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al virus del sindrome respiratorio y reproductivo porcino
dentro de granjas porcinas del estado de Yucatan, México

|dentification of risk factors associated with exposure to
porcine respiratory and reproductive syndrome virus in pig
farms from the state of Yucatan, Mexico
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Abstract

The aim of this study was to identify the risk factors associated with the porcine respiratory and reproductive
syndrome virusin pig farms from the state of Yucatan in Mexico. Thirty seven continuous flow pig farms were
studied. Sixty one blood samples were collected in each farm, and then the enzyme linked immunosorbent
assay (ELISA) followed. The risk factors were evaluated using the information from a questionnaire answered
by the owners or farm manager. A univariate analysis (Fisher exact test) was carried out in order to evaluate
the association between risk factors and the high prevalence (= 30%), farms and the low prevalence ones (<
30%). The association with P < 0.25 values were included in a logistic regression analysis. The significance
level was 10%. A significant association between high prevalence farms and the replacement sow (P = 0.04)
and pig house emptying (P = 0.09) variables was found in the logistic regression final model. The farms with
an external replacement system had 6.70 greater probability of a prevalence equal or higher than 30% in
comparison with those that did not. The farms with partial emptying had 7.99 greater probability of a
prevalence higher than 30% in comparison with those that did not.

Key words: PORCINE RESPIRATORY AND REPRODUCTIVE SYNDROME, RISK FACTORS,
PREVALENCE, ASSOCIATION, PROBABILITY.

Resumen

El objetivo del presente estudio fue identificar factores de riesgo asociados a la exposicion al virus del sindrome
respiratorio y reproductivo porcino (PRRS, por sus siglas en inglés) dentro de granjas porcinas del estado de
Yucatan, México. Se trabaj6 con 37 granjas porcinas de ciclo completo. Se tomaron muestras de sangre a 61
animalesde cadagranja. Lapruebaseroldgica utilizadafue lade ensayo inmunoabsorbente ligado aenzima. Para
evaluar los factores de riesgo, se aplicé un cuestionario a los duefios o encargados de cada granja. Con el fin de
conocer la asociacién entre los factores de riesgo y las granjas con prevalencias altas (= 30%) y bajas (< 30%),
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se realiz6 un andlisis univariado (correccion de Fisher) y las asociaciones con valores P < 0.25 se incluyeron en
un modelo de regresion logistica. El nivel de significancia fue 10%. En el modelo final de analisis de regresion
logistica, se encontré asociacion significativa entre granjas con prevalencia igual o mayor a 30% y las variables
remplazo de vientres (P = 0.04) y vaciado de la nave (P = 0.09). Las granjas que utilizaron vientres para remplazo
de origen externo, tuvieron 6.70 veces mas probabilidad de tener una prevalencia igual o mayor a 30% en
comparacion con las que no lo realizaron. Las granjas que realizaron el vaciado de la nave tuvieron 7.99 veces
mas probabilidad de tener una prevalencia igual o mayor a 30% en comparacion a las que no lo realizaron.

Palabras clave: SINDROME RESPIRATORIO Y REPRODUCTIVO PORCINO, FACTORES DE RIESGO,

PREVALENCIA, ASOCIACION, PROBABILIDAD.

Introduction

me (PRRS) was first described in Europe, in

1986, and in the U.S. in 1987. It is an infectious
disease caused by an RNA virus that affects the respi-
ratory and reproductive tracts in pigs.

Currently, the PRRS virus has an almost worldwide
distribution in the pig population. Inthe U.S.,59% (129
0f217) of the pig farms have been found to be infected.!
In Canada, 50% (30 of 60) of the pig farms are seropos-
itive;Z while in Japan, seropositivity was found to be
86% (42 of 49).® Other countries, such as Australia,
Sweden, Norway and the territory of New Caledonia,
have been found to be free of the disease.* In Mexico,
53% (658 of 1 230) of sera, obtained in 11 states, have
been seropositive.®

Infection with the PRRS virus can cause clinical or
subclinical illness. In finishing pigs the virus causes
mainly respiratory problemswhich affect feed conver-
sion, daily gain and increase the days to market,* this
last point has generated economic losses of 18.21 dol-
lars per pig.® In breeders, the virus causes abortion,
mummifications, still-born piglets, an increase in
preweaning mortality, decreased conception rate, ir-
regular return to estrus and increased mortality in
adults.”Economic losses of between 250 and 500 dollars
per sow have been calculated.*

