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Abstract

The objective of this study was the evaluation of the frequency of Trichinella spiralis in horse
meat that is used for human and animal consumption. A total of 150 horses were sampled,
from two private slaughterhouses, one industrial slaughterhouse with some level of technology
and the other one rural with less technology. Seventy animals from the first one and 80 from
the second one were sampled. After the horses were slaughtered 10 g were taken from three
muscles of each horse: gluteus, masseter and diaphragm or tongue as well as 5 ml of blood.
The muscle tissue was observed looking for Trichinella spiralis larvae by: a) trichinoscopy b)
artificial digestion and c) polymerase chain reaction. This last technique was used also for the
blood analysis. For both slaughterhouses, all muscles observed by trichinoscopy were nega-
tive. By artificial digestion analysis, T. spiralis larvae were found in the three muscles of only
one horse of the 70 that came from the industrial slaughterhouse, which represents a 1.42%
prevalence in this lot. Of the eighty horses of the rural slaughterhouse T. Spiralis was found in
only the masseter of one horse and this represents 1.25% positiveness. With the polymerase
chain reaction T. spiralis was identified in three muscles of one horse of the industrial slaugh-
terhouse and in blood of another two horses which gives a total infection frequency of 4.28%.
In the horses from the rural slaughterhouse, the polymerase chain reaction was positive in
muscles of three horses; the total frequency of infection in this lot was 3.75%, taking into
consideration that the results for blood with this technique came out negative. It is concluded
that the frequency of T. spiralis was similar to what has been found in other reports, although
there were differences between both slaughterhouses in relation to the parasitic burden of the
animals.
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Resumen

El objetivo de este estudio fue evaluar la frecuencia de Trichinella spiralis en carne de
caballo que se utiliza para consumo humano y para animales. Se muestrearon 150 caballos
procedentes de dos mataderos particulares, uno semitecnificado industrial y otro rural, 70
pertenecieron al primero y 80 al segundo; después de sacrificar a los animales, de cada caballo
se tomaron 10 g de tres musculos; gliteo, masetero, diafragma o lengua, asi como 5 ml de
sangre; en la carne se buscd presencia de larvas de T. spiralis mediante: a) triquinoscopia,
b) digestién artificial y ¢) reacciéon de la cadena de la polimerasa, esta Ultima también fue
utilizada en la sangre. Los resultados mostraron que la triquinoscopia fue negativa en todos los
musculos evaluados de los dos mataderos. Por digestion artificial, en un caballo del matadero
semitecnificado industrial se encontraron larvas de T. spiralis en los tres musculos con 1.42%
de infeccién y en el muasculo (masetero) de un caballo del matadero rural, por lo que la
positividad de este ultimo fue de 1.25%. La reaccion en cadena de la polimerasa fue positiva en
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los tres musculos de los caballos del matadero industrial y en la sangre de dos animales que
resultaron positivos, dando una frecuencia total de infeccién de 4.8%. En el matadero rural
la reaccion en cadena de la polimerasa fue positiva en musculos de tres caballos, mientras
que los analisis de sangre fueron negativos en todos los caballos evaluados indicando una
frecuencia total de la infeccién de 3.75%. Se concluye que la frecuencia de T. spiralis fue
alta y semejante entre los dos mataderos pero hubo diferencias en relacién a su carga

parasitaria.

Palabras clave: TRIQUINELOSIS, TRICHINELLA SPIRALIS, CABALLOS, PCR,
MATADERO INDUSTRIAL (MI); MATADERO RURAL (MR).

Introduction

richinellosis is a zoonotic disease with a world-

wide distribution caused by different species of

the Trichinella genus. In Mexico, real prevalence

is unknown, but there are epidemiological reports

of outbreaks in various Mexican states (Zacatecas,

Mexico, Durango, Sonora, Chihuahua, Jalisco, Micho-
acan and Mexico City).'

Between 1972 and 1973, the importance of human
trichinellosis, was demonstrated in a study of biopsies
from 1000 human cadavers, that reported a 4.2%
frequency of T spimlz’s.2 In general, the principal host
of the disease is the pig, and between 1991 and 1995,
there were 282 cases reported. However, the pig is
not the only animal that is a host of trichinellosis.
The importance of the consumption of infected horse
meat was underlined by the outbreaks of trichinellosisin
1993, 1994 and 1998 in France due to the consumption
of infected horse meatimported from Canada, Mexico
and Yugoslavia.”

