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Abstract

The porcine reproductive and respiratory syndrome (PRRS) represents a major menace to the national and international porcine
industry. The virus genetics and antigenic properties, as well as its capacity to modulate the immune system, have made it dif-
ficult to control this virus. In Mexico, as in the rest of world, the disease produces important economic losses in the porcine indus-
try. This study describes the isolation and characterization of PRRS virus obtained from pigs of a farm located in Sonora, Mexico.
The isolated virus was identified by nested RT-PCR of the ORF-6 gene, and by cytopathic effect in MARC -145 cells. The isolated
virus was inoculated in negative pigs which became viremic and produced antibodies and mononuclear cell (MNC) response
after inoculation. In order to establish the genotype of the isolated virus, the sequence of the gene ORF-5 was determined, and it
was 88% and 87 % similar to the American virus (VR-2332) and the modified live virus (MLV) vaccine, respectively. These studies
are basic for the development of strategies oriented to control this disease in Mexico.
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Resumen

El virus del sindrome reproductivo y respiratorio porcino (PRRS, por sus siglas en inglés) representa una amenaza de la industria
porcina nacional e internacional. Sus propiedades genéticas, antigénicas y su capacidad para modular el sistema inmune, son
algunas caracteristicas que han dificultado su control. Tanto en México como en el mundo, los problemas asociados con esta
enfermedad generan cuantiosas pérdidas a la industria porcicola. Este estudio describe el aislamiento y caracterizacién de dicho
virus obtenido a partir de muestras de suero de cerdos de una granja ubicada en Sonora, México. El virus aislado se identificé
mediante una RT-PCR anidada del gen ORF-6y por el efecto citopatico en células MARC-145. El virus aislado se inoculd en cerdos
negativos, los cuales presentaron viremia y respuesta de anticuerpos y células mononucleares (CMN) después de la inoculacion.
Para determinar el genotipo del virus aislado, se determin la secuencia del gen ORF-5, la cual fue 88% y 87% similar al virus de
referencia americano (VR-2332) y al virus vivo modificado vacunal (MLV), respectivamente. Estos estudios son esenciales para
desarrollar estrategias encaminadas al control de la enfermedad en México.
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Introduction

(PRRS) is one of the most important infectious

diseases due to the economic impact it has on
the porcine industry at the national and international
levels.! This disease is caused by a positive chain RNA
virus of the Arteriviridae family. Within this family
the following viruses are found: equine viral arteritis,
lactic dehydrogenase virus of mice and hemorrhagic
disease virus of monkeys. These viruses are charac-
terized by their highly genetic and antigenic variabil-
ity, macrophage-monocytes infection and persistent
infections and immune system modulation.? Pigs of
all ages are affected by the virus causing respiratory,
reproductive problems and high mortality, especially
when it associates with other diseases.

PRRS virus has six structural proteins, four
glycoproteins (GP2, GP3, GP4 and GP5), one
membrane protein (M) and one nucleocapside protein
(N). GP2 and GP3 have low antigenicity, while GP4
and GP5 are involved in the induction of neutralizing
antibodies.” GP5 is also in charge of cell receptor
recognition in target cells and induces apoptosis.*
N protein is the smallest one of all and induces a
high antibody production without evident protection
activity.” M protein is the most conserved, since it
does not exhibit genetic diversity; apparently it has
an important role in the assembling and liberation of
new viral particles.®

PRRS virus genome is 15 kb with seven open read
frames (ORF). ORF genes la and 1b, located on the
5 end, occupy 80% of the genome and codify for
replicase and proteins involved in replication and
transcription of viral RNA. ORFs 2-5 codify for
GP2, GP3, GP4 and GP5 and ORF 6 and ORF 7,
for M protein and nucleocapside (N), respectively.®
Several studies around the world show PRRS virus
has ample genetic variability. Analysis of this virus
isolated in Europe and America has derived into
the identification of two main reference serotypes:
European and American. Comparison of their
nucleotide sequences reveals 55% to 80% identity
between them. Analysis of different strains of one
same serotype shows significant heterogeneity that
varies according to the analyzed protein.7 ORF 6
is the most conserved gene among the American
strains (100% identity at nucleotide level); among
the American and European ones there is between
70% and 81% identity. ORF 7 is the second most
conserved gene, from 95% to 100% and from 57% to
59% identity between American strains and between
American and European strains, respectively. ORF 5
is the gene with most variability, from 88% to 97%
identity between American strains and from 51% to
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Introduccion

(PRRS) es una de las enfermedades infecciosas

mds importantes por el impacto econémico
que tiene en la industria porcina en los dmbitos
nacional e internacional.! Esta enfermedad es causada
por un virus de ARN de cadena positiva, de la
familia Arteriviridae, dentro de la cual se encuentran
el virus de la arteritis viral equina, el virus de la
deshidrogenasa lactica del ratén y el virus de la
enfermedad hemorragica del simio. Estos virus se
caracterizan por tener alta variabilidad genética y
antigénica, infectar monocitos-macréfagos e inducir
infecciones persistentes y modular el sistema inmune.?
El virus afecta cerdos de todas las edades, provoca
problemas respiratorios, reproductivos y elevada tasa
de mortalidad, especialmente cuando se asocia con
otras enfermedades.

