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Aspectos clinicos y de diagndstico
de la gnatostomosis experimental canina

Clinical and diagnostic aspects
of experimental canine gnathostomosis

César Alvarez-Guerrero* Marco Antonio Mufoz-Guzman** Fernando Alba-Hurtado**

Abstract

Stages of the parasite were detected in the gastric wall of four female dogs infected with Gnathostoma binucleatum larvae.
One showed a nodule with adult worms inside, two had nodules with larvae and the other one had juvenile stages without
nodules. Pre-patent period in the bitch with adult worms was 22 weeks and patent period was 14 weeks. Egg morphology
and clinical profile were described. In the bitch with adult worms, a 57 x 24 mm cavernous mass was detected by ultraso-
nography in the stomach wall and by endoscopy the mass was detected projecting into the gastric lumen. Antibodies against
larvae antigens increased (P < 0.05) after the second pi month; Western blot showed a sequential recognition of the antigens.
Results provide useful data for canine gnathostomosis diagnosis.

Key words: GnatHostoma, CANINE GNATHOSTOMOSIS, DIAGNOSIS, ANTIGENS, ELISA, DOG.

Resumen

En 4 perras infectadas con larvas de Gnathostoma binucleatum se detectaron fases del parasito en pared gastrica. Una
present6 un nédulo con gusanos adultos en el interior, 2 presentaron noédulos con larvas y la otra presenté fases juveniles
sin nddulos. El periodo de prepatencia en la perra con gusanos adultos fue de 22 semanas y el de patencia de 14 semanas.
Se realiz6 la descripcién de la morfologia del huevo y del cuadro clinico. En la perra con gusanos adultos se detectd, por
ultrasonografia, una masa cavernosa de 57 x 24 mm en la pared del estomago, y por endoscopia, se observé la proyeccion
de esta masa hacia el lumen gastrico. Los niveles de anticuerpos contra antigenos de larvas aumentaron (P < 0.05) a partir
del segundo mes pi, el Western blot mostré un reconocimiento secuencial de los antigenos. Los resultados obtenidos apor-
tan datos Utiles para el diagnéstico de la gnatostomosis canina.

Palabras clave: GnarHostoma, GNATOSTOMOSIS CANINA, DIAGNOSTICO, ANTIGENOS, ELISA,
PERRO.
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Introduction

nathostomosis is a zoonosis caused by the

presence and action of Gnathostoma sp; the

only confirmed species in America that affects
humans is G. binucleatum."? This disease is one of the
main public health problems in some world regions,
for example, in the state of Nayarit, Mexico, 6328
human cases were recorded between 1995 and 2005.%
It is considered that the first intermediate hosts of
all Gnathostoma species are copepods and it has been
shown that estuary fish of Cathorops fuerthi, Pomadasys
macracanthus, Mugil curema and Dormitator latifrons
species and the turtles of Kinosternum integrum and
Trachemys scripta species act as second intermediate
and paratenic hosts of G. binucleatum, respectively.!
The role of carnivorous mammals (ichtyophagus)
as definitive hosts in the biological cycle dynamics
of Gnathostoma species in a defined region, has been
widely reported; these hosts shed parasite eggs in feces,
contaminating water, infesting the first intermediate
hosts, and then fish that is consumed by other hosts,
such as humans.>”

It has been recently demonstrated that dogs act
as definitive hosts of G. binucleatum and suffer severe
pathological alterations, result of migration and estab-
lishment of this parasite in the stomach.® However, the
clinical profile has not been described completely, and
neither which techniques are efficient in diagnosing
the disease in order to treat it on time. In this context, a
reliable diagnosis of infected dogs can be useful to eval-
uate the real incidence of the disease in canine popula-
tions from endemic zones, and be used to design cam-
paigns for the prevention of human gnathostomosis.

Material and methods
Experimental animals

Four bitches, 2 to 4 months old, clinically healthy
and of no defined breed were used. Prior to the ex-
periment, a preventive deworming was practiced using
praziquantel, pyrantel pamoate and febantel,* by oral
via, and 2-methyletoxiphenyl carbamate* was applied
externally and then they were immunized against dis-
temper and parvovirus. Bitches were kept in individual
cages inside the vivarium of the Direccion de Inves-
tigacion y Posgrado of the Universidad Autonoma de
Nayarit, Mexico. Before the experiment, none of the
animals showed helminths eggs in feces or external
parasites. Cleaning was carried out daily and they were
fed with balanced commercial products and water ad
libitum. This research was approved by the Subcomite
Interno para el Cuidado de Animales en Experimenta-
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Introduccion

a gnatostomosis es una zoonosis producida por

la presencia y acciéon de larvas de Gnathostoma

sp; la tinica especie confirmada en América que
afecta a humanos es G. binucleatum."? Esta enfermedad
es uno de los principales problemas de salud publica
en algunas regiones del mundo, por ejemplo, en el
estado de Nayarit, México, se registraron entre 1995
y 2005, 6328 casos humanos.® Se considera que los
primeros hospederos intermediarios de todas las
especies de Gnathostoma sp son copépodos y se ha
demostrado que peces estuarinos de las especies
Cathorops fuerthi, Pomadasys macracanthus, Mugil curema
y Dormitator latifrons y las tortugas de las especies
Kinosternum integrum y Trachemys scripta actian como
segundos hospederos intermediarios y paraténicos,
respectivamente, de G. binucleatum.* El papel de los
mamiferos carnivoros (ictiofagos) como hospederos
definitivos en la dindmica del ciclo biologico de las
diferentes especies de Gnathostoma en una region
determinada, ha sido ampliamente documentado;
estos hospederos eliminan huevos del parasito en
sus heces, las cuales pueden contaminar los cuerpos
de agua infestando a los primeros hospederos
intermediarios y posteriormente a los peces que
sirven de alimento a otros hospederos entre los que se
encuentran los humanos.”’