Although, in Mexico, horse meatis directed towards
consumption by domestic animals, it has been found
that there is an increase of consumption by humans
due to its low price in the market.

Unfortunately, in the last 15 years, the lack of
sanitary control has increased the amount of human
outbreaks of trichinellosis due to the consumption of
horse meat infected with larvae of Trichinella spiralis;*
even though the diagnosis of infection in horse
meat includes the use of trichinoscopy and artificial
digestion methods in the slaughterhouses of federal
inspection type (TIF) that comply with international
sanitary principles and export the horse meat to
Europe and Asia.® In other slaughterhouses, that
are not TIF establishments and horses are being
sacrificed for human consumption, sanitary inspection
has greater limitations due to the lack of analytic
infrastructure for the diagnosis of the parasite.

Taking the above into consideration, the purpose
of thisinvestigation, was to determine the frequency of
T. spiralis in horses that arrive at two slaughterhouses
that have different sanitary conditions and are in
different socioeconomic status areas: one industrial
slaughterhouse (IS) in the central valley of Mexico
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Introduccion

a triquinelosis constituye una enfermedad

zoonética de amplia distribuciéon mundial, es

causada por diferentes especies del género
Trichinella. En México la prevalencia no se conoce
con exactitud, pero se tienen antecedentes de brotes
epidemiolégicos en diferentes entidades de la
Republica; entre éstas, Zacatecas, Estado de México,
Durango, Sonora, Chihuahua, Jalisco, Michoacan y
ciudad de México.'

Uno de los informes donde se demuestra la
importancia de la triquinelosis humana es el estudio
realizado entre 1972-1973 en mil biopsias de
cadaveres,” donde la frecuencia de triquinelosis fue
de 4.2%. Se ha senalado que el principal transmisor
de la enfermedad es el cerdo. Entre 1991 y 1995 se
notificaron 282 casos. Sin embargo, este animal no
es el unico transmisor. La exportacion de caballos
de Canada, México y Yugoslavia® puso en evidencia
la importancia del consumo de carne de caballo
infectado, al originarse brotes en Francia en 1993,
1994 y 1998.

Aunque en México la carne de caballo se destina
principalmente como alimento para los animales
domésticos, su bajo costo da como resultado que se
incremente el consumo por el humano.

La falta de control sanitario ha permitido que en
los ultimos 15 anos se presenten brotes de triquinelosis
humana por el consumo de carne de caballo infectada
con larvas de Trichinella spiralis,"” a pesar de que la
deteccion del parasito en la carne de caballo se hace
por medio de dos procedimientos, triquinoscopia y
digestion artificial, en los mataderos, tipo inspeccion
federal (TIF), que funcionan bajo principios sanitarios
internacionales y exportan carne de caballo a Europa
y Asia.® En algunos mataderos que no son
establecimientos TIF se sacrifican caballos para
consumo humano, donde la inspeccién sanitaria
tiene aun mayores limitaciones por no disponer
de infraestructura analitica para el diagnéstico del
parasito.

En este contexto, el propésito de este trabajo
fue determinar la frecuencia de T. spiralis en dos
mataderos de caballos con diferentes condiciones



and the second one from a rural site in Sierra Nevada
(RS), both in the State of Mexico, Mexico, and that
are regulated by the Health Institute of the State of
Mexico (ISEM). In the Children’s Hospital of Mexico,
three laboratory analyses methods were used for the
identification of the parasite: ) trichinoscopy, b)
artificial digestion and ¢) PCR amplification of the
PPRA fragment of 7. spiralis in the blood and the
masseter, gluteus and diaphragm or tongue muscles
of horses.

Materials and methods

Taking into consideration the slaughter volume of
every two months in the slaughterhouses, the sample
size was established with the following formula:

n=ny/1+ (ny/N)

where: n, = Z*pq/d*

p = proportion of the characteristics = 0.05

q = difference without the characteristic = 0.95

z = degree of precision (distribution curve of z =
1.96)

d®= dregree of sampling precision where d=0.05

Seventy horses were analyzed from an industrial
slaughterhouse (IS) and 80 from a rural
slaughterhouse (RS); both sexes were taken into
account in the included variables. Most of the horses
had their origin in the southeast of the Mexican
Republic and showed no symptomatology for this
parasite. Horses are slaughtered at the end of their
productive life, since they are generally used as pack
or work animals. Animals that show foot fractures are
also sent to slaughter.

