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Articulos cientificos

Uso de un modelo univariado de series
de tiempo para la prediccion, en el corto plazo,
del comportamiento de la produccion de carne
de bovino en Baja California, México

The use of a univariate time series model to
short term forecast the behaviour of beef
production in Baja California, Mexico

Alberto Barreras Serrano®  Eduardo Sanchez Lopez*  Fernando Figueroa Saavedra*
José Angel Olivas Valdez*  Cristina Pérez Linares*

Abstract

The Box-Jenkins methodology was used to select an ARMA model to forecast beef production in Baja California, Mexico. The
series of bovine carcasses processed monthly in the state’s slaughterhouses between 2003 and 2010 was used. Because
the inspection of the series graph and correlogram did not determine a stationary behavior, an augmented Dickey-Fuller test
was performed and it was found that the series was stationary. As a result of identification procedure, an AR (1) and an ARMA
(2, 1) models were selected and estimated using ordinary least squares. The estimated models were compared using the
significance of the regression coefficient and the Akaike information and Schwartz Bayesian criteria. A diagnostic check was
done examining the goodness of fit of the models by plotting the residuals; the Q statistic was used to test for autocorrelation.
Because the results were similar, a predictive efficacy evaluation of two models was carried out using a group of forecast error
statistics. The result of these tests indicated that the ARMA (2,1) had a better forecasting capability, this was supported by
plotting together a forecasted series with the actual series and the out-of sample prediction for January of 2011. The results
support the use of ARMA models to obtain reliable short term forecasts of beef production in Baja California.

Key words: BEEF, TIME SERIES, ARMA, FORECASTING.

Resumen

Con el fin de pronosticar la produccion de carne de bovino en Baja California, México, se utilizé el método de Box-Jenkins
para seleccionar un modelo autorregresivo de promedios moéviles (ARMA). Para ello se usé la informacién de canales de bo-
vinos procesadas mensualmente en los rastros del estado durante el periodo de 2003 a 2010. Debido a que la inspeccién de
la gréfica de la serie y el correlograma de la misma no permitieron establecer la estacionariedad, se aplicé la prueba de Dick-
ey-Fuller aumentada, en la que se encontré que la serie era estacionaria. Como resultado del procedimiento de identificacion
se seleccionaron los modelos AR(1) y ARMA (2,1), los cuales se estimaron utilizando minimos cuadrados; se compararon
ambos modelos con base en la significancia de sus coeficientes de regresion y los estadisticos de Akaike y Schwartz. Se llevo
a cabo una evaluacion diagnéstica para revisar la bondad de ajuste de los modelos mediante la gréafica de los residuales; el
valor de los estadisticos Q se utilizo para determinar la ausencia de autocorrelaciéon en los modelos propuestos. Debido a que
los resultados fueron similares, se llevé a cabo una evaluacion de la eficiencia predictiva de ambos modelos utilizando una
serie de estadisticos. Los resultados de estas pruebas indicaron que el modelo ARMA (2,1) presentaba una mejor capacidad
predictiva, que fue corroborada mediante una grafica conjunta de la serie actual y la pronosticada, y una prediccion para el
mes de enero de 2011. Los resultados respaldan el uso de modelos ARMA para obtener, a corto plazo, predicciones de la
produccion de carne en Baja California.

Palabras clave: CARNE DE BOVINO, SERIES DE TIEMPO, ARMA, PREDICCION .
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Introduction

eef production in the state of Baja California,

Mexico is focus on the production of high

quality beef, and because of this, the animals
are fattened in feedlots with concentrated feed;' this
type of production system is one of the reasons why
the activity has become very important based on its
monetary value, which in 2010 was close to 300 million
dollars, placing Baja California’s beef production
as the third most important in Mexico, another
important characteristic of the state’s production
is that, between 2003 and 2010, it showed a growing
trend of 71%;? additionally, beef production showed a
stationary behavior.

The agricultural production forecasts establish by
government agencies are viewed as important tools
by farmers and ranchers in their decision making
process and because of this it is recommended that
this are efficient and unbiasse,® so it is consider very
important by policy makers and producers to have
access to tools that help them to better understand
the market behavior and that may be useful to better
predict its direction.*

Considering the variability that the supply of beef
shows, its growth and the fact that as all agricultural
productions are affected by biological and climate
factors,” it is important to understand as much as pos-
sible how the beef supply behaves. To achieve this,
the selection and estimation of a statistical model
with good predictive characteristics is highly recom-
mended so that is possible to best represent the true
data generating process (DGP)

In economic research, multivariate regression
models are widely used for prediction purposes; how-
ever, their result are not always good;® for this rea-
son economist have resorted to univariate time series
models which frequently provide better forecasting
results, but this models have the disadvantage that no
theoretical foundation is required for its construction
due to the fact that all the information about the vari-
able is obtained from the variable itself;” nevertheless,
this type of models may be seen as a good option to
predict the behavior of agricultural production when
no contribution to understanding the underling pro-
cess is intended.