Recientemente se ha demostrado que los perros
actdan como hospederos definitivos de G. binucleatum
y sufren alteraciones patolégicas severas, producto de
la migracion y establecimiento de este parasito en el
estémago.® Sin embargo, no se ha descrito en ellos el
cuadro clinico de manera integral, ni se ha determina-
do cuales técnicas son eficaces en el diagnostico de la
enfermedad para poder realizar su tratamiento opor-
tuno. En este contexto, el diagnéstico confiable de los
perros infectados puede ser de utilidad para valorar la
incidencia real de la enfermedad en la poblacién ca-
nina de las zonas endémicas, y ademas servir de apoyo
en el diseno de campanas encaminadas a prevenir la
gnatostomosis humana.

Material y métodos
Animales de experimentacion

Se utilizaron 4 perras de 2 a 4 meses de edad, clinica-
mente sanas y de raza no definida. Antes del inicio del
experimento se les realizé una desparasitacion preven-
tiva con prazicuantel, pamoato de pirantel y febantel,*
por via oral, externamente les aplicé 2-metiletoxifenil

*Drontal Plus® Bayer, Alemania.



cion (SICUAE), of the Programa de Maestria y Doctor-
ado en Ciencias de la Produccion y de la Salud Animal
of the UNAM.

Obtainment of advanced stage
larvae 3 (AdL3)

Gnathostoma binucleatum AdL3 were isolated from 30
turtles of the Kinosternon integrum species captured in
fishing localities near the Agua Brava lagoon, located
in the northern zone of the Nayarit state, Mexico. Mus-
cular tissue from the turtles was dissected, chopped in
a home chopper, compressed between two glass plates
of 15 cm wide by 18 cm long and observed against light
of a 100 watt bulb. The AdL3 found were separated
with entomology needles, integrity of the cyst was veri-
fied and counted for inoculum preparation.* Variables
recommended by Miyazaki® were used for larvae iden-
tification.

Experimental design

The four bitches orally received approximately 50
AdL3 mixed with 50g of ground fish meat (meatball).
Every day all fecal material was collected to search for
parasitic structures and a careful clinical examina-
tion to the bitches was carried out. Blood by venous
puncture from the dogs was obtained monthly; the
serum was stored at -20°C to determine by ELISA an-
tibody titers, and by Western blot (WB), recognized
antigens. In order to detect gastric nodules in vivo, at
week 32 an abdominal ultrasound (USG) and gastric
endoscopy were performed. Bitches were euthanized
at seven, nine and 13 months pi with an overdose of
sodium pentobarbital. At necropsy, stomach was ex-
tracted (place where the adult parasite develops) and
the wall was macroscopically examined to find nodules
and parasites. In the bitches where no macroscopic
nodules were found, artificial digestion of gastric wall
was done for microscopy observation of larvae or ju-
venile parasites that had not produced nodules. The
species of an adult worm was verified by amplification
of ribosomal internal transcribed spacer (ITS2) by the
PCR technique described by Martinez-Salazar and Le-
on-Regagnon.'

Parasitological exams

Daily collected feces were examined macroscopically
to find parasites, and a Faust coproparasitologic test
was carried out for egg observation. From the day that
eggs were observed in feces, they were counted using
McMaster modified technique, and the number was
expressed in eggs per gram of feces (epg)."

carbamato* y se inmunizaron contra moquillo y parvo-
virus. Las perras se mantuvieron en jaulas individuales
dentro del bioterio de la Direccion de Investigacion y
Posgrado de la Universidad Auténoma de Nayarit, Mé-
xico. Antes del experimento ningin animal presenta-
ba huevos de helmintos en heces o parasitos externos.
La limpieza se realiz6 diariamente y se alimentaron
con productos balanceados comerciales y agua ad libi-
tum. Este estudio fue aprobado por el Subcomité Inter-
no para el Cuidado de Animales en Experimentacion
(SICUAE), del Programa de Maestria y Doctorado en
Ciencias de la Produccion y de la Salud Animal de la
UNAM.

Obtencién de larvas 3
de estadio avanzado (L3Av)

Las L3Av de Gnathostoma binucleatum se aislaron de 30
tortugas de la especie Kinosternon integrum capturadas
en localidades pesqueras aledanas a la laguna de Agua
Brava, ubicadas en la zona norte del estado de Nayarit,
México. Se disecciono el tejido muscular de las tortu-
gas, se molio en una picadora casera, se comprimio
entre dos cristales de 15 cm de ancho por 18 cm de
largo y se observo a contra luz de una lampara de 100
watts. Las L3Av encontradas se separaron con agujas
entomologicas, se verifico la integridad del quiste y se
contaron para preparar los inéculos.* Para la identifi-
cacion de las larvas se utilizaron las variables recomen-
dadas por Miyazaki.?

Diseno experimental

Las 4 perras recibieron por via oral aproximadamente
50 L3Av mezcladas en 50 g de carne molida de pes-
cado (albondiga). Diariamente se recolecté toda la
materia fecal para buscar estructuras parasitarias y se
realiz6 una minuciosa revision clinica de las perras.
Mensualmente se obtuvo por puncién venosa, sangre
de las perras, el suero se almacené a -20°C para de-
terminar por ELISA los titulos de anticuerpos, y por
Western blot (WB), los antigenos reconocidos. Para
detectar la presencia de nédulos gastricos in vivo, en la
semana 32 se le realizé una ultrasonografia (USG) ab-
dominal y una endoscopia gastrica. Las perras fueron
sacrificadas a los 7, 9 y 13 meses pi con una sobredosis
de pentobarbital s6dico. En la necropsia se extrajo el
estomago (sitio donde se desarrolla el parasito adulto)
y se revis6 en forma macroscépica la pared, en busca
de nédulos y parasitos. En las perras en las que no se
encontré ningin nédulo macroscépico, se realizé una
digestion artificial de la pared gastrica para buscar por

*Bolfo® Bayer, Alemania.
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In vivo identification of gastric nodules

To identify gastric nodules in infected animals, USG
abdominal studies and gastric endoscopy were car-
ried out. For the USG, the abdominal region of the
animals was shaved, a conductive gel was applied and
with a convex transductor, multidirectional scanning
in search of nodules was performed. For the endos-
copy, previous to 12 hours fasting, animals were anes-
thetized with sodium pentobarbital, a mouth gag was
placed and an extension (lens) connected to a com-
puter was introduced, nodules were detected by scan-
ning of the gastric mucosa.