The samples that were collected from each horse
were five ml of blood, as well as 10 gm of each muscle
tissue from the masseter, gluteus and diaphragm
or tongue. All muscle samples were analyzed by
trichinoscopy and artificial digestion for the presence
of larvae of the genus Trichinella.

Amplification of the pPRA gene was done by PCR
in muscles and blood of the horses, following the
amplification conditions for this gene.

The DNA extraction from blood was performed by
the phenol- chloroform- isoamilic alcohol method.®
One hundred pl of blood were resuspended in 300
ul of lysis buffer (0.15 M NaCl; 0.lm EDTA; 0.5%
SDS; 0.1 mg/ml of proteinase K). It was incubated
for two hours at 37°C and later two extractions were
carried out with phenol-chloroform-isoamilic alcohol
(25:24:1). The nucleic acids were precipitated with an
absolute ethanol volume and 0.1 ml of total volume
3M pH 8.0 sodium acetate.

socioeconémicas y sanitarias; uno de tipo industrial
en el valle de México (MI) y otro de tipo de rural
en Sierra Nevada (MR), ambos se encuentran en el
Estado de México, México, y son regulados por el
Instituto de Salud del Estado de México (ISEM). El
andlisis de laboratorio se hizo empleando tres métodos
en el Hospital Infantil de México para identificar al
parasito: a) triquinoscopia, b) digestion artificial y ¢)
amplificacion por PCR del gen pPRA de T. spiralis en
musculos de los caballos, masetero, gliteos, diafragma
o lengua y sangre.

Material y métodos

De acuerdo con el volumen de matanza por bimestre
en los mataderos, se calcul6 el nimero de animales
del tamano de la muestra que debian muestrearse,
utilizando la férmula:

n=mn,/1+ (n,/N)

donde: n, = Z*pq/d*

p = proporcién de la caracteristica = 0.05

q = diferencia sin la caracteristica = 0.95

z = grado de exactitud (este valor esta determinado
por la curva de distribucion de z = 1.96)

d®= grado de precisiéon en el muestreo (donde d =
0.05)

Del matadero semitecnificado industrial (MI) se
analizaron 70 caballos y del matadero rural (MR)
80 animales, en las variables incluyentes se consi-
deraron animales de sexo distinto. La mayor parte
de los caballos eran originarios de la region del
sureste de la Republica mexicana y no presentaron
ninguna semiotica relacionada con esta parasitosis;
regularmente los caballos son sacrificados al final
de su vida productiva al ser animales de carga o de
desecho, también se envian a la matanza equinos que
presentan fractura de patas, entre otras patologias.

De cada caballo se tomaron 5 ml de sangre y
10 g de los musculos masetero, gliteo, diafragma o
lengua. En todos los musculos se utilizé la técnica de
triquinoscopia y digestién artificial para la busqueda
de larvas del género Trichinella.”

Por PCR se buscé la amplificaciéon del gen pPRA en
los musculos y en la sangre de los caballos, siguiendo
las condiciones de amplificacion para este gen.

La extraccion del ADN de la sangre se realiz6
por método fenol-cloroformo-alcohol isoamilico.® Se
resuspendieron 100 ul de sangre en 300 pl de
amortiguador de lisis (0.15 M NaCl 1; 0.1M, EDTA;
0.5% SDS; 0.1 mg/ml de proteinasa K). Se incubd
durante 2 h a 37°C y se realizaron dos extracciones
con fenol-cloroformo-alcohol isoamilico (25:24:1). Los
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After one hour at —-20°C, the DNA was precipitated
and it was recuperated by centrifuging 8 000 g during
30 min. RNA was eliminated after incubation with 20
mg/ml of RNAae at 37°C. A new extraction of DNA
was performed with organic solvents according to the
procedure previously mentioned. The DNA pellet was
resuspended in TE buffer (10 mM of Tris-HCI, 1 mM
of EDTA).

