugares de producción avícola y sistema de manejo 
(reproductoras, gallinas ponedoras y pollos de 
engorde). Se evidenció una alta circulación viral, 
observándose una alta proporción de animales y 
granjas positivas: 0.194 and 0.592 respectivamente. En 
la mayoría de las provincias examinadas la proporción 
de animales positivos/granja fue variable yendo desde 
el 0 hasta 0.592 en once de las trece provincias 
encuestadas. El ADN del virus ITLV se detectó por PCR 
en tiempo real en 29 de las 49 muestras traqueales, 
pertenecientes a 6 del total de 7 granjas. Este estudio 
proporciona la información preliminar sobre la 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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 

of recent outbreaks of infectious laryngotracheitis in 
poultry in Australia”, Aust. Vet. J. 89, 89-94.
[15] J.M. Madsen, N.G. Zimmermann, J. Timmons, N.L. 
Tablante (2013) “Prevalence and differentiation of 
diseases in Maryland backyard flocks”, Avian Dis. 57, 
587-94.
[16] S.W. Lee, J.M. Devlin, J.F. Markham, A.H. 
Noormohammadi, G.F. Browning, N.P. Ficorilli, C.A. 
Hartley, P.F. Markham (2013) “Phylogenetic and 
molecular epidemiological studies reveal evidence of 
multiple past recombination events between infectious 
laryngotracheitis viruses”. PLoS One, 8, e55121.
[17] S.W Lee, P.F. Markham, M.J. Coppo, A.R. Legione, 
J.F. Markham, A.H. Noormohammadi, G. F. Browning, 
N. Ficorilli, C.A. Hartley and J.M. Devlin (2012) 
“Attenuated vaccines can recombine to form virulent 
field viruses”, Science. 337, 188.
[18] K.R. Menendez, M. García, S. Spatz, N.L. Tablante 
(2014) “Molecular epidemiology of infectious 
laryngotracheitis (ILT): a review”, Avian Pathol. 43, 
108-117.
[19] A. Mashchenko, S.M. Riblet, G. Zavala, M. García 
(2013) “In ovo vaccination of commercial broilers with a 
glycoprotein J gene-deleted strain of infectious 
laryngotracheitis virus”.  Avian Dis. 57, 523-31.
[20] B. Bauer, J.E. Lohr, E.F. Kaleta (1999) “Comparison 
of commercial ELISA test kits from Australia and the 
USA with the serum neutralization test in cell cultures for 
the detection of antibodies to the infectious 
laryngotracheitis virus of chickens”, Avian Pathol. 28, 
65–72.
[21] S.A. Callison, S.M. Riblet, I. Oldoni, S. Sun, G. 
Zavala, S. William, R.S. Resurreccion, E. Spackman, M. 
Garcia (2007) “Development and validation of a 
real-time Taqman PCR assay for the detection and 
quantification of infectious laryngotracheitis virus in 
poultry”, J. Virol. Meth. 139, 31-38.
[22] J.L Chacón, A.J.P. Ferreira (2008) “Development 
and validation of nested-PCR for the diagnosis of clinical 
and subclinical infectious laryngotracheitis”. J. Virol. 
Meth. 151,188-193. 
[23] J.J. Ou, S.C. Giambrone, K.S. Macklin (2012) 
“Comparison of a TaqMan real-time polymerase chain 
reaction assay with a loop-mediated isothermal 
amplification assay for detection of Gallidherpesvirus 1”, 
J. Vet. Diagn. Invest. 21, 138-141.
[24] T.V. Dormitorio , J.J. Giambrone, K.S. Macklin 
(2013) “Detection and Isolation of Infectious 
Laryngotracheitis Virus on a Broiler Farm After a 
Disease Outbreak”, Avian Dis. 57, 803-807.
[25] L.G. Wang, J. Ma, C.Y. Xue, W. Wang, C. Guo, F. 
Chen, J.P. Qin, N.H. Huang, Y.Z. Bi, Y.C. Cao (2013) 
“Dynamic distribution and tissue tropism of infectious 
laryngotracheitis virus in experimentally infected 
chickens”, Arch. Virol. 158, 659-66.

[2] J.L. Chacón, M.Y. Mizuma, A.J.P. Ferreira (2010) 
“Characterization by restriction fragment length 
polymorphism and sequence analysis of field and 
vaccine strains of infectious laryngotracheitis virus 
involved in severe outbreaks”, Avian Pathol. 39, 425-33.
[3] S.C Ou, J.J. Giambrone (2012) “Infectious 
laryngotracheitis virus in chickens”, World J Virol. 1, 
142-149.
[4] J. Humberd, M. García, S.M. Ribler, R.S. 
Resurrección, T.P. Brown (2002) ”Detection of Infectious 
Laryngotracheitis Virus in formalin-fixed, 
paraffin-embedded tissues by Nested polymerase chain 
reaction”, Avian Dis. 46, 64-74.
[5]J. S. Guy, M. Garcia (2008) “Laryngotracheitis” In: 
Diseases of poultry, 12th ed. Y. M. Saif, A. M. Fadly, J. R. 
Glisson, L. R. McDougald, L. K. Nolan, D. E. Swayne, 
eds. Iowa State University Press, Ames, IA. pp. 
137-152. 
[6] I. Dolka, R. Sapierzyński, W. Bielecki, E. Malicka, A. 