Antigen obtainment

Parasitic antigens were obtained from 250 AdL3 of G.
binucleatum (Ag- AdL3) and from an adult worm (Ag-
AW) obtained from a gastric nodule. Parasites were
washed three times in sterile physiological saline so-
lution with antibiotics (10 000 IU/ml penicillin, 100
pg/ml streptomycin and 10 pg/ml amphotericin B)*
and macerate in a mortar with liquid nitrogen and a
mixture of protease inhibitors (10 pg/ml aprotinin, 10
pl/ml leupeptin, 1.8 mg/ml iodoacetamide and 1 mM
PMSF)* until obtaining a homogenous paste without
identifiable fragments. Afterwards, the macerate was
centrifuged for one hour at 4000 g at 4°C and the su-
pernatant was filtered with a 0.22 pm membrane and
stored at -20°C until further use." Total protein quan-
tity was determined by the Bradford method."

ELISA

Serum antibody levels against Ag-AdL3 or Ag-AW
were measured by ELISA. The ELISAs were standard-
ized trying different antigen, serum and conjugate
dilutions. The optimal concentration was 10 pg/ml
for both antigens, the serum dilution was 1:320 for
Ag-AdL3 and 1:80 for Ag-AW and the conjugate with
peroxidase*® was diluted 1:5000 for both antigens. The
plate reading was carried out at 492 nm in an ELISA
reader.””  Each serum was tested by duplicate and
unspecific reaction was eliminated by using adjacent
wells without antigen, in which the absorbance ob-
tained was subtracted from the obtained in the wells
with antigen.'? The results obtained in optical density
(OD) were averaged and afterwards transformed into
absorbance percentage values (Abs%) in regard to a
positive control by means of the following formula:

Abs% = (Serum OD) (100)

Positive control OD

20

microscopia, larvas o parasitos juveniles que no hubie-
ran producido nédulos. Se verific6 la especie de un
adulto por la amplificacién del espaciador interno del
DNA ribosomal (ITS2) por la técnica PCR descrita por
Martinez-Salazar y Le6n-Regagnon.'

Examenes parasitologicos

Las heces recolectadas diariamente se revisaron ma-
croscopicamente para buscar parasitos, y se realizé un
examen coproparasitoscopico de Faust para buscar
huevos. A partir del dia en que se observaron huevos
en heces, se contaron mediante técnica modificada de
McMaster, y el nimero fue expresado en huevos por
gramo de heces (hgh)."

Identificacion de nédulos gastricos
in vivo

Para la identificacion de nédulos gastricos en los ani-
males infectados, se realizaron estudios por USG ab-
dominal y endoscopia gastrica. Para la USG se depilo
la region abdominal en los animales, se aplic6 un gel
conductor y con un transductor convexo, se realiza-
ron barridos multidireccionales en la busqueda de no6-
dulos. Para la endoscopia, previo ayuno de 12 horas,
los animales fueron anestesiados con pentobarbital
s6dico, se coloc6 un abre bocas y se introdujo una ex-
tensiéon (lente) conectada a un equipo de computo,
los nédulos se detectaron por rastreos de la mucosa
gdstrica.

Obtencioén de antigenos

Los antigenos parasitarios se obtuvieron a partir de
aproximadamente 250 L3Av de G. binucleatum (Ag-
L3Av) y de un gusano adulto (Ag-GA) obtenido de un
nédulo gastrico. Los parasitos se lavaron tres veces en
solucion salina fisiologica estéril con antibioticos (pe-
nicilina 10000 UlI, estreptomicina 100 pg/ml y anfo-
tericina B 10 pg/ml)* y se maceraron en un mortero
en nitrégeno liquido y una mezcla de inhibidores de
proteasas (aprotinina 10 pg/ml, leupeptina 10 pg/ml,
iodoacetamida 1.8 mg/ml y PMSF 1 mM)** hasta la
obtencion de una pasta homogénea sin fragmentos
identificables. Posteriormente el macerado se centri-
fugd por una hora a 4000 ga 4°Cy el sobrenadante se
filtr6 con membrana de 0.22 pm y se conservé a -20°C
hasta su utilizacién." La cantidad de proteina total fue
determinada por el método de Bradford."

*Antibiotico-Antimicético, I'n vitro, México.
**Protease inhibitor Cocktail, sigma, Estados Unidos de América.
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Antigens were separated into SDS-PAGE gels at 10%
using an electrophoresis equipment™ and proteins
were transferred to nitrocellulose membranes using
a semi-dry transfer apparatus' according to the meth-
od described by Magnaval et al'* The nitrocellulose
membrane was cut into 4 mm strips and then incu-
bated with the diluted serum at 1:10 from the infected
bitches, in a TBS/skimmed milk at 5% for two hours.
Afterwards, membranes were washed five times with
PBS with 0.02% of Tween 20. The washed membranes
were incubated in constant agitation for 2 hours with
anti-dog IgG antibody conjugated with peroxidase™* at
1:500 dilution. Afterwards, membranes were washed
and bands were developed by 0.05% 4-chloronaphtol
in a 16% methanol, hydrogen peroxide at 0.01% solu-
tion and TBS 100 mM at pH 7.5 in dark chamber.'>!®

Statistical analysis

The kinetic antibody results were analyzed by one-
way ANOVA for repeated samples, using Statistica for
Windows v. 7.0. Dunnett’s test was used to compare the
mean of each sampling in regard to moment zero of
infection.