El virus PRRS posee seis proteinas estructurales,
cuatro glicoproteinas (GP2, GP3, GP4 y GP5), una
proteina de membrana (M) y una proteina de
nucleocapside (N). La GP2 y la GP3 son poco
antigénicas; en cambio, la GP4 y la GP5 estan
involucradas en la induccion de anticuerpos
neutralizantes.® Ademas, la GP5 se encarga de
reconocer el receptor celular en las células blanco e
inducir apoptosis.* La proteina N es la mds pequena
de todas e induce elevada produccién de anticuerpos
sin actividad protectora evidente.” La proteina M es
la mas conservada, ya que no presenta diversidad
genética; se sugiere que juega un papel importante
en el ensamble y liberacion de nuevas particulas
virales.*®

El genoma del virus PRRS es de 15 kb con siete
marcos de lectura abierta (ORF, por sus siglas en
inglés). Los genes de los ORF la y lb, localizados
en el extremo 5, ocupan el 80% del genoma vy
codifican para la replicasa y proteinas involucradas
en la replicaciéon y transcripciéon del ARN viral. Los
ORF 2-5 codifican para la GP2, GP3, GP4y GP5 y el
ORF 6 y ORF 7, para la proteina M y la nucleocapside
(N), respectivamente.” Diversos estudios alrededor
del mundo demuestran amplia variabilidad genética
del virus del PRRS. El analisis de este virus aislado
en Europa y América ha llevado a la designacién
de dos serotipos principales de referencia: europeo
y americano. La comparacion de sus secuencias de
nucleétidos revela una identidad del 55% al 80%
entre ellas. El andlisis de diferentes cepas de un
mismo serotipo muestra heterogeneidad significativa
que varia segun la proteina analizada.” E1 ORF 6 es
el gen mas conservado entre las cepas americanas
(100% de identidad a nivel de nucleétidos); entre
las americanas y europeas hay entre 70% y 81% de
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59% between American and European strains.® These
percentages show the genetic variability that there is
between American and European serotypes of PRRS
virus.

In Mexico, Lara et al’ described the ORF 7
sequence among five PRRS virus isolates and compared
them to the American reference strain VR2332.
Results revealed a 94.01%-94.39% identity with the
American strain and 97.38%-99.93% between isolates.
In another study, Batista e al.,'” analyzed ORF 7 genes
from 33 field samples from Sonora (n = 13) and
Puebla (n = 6), and reported a larger diversity than
what was found by Lara et al’ In relation to ORF 5
gene diversity of PRRS virus in Mexico, there are no
published studies. This study describes the isolation of
PRRS virus in Mexico and characterization of its ORF
5 gene.

Material and methods
Cells and samples

MARC-145 cells were used, grown in 25 cm?* bottles
using DMEM** culture medium complemented with
10% of bovine fetal serum (BFS),*** 100 UI/mL de
penicillin, 100 pg/mL of streptomycin and 50 pg/mL
gentamycin.} Sera were obtained from a farm located
in Hermosillo, Sonora, Mexico, where the disease
had been reported. For viral isolation, 500 pL were
inoculated of a mix of positive sera in cells and
incubated 1 h at 37°C in a 5% CO2 atmosphere
with 95% relative humidity. After viral absorption,
the supernatant was removed, cells were washed with
culture medium, and new medium with 5% BFS was
added. Cells were incubated three to five days until
cytopathic effect became evident.

RNA extraction

Viral RNA was extracted from 300 pL of the positive
sera mix using QIAamp,] columns following supplier’s
specifications and stored at —70° C until use.

Reverse transcription (RT)

SuperScript ™#* set was used for RT following supplier’s
specifications with certain modifications. Five pL of
total RNA, 0.5 mM of a mix of deoxynucleotide
triphosphate and 1 pL (20 pM) of the ORF 6 or
ORF 5 reverse primer in separate reactions. Reaction
was taken to 10 pL volume with water-DEPC and
incubated at 65°C for 5 min to carry out denaturing.
After that, RT buffer solution was added [20 mM Tris
HCI (pH 8.4), 50 mM KCl], 5 mM MgCls, 0.01 M
DTT and 2 U RNase OUT™™ inhibitor. The mix was

identidad. El ORF 7 es el segundo gen mas conservado,
de 95% a 100% y de 57% a 59% de identidad
entre cepas americanas y entre cepas americanas
y europeas, respectivamente. El gen con mayor
variabilidad es el ORF 5, de 88% a 97% de identidad
entre cepas americanas, y de 51% a 59% entre cepas
americanasy europeas.” Estos porcentajes demuestran
la variabilidad genética que existe entre los serotipos
americanos y europeos del virus del PRRS.

En México, Lara et al.® describieron la secuencia
del ORF 7 entre cinco aislamientos del virus del
PRRS y lo compararon con la cepa de referencia
americana VR2332. Los resultados revelaron una
identidad de 94.01%-94.39% con la cepa americana,
y de 97.38%-99.93% entre los aislamientos. En otro
estudio, Batista et al,' tras analizar el gen del
ORF 7 de 33 muestras de granjas de Sonora
(n = 13) y Puebla (n = 6), notificaron una diversidad
mayor a la encontrada por Lara e/ al’ En cuanto
a la diversidad del gen ORF 5 del virus PRRS en
México, no existen estudios publicados. Este trabajo
describe el aislamiento del virus PRRS en México y la
caracterizacion de su gen ORF 5.