Żbikowski, P. Szeleszczuk (2012) “Histopathology in 
diagnosis of broiler chicken and layer diseases--review 
of cases1999-2010”, Pol J Vet Sci. 15, 773-779.
[7] N. Timurkaan, F. Yilmaz, H. Bulut, H. Ozer, Y. Bolat 
(2003) “Pathological and immunohistochemical findings 
in broilers inoculated with a low virulent strain of 
Infectious laryngotraqueitis virus”, J.Vet. Sci. 4, 
175-180.
[8] OIE (2008) “Avian Infectious Laryngotracheitis” in 
“Manual of Diagnostic Tests and Vaccines for Terrestrial 
Animals”, Chapter 2.3.3, Last accessed Feb. 2015, 
available online at 
http://www.oie.int/fileadmin/Home/eng/Health_standard
s/tahm/A_index.htm.
[9] T.J Bagust, M.A. Johnson (2008) “Avian Infectious 
Laryngotracheitis: virus host interactions in relation to 
prospects for eradication”, Avian Pathol. 24, 373-391
[10] L. Dufour-Zavala (2008) “Epizootiology of infectious 
laryngotracheitis and presentation of an industry control 
program”. Avian Dis. 52, 1-7.
[11] M.J. Coppo, C.A. Hartley, J.M. Devlin (2013) 
“Immune responses to infectious laryngotracheitis virus” 
Dev Comp Immunol. 41, 454-62.
[12] I. Davidson, S. Nagar, I. Ribshtein, I. Shkoda, S. 
Perk, M. García (2009) “Detection of wild- and 
vaccine-type avian infectious laryngotracheitis virus in 
clinical samples and feather shafts of commercial 
chickens”, Avian Dis. 53, 618-23.
[13] A. Moreno, A. Piccirillo, A. Mondin, E. Morandini, L. 
Gavazzi, P. Cordioli (2010) ”Epidemic of infectious 
laryngotracheitis in Italy: characterization of virus 
isolates by PCR-restriction fragment length 
polymorphism and sequence analysis”, Avian Dis. 54, 
1172-77.
[14] H.P Blacker, N.C. Kirkpatrick, A. Rubite, D. 
O'Rourke, A.H. Noormo hammadi (2011) “Epidemiology 

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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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 Iltovirus, 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 tracheal 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.

II 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.

Production 
purpose No farms Total 

Population
Birds 

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 

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. 

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 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.

Agradecimientos
Este estudio se realizó gracias al apoyo y respaldo de la 
Dirección Ejecutiva y la Coordinación General de 
Sanidad Vegetal-AGROCALIDAD, así como al trabajo 
de los técnicos del PNMMF de Planta Central, de cada 
una de las provincias y del Área de Maduración de 
Frutos- Tumbaco.

Referencias
[1] M. Aluja (1993) “Manejo Integrado de las Moscas de 
la Fruta”, 1° Edición, México, Editorial Trillas, pp. 251.
[2] FAO (2006) “Normas Internacionales para medidas 
Fitosanitarias” Edición 2006, Roma, Italia, pp. 11
[3] A. Malavasí, R. Zucchi (1998) “Moscas das frutas do 
Brasil: taxonomía, biología, evulocao econtrole”, Brasil, 
Editorial Embrapa, pp. 120.
[4] ICA (2010) “Manual de Detección de Moscas de la 
Fruta”, Colombia, pp. 7.
[5] M. C. Feicán, A. C. Encalada, C. W. Larriva (1999). 
“Manejo Integrado de las Moscas de la Fruta”, 1° 
Edición, Cuenca, Ecuador, Iniap, pp. 5
[6] L. Salles (2000) “Biología e ciclo de vida de 

Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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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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 
producción avícola y en particular el uso de las vacunas, 
con el fin de lograr un control factible de ILT en Ecuador.

Palabras claves: Encuesta serológica, laringotraqueitis 
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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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.
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pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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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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 
producción avícola y en particular el uso de las vacunas, 
con el fin de lograr un control factible de ILT en Ecuador.

Palabras claves: Encuesta serológica, 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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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.

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

Natural 
Region Province 

Animals Proportion 
seroreactor 

Confidence Interval 95%
Positive Tested Inf Limit  Sup Limit  

Highland 

Azuay  6 100 0,060 0,022 0,127 

Cañar 58 200 0,290 0,228 0,359 

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 

Coastal 
Lowlands 

Santo 
Domingo de 
los Tsáchilas 

4 82 0,049 0,013 0,120 

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

El Oro 6 302 0,020 0,007 0,043 

Los Ríos 3 25 0,120 0,026 0,312 

Santa Elena 3 180 0,017 0,004 0,048 

Amazonic 
Sucumbíos 0 5 0,000 0,000 0,522 
Zamora 
Chinchipe 1 46 0,022 0,001 0,115 

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

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

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 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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. 

Aknowledgement
The authors would like  to thank Diego Vizcaino and Luis 
Ramos by promoting research, and the “Agencia 
Ecuatoriana de Aseguramiento de la Calidad del Agro 
(AGROCALIDAD)” from the Ministry of Agriculture, 
Livestock and Fisheries of Ecuador (MAGAP) and 
Prometeo Project of SENESCYT (“Secretaría de 
Educación Superior, Ciencia, Tecnología e Innovación 
de la República del Ecuador”) for the financial support 
to carry out this research. Finally, we  would like to thank 
Dr. Nelson Cabrera for the management of this project.

References
[1] A.M.Q King, M.J. Adams, E.B. Carstens, E.J. 
Lefkowitz (2012) “Ninth Report of the International 
Committee on Taxonomy of Viruses”. Elsevier Academic 
Press, San Diego, pp. 1344.