Results

In the four bitches inoculated with AdL3 of G.
binucleatum, parasitic stages were found in stomach.
One presented a nodule in the gastric wall with adult
worms in its interior, two presented nodules in the
gastric wall with larvae in its interior, and the other
one presented juvenile stages without nodules in the
gastric wall.

The bitch with adult worms shed parasite eggs in
feces; shedding began at week 22 pi and kept on un-
til week 36 pi (Figure 1). The greatest quantity of egg
elimination was in week 30 pi (3 542 epg). In feces
of the same bitch, five adult females without eggs in
uterus were detected in weeks 24, 25, 26, 28 and 36 pi.

The observed eggs were greenish yellow to dark
brown, oval-shaped, with a double transparent layer,
in one of the extremes it presented an operculum and
in its interior one to two blastomeres; over time, once
eliminated, six to 16 blastomeres developed, and also
it was possible to observe the development of the larva
in its interior. The eggs measured from 56-79 x 35-43
pm (Figure 2).

Clinically, the infected bitches showed nausea and
vomiting during the first two weeks pi; then, they
showed abdominal pain at palpation and prostration
during the first two to three months pi; later, the ani-

ELISA

Los niveles de anticuerpos séricos contra los Ag-L3Av
0 Ag-GA se midieron por ELISA y éstos se estandariza-
ron probando diferentes diluciones de antigeno, suero
y conjugado. La concentracion 6ptima fue de 10 pg/
ml para ambos antigenos, la dilucion del suero fue de
1:320 para el Ag-LL3Avy de 1:80 para el Ag-GAy el con-
jugado con peroxidasa* fue diluido 1:5000 para ambos
antigenos. La lectura de la placa se realiz6 a 492 nm en
un lector de ELISA.** Cada suero se probo por dupli-
cado yla reaccion inespecifica fue eliminada mediante
la utilizacion de pozos adyacentes sin antigeno, en los
que la absorbancia obtenida se rest6é a la obtenida en
los pozos con antigeno.' Los resultados conseguidos
en unidades de densidad 6ptica (DO) se promediaron
y posteriormente se transformaron en valores porcen-
tuales de absorbancia (%Abs) con respecto a un con-
trol positivo mediante la siguiente férmula:

% Abs = (DO del suero problema) (100)

DO del control positivo

wB

Los antigenos se separaron en geles SDS-PAGE al 10%
usando un equipo de electroforesis*** y las protei-
nas fueron transferidas a membranas de nitrocelulo-
sa usando un aparato de transferencia semisecat de
acuerdo con el método descrito por Magnaval et al'*
La membrana de nitrocelulosa se corté en tiras de
4 mm, y fueron incubadas con los sueros de las pe-
rras infectadas diluidos 1:10 en una solucién de TBS/
leche descremada al 5% durante dos horas. Posterior-
mente, las membranas se lavaron cinco veces con PBS
con 0.02% de Tween 20. Las membranas lavadas se
incubaron en agitaciéon constante por 2 horas con un
anticuerpo anti-IgG canino conjugado con peroxida-
sa* a una dilucion 1:500. Posteriormente, se lavaron
las membranas y se revelaron las bandas con 4-Cloro-
Naftol 0.05% en una solucién de metanol al 16%, pe-
réxido de hidrégeno al 0.01% y TBS 100 mM a pH 7.5
en camara oscura.'>!®

Analisis estadisticos

Los resultados de la cinética de anticuerpos se analiza-
ron por ANDEVA de una via para muestras repetidas,

*Sheep anti-canine 1gG HRP, Serotec, Reino Unido.

*#*Multiscan, Ascent, Estados Unidos de América.

*#¥Mini Protean II electrophoresis, Bio-Rad, Estados Unidos de
América.

fTransblot SD Semi-Dry Transfer Cell, Bio-Rad, Estados Unidos de
América.
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mals showed apathy, decrease in water and food in-
take, and slight weight loss.

The bitch that shed worm eggs in feces showed
more evident clinical signs during the patent period,
such as: moderate excitability, acute abdominal pain
attacks at palpation with prostration, liquid and fetid
diarrhea, increase in water intake, decrease in food in-
take, and near the end of the prepatent period, severe
weight loss, hair loss and body transpiration with fetid
odor.

The average levels of antibodies against Ag- AdL3
in these animals had a significant increase (P < 0.05)
from the second (100.56 + 57.79%Abs) to the fifth
month pi (166.77 + 54.89 Abs%), in regard to the mo-
ment of infection in month zero (17.72 + 14.90 Abs%).
The antibody levels against Ag-AW did not show statis-
tical differences (P > 0.05) between sampling months.

Twenty one proteic bands in Ag-AdL3 and 18 pro-
teic bands in Ag-AW were detected. By WB, sera of
infected bitches showed recognition sequence of Ag-
AdL3 (Figure 3). At the time of infection (month zero)
they did not recognize any antigen; in the first month
pi, three antigens (28, 32 and 36 kD); in the second
month pi, 11 antigens (19, 24, 28, 32, 36, 43, 52, 57,
82,99 and 150 kD); in the third month pi, 14 antigens
(17, 19, 21, 24,28, 32, 36, 43, 52, 57, 66, 82, 99 and 150
kD); in the fourth and fifth month pi, 11 antigens (24,
28, 32, 36, 43, 52, 57, 66, 82, 99 and 150 kD); from the
sixth to the eighth month pi, 10 antigens (28, 32, 36,
43, 52, 57, 66, 82, 99 and 150 kD) and in the ninth
month pi, only five antigens (28, 32, 36, 43 and 52 kD..
In regard to Ag-AW, sera from all bitches recognized
in zero month, four antigens (36, 99, 150 and 250 kD)
and in the third month pi, five antigens (36, 99, 130,
150 and 250 kD). Only serum from the bitch with adult
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FIGurA 1. Cantidades semanales de huevos por gramo de heces
(HGH), eliminados por una perra infectada experimentalmente
con Gnathostoma binucleatum.

