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Abstract

The aim of the study was to detect the DNA presence of N. caninum in naturally infected animals, at two moments of their first
gestation and at parturition, as well as to record the presentation of abortions. Twenty females between 12 to 14 months of
age, seropositive to ELISA test, were selected from a dairy farm with presence of this parasitosis. The females were artificially
inseminated and blood samples were taken in the first and second third of gestation and during parturition; DNA was isolated
and it was analyzed by a single tube nested PCR with specific primers. In the sampling corresponding to the first third of gestation,
7/20 positive cases were observed (35%), in the second 15/20 (75%) and during parturition 10/20 positive cases (50%). From the
total of the animals included in this study, three stayed negative to the test in the three samplings (15%), four were always positive
(20%), eight were positive in the second sampling but negative in first (40%) and five were positive in the second and negative in
first and the third sampling (25%). All animals remained seropositive during the study; four aborted in the last third of gestation.
All the live born calves were seropositive to N. caninum.
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Resumen

El objetivo del trabajo fue detectar la presencia de ADN de N. caninum en animales infectados naturalmente, en dos tiempos
de su primera gestacién y al parto, asi como registrar la presentacién de abortos. Se selecciond, en un establo, con presencia
de parasitosis, un lote de 20 hembras de entre 12 y 14 meses de edad, seropositivas en ELISA, las hembras fueron inseminadas
artificialmente y se tomaron muestras de sangre en el primero y segundo tercios de gestacion y al parto; se aisl6 ADN y se sometio
a PCR anidado en un solo tubo con iniciadores especificos. En el muestreo correspondiente al primer tercio de la gestacion,
se observaron 7/20 casos positivos (35%), en el segundo 15/20 (75%) y al parto 10/20 casos positivos (50%). De los animales
incluidos en el estudio, tres se mantuvieron negativos a la prueba en los tres muestreos (15%), cuatro fueron siempre positivos
(20%), ocho fueron positivos en el segundo muestreo pero negativos en el primero (40%) y cinco fueron positivos en el sequndo
y negativos en el primero y tercero muestreos (25%). No se presentd seroconversidon en ningtin animal durante el estudio; cuatro
de ellos presentaron aborto en el tltimo tercio de gestacion. Todas las crias nacidas vivas resultaron seropositivas a N. caninum
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Introduction

ovine neosporosis is a disease caused by a

parasite  Apicomplexa, Neospora caninum,

that can cause abortions between the third
and ninth month of gestation, although this occurs
more frequently during the fifth and sixth month; it
affects mainly dairy cattle and is considered to be an
important cause of abortions in Europe, South Africa,
Japan, Australia, New Zealand and different countries
of America, including Mexico.1

Parasitosis transmission is carried out by two ways:
vertical transmission (endogenous), from an infected
mother to its fetus; and horizontal transmission
(exogenous), where the bovine must ingest feed or
water contaminated with sporulated oocysts of the
parasite, that are excreted by dogs the main end
carriers of N. caninum.

Vertical transmission is recognized as the element
responsible for infection perpetuation in the herd.+
In chronically infected cows, transmission to the fetus
during gestation happens as a consequence of latent
infection exacerbation due to immunodepression
generated by gestation;#10 in consequence parasitemia
allows the infecting parasite forms to invade the
placenta and other fetal tissues. In these cases, the
newborn is clinically healthy although infected, and
sometimes there are abortions.411-13

Bovine neosporosis diagnosis may be carried out in
cattle by different indirect serological techniques such
as enzyme linked Immunosorbent assay (ELISA) and
indirect immunofluorescence, while in the aborted
fetuses direct detection methods are used, such as
histopathology, immunohistochemistry and recently
PCR assay, using mainly brain, heart and liver that
are the most commonly affected organs;? also, it
has been reported that by PCR it is possible to detect
DNA from the parasite in leucocytes, lymphocytes and
blood, which directly demonstrates the presence of the
parasite in live animals with natural or experimental
infections.1518

The objective of this study was the detection of N.
caninum DNA by single tube nested PCR in naturally
infected animals at two moments of their first gestation
and at parturition, as well as to record the presentation
of abortions.