PCR of the pPRA gene

The 25 pl reaction mix contained 2.5 pl of buffer
solution (10 mM Tris HCI; 50 mM KCl); 1.5 mM
of MgCle; 0.2 mM (dATP, dCTP, dGTP, dTTA);
IM of (+) 5’CTTGTAAAGCGGTGGTGCGTAZ (-)
5’ CATAGAGGAGGCAACATTACCT3’; 500 pg of DNA
from blood and 0.3 pl of Taq polymerase (5U/ul).*
The program used for amplification was: a cycle at
94°C for 3 minutes; and 30 cycles at 93°C for 1
minute; 55°C for one minute and 72°C for 3 minutes
plus an extension cycle of 72° C for 8 minutes. The
amplification DNA fragments were separated in a 1 %
agarose gel with a run buffer of TAE 1X (0.04 M tris-
acetate; 100 mM EDTA) with 5 pl of ethidium bromide
(I mg/ml). The gel was run by electrophoresis at 80
volts for 45 minutes and results were analyzed through
UV light. The result was positive with bands of 600
and 800 pb or 1 200 pb.

acidos nucleicos fueron precipitados con un volumen
de etanol absoluto y 0.1 ml del volumen total con
acetato de sodio 3M pH 8.0.

El ADN fue precipitado después de una hora a
—20°Cyse recuper6 al centrifugara 8 000 g durante 30
min. El ARN fue eliminado después de incubarlo con
20 mg/ml de RNAus a 37°C. Una nueva extraccién del
ADN fue realizada con solventes organicos mediante
el procedimiento antes mencionado. La pastilla de
ADN fue resuspendida en amortiguador TE (10 mM
Tris-HCI; | mM EDTA).

PCR del gen pPRA

La mezcla de reaccion de 25 pl contenia 2.5 pl
de soluciéon amortiguadora (10.0 mM Tris-HCI; 50
mM KCI); 1.5 mM de MgClz; 0.2 mM (dATP, dCTP,
dGTP, dTTA); 1 M de (+) 5’CTTGTAAAGCGGT
GGTGCGTAS3’(-) 5’ CATAGAGGAGGCAACATTACC
T3’; 500 ng de ADN obtenido de la sangre y 0.3
pl de Taq polimerasa (5U/pl).* El programa de
amplificacién fue: Un ciclo a 94°C de 3 min; y 30
ciclos (93°C de 1 min; 55°C de 1 min y 72°C de 3
min) mds un ciclo extension de 72°C de 8 min. Los
fragmentos amplificados de ADN fueron separados en
un gel de agarosa al 1% usando como amortiguador
de corrimiento TAE 1X (0.04M tris-acetato; 100 mM
EDTA) adicionado de 5 pl de bromuro de etidio
(I mg/ml). El gel se corri6 a 80 volts durante 45
minutos. Posteriormente dio como positivo cuando se

*Perkin Elmer.

Cuadro 1
FRECUENCIA DE Trichinella spiralis EN DOS MATADEROS DE CABALLOS EN EL ESTADO
DE MEXICO, MEXICO, EVALUADOS POR DIGESTION ARTIFICIAL
FREQUENCY OF Trichinella spiralis IN TWO HORSE SLAUGHTERHOUSES IN THE
STATE OF MEXICO, MEXICO, EVALUATED BY ARTIFICIAL DIGESTION

Artificial digestion
A F RS F

Specimen n=70 n =280

+ - % + - %
Masseter 1 69 1.42 1 79 1.25
Gluteus 1 69 1.42 0 80 0
Diaphragm or tongue 1 69 1.42 0 80 0
Total affected animals 1 1

G, gluteus; M, masseter; L, tongue; B, blood, n= sample size; (+) positive; (—) negative; IS, industrial

slaughterhouse with technology; RS, rural slaughterhouse; F, frequency in (%).
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Figura 1. Analisis por electroforesis de los productos de
PCR para detectar T. spiralis en tres musculos del caballo
30, matadero industrial (MI); carril 1, glateo; carril 2,
masetero; carril 3, diafragma; carril 4, sangre del caballo
numero 48; carril 5, sangre del caballo numero 51.