FIGURE 1. Weekly quantities of eggs per gram of feces (EPG) shed
by an experimentally infected bitch with Gnathostoma binucleatum.
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utilizando el software Statistica for Windows ver. 7.0.
Se utiliz6 la prueba de Dunnett para hacer las compa-
raciones entre los promedios de cada muestreo con
respecto al momento cero de la infeccion.

Resultados

En las cuatro perras inoculadas con L3Av de G. binu-
cleatum se detectaron fases del parasito en estomago.
Una present6 un nédulo en la pared gdstrica con gusa-
nos adultos en el interior, dos presentaron nédulos en
la pared gastrica con larvas en su interior, y la otra pre-
sento6 fases juveniles sin nédulos en la pared gastrica.

La perra con gusanos adultos eliminé huevos del
pardsito en materia fecal; la eliminacion empezé en
la semana 22 pi y se mantuvo hasta la semana 36 pi
(Figura 1). Durante la semana 30 pi se eliminé la ma-
yor cantidad de huevos (3542 hgh). En la materia fecal
de esta misma perra se detectaron 5 hembras adultas
sin huevos en utero las semanas 24, 25, 26, 28 y 36 pi.

Los huevos observados eran de color amarillo
verdoso a café oscuro, ovalados, con una doble capa
transparente, en uno de los extremos presentaban un
opérculo y en su interior de uno a dos blastomeros;
conforme pas6 el tiempo, una vez eliminados, se desa-
rrollaron de 6 a 16 blastomeros, incluso se pudo obser-
var el desarrollo de una larva en su interior. Los huevos
midieron de 56-79 x 35-43 pm (Figura 2).

Clinicamente, las perras infectadas mostraron nau-
seas y vomito durante las dos primeras semanas pi;
posteriormente presentaron dolor abdominal a la pal-
pacion y postracion durante los dos o tres primeros
meses pi, después los animales presentaron apatia, dis-
minucion en el consumo de agua y alimento, y ligera
disminucion de peso.

La perra que eliminé huevos presenté manifesta-
ciones clinicas mds evidentes durante el periodo de
patencia, como: excitabilidad moderada, accesos de
dolor abdominal agudo a la palpacién con postracion,
diarrea acuosa y fétida, vomito sanguinolento espora-
dico, aumento en el consumo de agua, disminucién en
el consumo de alimento y hacia el final del periodo de
prepatencia, baja de peso severa, caida de pelo y trans-
piracion corporal con olor desagradable.

Los niveles promedio de anticuerpos contra Ag-
L3Av en estos animales, aumentaron significativa-
mente (P < 0.05) a partir del segundo (100.56 + 57.79
%Abs) y hasta el quinto mes pi (166.77 + 54.89 %Abs),
con respecto al momento de la infeccion en el mes
cero (17.72 £ 14.90 %Abs). Los niveles de anticuerpos
contra Ag-GA no mostraron diferencias estadisticas
(P >0.05) entre los diferentes meses del muestreo.

En geles SDS-PAGE se detectaron 21 bandas pro-
teinicas en los Ag-LL3Av y 18 bandas proteinicas en



worms recognized in the second and third month pi,
10 antigens (28, 30, 36, 40, 52, 66, 99, 130, 150 and 250
kD), and from the fourth to fifth month pi, four anti-
gens (36, 130 150 and 250 kD).

The USG showed a solid round-shaped mass of
5.7 x 2.4 cm in the stomach wall (Figure 4a) and by
endoscopy, the projection of this mass into the gastric
lumen was observed (Figure 4b).

At necropsy, a fibrous nodule of approximately 6
cm in diameter and copiously vascularized was found
in the greater curvature of the stomach of the bitch
that had shed worm eggs in the feces. Internally, the
nodule showed caverns that communicated to the
abdominal cavity and gastric lumen. The caverns con-
tained bloody-mucous secretion, where six adult males
and eggs in different stages of development (imma-
ture, embryonic and larval) were found. The perito-
neal fluid was reddish and was probably secreted by
the nodule.

In two of the bitches that shed no eggs in feces, a 1
to 2 cm in diameter nodule with five juvenile stages in
it was found on the gastric wall. Five juvenile parasites
were collected during the artificial digestion of the
gastric wall, from one of the bitches that did not shed
eggs in feces and did not present gastric nodules. At
necropsy, the four bitches showed muscular atrophy,
hepatomegaly, splenomegaly, mesenteric lymphangi-
tis, pancreatitis, gastric hypertrophy, chronic gastritis
and small ulcers in the gastric mucosa (Figure 4d).

Discussion

It has been demonstrated that dogs can act as de-
finitive hosts of G. binucleatum;*'” within them, adult
worms can develop and although the role they play
maintaining the disease in endemic zones has been
demonstrated, the clinical profile has not been de-
scribed nor possible forms of diagnosis by medical im-
aging or laboratory have been tried.

In the present study, three of the four infected
bitches developed juvenile stages of the parasite and
one developed adult worms, with continuous shedding
of worm eggs in feces. The prepatent period observed
in the latter bitch lasted 22 weeks and the patent pe-

F1GURA 2. Huevos eliminados en mate-
ria fecal de una perra infectada expe-
rimentalmente con Gnathostoma binu-
cleatum. a) Huevo inmaduro; b) huevo
blastomerado; ¢) huevos larvados.