The PRRS virus can enter the herd through ani-
mals or infected semen. The virus is transmitted di-
rectly (pig to pig) or indirectly, through needles,
clothes, boots and air. Several possible risk factors
that can favor viral transmission, within the farm,
include: mixing infected and susceptible pigs, thiscan
be increased if there is continuous introduction of
susceptible animals to the farm; persistently infected
pigsor those with subclinical infections;” mixing back-
ward or slow- growing pigs withyounganimalsinthe
growing and finishing areas;* and overcrowding in
the finishing area.® However, there are few scientific
studies that have evaluated the association between
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Introduccion

(PRRS, por sussiglas en inglés) se describié por

primera vez en 1986 en Europa y en 1987 en
Estados Unidos de América. Es una enfermedad infec-
ciosa causada por un virus RNA que afecta el tracto
respiratorio y reproductivo de los cerdos.

Actualmente el virus de PRRS se encuentra distribui-
doenlamayor parte delmundodondeexiste produccién
de cerdos. En Estados Unidos de América se ha descrito
59% (129/217) de hatos infectados.! En Canada, 50% (30/
60) de los hatos fueron seropositivos.? En Japén, 86% (42/
49) de lasgranjasfue seropositivoal virusde PRRS.2Otros
paises como Australia, Suecia, Noruegay Nueva Caledo-
nia se notifican libres de laenfermedad.* En México se ha
informado que 53% (658/1 230) de los sueros obtenidos de
11 estados del pais fueron seropositivos.®

La infeccion con el virus de PRRS causa enfermedad
clinica o subclinica. En los cerdos de engorda causan
principalmente problemas respiratorios que afectan la
conversiénalimentaria, lagananciadiariade pesoeincre-
mento de los dias al mercado,* esto Gltimo ocasiona
pérdidasecondmicasde 18.21 délares por cadacerdo..En
el pie de cria causa aborto, momificaciones, mortinatos,
aumento de la mortalidad predestete, disminucién de la
tasa de concepcidn, retorno irregular al estro y aumento
de lamortalidad de los vientres.” Se han calculado pérdi-
das econémicas entre 250-500 délares por hembra.*

El virus de PRRS puede entrar al hato a través de
animales o semen infectado. El virus se transmite por
contacto directo (cerdo-cerdo) o indirecto (agujas, ropa,
botas, aire). Se han mencionado algunos factores de
riesgo que pueden favorecer la transmisién del virus
dentro de lagranjacomo lamezcla de cerdos infectados
y susceptibles, lo cual se puede favorecer por la intro-
duccién continuade animales susceptibles, laexistencia
de animales persistentemente infectados y con infec-
cién subclinica,” la mezcla de cerdos retrasados con
animales jévenes en el area de crecimientoy engorda‘y
el hacinamiento en el area de engorda.? Sin embargo,
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risk factorsand the presence of the virusin the farms.>1°
In Mexico, there are no studies that indicate the eval-
uation of risk factors.

The state of Yucatan, Mexico, holds the fourth
place in national pig production. It is an important
activity due to its economic value, production vol-
ume, population feeding habits, and as a source of
employment.

Due to all the above, the objective of the present
study was to identify the risk factors associated with
exposure to the porcine respiratory and reproduc-
tive syndrome virus, within pig farms in the state of
Yucatan.

Material and methods

Thirty seven continuous flow pig farms from the state
of Yucatan, were studied, during the october 2000 to
february 2001 period. The farms were selected based
on the owner’s availability for participating in the
study.

Blood samples were taken from 61 animals within
each farm, considering a prevalence of 30%, 90% con-
fidence level and 10% precision level.’? The formula
used was the following:

2> px(l-p)
T

Where:
z2=1.645 (Value of t at 90% confidence).
p = Expected seropositivity prevalence.
1-p = Expected seronegativity prevalence.
d? = Desired precision.

The 61 samples were obtained from different levels
of the pig population, in the following manner: a)
Breeders: ten gestating, ten lactating, ten weaned and
five boars; b) weaned: six samples between two and
three weeks after entering the weaning area and six
samples from pigs one week before leaving the wean-
ing area; ¢)finishing: seven samples three weeks after
entering the finishing area and seven from pigs three
weeks before leaving the farm.