Figure 1. Electrophoretic analysis of the PCR products in
order to detect T. spiralis in three muscles of horse number
30, from the industrial slaughterhouse (IS); lane 1, gluteus;
lane 2, masseter; lane 3, diaphragm; lane 4, horse blood
from horse number 48; lane 5, horse blood from horse

number S1.

Cuadro 2

FRECUENCIA DE Trichinella spiralis EN LOS MUSCULOS Y SANGRE DE CABALLOS
SACRIFICADOS EN DOS DIFERENTES MATADEROS EN EL ESTADO DE MEXICO, MEXICO,
EVALUADOS POR LA REACCION EN CADENA DE LA POLIMERASA

FREQUENCY OF Trichinella spiralis IN BLOOD AND MUSCLES OF SLAUGHTERED
HORSES IN TWO DIFFERENT SLAUGHTERHOUSES IN THE STATE OF MEXICO, MEXICO,
EVALUATED BY THE POLYMERASE CHAIN REACTION

1S (F-4.26%) RS (F-3.75%)
n =70 n =80
Numberof Numberof
the horse G M D Blood the horse G M T Blood
30 + + + - 35 + + + -
48 - - - + 58 - + - -
56 - - - + 60 + - + -

G, gluteus; M, masseter; D, Diaphragm; T, tongue; B, blood, n = sample size; (+) positive; (—) negative; IS, industrial

slaughterhouse with technology; RS, rural slaughterhouse; F, frequency in (%).

Results

All muscle samples were negative by trichinoscopy in
both slaughterhouses. In the industrial slaughterhouse
(IS), by artificial digestion three muscles of horse
number 30 came out positive (gluteus, masseter
and diaphragm) where more than six larvae per
muscle sample were observed. This gave an infection
frequency of 1.42 %. In the rural slaughterhouse (RS)
the artificial digestion was positive in the masseter

visualizaron mediante UV bandas de 600 y 800 pb o
1200 pb.

Resultados

Todos los analisis realizados por triquinoscopia fueron
negativos en los dos mataderos, pero con digestion
artificial en el matadero industrial (MI) los tres
musculos del caballo nimero 30 resultaron positivos
(gluteo, masetero y diagrama) donde se observaron
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Figura 2. Analisis por electroforésis de los produc-
tos de PCR para detectar T. spiralis en tres musculos
del matadero rural (MR), PM; carril 1, testigo posi-
tivo; carril 2, testigo negativo; carril 3, caballo 60,
gltuteo; carril 4, caballo 60, lengua; carril 5; caballo
58, masetero, carril 6, caballo 35, gluteo; carril 7,
caballo 35, lengua; carril 8, caballo 35, masetero.

Figure 2. Electrophoretic analysis of the PCR prod-
ucts in order to detect T. spiralis in three muscles of
the rural slaughterhouse (RS), PM; lane 1, positive
control; lane 2, negative control; lane 3, horse 60,
gluteus; lane 4, horse 60, tongue; lane 5; horse 58,
masseter, lane 6, horse 35, gluteus; lane 7, horse 35,
tongue; lane 8, horse 35, masseter.

muscle of one horse; this came out to be 1.25 %
infectivity (Table 1).

Positive results to the parasite’s DNA were found
by PCR in the three muscles samples of horse number
30 that came from the industrial slaughterhouse and
in two blood samples of horses numbers 48 and 51
(Figure 1) with an infection of 4.28 % (Table 2).

In the rural slaughterhouse (RS) the samples that
were analyzed by PCR were positive in muscles of
three horses. Horse number 35 came out positive in
three muscles (masseter, gluteus and tongue), horse
number 58 in masseter and horse number 60 came
out positive in two muscles (gluteus and tongue).
The resulting three positive horses from a total of 80
studied animals in this slaughterhouse corresponded

to 3.75 % (Figure 2).
Discussion

In Mexico, information about horse meat consumption
is scarce; nevertheless, it is known that it is used to
produce different kinds of sausages, ham and meat
for hamburgers.9 In this context, consumption of this
kind of meat has always been done by the lowest
income groups, that don’t have access to other meats;
this lastidea suggests that consumption of this product
has increased in the last few years due to its lower
cost.