Because of its good results in the estimation of
univariate times series, the Box-Jenkins methodology
has been widely used.® The method considers three
stages aimed at selecting an autorregresive moving av-
erage model (ARMA): identification, estimation and
diagnostic checking.” The ARMA model combines a
autorregresive (AR(p)) and a moving average process

Introduccion

a produccién de carne de bovino en el estado

de Baja California estd enfocada a producir

carne de alta calidad, para lo cual se utilizan
principalmente sistemas intensivos en los que el
ganado es engordado con alimento concentrado;!
estas caracteristicas respaldan a la produccién como
una actividad pecuaria de gran importancia, cuyo
valor en 2010 fue de 3 549 107 000 pesos, cifra que
la ubica en el tercer lugar a nivel nacional.? Con
respecto al comportamiento de la oferta de canales
de res se observa una tendencia de crecimiento,
como lo demuestra el hecho de que entre enero de
2003 y diciembre de 2010 la produccién presento
un incremento de 71%,? adicionalmente la carne de
bovino muestra un comportamiento muy estacional.

Hay factores importantes que influyen en la toma de
decisiones de los integrantes del sector agropecuario,
como las predicciones y estimaciones de produccion
que establecen las agencias gubernamentales, por lo
que deben ser eficientes y no sesgadas.” Por esta razon
es conveniente, tanto para los productores estatales
como para los disenadores de politica publica agrope-
cuaria, disponer de medios que ayuden a conocer el
comportamiento del mercadoy que permitan el acceso
a informacién actualizada que posibilite predecir el
rumbo del mercado.*

Dada la variabilidad que presenta la oferta de carne
de res y su nivel de crecimiento en una produccién
pecuaria se ve influida por factores biologicos y climati-
cos,” es relevante conocer con profundidad el compor-
tamiento de esta oferta. Para este fin es fundamental
la seleccion y estimacion de un modelo estadistico con
adecuadacapacidad predictiva que permitarepresentar
el proceso generador de informacién (PGI).

En el analisis econémico, los modelos de regresion
lineal multivariados han sido ampliamente utilizados
con fines predictivos; sin embargo, sus resultados han
sido pobres,® por lo que los economistas han recurrido
alos modelos de series de tiempo univariados, logrando
con ello mejores predicciones, pero con la desventaja
de que la construcciéon del modelo no tiene un funda-
mento tedrico, pues se basa en el uso del comporta-
miento de la misma variable para realizar la prediccion;’
sin embargo, y a diferencia de las variables econémicas,
en el estudio del comportamiento de las producciones
agropecuarias la fundamentacién teérica del modelo
no es relevante, lo cual incrementa la aplicabilidad de
un modelo de series de tiempo.

En la estimacion de series temporales se ha utiliza-
do ampliamente la metodologia de Box-Jenkins, por
los buenos resultados obtenidos.® E1 método de Box-
Jenkins? consta de tres etapas para la seleccion de un



(MA(q)). The general form of the model is the follo-
wing ARMA (p,q)™:

Yt = ®IYt1 + P2Yt-2+...+ P2Yt-p + ut + @lut-1 + P2ut-2 +...+ Pqutq
Where:
|® |< 1 and ut = error term

In a comparative study of econometric models used
to predict agricultural production and prices it was
found that the results were poor; however, of all the
models considered in this research, the autorregresive
integrated moving average models (ARIMA) showed
the best results.”

Material and methods

A descriptive and retrospective study, in which a group
of ARMA type models were estimated and evaluated
following the Box-Jenkins method, was used to select
a final model to predict the behavior of the relevant
variable.

Due to the nature of the model it was only neces-
sary to use the tons of beef produced monthly in Baja
California, Mexico between January 2003 and Decem-
ber 2010 as reported by the agricultural and fishery
information system (SIAP).?