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 PI [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 

[39] S.L. Deem, M.B. Cruz, J.M. Higashiguchi, P.G. 
Parker (2012) “Diseases of poultry and endemic birds in 
Galapagos: implications for the reintroduction of native 
species”, Animal Conservation 15, 73–82.
[40] WAHID (2014) “World Animal Health Information 
Database Interface, Country information”, Last 
accessed February 2014, available online at 
http://www.oie.int/wahis_2/public/wahid.php/Countryinfo
rmation/Animalsituation.

[26] Y. Zhao, C. Kong, X. Cui, H. Cui, X. Shi, X. Zhang, 
S. Hu, Y. Wang (2013) “Detection of Infectious 
Laryngotracheitis Virus by Real-Time PCR in Naturally 
and Experimentally Infected Chickens”, PLoS One 8, 
e67598.
[27] AGROCALIDAD (2012) “RESOLUCION No.0085”. 
Mayo 20012. 
[28] S. Ayala, M. Revelo, V. Barragán, J. Chiriboga, A. 
Torres, I. Santiana, G. Trueba. (2014) “Detection and 
Characterization of Infectious Laryngotracheitis Virus 
from an Outbreak of Respiratory Disease in Ecuador”, 
Intern J Appl Res Vet Med. 12 (3), 245-248.
[29] OIE (2012) “Informe de notificación inmediata 
Referencia del informe:  Ref OIE: 12139, Fecha del 
informe: 20/07/2012 , País: Ecuador”. Acceso en línea. 
h t t p : / / w e b . o i e . i n t / w a h i s / r e p o r t s /
es_imm_0000012139_20120720_183415.pdf.
[30] FAOSTAT (2014) “Food and Agriculture 
Organization of the United Nations”. Acceso en línea 
http://faostat.fao.org/site/339/default.aspx.
 [31] J.H. Abramson, WINPEPI updated: computer 
programs for epidemiologists, and their teaching 
potential. (2011) Epidemiologic Perspectives & 
Innovations.  8,1.
[32] M. Begon, M. Bennett, R.G. Bowers, N.P. French, 
S.M. Hazel, J.A. Turner (2002) “Clarification of 
transmission terms in host–microparasite models: 
numbers, densities and areas”, Epidemiol. Infect. 129, 
147-153.
[33] M.J. Keeling, R. Pejman (2008) “Introduction to 
simple epidemic models density - dependent 
transmission. In: Modeling infectious disease in humans 
and animals” Ed, Princenton University Press 41 New 
Jersey 08450, pp.15-52.
[34] M.S. Cover (1996) “The early history of Infectious 
laryngotracheitis”, Avian Dis.  40, 494-500. 
[35] T.J Bagust, B.W. Calnek, K.J. Fahey (1986) 
“Gallid-1 Herpesvirus Infection in the chicken. 3. 
Reinvestigation of the pathogenesis of Infectious 
Laryngotracheitis in acute and early post-acute 
respiratory diseases”, Avian Dis. 30, 179-190.
[36] R.A. Williams, M. Bennet, J.M. Bradbury, R.M. 
Gaskell, R.C. Jones, F.T.W. Jordan (1992) 
“Demonstration of sites of latency of infectious 
laryngotracheitis virus using the polymerase chain 
reaction”, J. Gen.Virol. 73, 2415-2430.
[37] A. Rodríguez-Avila, I. Oldoni, S. Riblet, M. García 
(2007) “Replication and transmission of live attenuated 
infectious laryngotracheitis virus (ILTV) vaccines”, Avian 
Dis. 51, 905–911.
[38] R.P Chin, M. García, C. Corsiglia, S. Riblet, R. 
Crespo, H.L. Shivaprasad, A. Rodríguez-Avila, P.R. 
Woolcock, M. França (2009) “Intervention strategies for 
laryngotracheitis: impact of extended downtime and 
enhanced biosecurity auditing”, Avian Dis. 53, 574-577.

frecuencia de las infecciones por el virus ILTV en 
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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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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

Natural 
Region Province 

Farms 

Proportion 
positive 
farms 

Confidence Interval 95% 

Positive Tested Inf Limit Sup Limit  

Highland 

Azuay  3 4 0,750 0,194 0,994 

Cañar 3 5 0,600 0,147 0,947 

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 

Coastal 
Lowlands 

Santo Domingo 
de los Tsáchilas 2 4 0,500 0,068 0,933 

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

El Oro 3 13 0,231 0,050 0,538 

Los Ríos 1 1 1,000 0,025 1,000 

Santa Elena 3 7 0,429 0,099 0,816 

Amazonic 
Sucumbíos 0 1 0,000 0,000 0,975 
Zamora 
Chinchipe 1 2 0,500 0,013 0,988 

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

 Overall 48 92 0,522 0,415 0,627 

Garrido et al.  Survey of avian ILTV in Ecuador

Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 
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Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.
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HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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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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 
producción avícola y en particular el uso de las vacunas, 
con el fin de lograr un control factible de ILT en Ecuador.