Material y métodos
Células y muestras

Se utilizaron células MARC-145 que fueron cultivadas
en botellas de 25 cm?** usando medio de cultivo
DMEM** complementado con 10% de suero fetal
bovino (SFB),*** 100 Ul/mL de penicilina, 100 pg/mL
de estreptomicina y 50 pg/mL de gentamicina.f
Los sueros se obtuvieron de una granja ubicada
en Hermosillo, Sonora, México, en donde se habia
registrado la enfermedad. Para el aislamiento viral, se
inocularon 500 pL de una mezcla de sueros positivos
en las células y se incubaron por 1 h a 37°C en
una atmosfera con 5% de CO2 y 95% de humedad
relativa. Después de la absorcion viral, se retir6 el
sobrenadante, las células se lavaron con medio de
cultivo y se adicion6 medio nuevo con 5% de SFB. Las
células se incubaron de tres a cinco dias hasta que el
efecto citopatico fue evidente.

Extraccion del ARN

El ARN viral se extrajo a partir de 300 pL de la mezcla
de sueros positivos utilizando columnas QIAamp,}

* Corning Glass Works, Corning, NY, USA.

**Dulbecco’s Modified Eagle’s Medium, SIGMA Chemical
Company, St. Louis, MO, USA.

##% Sigma Chemical.

1Sigma Chemical.

1Qiagen.
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incubated at 42°C for 2 min and 2.5 U SuperScript™
II RT enzyme were added. After that, it was incubated
at 42°C for 50 min. To end the reaction, the mix was
incubated at 70°C for 15 min and maintained on ice.
One pL RNase H (2 U/pL) was added and incubated
for 20 min at 37°C to eliminate RNA. cDNA was stored
at —20°C until used.

Polymerase chain reaction (PCR)
and nested PCR

Amplification reactions were carried outin 50 pL final
volume that contained: 5 pL of each cDNA sample, 1
pL of each primer, PCR buffer [10 mM Tris HCI, 50
mM KCI (pH 8.3)], 3 mM MgCle, 0.8 mM dNTP and
0.25 U Taq DNA recombinant polymerase enzyme.**
Amplifications were performed in a GeneAmpR***
thermocycler with the following temperatures: in the
case of ORF 5, an initial cycle of 94°C for 3 min, 33
cycles of 94°C, 30 s; 60°C, 30 s; 72°C, 1 min, and a
final extension of 72°C for 10 min. The conditions
described above were used in the case of nested ORF
5, ORF 6 and nested ORF 6, with the exception
of aligning temperatures that were 62°C, 65°C and
61.7°C, respectively.

Five pL of PCR product was taken for nested PCR
and the methodology described above was followed.
The final products were analyzed in a 1.2% agarose
gel using 20 pL of each PCR product with 4 pL 6x
loading buffer and as molecular weight marker 1 kb
plus DNA Ladder.} Electrophoresis was run with 1X
TAE buffer (0.04 M Tris-acetate, 0.001 M EDTA, pH
8.0) and gels were stained with ethidium bromide (1
pg/pL), and visualized by UV* ray transilluminator
and photographed with a digital camera.**

Nucleotide sequence analysis

One-hundred pL of gene ORF 5 PCR product were
purified with GFXTM*** columns and nucleotide
sequence was determined with di-deoxyninucleotide'
method in the University of Arizona (GATC). The
sequence that was obtained was aligned with the

sequence of the American, European and vaccination
strains using the CLUSTAL W 1.812 algorithm.

Antibody determination
To establish the presence of anti-PRRS antibodies,
a commercial kit} was used following the supplier’s

recommendations. To consider a sample as positive it
should have a value of S/P > 0.4.
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siguiendo las especificaciones del proveedor, y se
almacend a —70° C hasta su uso.

Transcripcion reversa (RT)

Para la RT se utiliz6 el paquete SuperScript™#
siguiendo las especificaciones del proveedor, con
algunas modificaciones. Se utilizaron 5 pLL de ARN
total, 0.5 mM de wuna mezcla de trifosfato
deoxinucleotido y 1 pL (20 pM) del iniciador
antisentido del ORF 6 u ORF 5 en reacciones
separadas. La reaccion se llevé a un volumen de 10 pL
con agua-DEPC y se incub6 a 65°C por 5 min para la
desnaturalizacion. Posteriormente se agregé6 solucion
amortiguadora RT [20 mM Tris HCI (pH 8.4), 50
mM KCI], 5 mM de MgCle, 0.01 M de DTTy 2 U
de inhibidor RNasa OUT™. La mezcla se incubé a
42°C por 2 min y se agregaron 2.5 U de la enzima
SuperScript ™ II RT. Posteriormente, se incubé a 42°C
por 50 min. Para terminar la reaccion, la mezcla se
incub6 a 70°C por 15 min y se mantuvo en hielo. Se
agreg6 1 pL de RNasa H (2 U/pL) y se incub6 por
20 min a 37°C para eliminar el ARN. El ¢cDNA fue
almacenado a —20° C hasta su uso.