Although, the manner in which the horses get
infected is not absolutely clear, especially since these
animals are herbivorous, there are some theories of
how horses can get trichinellosis: a) by the ingestion
of insects, that could be accidental hosts of these
parasites; b) by grazing in grasslands contaminated
with pork feces or small wild animals infected by
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mas de seis larvas por muasculo con una frecuencia de
infeccion de 1.42%. Igualmente en el matadero rural
(MR) la digestion artificial fue positiva en el musculo
masetero, con 1.25% de infectividad (Cuadro 1).

Los resultado de PCR realizados en el caballo 30
(MI) fueron positivos en los tres musculos ademas
en la sangre de dos animales; en los caballos 48 y 51
se detect6 la presencia del ADN del parasito (Figura
1), por lo que la infeccién correspondié a 4.28%
(Cuadro 2).

En relacion con el matadero rural (MR), las
muestras analizadas por PCR en los musculos de tres
caballos resultaron positivos. El caballo 35 resulto
positivo en los tres musculos (masetero, gliteo,
lengua); el caballo 58 en el musculo masetero, y el
caballo 60 en dos musculos (gluteo y lengua). La
positividad se hall6 en tres caballos de un total de 80
estudiados, esto correspondié a 3.75% (Figura 2).

Discusion

En México la informacion que se tiene sobre el
consumo de carne de caballo es muy escasa; sin
embargo, se sabe que se utiliza para la elaboracion
de diferentes embutidos, como chorizo, longaniza,
jamon y carne para hamburguesas.9 En este contexto
el consumo de este tipo de carne siempre ha sido para
la poblaciéon pobre y que no puede acceder a otras
carnes; esto ultimo sugiere que dicho consumo se ha
incrementado en los dltimos anos debido a su bajo
costo.

A pesar de que el mecanismo por el cual los
caballos adquieren la infecciéon ain no esta del todo
claro, mas aun cuando estos animales son herbivoros,
se han propuesto algunas teorias de las diferentes vias



having eaten infected meat one or two days before;
¢) by eating grass contaminated by rodents; and, d)
by feeding them somehow with contaminated pork
or wild carnivores infected with different species of
Trichinella. Nevertheless, the way that horses can be
infected is not yet clear."

The epidemiological chain, in this case, does
not coincide with the known biological cycle of this
parasite. Every year, thousands of horses are sacrificed
in slaughterhouses to provide the marketplace with
this type of meat. Consumption is done by the
population in general but also by pets and zoo
animals. Perhaps this is the way the permanence of
the parasite in certain regions is promoted.

Taking into consideration the information that we
have, there are no diagnostic tests for this parasite
in the living animals therefore, sanitary control is
difficult. In relation to the results that were obtained,
the trichinoscopy test turned out to be an inefficient
technique, since larvae were not detected in any of
the horses of both slaughterhouses. The sensitivity
of this test is three larvae per gram of tissue;
another possibility could be that the animals didn’t
have a detectable parasitic load. This suggests that
samples should include more than 10 g of tissue for
observations.

A probable explanation is that 7. spiralis larva
could have been in another place other than where
the sample was taken; that is to say, we must study
further what is the specific cellular tropism of this
parasite,'’ since the larvae may have preference for
certain zones of the muscles in horses, which permit
the natural infection or maybe the parasite is limited
to certain locations in the muscle, as is mentioned in
another study."”

In any case, the results suggest that if only this
method is used to diagnose trichinellosis in horses,
the results may not be too reliable. Nevertheless, it
must be remembered that this procedure is the least
expensive and the simplest one that can be used in
slaughterhouses especially the rural type ones.

In relation to the second procedure, artificial
digestion permitted larva of the genus Trichinella to
be found in muscles of two horses, one from each
slaughterhouse. This indicates that this method has
greater possibilities of rendering a reliable diagnosis.
This method might not be the most appropriate one
when there are low parasitic loads or early infections,
so that is the reason why the search must be done in
more than two muscles.

It is important that we underline that there were
differences between the horses of the two enterprises.
In the IS, larvae were found on three muscles of a
horse, with more than five larvae on each muscle; this
means that the horse was highly infected; while the

en que los caballos pueden adquirir la triquinelosis:
a) por la ingestion de insectos, que pueden ser
huéspedes paraténicos, b) por pastorear en praderas
contaminadas con heces de cerdos y animales salvajes
que previamente han ingerido carne infectada de 1-2
dias, ¢) por alimentarse con pasturas contaminadas
con residuos de roedores y d) por la ingestiéon de
carne de cerdos y carnivoros silvestres infectados
con especies del género Trichinella. Sin embargo, la
manera en que los caballos se infectan ain no esta
clara."