This study was carried out on a dairy farm located in
Aguascalientes, Mexico, in the northern central region
of Mexico; the farm maintains Holstein cattle lodged in
open pens and managed with freedom of movement,?
feed consists of a ration that includes maize silage,
alfalfa, grain mix and mineral complements; this
farm had already been detected as seropositive with
abortions associated with N. caninum.320

A lot was selected of 20 heifers, 12 to 14 months
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Introduccidén

aneosporosis bovina constituye una enfermedad

causada por un parasito Apicomplexa, Neospora

caninum, que puede provocar abortos entre el
tercero y noveno meses de gestacion, aunque es mas
comun que suceda entre el quinto y sexto meses; afecta
principalmente al ganado lechero y se considera
importante causa de aborto en Europa, Sudafrica,
Japon, Australia, Nueva Zelanda y diferentes paises de
América, incluyendo México.ls

La transmision de la parasitosis se realiza mediante
dos formas: la transmision vertical (endogena), de una
madre infectada a su feto, y la transmisiéon horizontal
(ex6gena), en la cual el bovino debe ingerir alimento
0 agua contaminados con ooquistes esporulados del
parasito, que excreta el perro, principal portador
definitivo de N. caninum.

La transmision vertical se reconoce como responsable
de la perpetuacion de la infeccion en el hato.*” En
vacas infectadas de forma cronica, la transmision al
feto durante la gestacion sucede como consecuencia
del recrudecimiento de la infeccion latente, debido
a la inmunodepresion generada por la gestacion;s10
la parasitemia consecuente permite que las formas
infectantes del parasito invadan la placenta y diferentes
tejidos fetales. En estos casos, generalmente la cria nace
infectada pero clinicamente sana, aunque el aborto
también puede presentarse.t11-13

El diagnéstico de la neosporosis bovina se puede
realizar en el ganado mediante diferentes técnicas
serologicas indirectas, como el inmunoensayo enzimatico
(ELISA) y la inmunofluorescencia indirecta, mientras
que en los fetos abortados se usan métodos de deteccion
directos, como la histopatologia, la inmunohistoquimica
y recientemente las pruebas de PCR, utilizando
principalmente cerebro, corazéon e higado, que son los
o6rganos comunmente mas afectados;”!4 asimismo, se
ha informado que mediante PCR es posible detectar
ADN del parasito en leucocitos, linfocitos y sangre, lo
cual demuestra la presencia del parasito de manera
directa en animales vivos con infecciones naturales o
experimentales.1518

El objetivo del presente trabajo fue detectar la
presencia de ADN de N. caninum mediante PCR
anidado en un solo tubo, en animales naturalmente
infectados en dos momentos de su primera gestacion y
al parto, asi como registrar la presentacion de abortos.

El estudio se realizé en un establo lechero ubicado
en Aguascalientes, México, que se localiza en la
region centro-norte de México; el establo mantiene
a los animales alojados en corrales abiertos bajo el
sistema de estabulacion libre con ganado Holstein,!®
y la alimentacién consiste en una racion integral
que incluye silo de maiz, alfalfa, mezcla de granos y



of age, seropositive to the ELISA test that identifies
specific N. caninum IgG; detected by commercial Herd
Check anti-N. caninum* with 100% sensitivity and
98.9% specificity, used according to the procedure
recommended by the manufacturer. The test was
carried out with only one serum dilution (1:100),
in order to detect positive and negative animals; the
sera were run in pairs and the cutoff point was 0.50,
considering as positive those with mean readings of >
0.50. These animals were artificially inseminated after
they were selected for this study.

Two blood samples were taken from the caudal
vein with vacuum container tubes,** one without
anticoagulant another with EDTA, on three occasions:
during the first third of gestation (when it was
confirmed by rectal palpation and ultrasound), on
the 55 day; on the second third of gestation on day
160t and the last one when either calving or abortion
occurred. Calves born from these animals were also
included in the study by taking blood samples, without
anticoagulant from the jugular vein before they took
colostrums.