The blood samples from each pig were obtained by
venepuncture of the anterior vena cava, using 21G x
1.5” needles and 10 ml capacity Vacutainer® tubes
withoutanticoagulant. The sampleswere keptatroom
temperature, for approximately one hour, to enhance
clot formation; then they were transported to the Im-
munology Laboratory at the College of Veterinary
Medicine and Animal Science at the Autonomous Uni-
versity of Yucatan. The samples were centrifuged at
300 gand serum was obtained, this was then deposited

existen pocos trabajos cientificos que evallen la asocia-
cion entre factores y la presencia del virus dentro de
granjas.®® En México no hay estudios que notifiquen la
evaluacion de factores de riesgo.

El estado de Yucatan, México, ocupa el cuarto lugar
nacionalen producciondecerdos, lacual esunaactividad
importante debido a su valor econémico, volumen de
produccion, por los habitos de consumo de la poblacion
y por ser una fuente de empleo.!

Conbaseenloanterior, el objetivo del presente trabajo
fue identificar factores de riesgo asociados a laexposicion
alvirus del sindrome respiratorioy reproductivo porcino
dentro de granjas porcinas del estado de Yucatan.

Material y métodos

El estudio se realiz6 en 37 granjas porcinas de ciclo
completo del estado de Yucatan en el periodo octubre,
2000-febrero, 2001. Lasgranjasfueron seleccionadas por
contar con pie de cria, disponibilidad de los productores
a participar y porque el cuestionario incluyo preguntas
relacionadas con las areas de destete y engorda.
Setomaron muestrasde sangrea6lanimalesdentro
decadagranja, considerando unaprevalenciadel 30%,
nivel de confianza de 90% y precision del 10%.'2 Se
considero el 30% de prevalenciacon base en resultados
emitidos a varias granjas por el Laboratorio Regional
del Comité de Fomentoy Proteccion Pecuaria del Esta-
do de Yucatan. La formula utilizada fue la siguiente:

72 < p = (1-p)
n——mm———
d2

Donde:
z2=1.645 (Valor de t al 90% de confianza).
p = Prevalencia esperada de seropositivos.
1-p = Prevalencia esperada de seronegativos.
d? =Precisidn deseada.

Las 61 muestras se obtuvieron de los diferentes
estratos de la poblacion de la siguiente manera: a)
Reproductores: diez gestantes, diez lactantes, diez des-
tetadas y cinco sementales; b) destetes: seis muestras
entre dos y tres semanas después de entrar al area de
destete y seis muestras de los cerdos que se encontra-
ban a una semana de salir del area de destete; c)
engorda: siete muestras a las tres semanas de haber
ingresado al areay siete a cerdos que se encontraban a
tres semanas de salir de la granja.

Las muestras de sangre de cada cerdo se obtuvieron
por puncién de lavenacavaanterior utilizando agujas de
21G = 1.5” y tubos Vacutainer con capacidad de 10 ml sin
anticoagulante. Las muestras se mantuvieron atempera-
tura ambiente, aproximadamente una hora para favore-
cer laformacion del coagulo; después fueron trasladadas
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in 1.9 ml vials that had been labeled previously. The
sera were kept at —20°C until the serological tests were
carried out.

An enzyme-linked immunosorbent assay (ELISA)
test, from IDEXX Laboratories, was carried out. Thisis
an indirect test, based on measuring the IgG antibod-
ies against the PRRS virus, both from European and
American strains, in porcine blood. The presence or
absence of antibodies against PRRS was determined
as the diagnostic value known as S/P, which is a ratio
of the optical density of the sample over the optical
density of a positive control. When the S/P value was
less than 0.4, the sample was considered negative;
whereas S/P values equal to or greater than 0.4 were
considered positive (as per the manufacturer’s in-
structions). When compared to immunoperoxidase,
this test has a relative sensitivity of 91% and a relative
specificity of 97%.5

In order to evaluate the association of risk factors
that could favor the presence of the PRRS virus in a
farm, questionnaires were given to owners or farm
managers; these included questions related to the an-
imal population and biosecurity.