Reaccion en cadena de la polimerasa (PCR)
y PCR anidada

Las reacciones de amplificaciéon se llevaron a cabo
en un volumen final de 50 pL que contenia: 5 pL
de cada muestra de cDNA, 1 pL de cada iniciador,
amortiguador de PCR [10 mM Tris HCI, 50 mM KCI
(pH 8.3)], 3 mM de MgCle, 0.8 mM de ANTP y 0.25
U de la enzima Taq DNA polimerasa recombinante.**
Las amplificaciones se realizaron en un termociclador
GeneAmpR*** con las siguientes temperaturas: en el
caso del ORF 5, un ciclo inicial de 94°C por 3 min,
33 ciclos de 94°C, 30 s; 60°C, 30 s; 72°C, 1 min, y una
extension final de 72°C por 10 min. En el caso del
OREF 5 anidado, ORF 6 y ORF 6 anidado se utilizaron
las condiciones ya descritas, con excepcion de las
temperaturas de alineacion, que fueron de 62°C, 65°C
y 61.7°C, respectivamente.

Parala PCR anidada se tomaron 5 pL del producto
de la PCR y se sigui6 la metodologia descrita
anteriormente. Los productos finales se analizaron en
un gel de agarosa al 1.2%, utilizando 20 pL de cada
producto de PCR con 4 pL de amortiguador de
carga 6X y como marcador de peso molecular 1
kb mas ADN Ladder:t El corrimiento electroforético

*Dulbecco’s Modified Eagle’s Medium, SIGMA Chemical Company,
St. Louis, MO, USA.

** Invitrogen Life Technologies.

***Applied Biosystems.

fInvitrogen Life Technologies.



Mononuclear cells proliferation (MNC)

Samples of blood were taken to obtain MNC using
Ficoll-Hypaque gradients, as has been previously
described."” Proliferation assays were performed in
triplicate in 96-well microculture plates to which
100 pL of a MNC suspension (2.5 x 106 cells/mL)
were added. Cells were stimulated with viral antigen
(supernatant of infected cells diluted 1:100) and an
antigen control (supernatant of non-infected cells
diluted 1:100) during five days. Cells were adjusted
to a final volume of 200 pL/well with RPMI-1640
medium complemented with 10% bovine fetal serum.
Eighteen hours before harvesting cells, they were
marked with 0.5 Ci (37 MKbg-radioactivity) tritiated
thymidine (3HdTr) per well. Incorporation of 3HdTR
to cell DNA was determined in a beta radiation
counter] (BECKMAN) and results were expressed in
counts per minute (cpm) that were proportional to
3HdTR incorporation. Cells without virus and virus
control were maintained as control.

Results
PRRS virus isolation

Serum samples were obtained (n=>5) from afarm close
to Hermosillo, Sonora, Mexico, that had reported
PRRS. Samples were collected from five to six months-
old piglets that had enlarged inguinal ganglions. To
determine virus presence, the serum samples were
mixed and this combination was analyzed by nested
RT-PCR of ORF 6 gene. Results demonstrated that
the mix amplified a 150 bp product, which indicated
the presence of PRRS virus. After that the PRRS
virus was isolated inoculating the mix into MARC-145
cells. After three days, inoculated cells began looking
round and formed clusters, which is a characteristic
of the virus. Presence of this virus was confirmed
by indirect immunofluorescence, with anti-protein N
monoclonal antibody and by RT-PCR in infected cells
(data not shown). Isolated virus was identified as
H-VA.

Pig infection with isolated PRRS virus

Once the PRRS virus wasisolated it was inoculated into
healthy pigs (n = 3) free from anti-PRRS antibodies
and serum negative to nested RT-PCR of the ORF 6
gene. Serum and mononuclear cells (MNC) samples
were taken before and after infection, to determine
the effect of the inoculation of pigs. Pigs inoculated
with the isolated virus had viremia from the first week
to the fourth week of infection, when evaluation was
performed (Table 1). Also, the pigs had a response

se realiz6 con amortiguador TAE 1X (0.04 M Tris-
acetato, 0.001 M EDTA, pH 8.0) y los geles se tineron
con bromuro de etidio (1 pg/p[L), se visualizaron en
un transiluminador de luz UV*y se fotografiaron con
una camara digital.**

Analisis de las secuencias nucleotidicas

Cien pL de los productos de PCR del gen ORF
5 se purificaron con columnas GFX™##% y ]a
secuencia nucleotidica se determiné con el método de
dideoxininucleétidos' en la Universidad de Arizona
(GATG, porsussiglas en inglés). La secuencia obtenida
se aline6 con la secuencia de la cepa americana,
europea y vacunal utilizando el algoritmo CLUSTAL
W 1.812

Determinacion de anticuerpos

Para determinar la presencia de anticuerpos anti-
PRRS se utiliz6 un paquete comercialt siguiendo las
recomendaciones del proveedor. Para considerar una
muestra positiva debera tener un valor S/P = 0.4.