Palabras claves: Encuesta serológica, 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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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

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

Figure.- 2 Amplification curve of Real Time PCR analysis of the tracheal samples from one of the representative tested 
farms (Cotopaxi/Latacunga2)

Province/City/Village No 
positive  

Examined 
Positive (%) 

 Ct value 
Mean 

Standard 
Deviation 

El Oro/ Piñas/ San Roque 0 0 - - 
215 Pichincha / Quito /  
Machachi 

5 71.43 24.27 3.82 

216 Azuay / Cuenca 
/ Sayausy 

2 28.57 37.62 1.06 

Cotopaxi 
/Salcedo/Matrix

7 100 25.53 4.77 

217 Cotopaxi 
/ Latacunaga/  AlaquezB 

6 85.71 28.99 6.42 

220 Cotopaxi 
/Latacunga/ AlaquezP 

7 100 23.77 6.35 

BM1304027  
TUNGURAHUA / 
Ambatos/ Atahualpa

2 28.57 32.45 5.55

Total 29 59.18 

Province/Village Total tested  No positive  Examined 
Positive (%) 

Range of Ct 
value 

El Oro/ Piñas 7 0 0 <45 
Tungurahua/ Pillaro 7 7 100 20.54-37.12 
Azuay/Cuenca 7 3 42.95 36.87-37.7 
Cotopaxi/Salcedo 7 7 100 19.28-32.6 
Cotopaxi/Latacunga1 7 6 85.71 18.06-32.55 
Cotopaxi/Latacunga2 7 7 100 18.99-33.43 
Total 42 30 71.42 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 
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showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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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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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 



showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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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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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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 
producción avícola y en particular el uso de las vacunas, 
con el fin de lograr un control factible de ILT en Ecuador.
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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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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 

Garrido et al.  Survey of avian ILTV in Ecuador

Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
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Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
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IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 



showed in the Table 3 grouped by region and province. 
The study area comprises the thirteen following 
provinces: Azuay, Cañar, Cotopaxi, Loja, Tungurahua, 
Santo Domingo de los Tsáchilas (Tsáchilas), Guayas, El 
Oro, Los Ríos, Santa Elena, Sucumbíos, 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 illness 
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 μl of supernatant using 
High Pure Viral Nucleic Acid Kit (Roche) according to 
manufacturer's instructions. DNA was eluted in 50 μl 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 TaqMan 
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 kit, 
Light Cycler 480 Probe Master (Roche), according to 
manufacturer's instructions. Briefly, rt-PCR reaction 
contained 3 μl of isolated DNA with 10 μl Probe 
master-mixture, each ILTV specific primers at a final 
concentration of 0.2 μM, the probe at a final 
concentration of 0.2 μM, and nucleic acid-free water 
bring the volume to 20 μl. 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 72ºC. 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].

III 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. Sucumbíos 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 

of recent outbreaks of infectious laryngotracheitis in 
poultry in Australia”, Aust. Vet. J. 89, 89-94.
[15] J.M. Madsen, N.G. Zimmermann, J. Timmons, N.L. 
Tablante (2013) “Prevalence and differentiation of 
diseases in Maryland backyard flocks”, Avian Dis. 57, 
587-94.
[16] S.W. Lee, J.M. Devlin, J.F. Markham, A.H. 
Noormohammadi, G.F. Browning, N.P. Ficorilli, C.A. 
Hartley, P.F. Markham (2013) “Phylogenetic and 
molecular epidemiological studies reveal evidence of 
multiple past recombination events between infectious 
laryngotracheitis viruses”. PLoS One, 8, e55121.
[17] S.W Lee, P.F. Markham, M.J. Coppo, A.R. Legione, 
J.F. Markham, A.H. Noormohammadi, G. F. Browning, 
N. Ficorilli, C.A. Hartley and J.M. Devlin (2012) 
“Attenuated vaccines can recombine to form virulent 
field viruses”, Science. 337, 188.
[18] K.R. Menendez, M. García, S. Spatz, N.L. Tablante 
(2014) “Molecular epidemiology of infectious 
laryngotracheitis (ILT): a review”, Avian Pathol. 43, 
108-117.
[19] A. Mashchenko, S.M. Riblet, G. Zavala, M. García 
(2013) “In ovo vaccination of commercial broilers with a 
glycoprotein J gene-deleted strain of infectious 
laryngotracheitis virus”.  Avian Dis. 57, 523-31.
[20] B. Bauer, J.E. Lohr, E.F. Kaleta (1999) “Comparison 
of commercial ELISA test kits from Australia and the 
USA with the serum neutralization test in cell cultures for 
the detection of antibodies to the infectious 
laryngotracheitis virus of chickens”, Avian Pathol. 28, 
65–72.
[21] S.A. Callison, S.M. Riblet, I. Oldoni, S. Sun, G. 
Zavala, S. William, R.S. Resurreccion, E. Spackman, M. 
Garcia (2007) “Development and validation of a 
real-time Taqman PCR assay for the detection and 
quantification of infectious laryngotracheitis virus in 
poultry”, J. Virol. Meth. 139, 31-38.
[22] J.L Chacón, A.J.P. Ferreira (2008) “Development 
and validation of nested-PCR for the diagnosis of clinical 
and subclinical infectious laryngotracheitis”. J. Virol. 
Meth. 151,188-193. 
[23] J.J. Ou, S.C. Giambrone, K.S. Macklin (2012) 
“Comparison of a TaqMan real-time polymerase chain 
reaction assay with a loop-mediated isothermal 
amplification assay for detection of Gallidherpesvirus 1”, 
J. Vet. Diagn. Invest. 21, 138-141.
[24] T.V. Dormitorio , J.J. Giambrone, K.S. Macklin 
(2013) “Detection and Isolation of Infectious 
Laryngotracheitis Virus on a Broiler Farm After a 
Disease Outbreak”, Avian Dis. 57, 803-807.
[25] L.G. Wang, J. Ma, C.Y. Xue, W. Wang, C. Guo, F. 
Chen, J.P. Qin, N.H. Huang, Y.Z. Bi, Y.C. Cao (2013) 
“Dynamic distribution and tissue tropism of infectious 
laryngotracheitis virus in experimentally infected 
chickens”, Arch. Virol. 158, 659-66.