Blood samples collected without anticoagulant
were processed to obtain serum by centrifugation
at 1 000 g for 15 min, once obtained it was stored at
—20°C until their use. These samples were processed
by ELISA, as described above, in order to record optic
density values (OD), from each of the three samples of
every animal included in the study.

Blood samples, with anticoagulant, were processed
to extract DNA wusing the commercial package
Ultraclean DNA BloodSpin,*** following instructions
of the manufacturer. DNA samples were subjected
to one tube nested PCR, similar to that described by
Ellis et al.,2' using previously established positive and
negative controls.? DNA concentration of each sample
was verified by UV spectrophotometer and PCR assays
were applied on 5 pL. of the sample with 2 pg DNA.
Amplification products were analyzed in 2.5% agarose
gels, running in each gel a molecular weight marker,}
to estimate the weight of the amplified product; the
gels were stained with ethidium bromide and viewed
with an UV light lamp. Positive results were those that
showed a product of 146 base pairs.

A chi? test was applied (P < 0.05) to compare
proportions of positive and negative results to the
nested PCR assay in each sampling.

The 20 study animals included in the study
maintained their seropositive status during the follow-
up period, although they had OD value fluctuations
in the different samplings. Nevertheless, the highest
OD values in most of the animals corresponded to the
second third of gestation (Table 1).

DNA detection in blood was intermittent between
animals and between samplings (Table 2); therefore, it

complementos minerales; este establo ya habia sido
registrado como seropositivo y con abortos asociados
a N. caninum.320

Se seleccioné un lote de 20 vaquillas de entre 12'y
14 meses de edad, seropositivas en la prueba de ELISA
que detecta IgG especificas a N. caninum; aquélla
se mediante el uso del paquete comercial Herd
Check anti-N. caninum* con sensibilidad de 100% y
especificidad de 98.9%, de acuerdo con el fabricante,
siguiendo el procedimiento recomendado por este
ultimo. La prueba se trabajé con una sola dilucién
de suero (1:100), para detectar positivos y negativos;
los sueros se corrieron pareados y el punto de corte
fue de 0.50, considerandose como positivos los que
tuvieran lecturas medias > 0.50. Estos animales fueron
inseminados artificialmente en fechas posteriores a su
seleccion para el presente estudio.

Se tomaron dos muestras de sangre de lavena caudal
con tubos de ensaye al vacio,** una sin anticoagulante
y otra con EDTA, en tres ocasiones: en el primer tercio
de gestacion (al confirmarse mediante palpacion rectal
y ultrasonido), al dia 55 de ésta; en el segundo tercio
de la gestacion, el dia 160, y por ultimo al suceder el
parto o la presentacion del aborto. Las crias nacidas
de estos animales también se incluyeron en el estudio,
tomando una muestra de sangre, sin anticoagulante,
de la vena yugular antes de que tomaran calostro.

Las muestras de sangre recolectadas sin anticoa-
gulante, se procesaron para obtener el suero mediante
centrifugacion a 1 000 g durante 15 min, el cual se
recuper6 y almacené a —-20°C hasta su uso. Estas
muestras fueron procesadas mediante ELISA, como se
describi6 anteriormente, con la finalidad de registrar
el valor de las densidades 6pticas (DO), presentes en
los tres muestreos para cada animal incluido en el
estudio.

Las muestras de sangre, con anticoagulante, se
procesaron para extraer ADN utilizando el paquete
comercial Ultraclean DNA BloodSpin,*** siguiendo
las instrucciones del fabricante. Las muestras de
ADN se sometieron a una PCR anidada en un solo
tubo, similar a la descrita por Ellis et al. 2! utilizando
testigos positivos y negativos previamente definidos.?
La concentraciéon de ADN en cada muestra fue
verificada por espectrometro UV y en los ensayos de
PCR se usaron 5 pl de la muestra con 2 pg de ADN.
Los productos de la amplificaciéon se analizaron en
geles de agarosa al 2.5%, corriendo en cada gel un
marcador de peso molecular,t para estimar el peso

*IDDEX Laboratories, Inc., Westbrook, Maine, Estados
Unidos de América.