Proliferacion de células mononuclearees
(CMN)

Se obtuvieron CMN a partir de muestras de sangre
periférica utilizando gradientes de Ficoll-Hypaque,
como se describié previamente.” Los ensayos de
proliferacion se realizaron por triplicado en placas de
microcultivo de 96 pozos a los cuales se adicionaron
100 pL de una suspension de CMN (2.5 x 106
células/mL). Las células se estimularon con antigeno
viral (sobrenadante de células infectadas diluido
1:100) y un testigo de antigeno (sobrenadante de
células sin infectar diluido 1:100) durante cinco dias.
Las células se ajustaron a un volumen final de 200
L/pozo con medio RPMI-1640 complementado con
10% de suero fetal bovino. Dieciocho horas antes de
cosechar las células, se marcaron con 0.5 Ci (37 MKbq-
actividad radiactiva) de timidina tritiada (3HdTr) por
pozo. La incorporaciéon de 3HdTR al ADN de las
células se determin6é en un contador de radiacion
betaf (BECKMAN) y los resultados se expresaron en
cuentas por minuto (cpm), que fueron proporcionales
a la incorporaciéon de la 3HdTR. Se mantuvieron
células sin virus y control de virus como testigo.

*TFX-35M, Gibco, BRL, Life technologies, Gaithersburg MD,
USA.

**Olympus.

*#F*Pharmacia.

TIDEXX.

fBeckman
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Cuadro 1

VIREMIA Y RESPUESTA DE ANTICUERPOS

VIREMIA AND ANTIBODY RESPONSE

Week 1 Week 2 Week 3 Week 4
Viremia + + + +
Antibody response 0 0.5+0.07 0.8+0.07 1.2+£0.05

After pigs were infected (n = 3), viremia was determined by nested RT-PCR of ORF-6 gene and antibody response

using IDEXX package. Antibody titers express the mean media + standard deviation of three pigs S/P value.

of specific antibodies for PRRS virus from the second
week of infection (SP > 0.4), that increased each week
(Table 1). Additionally, proliferating response induced
in MNC in the infected pigs was evaluated. Prior
reports show that MNC response of PRRS infected
pigs is detected from the fourth week of infection."
In agreement with these findings, four weeks after
infection, MNCs of inoculated pigs, were stimulated
in vitro with the virus used for infection. Results show
that MNC proliferated in presence of the virus n
vitro. On the other hand, cells without stimulation
or virus control did not proliferate; which shows that
the isolated virus stimulated the immune system of
pigs and these were capable of developing a specific
response to an antigenic stimulus (Figure 1).

Genetic characteristics of ORF 5 gene
of PRRS virus

Once the PRRS virus was identified, isolated,
inoculated into pigs and the infection was reproduced,
the ORF-5 gene was characterized, since it is one
of the most variable genes of the virus. Nested
RT-PCR of ORF-5 gene was performed from the same
sample used to inoculate pigs, and a 603 bp product
was amplified, then purified and sequenced. The
obtained sequence was 603 bp, as has been reported
for American type PRRS virus,"”" since European
type PRRS virus is 606 bp." To compare the sequence
that was obtained with the American reference and
vaccination virus (Ingelvac® PRRS MLV), CLUSTAL
W program was used (Figure 2)."* Analysis revealed
a similarity percentage of 88% and 87%, respectively.
After the nucleotide sequence was obtained, the
amino acid sequence was deduced and alignment was
performed with the American reference strain and
vaccine (Figure 3). The sequence that was obtained
corresponds to 200 amino acids, which is different
from the European origin virus that has 201 amino

202

Resultados
Aislamiento del virus PRRS

Se obtuvieron muestras de suero (n =5) de una granja
cercana a Hermosillo, Sonora, México, que presentaba
antecedentes del PRRS. Las muestras se recolectaron
de lechones de entre cinco y seis semanas de edad,
los cuales presentaban aumento en el tamano de
los ganglios inguinales. Para determinar la presencia
del virus, las muestras de suero se mezclaron y
esta combinaciéon se analiz6 por RT-PCR anidada
del gen ORF 6. Los resultados muestran que la
mezcla amplific6 un producto de 150 pb, lo que
demostro la presencia del virus PRRS. Posteriormente,
el virus PRRS se aisl6 inoculando la mezcla en células
MARC-145. Después de tres dias, las células inoculadas
empezaron a redondearse y agruparse en forma de
racimos, ello es un efecto caracteristico del virus.
La presencia de este ultimo se confirmé mediante
inmunofluorescencia indirecta, con un anticuerpo
monoclonal antiproteina N, y por RT-PCR en las
células infectadas (datos no mostrados). El virus
aislado se identifico6 como H-VA.