[2] J.L. Chacón, M.Y. Mizuma, A.J.P. Ferreira (2010) 
“Characterization by restriction fragment length 
polymorphism and sequence analysis of field and 
vaccine strains of infectious laryngotracheitis virus 
involved in severe outbreaks”, Avian Pathol. 39, 425-33.
[3] S.C Ou, J.J. Giambrone (2012) “Infectious 
laryngotracheitis virus in chickens”, World J Virol. 1, 
142-149.
[4] J. Humberd, M. García, S.M. Ribler, R.S. 
Resurrección, T.P. Brown (2002) ”Detection of Infectious 
Laryngotracheitis Virus in formalin-fixed, 
paraffin-embedded tissues by Nested polymerase chain 
reaction”, Avian Dis. 46, 64-74.
[5]J. S. Guy, M. Garcia (2008) “Laryngotracheitis” In: 
Diseases of poultry, 12th ed. Y. M. Saif, A. M. Fadly, J. R. 
Glisson, L. R. McDougald, L. K. Nolan, D. E. Swayne, 
eds. Iowa State University Press, Ames, IA. pp. 
137-152. 
[6] I. Dolka, R. Sapierzyński, W. Bielecki, E. Malicka, A. 

Żbikowski, P. Szeleszczuk (2012) “Histopathology in 
diagnosis of broiler chicken and layer diseases--review 
of cases1999-2010”, Pol J Vet Sci. 15, 773-779.
[7] N. Timurkaan, F. Yilmaz, H. Bulut, H. Ozer, Y. Bolat 
(2003) “Pathological and immunohistochemical findings 
in broilers inoculated with a low virulent strain of 
Infectious laryngotraqueitis virus”, J.Vet. Sci. 4, 
175-180.
[8] OIE (2008) “Avian Infectious Laryngotracheitis” in 
“Manual of Diagnostic Tests and Vaccines for Terrestrial 
Animals”, Chapter 2.3.3, Last accessed Feb. 2015, 
available online at 
http://www.oie.int/fileadmin/Home/eng/Health_standard
s/tahm/A_index.htm.
[9] T.J Bagust, M.A. Johnson (2008) “Avian Infectious 
Laryngotracheitis: virus host interactions in relation to 
prospects for eradication”, Avian Pathol. 24, 373-391
[10] L. Dufour-Zavala (2008) “Epizootiology of infectious 
laryngotracheitis and presentation of an industry control 
program”. Avian Dis. 52, 1-7.
[11] M.J. Coppo, C.A. Hartley, J.M. Devlin (2013) 
“Immune responses to infectious laryngotracheitis virus” 
Dev Comp Immunol. 41, 454-62.
[12] I. Davidson, S. Nagar, I. Ribshtein, I. Shkoda, S. 
Perk, M. García (2009) “Detection of wild- and 
vaccine-type avian infectious laryngotracheitis virus in 
clinical samples and feather shafts of commercial 
chickens”, Avian Dis. 53, 618-23.
[13] A. Moreno, A. Piccirillo, A. Mondin, E. Morandini, L. 
Gavazzi, P. Cordioli (2010) ”Epidemic of infectious 
laryngotracheitis in Italy: characterization of virus 
isolates by PCR-restriction fragment length 
polymorphism and sequence analysis”, Avian Dis. 54, 
1172-77.
[14] H.P Blacker, N.C. Kirkpatrick, A. Rubite, D. 
O'Rourke, A.H. Noormo hammadi (2011) “Epidemiology 

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. 

Aknowledgement
The authors would like  to thank Diego Vizcaino and Luis 
Ramos by promoting research, and the “Agencia 
Ecuatoriana de Aseguramiento de la Calidad del Agro 
(AGROCALIDAD)” from the Ministry of Agriculture, 
Livestock and Fisheries of Ecuador (MAGAP) and 
Prometeo Project of SENESCYT (“Secretaría de 
Educación Superior, Ciencia, Tecnología e Innovación 
de la República del Ecuador”) for the financial support 
to carry out this research. Finally, we  would like to thank 
Dr. Nelson Cabrera for the management of this project.

References
[1] A.M.Q King, M.J. Adams, E.B. Carstens, E.J. 
Lefkowitz (2012) “Ninth Report of the International 
Committee on Taxonomy of Viruses”. Elsevier Academic 
Press, San Diego, pp. 1344.

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 PI [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 

[39] S.L. Deem, M.B. Cruz, J.M. Higashiguchi, P.G.
Parker (2012) “Diseases of poultry and endemic birds in
Galapagos: implications for the reintroduction of native
species”, Animal Conservation 15, 73–82.
[40] WAHID (2014) “World Animal Health Information
Database Interface, Country information”, Last
accessed February 2014, available online at
http://www.oie.int/wahis_2/public/wahid.php/Countryinfo
rmation/Animalsituation.

[26] Y. Zhao, C. Kong, X. Cui, H. Cui, X. Shi, X. Zhang,
S. Hu, Y. Wang (2013) “Detection of Infectious
Laryngotracheitis Virus by Real-Time PCR in Naturally
and Experimentally Infected Chickens”, PLoS One 8,
e67598.
[27] AGROCALIDAD (2012) “RESOLUCION No.0085”.
Mayo 20012.
[28] S. Ayala, M. Revelo, V. Barragán, J. Chiriboga, A.
Torres, I. Santiana, G. Trueba. (2014) “Detection and
Characterization of Infectious Laryngotracheitis Virus
from an Outbreak of Respiratory Disease in Ecuador”,
Intern J Appl Res Vet Med. 12 (3), 245-248.
[29] OIE (2012) “Informe de notificación inmediata
Referencia del informe:  Ref OIE: 12139, Fecha del
informe: 20/07/2012 , País: Ecuador”. Acceso en línea.
h t t p : / / w e b . o i e . i n t / w a h i s / r e p o r t s / 
es_imm_0000012139_20120720_183415.pdf.
[30] FAOSTAT (2014) “Food and Agriculture
Organization of the United Nations”. Acceso en línea
http://faostat.fao.org/site/339/default.aspx.