**Venoject, Terumo Europe N.V, Bélgica.

##x MO BIO Laboratories, Inc., Carlsbad, California, Estados
Unidos de América

tPhix 174 DNA Promega Co., Madison, Wisconsin, Estados
Unidos de América.
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was possible to establish that in the respective sampling
of the first third of gestation there were 35% (7/20)
positive cases; in the second sampling, 75% (15/20)
positive cases, and in the sampling carried out during
calving, 50% (10/20) positive cases: differences were
detected (P < 0.05) between samplings. Of the 20
animals included in this study three remained negative
to the nested PCR test during the three samplings
(15%), four were always positive (20%), eight were
positive during the second sampling but negative in
the first one (40%) and five were positive in the second
and negative in the first and third samplings (25%).

Abortion occurred only in four animals, and
in all the cases it happened during the last third of
gestation; DNA was detected in the three samplings of
two of these cows and in one more during the second
third of gestation and at the time of calving (Table 2);
it was not possible to have blood serum samples from
the aborted fetuses in order to determine presence
of anti-N. caninum antibodies. All born calves were
seropositive.

Results observed in the lot under study allow to infer
the presence of N. caninum infecting forms circulating

del producto amplificado; los geles fueron tenidos con
bromuro de etidio y visualizados en una lampara de
luz UV. Se consideré como resultado positivo aquel
que mostrara un producto de 146 pares de bases.

Se aplic6 una prueba de Ji cuadrada (P < 0.05) para
comparar las proporciones de positivos y negativos a la
prueba de PCR anidado en cada muestreo.

Los 20 animales incluidos en el estudio se mantu-
vieron como seropositivos durante el periodo de
seguimiento, aunque presentaron fluctuaciones en
los valores de DO en los diferentes muestreos; sin
embargo, el correspondiente al segundo tercio de la
gestacion presento los valores de DO mas elevados en
la mayoria de los animales (Cuadro 1).

La deteccion de ADN en sangre fue intermitente
entre los animales y entre los muestreos (Cuadro 2),
por lo que fue posible determinar que en el muestreo
correspondiente al primer tercio de la gestacion se
observara 35% (7/20) de casos positivos; en el segundo
muestreo, se observé 75% de casos positivos (15/20),
y en el muestreo realizado al momento del parto, 50%
(10/20) de casos positivos; se detectaron diferencias
(P < 0.05) entre los muestreos. De los 20 animales

Cuadro 1
VALORES DE DENSIDAD OPTICA (DO), DETECTADOS EN 20 VAQUILLAS BAJO ESTUDIO
MEDIANTE LA PRUEBA DE ELISA PARA EL DIAGNOSTICO DE ANTICUERPOS anti-N. caninum
OPTIC DENSITY VALUES (OD), DETECTED IN 20 HEIFERS UNDER STUDY BY
ELISA TEST FOR anti-N. caninum ANTIBODY DIAGNOSIS

Physiological status

Heifer - - - - -
Empty 1st Third gestation 2nd Third gestation Calving
1 1.541 1.821 2.210 1.949
2 1.087 1.183 2.108 1.923 * aborted
3 1.279 1.030 2.416 1.497
4 0.911 0.679 0.687 0.767
5 1.311 1.375 2.120 2.063
6 1.044 0.724 1.258 0.925
7 1.713 1.397 1.354 1.809
8 1.477 1.475 1.984 2.092 * aborted
9 1.382 1.180 1.778 1.644
10 1.022 0.834 1.869 1.564
11 1.853 1.934 2.368 2.200
12 1.778 1.758 2.295 1.912
13 1.729 1.707 1.988 1.823 * aborted
14 1.665 1.685 0.908 1.353
15 1.180 0.546 0.578 1.805 * aborted
16 1.667 1.643 2.115 1.701
17 1.875 1.313 1.539 1.388
18 0.984 1.085 1.949 1.089
19 0.958 1.597 2.161 2.301
20 1.046 0.823 2.018 2.143
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Cuadro 2
DETECCION DE ADN DE N caninum EN SANGRE, MEDIANTE PCR ANIDADA,
EN 20 VAQUILLAS SEROPOSITIVAS INFECTADAS NATURALMENTE
DETECTION OF N caninum IN BLOOD BY NESTED PCR, IN 20
NATURALLY INFECTED SEROPOSITIVE HEIFERS