Anualmente miles de caballos son sacrificados en
los mataderos para abastecer un mercado con este
tipo de carne; de esta demanda participa la poblacién,
pero también se utiliza en la elaboracién de alimentos
para animales de compania y de zoolégicos; quiza
de aqui se propicie la permanencia de la cadena
epidemiolégica.

Hasta donde se ha podido obtener informacién, no
se realiza ninguna prueba presuntiva de diagndstico
para esta parasitosis, esta actividad dificulta un control
sanitario. De acuerdo con algunos resultados la
triquinoscopia no result6 una técnica eficiente, ya que
no se pudieron observar larvas en ninguno los caballos
de los dos mataderos, se considera que la sensibilidad
de esta técnica es tres larvas por gramo de tejido, una
posibilidad es que los animales no presentaron una
carga parasitaria notablemente mayor, ello sugiere
que se utilizaron mas de 10 g de tejido para hacer la
observacion.

Una explicacién probable es que las larvas de
T. spiralis pudieron haber estado en otra parte
del tejido que se analiz6; es decir, este pardsito
presenta un tropismo celular,"' ya que estas larvas
tienen predileccion por algunas zonas musculares en
caballos, lo cual permite la infeccién naturalmente o
tal vez el parasito se localice de una forma delimitada
en el musculo, como se menciona en otro estudio.'?

De cualquier forma, los resultados sugieren que
este método no fue el mas sensible y si se utiliza sélo
para el diagnéstico de la triquinelosis en los equinos,
los resultados no seran del todo confiables. Sin
embargo, no hay que olvidar que este procedimiento
es el mas sencillo y econémico, asi como factible para
utilizarse en los establecimientos de sacrificio, sobre
todo en los rurales.

En relaciéon con el segundo procedimiento, la
digestion artificial permiti6 encontrar larvas
musculares del género Trichinella en dos caballos,
uno de cada matadero, lo cual indica que utilizando
este método existe mayor posibilidad de tener un
diagndstico mas confiable.

Es importante senalar que se presentaron
diferencias entre los caballos de las dos empresas, en
el de MI se encontraron larvas en los tres musculos del
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horse in the rural slaughterhouse (RS) had only one
larva detected in one muscle, but not in the other
muscles.

The existence of this parasitosis in animals
destined to slaughter depends on the origin of the
horse, without taking into consideration the sanitary
conditions of slaughter in both types of establishments.
Thus, with the information that was obtained, the
endemic region in Mexico where the horses infected
with trichinellosis came from was identified. The results
of this study suggest that these infected animals came
from the Mexican southeast or Veracruz.'>"

On the other hand, the polymerase chain reaction
(PCR) was positive on the three muscles of the
infected horse from the IS, identified as the chronic
phase of the disease (muscular). In another two horses
the result was positive in blood but not in muscles,
suggesting that the infection was in an earlier phase;
that is to say, the new born larvae were migrating
through the blood stream.

Considering the above, it seems that PCR is
a technique that is sensitive in both phases; the
infection frequency was 4.28%. In relation to the
results obtained by PCR in the three horses of the RS,
amplification was detected in three muscles of one
horse, in only the masseter in the second horse and
in the third horse it was found in gluteus and tongue.
None were positive in blood.

It is mentioned that it is possible the immune
system of the horse destroys the larva partially and
this doesn’t allow the detection of the parasite in
the other muscles.® Also, maybe the parasite load in
these animal muscles was below the detection limit
of artificial digestion techniques. The frequency of
infection detected by PCR in this RS rose to 3.75%,
That makes us think that this technique is more
sensitive and specific to diagnose the chronic phase
of trichinellosis of the horse, since it could detect larva
in muscle, but not in blood. This also suggests that
the positive animals had passed the early phase of
infection.