[31] J.H. Abramson, WINPEPI updated: computer
programs for epidemiologists, and their teaching 
potential. (2011) Epidemiologic Perspectives & 
Innovations.  8,1.
[32] M. Begon, M. Bennett, R.G. Bowers, N.P. French,
S.M. Hazel, J.A. Turner (2002) “Clarification of
transmission terms in host–microparasite models:
numbers, densities and areas”, Epidemiol. Infect. 129,
147-153.
[33] M.J. Keeling, R. Pejman (2008) “Introduction to
simple epidemic models density - dependent
transmission. In: Modeling infectious disease in humans
and animals” Ed, Princenton University Press 41 New
Jersey 08450, pp.15-52.
[34] M.S. Cover (1996) “The early history of Infectious
laryngotracheitis”, Avian Dis.  40, 494-500.
[35] T.J Bagust, B.W. Calnek, K.J. Fahey (1986)
“Gallid-1 Herpesvirus Infection in the chicken. 3.
Reinvestigation of the pathogenesis of Infectious
Laryngotracheitis in acute and early post-acute
respiratory diseases”, Avian Dis. 30, 179-190.
[36] R.A. Williams, M. Bennet, J.M. Bradbury, R.M.
Gaskell, R.C. Jones, F.T.W. Jordan (1992)
“Demonstration of sites of latency of infectious
laryngotracheitis virus using the polymerase chain
reaction”, J. Gen.Virol. 73, 2415-2430.
[37] A. Rodríguez-Avila, I. Oldoni, S. Riblet, M. García
(2007) “Replication and transmission of live attenuated
infectious laryngotracheitis virus (ILTV) vaccines”, Avian
Dis. 51, 905–911.
[38] R.P Chin, M. García, C. Corsiglia, S. Riblet, R.
Crespo, H.L. Shivaprasad, A. Rodríguez-Avila, P.R.
Woolcock, M. França (2009) “Intervention strategies for
laryngotracheitis: impact of extended downtime and
enhanced biosecurity auditing”, Avian Dis. 53, 574-577.

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 
producción avícola y en particular el uso de las vacunas, 
con el fin de lograr un control factible de ILT en Ecuador.

Palabras claves: Encuesta serológica, 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 Iltovirus, 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 tracheal 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.

II METHODS

Study population
During the serologic survey 2190 animals were 

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 

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. 

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 
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Una de las actividades que se realizan en el PNMMF 
para conocer la diseminación de la plaga y la 
variabilidad de los hospedantes es el muestreo que 
consiste en la recolección de frutos y otros materiales 
que permiten detectar geográficamente cualquier 
estado inmaduro (huevo, larvas y pupas) de moscas de 
la fruta. Además, incluye inspección de frutas, suelo y 
cualquier material que puede albergar a la plaga en 
estado inmaduro. [1]

El muestreo de las frutas debe considerar la presencia 
de hospederos primarios, secundarios y ocasionales, de 
las especies(s) objetivo de las moscas de la fruta, 
además se debe tomar en cuenta la madurez de la fruta, 
los signos aparentes de infestación en la fruta y las 
prácticas comerciales de manejo de huertos o 
plantaciones. [2]

Un hospedero primario es una fruta, en la que una 
especie de mosca de la fruta se desarrolla y logra 
completar su ciclo de vida en el menor tiempo posible. 
La identificación de los hospederos es fundamental, 
desde el punto de vista práctico para la implementación 
de un programa de manejo integrado. [3]

Se denominan hospederos, aquellos frutos de 
pericarpio blando en los cuales las hembras de las 
moscas de la fruta depositan sus huevos en forma 
natural, permitiendo el desarrollo del estado biológico 
de la larva, ocasionando lesiones, daños y pérdidas al 
valor comercial del fruto. Los hospederos pueden ser 
primarios o secundarios, dependiendo de la intensidad 
de preferencia que tiene cada especie de moscas de la 
fruta para completar su estado biológico de larva.  [4]

Existen hospederos que son más atacados que otros, 
esto depende de la preferencia de la plaga por una u 
otra especie del fruto. Sin embargo hay que destacar 
que las moscas de la fruta en general, siguen ampliando 
el número de nuevos hospederos, debido a su gran 
capacidad de adaptación a condiciones medio 
ambientales nuevas y por lo tanto a especies vegetales 
(frutos) propios de la nueva zona ecológica colonizada. 
[5]

En monitoreos recientes a través de las actividades de 
trampeo y muestreo de frutos se ha comprobado que la 
mosca ha alcanzado altitudes que superan los 2.800 m 
s.n.m., anteriormente la altitud era un factor limitante 
para la distribución de la plaga, actualmente el factor 
limitante es la disponibilidad de fruta hospedera. [5]

La existencia de una alta diversidad de hospederos con 
frutos en diferentes estados de maduración durante el 
año, mantiene una alta densidad de moscas de la fruta, 

la población de las moscas de la fruta está directamente 
relacionada con la disponibilidad de hospederos. Este 
fenómeno conocido sucesión hospedera, constituye el 
principal medio para el desarrollo de las poblaciones de 
Tephritidae. La existencia de diversos ciclos de 
fructificación de un mismo hospedero a lo largo del año, 
por ejemplo: la guaba, níspero y los cítricos, también 
favorece el establecimiento de moscas de la fruta. [6]

Según los estudios realizados uno de los principales 
géneros de moscas de la fruta presentes en el Ecuador 
es Anastrepha que se encuentra en la mayoría de los 
valles interandinos, donde se cultiva fruticultura 
caducifolia, no así Ceratitis cuya presencia no es igual. 
[7]

La fluctuación de la plaga durante el año varía y la 
disponibilidad de la fruta hospedera es un factor muy 
importante y directamente relacionado con este 
comportamiento. [7]

En función de esto, el objetivo del trabajo fue identificar 
los hospederos de las moscas de la fruta durante los 
años 2014 y 2015 en 17 provincias del Ecuador.