Infeccion de cerdos con el virus
PRRS aislado

Una vez aislado el virus PRRS, se inoculo en cerdos
sanos (n = 3) y libres de anticuerpos anti-PRRS vy
negativos en suero a la RT-PCR anidada del gen ORF
6. Para determinar el efecto del in6culo en los cerdos
se tomaron muestras de suero y células mononucleares
(CMN) antesy después de lainfeccion. Se observé que
los cerdos inoculados con el virus aislado presentaron
viremia a partir de la primera semana y hasta la cuarta
semana de infeccién, cuando se realizo6 la evaluacion
(Cuadro 1). Ademas, los cerdos presentaron una

*Beckman.



acids. The analysis indicated identity percentage of
88% and 87% in relation to the American reference
strain and vaccine respectively. Changes to the
nucleotide sequence were distributed all along the
gene. Nevertheless, when the amino acid deduced
sequence was analyzed a region of greater variation
was detected between residues 19 to 39.

Discussion

PRRS is responsible for the most important disease
that is affecting pigs today. It has been difficult to
control, due to its genetic and antigenic characteristics,
its capacity to induce persistent infection and modulate
the immune response.'** In relation to its genetic
properties, studies performed up until now, have
described a European genotype and an American
one, that in ORF 5 gene share approximately 55%
identity.* Within the American genotype, some studies
describe that the ORF 5 gene of the virus presents
an homology that varies between 80% to 100%.
Contrary to what could be concluded, in relation to
the American or European genotype being continent
exclusive, the American genotype has been described
in Europe and Asia, as well as the European genotype
has been described in America.”’ This situation has
been explained due to pig and semen mobilization
that occurs nowadays.

In Mexico, the disease was described soon after it
was identified worldwide. Since then, the attacks by
this disease have been considerable, according to what
Basto et al.* reported. In an effort to understand how
the virus develops in Mexico, Batista et al."’ described
the characteristics of PRRS ORF 7 gene of Sonora and
Puebla. In this study, the presence of the virus was
detected by RT-PCR and the ORF 7 gene sequence
was determined directly from PCR products. Results
demonstrate that ORF 7 has between 88% and 100%
identity with the American reference virus.
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respuesta de anticuerpos especificos al virus PRRS a
partir de la segunda semana de infecciéon (SP > 0.4),
la cual se incrementé cada semana (Cuadro 1). De
manera adicional, se evalu6 la respuesta proliferante
inducida en las CMN de los cerdos infectados. Los
informes previos muestran que la respuesta de CMN
en cerdos infectados con PRRS se detecta a partir de
la cuarta semana de infeccién.' De acuerdo con estos
antecedentes, cuatro semanas después de la infeccion,
las CMN de los cerdos inoculados se estimularon
in vitro con el virus utilizado para la infeccion. Los
resultados muestran que las CMN proliferaron en
presencia del virus in vitro. Por el contrario, células sin
estimulo o con un control de virus no proliferaron,
lo que demuestra que el virus aislado estimul6 el
sistema inmune de los cerdos y éstos fueron capaces de
desarrollar una respuesta especifica ante el estimulo
antigénico (Figura 1).

Caracteristicas genéticas del gen ORF 5 del
virus PRRS

Una vez que el virus PRRS fue identificado, aislado,
inoculado en cerdos y reproducida la infeccion, se
procedi6 a caracterizar el gen ORF-5, ya que es uno
de los genes de mayor variabilidad del virus. Se realizé
una RT-PCR anidada del gen del ORF-5 a partir de
la misma muestra utilizada para inocular los cerdos,
y se amplific6 un producto de 603 pb, el cual se
purificé y secuencié. La secuencia obtenida fue de
603 pb, como se ha informado para virus PRRS
de tipo americano,”"® ya que el virus PRRS tipo
europeo es de 606 pb." Para comparar la secuencia
obtenida con las de los virus de referencia americana
y vacunal (Ingelvac®PRRS MLV), se utiliz6 el
programa CLUSTAL W (Figura 2)." El analisis
revel6 un porcentaje de similitud de 88% y 87%,
respectivamente. Después de que se obtuvo lasecuencia

Figura 1. Proliferacion de CMN. Se obtuvieron
CMN cuatro semanas después de la infeccion y
se estimularon con virus (barra rayada), control
de virus (barra blanca) o sin estimulo (barra
negra). Los resultados representan las cuentas
por minuto (cpm) promedio desviacion estandar
de tres cerdos.

Figure 1. MNC proliferation. Four weeks after
infection MNC were obtained and stimulated
with virus (stripped bar), virus control (white
bar) or without stimulation (black bar). Results
represent average counts per min (cpm) standard

deviation of three pigs.
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* 200 * 220 * 240
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* 260 * 280 * 300
VR-2332 :. ... 1300
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GCCCTCACTACCAGCCATTTCCTTGACACAGTCGCTTTAGTCACTGTGTCTACCGCCGGG
* 320 * 340 * 360
VR-2332 :. . 1360
Vaccine : .. ... 1360
H-VA . TA... T.G........ T A..... 1360
TTTGTTCACGGGCGGTATGTCCTAAGTAGCATCTACGCGGTCTGTGCCCTGGCTGCGTTG
* 380 * 400 * 420
VR-2332 :. . 1420
Vaccine : .. 1420
H-VA :GT....A..C.A...G...C... e TLALC.LT... 1 420
ACTTGCTTCGTCATTAGGTTTGCAAAGAATTGCATGTCCTGGCGCTACGCGTGTACCAGA
* 440 * 460 * 480
VR-2332 :. :
Vaccine : .. .G 480
H-VA :.C....C..A...C .. 1480
TATACCAACTTTCTTCTGGACACTAAGGGCAGACTCTATCGTTGGCGGTCGCCTGTCATC
* 500 * 520 * 540
VR-2332 :. . 1540
Vaccine 1540
H-VA :.....GA.T.G......C...T.T.A..A...:50
ATAGAGAAAAGGGGCAAAGTTGAGGTCGAAGGTCATCTGATCGACCTCAAAAGAGTTGTG
* 560 * 580 * 600
VR-2332 :. ... 1600
Vaccine 1 600