The results suggest that the infection of horses
in Mexico is similar to the levels described in other
countries of Europe,15 and in Mexico it has not been
sufficiently studied. The PCR technique can be an
alternative for the diagnosis of trichinellosis in horses
slaughtered in Mexican state, private and federal
inspection type (TIF) slaughterhouses, because it can
detect even seven nanograms of DNA corresponding
to 0.06 muscle larvae of 1. spiralis.’

These results are evidence of the presence of T
spiralis in horse meat and not just in the back yard pig,
as it has already been known in Mexico. From 1970 to
1990, children had to be hospitalized in the “Hospital
Infantil de Mexico” because of the seriousness of their
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caballo con mas de cinco larvas en cada musculo, ello
indica que este caballo estuvo altamente infectado; en
cambio, en el caballo del matadero rural (MR) so6lo
se encontro una larva en el masetero, en los demas
musculos de este caballo no se detectaron larvas.

Se cree que este método no es el mas apropiado
cuando existen cargas parasitarias bajas o infecciones
tempranas, ya que se deben buscar en mas de dos
musculos, por ello se supone que si existe esta
parasitosis en los animales destinados al sacrificio
en los dos tipos de establecimiento, por el origen o
procedencia de los caballos, independientemente de
las condiciones sanitarias de matanza, se identifica a
la region endémica de donde provienen los caballos
con dicha informacién se identifica la region en que la
triquinelosis se presenta, aunque especificamente se
cree que aquélla sea la region del sureste de México o
de Veracruz.'>!

Por otro lado, la reaccion en cadena de la
polimerasa (PCR) fue positiva en los tres musculos
del caballo infectado del MI, interpretandose como
fase cronica de la enfermedad (muscular), ademas
en otros dos caballos el resultado fue positivo sélo
en sangre pero no en musculo, lo que sugiere que
la infeccion se encontraba en una fase temprana; es
decir, las larvas recién nacidas se hallaban en la fase
de migracién por el torrente sanguineo.

Lo anterior sugiere que la PCR es una técnica
igualmente sensible en las dos etapas, la frecuencia de
infeccion fue de 4.28%. En relacion con los resultados
por PCR con los caballos del MR se observo la
amplificacién en los seis musculos: dos gliteos, dos
maseteros, dos en lengua y ninguno en sangre.

Se menciona que es posible la destruccién parcial
de la larva por el sistema inmune del caballo, lo que
no permite detectar en los demads musculos.® Ademas,
quiza la carga parasitaria en los musculos de estos
animales estuvo debajo del limite de deteccion de
la técnica de digestion artificial. La frecuencia de
infeccion por PCR en este MR se elevé a 3.75%, ello
orienta a pensar que esta técnica es mas sensible
y especifica para el diagnéstico de la triquinelosis
equina en fase crénica, ya que se pudo detectar
presencia de larvas en el misculo, aunque en la sangre
no; lo anterior sugiere que habian pasado la etapa
temprana de infeccion.

Los resultados sugieren que la infeccion del
caballo en México es similar a los niveles descritos
en otros paises de Eulropal,15 y que en México no ha
sido suficientemente estudiada. La técnica de PCR
puede ser una alternativa para el diagnostico de
la triquinelosis en caballos que se sacrifican en los
mataderos estatales, privados y los denominados tipo
inspeccién federal (TIF) de México, debido a que
puede detectar hasta siete nanogramos de ADN, que



illness. In this sense, the disease has been maintained
in its endemic form, according to an epidemiological
study done in children, where the presence of specific
antibody was demonstrated.'” Even though in some
slaughterhouses the diagnosis of trichinellosisis done by
the direct demonstration of larvae in muscle biopsies
(trichinoscopy)," it is evident that this method has
its limitations, since low parasitic infections could go
on undetected, as it has been demonstrated in this
work.

Finally, the use of serological techniques are not
very reliable, since there are crossed reactions with
antigens from other parasites and because all of them
are directed to the diagnosis of the final stages of
infection when the parasite is already established in
muscle.'®" That is why it has been suggested that
molecular biology techniques be used since they are
more sensitive and more specific. The frequency of T.
spiralis was similar between the two slaughterhouses;
nevertheless, it was different in relation of the parasite
load according to the results obtained with the three
diagnostic techniques, amongst which one molecular
type technique was included. The results of this
work demonstrate the presence of the parasite in
horse meat used for human consumption and this
represents an important health problem.
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