Prevalence within the farm was estimated in the
following way:

Where:
P = Prevalence.
a = Total number of PRRS seropositive
animals.
n = Total number of animals sampled.™*

To evaluate the association between the risk fac-
tors and the farms with high prevalence (= 30%), or
low prevalence (< 30%), we used a univariate analy-
sis (Fischer’s exact test).’® In the univariate analysis,
the associations with P = 0.25 values were included
in a logistic regression final model.*® This was used
to evaluate the magnitude of the association (OR =
odds ratio) that exists between the farms with PRRS
virus seroprevalence (0 = < 30%; 1 = > 30%), the
dependentvariable, and the independent variables:
type of replacement (0 = internal; 1 = external),
mixing of smaller pigs in growth area (0 = no; 1 =
yes), pig-house emptying (0 = total; 1 = partial),
conducts PRRS diagnostic tests (0 = yes, 1 = no),
veterinary consultant visits other farms (0 = no; 1 =
yes), seropositive boars (0 = < 50%, 1 = = 50%),
employees enter (0 = one area; 1 = all areas). The
interaction effects between the independent varia-
bles were calculated and taken out of the model
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al Laboratorio de Inmunologia de laFacultad de Medicina
Veterinaria y Zootecnia de la Universidad Autdnoma de
Yucatan. Las muestras se centrifugaron a 300 g para obte-
ner el suero, el cual se depositd en viales de 1.9 ml previa-
mente identificados. Los sueros se conservaron a —20°C
hasta el momento de realizar la prueba seroldgica.

Se utiliz6 la prueba de ensayo inmunoabsorbente
ligado a enzima (ELISA) del laboratorio IDEXX. Es de
tipo indirecta y se basa en la medicién de anticuerpos
IgG del virus de PRRS de cepas tanto europeas como
americanas en suero porcino. La presencia o ausencia
de anticuerpos contra PRRS se determiné con el valor
diagnéstico conocido como S/P, el cual es la razon del
valor de la densidad 6ptica de la muestra entre la
densidad Optica del testigo positivo. Cuando la razén
S/P fue menor a 0.4 la muestra se consider6 como
negativa; si la razon S/P fue igual o mayor a 0.4 se
considerd como positiva (segun indicaciones del fabri-
cante). Se ha notificado una sensibilidad relativa de
91% vy especificidad relativa de 97% al compararla con
inmunoperoxidasa.®

Para evaluar la asociacion de factores de riesgo que
pudieronfavorecerlapresenciadel virusde PRRSenla
granja, se realizaron visitas a los duefios o encargados
de las granjas a quienes se les aplico un cuestionario,
éste comprendio preguntas relacionadas con pobla-
cién de animales y bioseguridad.

La prevalencia dentro de granja se estimé de la
siguiente manera:

P = Prevalencia.

a = Numero total de animales seropositivos a
PRRS.

n = NuUmero total de animales muestreados.'

Paraevaluar laasociacion entre losfactoresderiesgoy las
granjas con prevalencias altas (= 30%) y bajas (< 30%), se
realiz6 un analisis univariado (correccion de Fisher).®* Enel
andlisis univariado, las asociaciones que arrojaron valores P
< 0.25, seincluyeron en un modelo de regresion logistica,'®
que fue utilizado para evaluar la magnitud de asociacion
(OR = razén de probabilidad) que existe entre las granjas
conseroprevalenciaal virusde PRRS (0= < 30%; 1==>=30%)
(variable dependiente) y granjas con procedencia de vien-
tres (0 = autorremplazo; 1 = externo), mezcla de cerdos
retrasadosen crecimiento (0=no; 1=si), vaciadodelanave
(0 =total; 1 = parcial); realizacion de pruebas diagndsticas
paraPRRS (0 =si; 1 =no), asesoria del MVVZ a otras granjas
(0=no; 1 =si), sementales seropositivos (0 =< 50%;1=>
50%), losencargadossoéloentrana (0 =unarea; 1 =todaslas
areas) (variablesindependientes). Los efectos de interaccion
entre las variables independientes fueron evaluadas y reti-



since no associations were significantata 10% signif-
icance level.