II METODOLOGÍA

Durante los años 2014 y 2015, los técnicos del PNMMF 
muestrearon semanalmente frutos de importancia 
económica y endémicos en 17 provincias del Ecuador 
(Fig. 1). Las muestras colectadas (200 a 400 g) de frutos 
tomados del árbol o en su defecto, del suelo, en estado 
pintón o completamente maduro, fueron enviadas al 
Área de Maduración de Frutos – Tumbaco 
AGROCALIDAD para su procesamiento. 

Procesamiento de frutos y cría de insectos 
inmaduros
Una vez en el laboratorio los frutos muestreados fueron 
contabilizados y pesados para obtener índices de 
especímenes de moscas de la fruta por número y peso 
del fruto.

Posteriormente fueron colocados en  recipientes 
plásticos con una capa de arena (5 cm) previamente 
humedecida, y cubiertos con tela tul para permitir la 
circulación de aire. Como se observa en la Fig. 2.

En el proceso de cría las muestras fueron controladas 
diariamente para registrar la fecha de pupación de los 
especímenes encontrados en los frutos y evitar el déficit 
o exceso de humedad.

Cuando las larvas emergieron para pupar, se 

Resumen 
Las moscas de la fruta son consideradas una de las 
plagas más preocupantes, debido al impacto económico 
que causan. Por tal motivo, en el año 2014 se estableció 
el Proyecto Nacional de Manejo de Moscas de la Fruta 
con la finalidad de controlar y manejar esta plaga. Entre 
los objetivos de este proyecto se encuentra identificar 
las especies hospederas, para así implementar 
estrategias de manejo integrado y disminuir las 
poblaciones de este insecto plaga, y de esta manera 
mejorar la producción frutícola. Durante los años 2014 – 
2015 se muestrearon 68 especies vegetales en las 17 
provincias donde se ejecuta el PNMMF, hasta el 
momento se registró 31 especies vegetales hospederas 
de esta plaga, repartidas en 18 familias botánicas. Por 
primera vez se registraron 3 especies vegetales como 
hospederos de este insecto plaga en el Ecuador.

Palabras clave: Anastrepha spp., Ceratitis capitata, 
Ecuador.

HOSTS OF FRUIT FLIES Anastrepha spp. AND
Ceratitis capitata (Diptera: Tephritidae) IN 
ECUADOR 

Abstract
Fruit flies are considered one of the most high concern 
pests due to the economic impact they cause. 
Therefore, in 2014 the National Fruit Flies Management 
Project was established in order to control and manage 

this pest. One of the objectives of this project, is to 
identify the host species, in order to implement 
strategies of integrated management and reduce 
populations of this pest insect, and thereby improve the 
fruit production. During 2014 and 2015, sixty eight plant 
species were sampled in the seventeen provinces 
where the PNMMF (National Fruit Flies Management 
Project) is carried out, so far thirty one host plants of this 
pest were registered, spread over eighteen botanical 
families. For the first time, three plant species were 
registered as hosts of this pest insect in Ecuador.

Keywords: Anastrepha spp., Ceratitis capitata, 
Ecuador.

I INTRODUCCIÓN

Entre las plagas de los frutales, las moscas de la fruta 
son consideradas una de las más preocupantes, debido 
al impacto económico que causan a la fruticultura, 
provocando graves estragos económicos ya que el 
producto queda inutilizable y además los grandes 
mercados imponen restricciones cuarentenarias, debido 
a la alta probabilidad de ingreso de moscas de la fruta 
relacionado con una gran variedad de hospederos.

Por estas razones, AGROCALIDAD estableció el 
Proyecto Nacional de Manejo de Moscas de la Fruta 
(PNMMF), para controlar y manejar esta plaga, además 
de reducir la presencia de moscas de la fruta, establecer 
áreas libres y/o de baja prevalencia a fin de promover la 
apertura de nuevos mercados internacionales y la 
diversificación de la oferta exportable, tiene una 
cobertura en 17 provincias del Ecuador.

Anastrepha fraterculus (Wied)”, Brasil, Editorial Holos, 
pp. 81-86.
[7] J. Molineros, J. Tigrero, D. Sandoval (1992) 
“Diagnóstico de la situación actual del problema de las 
moscas de la fruta en el Ecuador”, Quito, Ecuador, 
Comisión Ecuatoriana de Energía Atómica, Dirección de 
Investigaciones, pp. 39-44.
[8] J. O. Tigrero (2009). “Lista de anotada de 
hospederos de moscas de la fruta en Ecuador”, Serie 
Zoológica 4(5), 107-116.

IV  CONCLUSIONES

Las familias botánicas que registran mayor diversidad 
de especies hospederas son las Rosaceae con los 
cultivos de: durazno (Prunus persica L.), fresa (Fragaria 
vesca L.), manzana (Malus domestica Borkh), níspero 
(Eriobotrya japónica (Thumb.) Lindl.) y pera (Pyrus 
communis L.); mientras que las especies vegetales de 
la familia Rutaceae se encuentran los cultivos de: limón 
(Citrus limon (L.) Burm.f.), manadarina (Citrus reticulata
Blanco), naranja (Citrus sinensis L.) y toronja (Citrus 
paradisi Macfad.).