Physiological status

Cow 1st Third gestation 2nd Third gestation Calving / abortion
1 - - +
2 + + +*
3 - - -
4 - -
5 - + +
6 + + +
7 - - -
8 - - +*
9 - + +
10 - + -
11 - - +
12 - + +
13 + + +*
14 + + -
15 + + -*
16 + + -
17 + + +
18 - + .
19 - + .
20 - - -

* aborted

in the body of the animals, which indicates that
reactivation of infection during gestation of animals
with chronic infection has a dynamic presentation
beginning from the first third of gestation although not
in a continuous manner. Other authors 1516 observed
a similar situation in two year old animals. Previously,
this phenomenon was only evident in live animals by
the elevation of antibody titers which was detected
mainly during the second third of gestation,*5 that in
turn is related to an increase in parasite multiplication,
as indicated by the vertical transmission as well as the
probability of abortion.22

Several studies have reported that abortions by N.
caninum are more frequent between the fifth and sixth
months of gestation, that is to say, during the second
third of gestation when cell mediated immunity is
lowered, and apparently infection reactivation is
favored.*810 In this study, during sampling made in
this period, parasite DNA was detected in 75% of the
animals; likewise, in this period the highest OD values
of the study were detected in most of the animals. There
are literature reports that indicate more frequency of
abortions during the second third of gestation than in

incluidos en el estudio, tres se mantuvieron negativos a
la prueba de PCR anidado en los tres muestreos (15%),
cuatro fueron siempre positivos (20%), ocho fueron
positivos en el segundo muestreo pero negativos en el
primero (40%) y cinco fueron positivos en el segundo
y negativos en el primero y tercero muestreos (25%).

Elaborto se present6 inicamente en cuatro animales,
en todos los casos sucedio en el ultimo tercio de la
gestacion; en dos de estas vacas se detecté ADN en los
tres muestreos y en una mas en el segundo tercio de
la gestacion y al momento del parto (Cuadro 2); no
fue posible contar con muestras de suero sanguineo
de los fetos abortados para determinar la presencia de
anticuerpos anti-N. caninum. Todas las crias nacidas
vivas fueron seropositivas.

Los resultados observados en el lote bajo estudio
permiten inferir presencia de formas infectantes
de N. caninum circulando por el cuerpo de los
animales, lo cual indica que el fenémeno de
reactivacion de la infeccion durante la gestacion en
animales cronicamente infectados se presenta de
forma dinamica desde el primer tercio de gestacion,
aunque no de forma continua; otros autores!s16
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the other stages,23 while there is a study that reports
that during this stage it is possible to find in blood
0.155 ng of ADN per each 1 ng of bovine genome,
this represents twice the amount found during early
gestation stage.16

On the other hand, high OD values are associated
with a higher parasitemia, and are the consequence
of higher antibody production, that can help protect
animals from abortion,??* since healthy animals do
not produce specific antibodies.!” In this study, the
four animals that aborted did so during the last third
of gestation and only one of them was negative to
the presence of DNA at the time of abortion, even
though OD values were high; abortion by N. caninum
may happen from the third month of gestation on,*5
and observations have established that it is possible to
detect the presence of DNA in blood at the time of
abortion.!516 Endemic status of infection by N. caninum
derives in a low proportion of abortions, but these may
be caused by factors associated with the idiosyncrasy of
each animal.4521

Literature reports that in herds with endogenous
chronic infection, immune response is sufficient to
prevent abortion but not vertical transmission,2* this
coincides with the results obtained during this study,
since all progeny was seropositive; younger animals
easily transmit the parasite; therefore, transmission is
practically 100% effective.616

In conclusion, this study detected the presence
of N. caninum DNA in circulating blood, at different
gestation stages of naturally and chronically heifers
which demonstrated that the infection reactivation
phenomenon may be present since the first stage of
gestation as a mechanism used by the parasite to cause
fetus infection and finally cause abortions.
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