LCTLTLLALLG. ..C.T.: 600

H-VA ..
CTTGATGGTTCCGTGGCAACCCCTATAACCAGAGTTTCAGCGGAACAATGGGGTCGTCCT

VR-2332 :...: 603

Vaccine :...: 603

H-VA :..:603
TAG

The ORF 5 gene has 603 base pairs, that codify
a protein (GP5) of 201 amino acids.'”* Protein
GP5 is in charge of cell receptor recognition to
induce apoptosis® and neutralizing antibodies that
are important in disease control.>>* Differently
from other genes of PRRS virus, ORF 5 is the
one that has more variability due to mutations and
recombinations.” These mutations are found mainly
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Figura 2. Alineamiento de
secuencia nucleotidicas del gen
ORF 5. La secuencia obtenida del
virus PRRS H-VA se aline6 con
el virus de referencia americana
(VR2332) y el virus vacunal
(Ingelvac®PRRS MLV) utilizando el
programa CLUSTAL W 1.8."*

Figure 2. Nucleotide alignment
sequence ORF 5 gene. PRRS H-VA
virus sequence that was obtained,
was aligned with American
reference virus (VR2332) and
vaccine virus (Ingelvac®PRRS MLV)
using CLUSTAL W 1.8 program.'?

de nucleoétidos, se dedujo la secuencia de aminodcidos
y se realiz6 el alineamiento con la cepa de referencia
americana y la vacuna (Figura 3). La secuencia
obtenida corresponde a 200 aminoacidos, a diferencia
del virus de origen europeo que presenta 201
aminoacidos. El analisis mostré un porcentaje de
identidad de 88% y 87% con respecto a la cepa de
referencia americana y la vacuna, respectivamente.



* 20 * 40 * 60

VR-2332 e 162
Vaccine : ............ Qe 162
H-VA :.G..... L...Y..W..V.NG....F........ E.K..: 62

* 80 * 100 * 120

VR-2332 1o 1124
VACCINEG & eoviieieiieieiiieiecetee et 1124
H-VA e Gueee Yoo V...: 124

* 140 * 160 * 180

VR-2332 1o 1186
Vaccing : ..ocoecevveeinieenns [ SR . 186
H-VA ... S (€ T 1 186

* 200
VR-2332 ... -:200
Vaccine : ............ -:200
H-VA :...A...L-:200
TPITRVSAEQWGRP

MLEKCLTAGCCSRLLSLWCIVPFCFAVLANASNISSSHLQLIYNLTLCELNGTDWLANKFDW

AVESFVIFPVLTHIVSYGALTTSHFLDTVALVTVSTAGFVHGRYVLSSIYAVCALAALTCFV

IRFAKNCMSWRYACTRYTNFLLDTKGRLYRWRSPVIIEKRGKVEVEGHLIDLKRVVLDGSVA

Figura 3. Alineamiento de
la secuencia deducida de
aminoacidos de la proteina
GPS. A partir de la secuencia
de nucledtidos del virus PRRS
H-VA, virus de referencia
americana (VR2332) y vacunal
(Ingelvac®PRRS  MLV), se
dedujo la secuencia de
aminoacidos utilizando el
programa GenDoc y se realizo
un alineamiento con el
programa CLUSTAL W 1.8."2

Figure 3. Alignment of the
amino acid sequence deduced
for GPS protein. Amino acid
sequence was deduced from
PRRS H-VA virus nucleotide
sequence, American reference
virus (VR2332) and vaccine
(Ingelvac®PRRS MLV), using
GenDoc program and an
alignment was performed with
CLUSTAL W 1.8 program.'?

in ectodomain GPb protein, which is the supposedly
key to the induction of neutralizing antibodies.”*” In
agreement with the results obtained during this study,
mutations of PRRS virus isolated in Mexico are found
in the ectodomain of GP5 protein. This means that
changes in regions potentially immunogenic would
alter antibody recognition of heterologous virus.
Taking into consideration the nucleotide sequence,
PRRS virus isolated in this study is grouped within
the American genotype; nevertheless, the possibility
of finding in Mexico some European genotype virus,
as it has happened in the United States should not
be discarded.?' The identity percentages between the
PRRS virus isolated in this study and the reference
American and vaccine virus reveal a high variability,
as has been reported in other parts of the world.****
A characteristic of pigs infected with PRRS is a
prolonged viremia.”” As has been shown in this study,
it is possible to find viremic pigs up to four weeks
after infection. In the case of infected boars, the
presence of virus in semen has been detected up to
more than 100 days.* Besides the prolonged viremia
and persistence, an important characteristic of PRRS
virus is the immune response modulation.” Using a
commercial kit, the antibody response was determined
from the second week of infection on. According to
other authors,® this type of response does not have
any protecting activity. The protecting response to

Los cambios en la secuencia de nucleétidos se
encuentran distribuidos a lo largo del gen. Sin
embargo, cuando se analiza la secuencia deducida
de aminodcidos, se aprecia que la regiéon de mayor
variacion se encuentra entre los residuos 19 a 39.