Results

The univariate analysis found a P < 0.25 association
between farms with prevalence equal to or higher than
30%andtypeof replacement (P =0.06), conducting PRRS
diagnostic tests (P = 0.24), seropositive boars (P = 0.09),
veterinary consultant visiting other farms (P = 0.15),
employees entering one or all areas (P = 0.25), mixing
smaller pigs (P =0.14) and pig-house emptying (P =0.15)
(Table 1).

In the logistic regression final model, a significant
association was found between farms with prevalence
equal to or higher than 30% and the variables: type of
replacement (P = 0.04) and pig-house emptying (P =
0.09) (Table 2). The farmsthat use external replacement
had a 6.70 times greater probability of having a preva-
lence equal to or higher than 30%, when compared
with farms that used internal replacement. Farms that
had partial pig-house emptying had a 7.99 times grea-
ter probability of having a prevalence equal to or higher
than 30%, when compared with farms that had com-
plete emptying.

Discussion

The logistic regression analysis detected that farms
using external replacement had a 6.70 times greater
probability of having a prevalence equal to or higher
than 30%, when compared to those farms that used
internal replacement. This could be due to the fact that
when replacements were introduced, they were
shedding PRRS virus and that a part or the whole
breeding herd was susceptible. On the other hand,
introducing susceptible animals to a positive herd fa-
vors the presence of subpopulations, which are neces-
sary for maintaining viral circulation.*®

The farms that carried out partial pig-house empty-
ing had a 7.99 times greater probability of having a
prevalence equal to or higher than 30%. Introducing
animals of different ages into a pig-house favors con-
tact between infected and susceptible animals.'” The
amplitude of the confidence intervals, calculated for
both variables, is due to the size of the sample.’® Based
upon this, it is concluded that introducing external
replacements and partial pig-house emptying are the
risk factors that favor exposure to the PRRS virus,
within the farm. This type of study contribute to the
porcine industry by aiming to avoid or minimize cer-
tain practices that favor the presence and circulation or
viruses within farms.

radas del modelo debido a que no se observaron asociacio-
nes significativas. El nivel de significancia fue 10%.

Resultados

En el analisis univariado se encontré asociacion con P <
0.25 entre granjas con prevalencia igual o mayor a 30%y
remplazo de vientres (P = 0.06), realizacion de pruebas
diagndsticas para PRRS (P =0.24), sementales positivos
(P = 0.09), asesoria del MVZ a otras granjas (P = 0.15),
encargados entran a un area o varias areas (P = 0.25),
mezcla de cerdos retrasados (P = 0.14) y vaciado de la
nave (P =0.15) (Cuadro 1).

En el modelo final de analisis de regresion logistica,
se encontrd asociacion significativa entre granjas con
prevalencia igual o mayor a 30% Yy las variable rempla-
zodevientres (P =0.04) y vaciado de lanave (P =0.09)
(Cuadro 2). Las granjas que utilizaron vientres para
remplazo de origen externo tuvieron 6.70 veces mas
probabilidad de tener una prevalencia igual o mayor a
30% en comparacion a las granjas que utilizaban auto-
rremplazo. Las granjas que realizaron el vaciado par-
cial de lanave tuvieron 7.99 veces mas probabilidad de
tener una prevalencia igual o mayor a 30% en compa-
racion a granjas que realizaron el vaciado total.

Discusion

Enelanalisis de regresion logistica se detectd que granjas
que utilizaron remplazos externos tuvieron 6.70 veces
mas probabilidad de tener una prevalenciaigual o mayor
a 30% en comparacion a las granjas que introducian
autorremplazo. Esto se pudo deber a que al momento de
introducir los remplazos, éstos estuvieran eliminando el
virus de PRRS y que parte o la totalidad del hato repro-
ductor fuerasusceptible. Por otro lado, introducir anima-
lessusceptiblesaun hato positivo favorece lapresenciade
subpoblaciones, las cuales son necesarias para que se
mantenga la circulacion viral