Taking into account that the use of an ARMA type
model is recommended only when the behavior of the
variable (Yt) is stationary, the reason for this being that
the series mean, variance and covariance are constant
in the long run.' If a series is non stationary than it is
necessary to transform it to induce stationarity trough
differentiation,'! The first differences of a series Yt are
given by the following equation:

AYt = Yt- Yt-1
Where:
A= change of Yt

The identification stage starts by determining sta-
tionarity using three evaluations: checking of the
series graph so that it is possible to detect structural
changes in the data or the presence of outliers;'? the
second evaluation is done through the examination of
the autocorrelation (AC) and partial autocorrelation
(PAC) functions plots, to see if these functions in the
various lags are distributed around cero," if this is this
the case then there is a strong indication that the series
is stationary, the third evaluation is through the use
of the augmented Dickey-Fuller unit root test, this test
considers three possible forms: a model that includes a
constant, a model with a constant and linear trend an
one with neither a constant or a trend.™

modelo autorregresivo de promedios méviles (ARMA):
la identificacion, estimacion y revision diagnostica. El
modelo ARMA combina los procesos autorregresivo
(AR(p)) y de promedios méviles (MA(q)); se le deno-
mina con la sigla ARMA (p,q) porque se acompana en
su definicién con los 6rdenes correspondientes (p,q),
y es representado de la siguiente forma general:’

Yt = ®IYt1 + P2Yt-2+...+ P2Yep + ut + @lut-1 + P2ut-2 +...+ Pqutq

Donde:
|® |< 1y ut=es el término de error

Un estudio sobre predicciéon econémica en la agri-
cultura reporta que la prediccién de produccién y
precios agricolas con modelos econométricos arroja
pobres resultados; sin embargo, en él se encontré que
entre las diferentes opciones de modelos, los de series
de tiempos autorregresivos integrados de promedios
moviles (ARIMA) lograba los mejores resultados en
cuanto a precision.”

Material y métodos

El tipo de estudio fue descriptivo retrospectivo, en el
cual se estimaron y evaluaron modelos de series de
tiempo univariados tipo ARMA para pronosticar el
comportamiento de la variable, utilizando para ello la
metodologia de Box —Jenkins.

Debido a la naturaleza del modelo empleado, sélo
fue necesaria una serie temporal de producciéon de
carne de bovino y por ello se utiliz6 el nimero de tone-
ladas mensuales de canales procesadas en rastros de
enero de 2003 a diciembre de 2010, reportadas por el
servicio de informacion agroalimentaria y pesquera.?

Dado que un modelo ARMA sélo tiene utilidad en
la estimacion cuando Y es estacionaria, ya que ello
significa que la media, varianza y covarianza de la se-
rie son constantes a lo largo del tiempo,'’ entonces
cuando la estacionariedad no es evidente, es necesario
inducirla utilizando la diferenciaciéon.! Las primeras
diferencias de una serie estan dadas por la ecuacion:

AYt = Yt- Yt-1
Donde:
A= cambio

La identificacién del modelo inici6 determinando
la posible estacionariedad de la serie a través de tres
evaluaciones: la primera es la revision del comporta-
miento de la produccién a lo largo del tiempo, ya que
ademads de los indicadores de un comportamiento no
estacional como la ausencia de una media o varianza
constante y una clara tendencia, se obtiene informa-
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In case the series resulted non stationary, then
stationarity needs to be induce obtaining the first dif-
ferences of the series by subtracting to each value the
immediate past value® followed by a new ADF test to
confirm statonarity; if the condition is not obtained
after differentiating, further differencing is applied
until the series becomes stationary. Once the series is
stationary, the procedure is continued by identifying
the p and q orders by examining the behavior of the
AC and ACP functions graphs. So that it is possible to
propose a group of alternative models with different
AR(p) and MA(q) combinations.

The candidate models where estimated and com-
pared using the regression coefficients and the Akaike
information criterion (AIC) and the Schwartz Bayes-
ian criterion (SBC).® The probable models selected
were used to search for the presence of extreme values
and periods when the model fails to fit, and also the
Ljung- Box Q statistic’ was applied to determine pres-
ence of autocorrelation. To make a final selection the
candidate models were submitted to a predictive ef-
ficacy evaluation using the following statistics:'> mean
absolute error (MAE), the root mean squared error
(RMSE), Theil’s inequality coefficient (TIC), bias
proportion (BP), variance proportion (VP) and the
covariance proportion (CP). All estimations, hypoth-
esis testing and calculations were performed using the
Eviews 6 econometric program'® (Quantitative Micro-
software).