FIGURE 2. Eggs shed in feces by an expe-
rimentally infected bitch with Gnathos-
toma binucleatum. a) Immature egg; b)
blastomeric egg; ¢) larval eggs.

los Ag-GA. Por WB, los sueros de las perras infectadas
mostraron un reconocimiento secuencial de Ag-LL3Av
(Figura 3). En el momento de la infeccion (mes cero)
no reconocieron ningun antigeno, en el primer mes
pi, 3 antigenos (28, 32y 36 kD); en el segundo mes pi,
11 antigenos (19, 24, 28, 32, 36, 43, 52, 57, 82,99 y 150
kD); en el tercer mes pi, 14 antigenos (17, 19, 21, 24,
28, 32, 36, 43, 52, 57, 66, 82,99y 150 kD); en el cuarto
y quinto mes pi, 11 antigenos (24, 28, 32, 36, 43, 52,
57, 66, 82, 99 y 150 kD); del sexto al octavo mes pi, 10
antigenos (28, 32, 36, 43, 52, 57, 66, 82, 99 y 150 kD)
y el noveno mes pi, solo 5 antigenos (28, 32, 36, 43 y
52 kD). Con respecto a los Ag-GA, los sueros de todas
las perras reconocieron el mes cero, 4 antigenos (36,
99, 150 y 250 kD) y en el primer mes pi, 5 antigenos
(36, 99, 130, 150 y 250 kD). Unicamente el suero de
la perra con gusanos adultos reconoci6 el segundo y
tercer mes pi, 10 antigenos (28, 30, 36, 40, 52, 66, 99,
130, 150y 250 kD), y del cuarto al quinto mes pi, 4 (36,
130, 150 y 250 kD).

La USG mostr6é una masa solida de forma ovalada
de 5.7 x 2.4 cm en la pared del estémago (Figura 4a)
y por endoscopia se observé proyeccion de esta masa
hacia el lumen gastrico (Figura 4b).

En la necropsia a la perra que eliminé huevos, se
encontr6 en la curvatura mayor del estomago, un no-
dulo fibroso de aproximadamente 6 cm de didmetro
(Figura 4c) y con una fuerte vascularizaciéon. El n6dulo
presentaba internamente cavernas que tenian comuni-
cacion a la cavidad abdominal y al lumen gastrico. Las
cavernas contenian una secrecion muco-sanguinolen-
ta en donde se encontraron 6 machos adultos y huevos
en diferente fase de evoluciéon (inmaduro, embriona-
do y larvado). El liquido peritoneal era de color rojizo
y probablemente fue secretado por el nédulo.

En dos de las perras que no eliminaron huevos en
heces, en la pared gastrica de cada una se encontr6
un nédulo de 1 a 2 cm de diametro con cinco fases
juveniles dentro. De una de las perras que no eliminé
huevos y no present6 nédulos gastricos se recuperaron
5 parasitos juveniles durante la digestion artificial de la
pared gastrica. Las 4 perras presentaron a la necropsia,
atrofia muscular, hepatomegalia, esplecnomegalia, lin-
fangitis mesentérica, pancreatitis, hipertrofia gdstrica,
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FIGURA 3. Identificacion por Western blot de antigenos de larva 3
avanzada (Ag-L3Av) y de fase adulta (Ag-GA) de Gnathostoma binu-
cleatum reconocidos por los sueros de las perras infectadas experi-
mentalmente con el pardsito. MPM, marcadores de peso molecu-
lar; kD, kilodaltones.

FIGURE 3. Identification by Western blot of antigens of larva 3 ad-
vanced (Ag-AdL3) and adult phase (AG-AW) of Gnathostoma binu-
cleatumrecognized by serum of experimentally infected bitches with
the parasite. MWM, molecular weight markers; kiloDaltons (kD).

riod 14 weeks. Such long prepatent periods have been
observed in other spiruloids as Gnathostoma spinigerum,
lasting 14 weeks.'® The bitches with live juvenile worms
in nodules or gastric wall, would have probably devel-
oped adult worms if staying longer within their host;
however, there is no record that can explain why the
prepatency rate is so broad in worms that belong to
the same species. For instance, in Spirocerca lupi, the
prepatency rate is 3 to 9 months."

The eggs observed have particular characteristics
allowing to be distinguished from other nematodes
eliminating eggs in feces. The presence of a great
operculum at one extreme easily differentiates the
eggs that do not present operculum such as those of
Toxocara canis, Toxocara leonina, Spirocerca lupi and An-
cylostoma sp, or eggs with double operculum such as
Trichuris vulpis®® The coproparasitoscopic diagnosis
showed to be effective for the detection of adult worms
in intestine. However, this type of diagnosis was not ef-
fective during the first 22 weeks of infection for the
bitch with adult worms, nor for the bitches that only
presented juveniles in gastric wall, even when in both
cases there were evident clinical manifestations.

The clinical profile is unspecific and can be con-
fused with other disorders, such as presence of foreign
bodies in the stomach or nodules of Spirocerca lupi that
are mainly localized in the esophagus wall and occa-
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gastritis crénica y pequenas tlceras en la mucosa gas-
trica (Figura 4d).

Discusion

Se ha demostrado que los perros pueden actuar como
hospederos definitivos de G. binucletum;*'” en ellos se
pueden desarrollar gusanos adultos y aunque se ha de-
mostrado el papel que juegan en el mantenimiento de
la enfermedad en las zonas endémicas, no se ha des-
crito el cuadro clinico en ellos ni se han probado po-
sibles formas de diagnéstico, tanto de gabinete como
de laboratorio.

En el presente estudio, 3 de las 4 perras infecta-
das desarrollaron fases juveniles del parasito y una
desarroll6 fases adultas, con eliminacion continua de
huevos en las heces. El periodo de prepatencia obser-
vado en la perra que eliminé huevos en heces fue de
22 semanas y el periodo de patencia de 14 semanas.
Se han observado periodos largos de prepatencia en
otros espiruloideos como Gnathostoma spinigerum, el
cual es de 14 semanas.'® En las perras que tuvieron gu-
sanos juveniles vivos en nédulos o pared gastrica, pro-
bablemente hubieran desarrollado gusanos adultos,
de haber permanecido mas tiempo en el hospedero;
sin embargo, no existe ningiin antecedente que pueda
explicar por qué el rango de prepatencia es tan amplio
en gusanos que pertenecen a la misma especie. Por
ejemplo, en Spirocerca lupi el rango de prepatencia es
de 3 a9 meses."