Las granjas que realizaron el vaciado parcial de la
nave tuvieron 7.99 veces mas probabilidad de tener
una prevalencia igual o mayor a 30%. El hecho de
introducir animales de diferentes edades dentro de
una nave, favorece el contacto entre animales infecta-
dos y susceptibles.'” La amplitud en los intervalos de
confianza calculados para ambas variables, son am-
plios debido al tamafio de la muestra.® Con base en lo
anterior, se concluye que laintroduccién de remplazos
externos y el vaciado parcial de las naves son factores
de riesgo que favorecen la exposicion al virus de PRRS
dentro de granja. Este tipo de trabajos son una contri-
bucion paralaindustria porcina con el objeto de evitar
o minimizar practicas que favorecen tanto la presencia
y circulacion del virus dentro de granja.
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. _____________________________________________________________________________°
Cuadro1l
ANALISIS UNIVARIADO (CORRECCION DE FISHER) DE 37 GRANJAS PORCINAS DE CICLO COMPLETO DEL ESTADO DE YUCATAN
SEROPOSITIVAS AL SINDROME RESPIRATORIO Y REPRODUCTIVO PORCINO CON PREVALENCIA IGUAL O MAYOR A 30%
UNIVARIATE ANALYSIS (FISHER EXACT TEST) OF 37 COMPLETE CYCLE PIG FARMS IN THE STATE OF YUCATAN FOUND TO BE
SEROPOSITVE TO PORCINE RESPIRATORY AND REPRODUCTIVE VIRUS WITH A PREVALENCE EQUAL OR GREATER THAN 30%.

Pig farmswith OR
Variable N prevalence=>30% % Notadjusted 90% CI P
Farm size
> 991 animals 18 15 83 0.75 0.076-7.44 0.53
< 991 animals 19 15 79 -- -- --
Total number of boars on the farm
>6 18 14 78 0.66 0.066-6.54 0.46
<6 19 16 84 -- -- --
Veterinary consultant
No 11 9 82 1.07 0.087-13.17 0.66
Yes 26 21 81 -- -- --
Veterinary consultant visits other farms
Yes 22 19 86 6.33 0.26-153.75 0.15
No 4 2 50 -- -- --
Type of replacement
External 27 24 89 5.33 0.48- 59.43 0.06
Internal 10 6 60 -- -- --
Conducts PRRS diagnostic tests
No 23 20 87 2.67 0.26-27.18 0.24
Yes 14 10 71 -- -- --
% of seropositive boars
> 50% 26 23 88 4.38 0.55-86.23 0.09
< 50% 11 7 64 -- -- --
Employees enter:
All areas 25 19 76 0.29 0.01-6.45 0.25
One area 12 11 92 -- -- --
Uses sanitary ford
No 11 9 81 1.07 0.09-13.18 0.66
Yes 26 21 82 -- -- --
Cleaning material
All areas 7 6 80 1.50 0.06-35.98 0.60
In each area 30 24 86 -- -- --
Piglet adoption
Yes 33 27 82 1.50 0.05-43.17 0.58
No 4 3 75 -- -- --
Mixing of smaller pigs
Yes 17 12 71 0.27 0.02-3.23 0.14
No 20 18 90 -- -- --
Alter homogeneity in the production line
Twice or more 15 13 87 1.91 0.16-22.75 0.39
Once 22 17 7 -- -- --
Emptying of pig-house
Partial 33 28 85 5.60 0.82 -38.08 0.15
Total 4 2 50 -- -- --
Corral is disinfected
No 4 3 75 0.67 0.02-19.28 0.58
Yes 33 27 82 -- -- --
Hospitalization area
Yes 18 14 78 0.66 0.07-6.55 0.46
No 19 16 84 -- -- --

OR = Odds ratio
CIl = Confidence interval
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Cuadro2
MODELO DE REGRESION LOGISTICA PARA 37 GRANJAS PORCINAS DE CICLO COMPLETO EN EL ESTADO DE YUCATAN CON
SEROPREVALENCIA AL VIRUS DEL SINDROME RESPIRATORIO Y REPRODUCTIVO PORCINO IGUAL O MAYOR A 30%
LOGISTICAL REGRESSION MODEL FOR 37 COMPLETE CYCLE PIG FARM IN THE STATE OF YUCATAN WITH PORCINE RESPIRATORY
AND REPRODUCTIVE SYNDROME VIRUS SEROPREVALENCE GREATER OR EQUAL TO 30%

Variable B OR 90% CI P

Type of replacement
External 1.90 6.70 1.35, 33.39 0.04
Internal -- 1.00 - -

Pig-house emptying
Partial 2.08 7.99 1.03, 62.15 0.09
Total -- 1.00 -- --

OR =0dds ratio
Cl= Confidence interval
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