Results

The visual inspection of the series graph (FiGure 1)
showed a positive trend and a non constant mean which
indicated that beef production was non stationary.

As suggested by the Box-Jenkins methodology the
series correlogram was inspected, and no evidence of
statonarity was found, so the ADF test was applied as
the final step to determine if the series was stationary,
the result was that the non stationary hypothesis was
rejected (P <.01), so the series was considered station-
ary and no differencing was needed.

The identification stage was continued by selecting
and evaluating a series of models with different p and q
combinations through the inspection of their correlo-
gram. The regression model parameters were estimated
and their coefficients tested to determine if their values
were # 0 (TaBLEs 1 AND 2). Based on these results and using
AIC and SBC, a AR(1) and a ARMA(2,1) were selected.

The diagnostic check of the final two models us-
ing the significance of the coefficients and the smaller
value of AIC and SBC, suggested that the AR(1) is the
best model. In both models the Q statistic test was used
and no evidence of autocorrelation was found.

ci6on sobre valores extremos o cambios estructurales de
los datos;'? en la segunda se realiz6 la revision de los
comportamientos de las funciones de autocorrelaciéon
(AC) y de autocorrelacion parcial (ACP) del correlo-
grama, pues se considera que si estas funciones en los
distintos rezagos se ubican alrededor de cero, indican
un comportamiento estacionario de la serie;"” y en la
ultima, para determinar la posible estacionariedad de
la serie se aplico la prueba de Dickey y Fuller aumen-
tada (DFA), considerando tres posibles formas en la
descripcién del proceso: sin intercepto ni tendencia,
s6lo con intercepto y con ambas.'*

En el caso de que la serie resultara no estacionaria,
ésta seria transformada para obtener las primeras
diferencias de la variable restando a cada valor el
inmediato anterior®y se someteria a una nueva DFA, si
la no estacionariedad de la variable persiste, entonces
se continuaria diferenciando hasta alcanzarla. Una vez
lograda o confirmada la estacionariedad, el procedi-
miento continu6 identificando los 6rdenes p y q del
probable modelo ARMA mediante la observacion del
comportamiento de las graficas de las funciones AC
y ACP. A partir de la definicién inicial de los 6rdenes
P Y q se propusieron varios modelos alternativos con
diversas combinaciones AR (p) y MA(q).

Los modelos propuestos se compararon entre si
utilizando el valor de los coeficientes y la obtencion
de los valores mas pequenos para los criterios de
informacién de Akaike (AIC) y Schwartz (SC).® Con los
probables modelos seleccionados se realizoé la revision
diagnéstica utilizando la grafica de los residuales en
busca de valores extremos y evidencia de periodos en
los cuales el modelo no se ajusta alos datos, y aplicando
el estadistico-Q de Ljung-Box” para determinar la pre-
sencia de autocorrelacion. Adicionalmente se evalué
la capacidad predictiva del modelo como criterio de
ratificacién, para lo cual se utilizaron los siguientes
estadisticos de calidad del ajuste:'” error promedio
porcentual absoluto (EPAP), raiz cuadratica media del
error (RCME), el coeficiente de desigualdad de Theil
(CDT), la proporcién de sesgo (PS), la proporciéon de
la varianza (PV) y la proporcién de covarianza (PCV).
Las estimaciones, pruebas de hipétesis y evaluaciones
se realizaron con la ayuda del programa econométrico
Eviews, version 6.'°

Resultados

La revision de la serie mediante la inspeccién visual
de la grafica de la producciéon de carne de bovino
(Frcura 1) indic6 un posible comportamiento no esta-
cionario, dada la tendencia positiva de la serie y una
media no constante.

Continuando con el método de Box Jenkins se
revisé el correlograma de la serie, sin que se pudie-



Although the diagnostic checking indicated that
the AR(1) was the most appropriate, the similarity of
the results between the models supported the use of
the predictive efficiency evaluation using the MAE,
RMSE, TIC, BP, VP and CP tests (TABLE 3).