Los huevos observados tienen caracteristicas parti-
culares que les permiten distinguirlos de otros nema-
todos que eliminen huevos en materia fecal. La pre-
sencia de un gran opérculo en un extremo los diferen-
cia facilmente de huevos que no presentan opérculos
como los de Toxocara canis, Toxascaris leonina, Spirocerca
lupi 'y Ancylostoma sp o de huevos con doble opércu-
lo como Trichuris vulpis.®® El diagnéstico coproparasi-
toscopico demostro ser efectivo para la deteccion de
gusanos adultos en intestino. Sin embargo, este tipo
de diagnoéstico no fue efectivo durante las primeras 22
semanas de infeccion en la perra con gusanos adultos,
ni en las perras que unicamente presentaron juveniles
en pared gastrica, aun cuando en ambos casos habia
manifestaciones clinicas evidentes.

El cuadro clinico es inespecifico y se puede confun-
dir con otras patologias, como la presencia de cuer-
pos extranos en el estomago o de nédulos de Spirocerca
lupi, que principalmente se localizan en la pared del
es6fago y ocasionalmente en estomago y traquea.' Es-
tas patologias se han asociado con disminucién en el
consumo de alimento, vémito, regurgitaciéon y pérdida
de peso, lo que también se observé en las perras in-
fectadas con G. binucleatum. La excitabilidad constante



sionally in stomach and trachea." This pathologies
have been associated with decrease in food intake,
vomiting, regurgitation and loss of weight, which was
also noted in the infected bitches with G. binucleatum.
The constant excitability observed in the bitch with
adult worms could have been caused by erratic migra-
tion of a larva to the brain, as it has been demonstrated
in other species of Gnathostoma,>® or it is also possible
thatitis the result of persistent abdominal pain caused
by the nodule.

The USG and the endoscopy were efficacious for
detection of the mature nodule, above all in the USG,
the presence of caverns full of liquid was evident; how-
ever, probably due to the size and absence of internal
caverns, it was not possible to detect small nodules or
juvenile stages in the gastric wall. Although these tech-
niques could be useful for the differential diagnosis of
canine gnathostomosis with other pathologies, the ab-
sence of ultrasonographic or endoscopic evidence does
not necessarily indicate the absence of the parasite. For
the aforementioned, the use of more sensible medical
imaging, as radiology and computerized axial tomogra-
phy, should be evaluated for possible utilization.

The infected bitches showed nodules in the gastric
wall, these lesions have been recorded in the major-
ity of definitive hosts of the 14 species of Gnathostoma
identified worldwide.>% It was observed that the bitch
that shed worm eggs in feces also shed adult females,
and at necropsy, the nodule wall presented embedded
males. The reason for these results is not clear, but it
was probably because the females stopped producing

FIGURA 4. N6dulo producido por Gnathostoma bi-
nucleatum en pared gastrica de una perra infecta-
da experimentalmente. @) imagen ultrasonogra-
fica, b) imagen endoscépica, ¢) estomago con el
noédulo en la curvatura mayor, d) vista del nédulo
in situ (flecha) con hallazgo de hepatomegalia y
esplecnomegalia.

FIGURE 4. Gastric wall nodule produced by
Gnathostoma binucleatum in an experimentally in-
fected bitch, a) ultrasound image b) endoscopic
image, ¢) stomach with a nodule in the greater
curvature, d) view of the nodule in situ (arrow)
with hepatomegaly and splenomegaly findings.

que se observé en la perra con gusanos adultos pudo
ser producida por la migracién erratica de alguna lar-
va al cerebro, como se ha demostrado en otras espe-
cies de Gnathostoma,>® o también es probable que sea el
resultado del dolor abdominal persistente producido
por el nédulo.

La USG yla endoscopia mostraron ser eficaces para
la deteccion del nodulo maduro, sobre todo en la USG
se evidenci6 la presencia de las cavernas llenas de li-
quido; sin embargo, probablemente por el tamano y
la ausencia de cavernas internas, no se pudieron de-
tectar nodulos pequenos o fases juveniles en la pared
gastrica. Si bien estas técnicas podrian ser utiles para
el diagnostico diferencial de la gnatostomosis canina
con otras patologias, la ausencia de evidencia ultraso-
nografica o endoscépica no necesariamente indica la
ausencia del parasito. Por lo anterior, el uso de otras
pruebas de gabinete mas sensibles, como radiologia y
tomografia axial computarizada, deben ser evaluadas
para su posible utilizacion.

Las perras infectadas presentaban nédulos en la
pared gastrica, estas lesiones se han registrado en la
mayoria de los hospederos definitivos de las 14 espe-
cies de Gnathostoma identificadas en el mundo.>® Se
observo que la perra que eliminé huevos en materia
fecal también elimin6 hembras adultas, y a la necrop-
sia, se encontraron machos incrustados en la pared
del nodulo. La razén de estos resultados no es clara,
pero probablemente se debié a que las hembras que
terminaron de producir huevos agotaron sus reservas
metabolicas y murieron. La observacion del ttero to-
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eggs, exhaust their metabolic reserves and died. The
completely empty uterus of eliminated female para-
sites and the loss of color of the pseudoceloma seem to
confirm this biological exhaustion.

The antibody levels against the parasite larval stage
significantly increased in the bitches from the second
month pi and were kept high until the fifth month pi;
however, the antibody levels against the adult stage did
not have a significant increase. This difference could
have been due to earlier and intensive antigenic stimu-
lation of larval stage, due to the number of inoculated
larvae into each animal (approximately 50) and that
not all bitches were exposed to adult stage antigens,
since in only one infected bitch it was possible to col-
lect adult stage parasites. Additionally, in this bitch, the
adult worms were partially isolated from the immune
system for being within the nodule. These results are
encouraging for the use of ELISA as immunologic di-
agnostic test that can be massively used in a numerous
canine population; however, before that it is neces-
sary to resolve two problems: it is necessary to evaluate
the specificity of the test by cross-reactivity assays with
other common helminths in dogs, and obtain enough
antigens to run these tests.