Las especies vegetales más atacadas por especímenes 
de moscas de la fruta son: guayaba (Psidium guajava 
L.), arazá (Eugenia stipitata McVaugh) y ciruelo 
(Spondias purpurea L.).

En el presente estudio se registraron por primera vez en 
Ecuador 3 especies vegetales como hospederos de 
moscas de la fruta: pimiento (Capsicum annuum L.), 
fresa (Fragaria vesca L.), y taxo (Passiflora tripartita 
(Juss) Poir.).
q
Es importante mencionar que en el caso de fresa 
(Fragaria vesca L.), durante el presente estudio se 
obtuvo únicamente un espécimen de Anastrepha 
fraterculus por lo que se recomienda continuar con el 
muestreo para descartar o confirmar su presencia.

Santa Elena es la provincia que registra mayor número 
de especies frutales hospederas de moscas de la fruta.
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Identificación Taxonómica
Las moscas adultas obtenidas fueron identificadas 
taxonómicamente mediante la clave dicotómica del 
Género Anastrepha Schiner de Korytkowski 2008, con 
la cual se clasificó la muestra de acuerdo a las 
características morfológicas de cada especie. Se 
contabilizaron el número de machos y hembras 
identificadas provenientes de un total de 2.195 
muestras. 

III RESULTADOS Y DISCUSIÓN

Durante los dos años de investigación se muestrearon 
68 especies vegetales, de las cuales se reportaron 31 
especies hospederas de moscas de la fruta, 25 de estas 
son corroboradas como hospederos de acuerdo a la 
“Lista de hospederos de mosca de la fruta presentes en 
Ecuador” [8]; estas especies pertenecen a 18 familias 
botánicas; las familias botánicas con mayor número de 
especies hospederas son Rosaceae y Rutaceae con 6 y 
4 especies respectivamente.

Se identificaron 3 nuevos hospederos de moscas de la 
fruta: pimiento (Capsicum annuum L.), fresa (Fragaria 
vesca L.), y taxo (Passiflora tripartita (Juss.) Poir.) en el 
Ecuador. (Fig. 7,8 y 9)

Según la Tabla 1, las especies frutícolas más atacadas 
por esta plaga son Psidium guajava L., Eugenia stipitata 
Mc Vaugh, Spondias purpurea L. con 5 y 4 especies de 
moscas de la fruta respectivamente. (Fig. 5 y 6)

Hasta el momento se han registrado que las especies: 
aguacate (Persea americana Mill.), albaricoque (Prunus 
armeniaca L.), anona (Annona squamosa L.) arrayán 
(Luma apiculata (DC.) Burret.), badea (Passiflora 
quadrangularis L.), babaco (Carica pentagona 
Heilborn), banano (Musa paradisiaca L.), borojó 
(Borojoa patinoi Cuatrec.), capulí (Prunus capuli Cav. ex 
Spreng.), chamburo (Vasconcellea pubescens A.DC.), 
claudia (Prunus domestica L.), fruta de pan (Artocarpus 
altilis (Parkinson) Fosberg), granadilla (Passiflora 
ligularis Juss.), grosella (Phyllanthus acidus (L.) 
Skeels), guanábana (Annona muricata L.), lima (Citrus 
aurantifolia (Christm.) Swingle), maracuyá (Passiflora 
edulis Sims), marañón (Anacardium occidentale L.), 
melón (Cucumis melo L.), mora (Rubus fruticosus L.), 
naranjilla (Solanum quitoense Lam.), nectarino (Prunus 
persica var. nectarina), noni (Morinda citrifolia L.), 
pechiche (Vitex gigantea Kunth), pepino (Cucumis 
sativus L.), piñón (Jatropha curcas L.), pitahaya 
(Hylocereus undatus (Haw.) Britton & Ros), pomarrosa 
(Syzygium jambos (L.) Alston), sandía (Citrullus lanatus  
(Thunb.) Matsum. & Nakai), tamarindo (Tamarindus 
indica L.), tomate de árbol (Solanum betaceum Cav.), 
tomatillo (Physalis philadelphica Lam), tuna (Opuntia 
ficus indica (L.) Mill.), uva (Vitis vinífera L.), uvilla 
(Physalis peruviana L.), yuca (Manihot esculenta 
Crantz), zapallo (Cucurbita máxima Duchesne), no son 
atacadas por especímenes de moscas de la fruta.

Del número total de especies muestreadas el 46% son 
atacadas por moscas de la frutas. La región sierra 
presenta mayor número de hospederos identificados 
con relación a la costa y al oriente.

diseccionaron los frutos y se cernió la arena  para 
obtener larvas y pupas, estas se colocaron en una 
tarrina plástica transparente, en la que previamente se 
colocó una capa de arena húmeda (3 cm)   y se cubrió 
con tela tul como se observa en la Fig. 3.

Se mantuvo las condiciones de humedad y se registró la 
fecha de emergencia de los adultos; los  especímenes 
adultos fueron alimentados durante 3 días con una 
solución de azúcar y agua al 30%, con la finalidad de 
fijar los colores de las alas y tórax, que es un aspecto 
muy importante al momento de la identificación 
taxonómica. Finalmente los adultos fueron recolectados 
y colocados en un frasco con alcohol al 75% 
debidamente etiquetado, para su posterior identificación 
taxonómica. Fig. 4. 