Discusion

El virus PRRS es responsable de la enfermedad mas
importante que afecta a los cerdos en la actualidad.
Sus caracteristicas genéticas, antigénicas, su capacidad
para inducir infeccién persistente y modular la
respuesta inmune, han hecho que sea dificil de
controlar."** En cuanto a sus propiedades genéticas,
los estudios realizados a la fecha han descrito un
genotipo europeo y otro americano, que en el gen del
ORF 5 comparten alrededor del 55% de identidad."
Dentro del genotipo americano, algunos trabajos
describen que el gen ORF 5 del virus presenta una
homologia que varia de 80% a 100%. Contrario
a lo que podria pensarse, en relaciéon a que el
genotipo americano o el europeo eran exclusivos de
cada continente, se han descrito virus de genotipo
americano en Europa y Asia, asi como virus de
genotipo europeo en América.”’ Lo anterior se ha
explicado por el flujo de cerdos y semen que existe en
la actualidad.

En México, la enfermedad se describi6é poco tiempo
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PRRS is mediated by neutralizing antibodies that are
found after four weeks of infection.® This delay in
neutralizing antibody response is also a characteristic
of MNC. Results obtained in other studies and in this
one establish that MNC of PRRS infected pigs have
capacity to proliferate in vitro until the fourth week. !
In the same manner, presence of gamma-interferon
producing cells seems to be modified during infection
with PRRS virus. %!

Results obtained in this study present, for the first
time in Mexico, the isolation and characterization of
OREF 5 gene of PRRS virus. From the isolated virus,
experimental infection was reproduced in pigs, as was
demonstrated by viremia, antibody response and T
lymphocytes. Different from other studies,' in this
study virus was isolated and ORF-5 sequence of the
gene was obtained. This will allow more PRRS virus
isolations to obtain a more ample characterization of
it in Mexico.
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después de su identificacion en el mundo. Desde
entonces, los embates de la enfermedad han sido
considerables, segin lo informa Basto et al?* En un
intento por entender como se desarrolla el virus en
México, Batista et al.'’ describieron las caracteristicas
del gen del ORF 7 de virus PRRS de Sonora y Puebla.
En este trabajo se detect6 la presencia del virus
mediante RT-PCR y se determiné la secuencia del
gen ORF 7 directamente de los productos de PCR.
Sus resultados muestran que el ORF 7 presenta entre
88% y 100% de identidad con el virus de referencia
americano.

El gen ORF 5 presenta 603 pares de bases,
las cuales codifican una proteina (GP5) de 201
aminodcidos.'®* La proteina GP5 se encarga de
reconocer el receptor celular en las células, inducir
apoptosis2 y anticuerpos neutralizantes importantes
en el control de la enfermedad.*>** A diferencia de
otros genes del virus PRRS, el ORF 5 es el que
presenta la mayor variabilidad debido a mutaciones
y recombinaciones.? Estas mutaciones se encuentran
principalmente en el ectodominio de la proteina
GP5, la cual se supone es clave para la induccién
de anticuerpos neutralizantes.”*” De acuerdo con los
resultados obtenidos por este estudio, las mutaciones
del virus PRRS aislado en México se encuentran
en el ectdominio de la proteina GP5. Esto supone
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inmunogénicas alteraria el reconocimiento de
anticuerpos frente avirus heterélogos. De acuerdo con
la secuencia de nucleotidos, el virus PRRS aislado en
este estudio se agrupa dentro del genotipo americano;
sin embargo, no se puede descartar la posibilidad
de encontrar en México algun virus de genotipo
europeo, como ha ocurrido en Estados Unidos.? Los
porcentajes de identidad entre el virus PRRS aislado
en este estudio y los virus de referencia americana
y vacunal, revelan una alta variabilidad, como se ha
informado en otras partes del mundo.?*%

Una caracteristica de los cerdos infectados con
PRRS es la viremia tan prolongada que presenta.29
Como se ha demostrado en este estudio, es posible
encontrar cerdos virémicos hasta cuatro semanas
después de la infeccion. Para el caso de sementales
infectados, se ha descrito la presencia del virus en
semen hasta por mas de 100 dias.? Ademas de la
viremia prolongada y persistencia del virus PRRS,
una caracteristica importante es la modulacion de la
respuesta inmune.?*’ Utilizando un paquete comercial,
se determiné una respuesta de anticuerpos a partir
de la segunda semana de infecciéon. De acuerdo con
otros autores,” este tipo de respuesta no tiene ninguna
actividad protectora. La respuesta protectora a PRRS
esta mediada por los anticuerpos neutralizantes, los
cuales se aprecian después de cuatro semanas de
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