Western blot demonstrated a sequential recognition
of Ag-AdL3 and Ag-AW. The sera recognized three an-
tigens of the larvae in month one pi, the number of an-
tigens increased until the third month pi, where 14 an-
tigens were recognized, from this month on, the num-
ber of recognized antigens decreased until the ninth
month pi, where only five antigens were recognized.
This sequential recognition suggests that larvae within
the host experiment antigenic changes associated with
their stage, or that they expose different antigens to
the immune system of the host over time, which can be
associated with immunoevasive mechanisms. Decrease
of recognized antigens from the fourth month pi, is
probably the result of their decrease in the host, due
to larval stage changes or to its partial isolation within
nodules in the gastric wall. On the other hand, perma-
nent recognition of five antigens of the parasite (28,
32, 36, 43 and 52 kD), suggests that these can be good
candidates for the standardization of immunodiag-
nostic tests, in which parasite antigens are detected at
any moment of infection; in order to confirm it, cross-
reaction tests with other parasites need to be run, to
evaluate specificity of these antigens. In experimental
infections with other helminths such as Toxocara canzs,
Nippostrongylus brasiliensis and Trichinella spiralis, a se-
quential antigenic recognition has also been observed
in their hosts.?** The aforementioned suggests that
the phenomenon is important for survival or perma-
nence of the nematodes in their hosts.

The Ag-AW demonstrated lower specificity because
the serum of the bitches before being exposed to the
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talmente vacio en las hembras eliminadas y la pérdida
de coloracion del pseudoceloma parecen confirmar el
agotamiento biolégico.

Los niveles de anticuerpos contra la fase larvaria del
parasito aumentaron significativamente en las perras a
partir del segundo mes pi y se mantuvieron elevados
hasta el quinto mes pi; sin embargo, los niveles de anti-
cuerpos contra la fase adulta no tuvieron un incremen-
to significativo. Esta diferencia pudo deberse a que
la estimulacion antigénica de la fase larvaria fue mas
temprana y mas intensa, debido al nimero de larvas
inoculadas a cada animal (alrededor de 50) y a que no
todas las perras estuvieron expuestas a los antigenos
de la fase adulta, puesto que s6lo en una de las perras
infectadas se logro recuperar fases adultas del parasito.
Ademas, en ésta, los gusanos adultos estaban parcial-
mente aislados del sistema inmune por encontrarse
dentro del nédulo. Estos resultados son alentadores
para el uso de ELISA como prueba de diagnéstico in-
munolégico que pueda aplicarse de manera masiva a
una poblacién canina numerosa; sin embargo, antes
de ello se deben resolver dos problemas: es necesario
evaluar la especificidad de la prueba mediante ensayos
de reaccion cruzada con otros helmintos comunes en
perros y, obtener el antigeno suficiente para realizar
estas pruebas.

El1 WB demostré un reconocimiento secuencial tan-
to de Ag-LL3Av como de Ag-GA. Los sueros reconocie-
ron 3 antigenos de las larvas el mes 1 pi, el nimero de
antigenos aument6 hasta el tercer mes pi, donde se
reconocieron 14 antigenos, a partir de este mes, el nu-
mero de antigenos reconocidos disminuy6 hasta el no-
veno mes pi, donde se reconocieron solo 5 antigenos.
Este reconocimiento secuencial sugiere que las larvas
dentro del hospedero experimentan cambios antigé-
nicos asociados con su estadio o, que exponen diferen-
tes antigenos al sistema inmune del hospedero a través
del tiempo, lo que puede estar asociado con mecanis-
mos de inmunoevasion. La disminucion de antigenos
reconocidos a partir del cuarto mes pi probablemente
es el resultado de su disminucion en el hospedero, de-
bido a los cambios de estadio larvario del parasito o
a su aislamiento parcial dentro de nédulos en pared
gastrica. Por otra parte, el reconocimiento permanen-
te de b antigenos del parasito (28, 32, 36, 43 y 52 kD),
hace suponer que éstos pueden ser buenos candidatos
para la estandarizacién de pruebas de inmunodiagnos-
tico, en las cuales se detecten antigenos del parasito en
cualquier momento de la infeccion; para confirmarlo
se requiere realizar pruebas de reaccion cruzada con
otros parasitos, para evaluar la especificidad de estos
antigenos. En infecciones experimentales con otros
helmintos como Toxocara canis, Nippostrongylus brasi-
liensis'y Trichinella spiralis también se ha observado en
sus hospederos el reconocimiento secuencial de anti-



parasite (month zero pi) recognized four antigens,
and although the number of recognized antigens in-
creased to ten during months two and three pi, the
number decreased in months four and five pi, leav-
ing one more time only four antigens. Due to evident
unspecificity of these antigens, they are discarded as a
viable option for immunodiagnosis in dogs.

In general, it is considered that the best antigens of
nematodes useful for immunodiagnosis are the larval
excretions and secretions antigens. Using this type of
antigens, it has been found that humans recognize an
antigen of 120 kD; and mice, three antigens of 80, 120
and 208 kD of G. binucleatum.** In the present study, a
higher number of antigens was detected; however, it
must be taken into account that a somatic antigen was
used and that the host is different; therefore, migra-
tion and biological behaviour of the parasite is also dif-
ferent, surely affecting antigen recognition.

Difficulty to obtain enough quantity of G. binuclea-
tum viable larvae is the main restriction for carrying
out studies with greater number of experimental ani-
mals; however, the results obtained in this paper give
useful data for the diagnosis of canine gnathostomosis.
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