Based on the results of the predictive tests, the
ARMA(2,1) is more appropriate, both the TIC and
RMSE results indicate that this model shows a better
predictive capacity and this is supported by a small
PS (< 0.1) value. On the other hand, the lower VP in-
dicates that ARMA (2,1) model does a better job to
replicate the variability of the DGP; only the CV favors
the AR (1) model; however, the difference is very small
and finally the smaller MAE was taking into account to
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ra determinar la estacionariedad, por ello se procedio
a aplicar la prueba DFA. Para determinar de manera
formal el comportamiento de la serie, el resultado de
la prueba fue el rechazo de H, (P <.01); debido a ello
la serie fue considerada como estacionaria, por lo que
no fue necesario aplicar un proceso de diferenciacion.
La fase de identificacién continu6 con la seleccion
y evaluacion de posibles procesos con diferentes com-
binaciones p y q mediante la revision de sus correlo-
gramas. Se estimaron los parametros de los modelos
de regresion y se sometieron a una prueba de hipotesis
de igualdad con cero (Cuabros 1y 2). Con base en estos
resultados y en la aplicacion de los criterios AICy SC se
seleccionaron los modelos AR (1) y ARMA (2,1).
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Source: SIAP-SAGARPA

FIGURA 1. Toneladas de carne de bovino producidas mensualmente en Baja California entre 2003 y 2010

FIGURE 1. Metric tons of beef produced monthly in Baja California between 2003 and 2010.

CUADRO 1

Estimacion de parametros y criterios de evaluacion del modelo AR (1)

Estimated coefficients and evaluation criteria for AR (1) model

Variable Coefficient Std. Error t-Statistic P>t
Intercept 6398.725 289.7549 22.08323 0.0000
AR(1) 0.856955 0.047983 17.85963 0.0000
R-squared 0.774253 Mean dependent var 6212.442
Adjusted R-squared 0.771826 S.D. dependent var 818.5265
S.E. of regression 390.9901 Akaike info criterion 14.79607
Sum squared resid 14217213 Schwarz criterion 14.84984
Log likelihood -700.8133 Hannan-Quinn criterion 14.81779
F-statistic 318.9664 Durbin-Watson stat. 2.247603
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select the ARMA (2,1) model. Considering that even
when the differences between two or more RMSE val-
ues are relatively high, it cannot be ruled out that the
model with the higher RMSE may have information
that may be relevant when forecasting, and bearing in
mind that the predictive evaluation showed marginal
differences between the models, it cannot be conclud-
ed that the ARMA (2, 1) models exhibits a better fore-
casting ability, which is backed up by the rest of the
similarity statistic values.

To check the fitting of the selected model a fore-
casted series (prodcarnef) was obtained using a dy-
namic method, plotted together with the actual series,
to visually examine the predictive capability (FIGURE 2).

A comparison between the series actual value for Jan-
uary 2011 and the forecasted values backs up the good
forecasting capacity of the selected model, since the ac-
tual production was 6,865 metric tons and the forecasted
6,924 metric tons, a difference of only 59 tons.

Discussion

The selected model forecasting results suggest that
this type of model may be useful forecasting tools; nev-
ertheless, it is important to consider that when com-
pared with multivariate models, ARMA models are
better when short term forecasts are obtained,' and
that in the case of agricultural variables are not always
the best as demonstrated by the results of a United
State Department of Agriculture study that compared
different type of models,” when this study compared
the USDA traditional model to an ARIMA it was found

La evaluacion diagnéstica de ambos modelos utili-
zando la significancia de los coeficientes estimados y
los criterios de Akaike y Schwartz, sugiere que el mo-
delo AR (1) es el mas apropiado. Se revisaron los es-
tadisticos Q de los dos modelos, pero no se encontré
evidencia de ningin problema de autocorrelacion de
los residuales.

Aun cuando la revision diagnéstica permitio la se-
leccion del modelo AR (1), los resultados similares en-
tre ambos modelos llevaron a realizar una evaluacion
del modelo seleccionado mediante la comparacién de
su eficiencia predictiva con la del modelo ARMA (2,1)
utilizando para ello los estadisticos EPAP, RCME, CDT,
PS PVY PCV (Cuabrog).

De acuerdo con los resultados de los estadisticos, el
modelo ARMA (2,1) muestra un mejor ajuste, puesto
que tanto el valor del CDT como el de la RCME del
segundo modelo indican una superioridad predictiva,
la cual es respaldada por el valor inferior a 0.1 de Ia
PS. Por otra parte, el valor mas bajo de PV indica que
el modelo ARMA (2,1) muestra una mayor capacidad
para replicar la variabilidad del PGI; s6lo la PCV favo-
rece al modelo AR (1) al indicar una marginal menor
correlacion entre las predicciones y los valores reales;
sin embargo, la diferencia es de apenas una milésima,
finalmente el valor del EPAP mas pequeno para el pri-
mer modelo es también un resultado que favoreceria
su seleccion. Tomando en cuenta que en caso de que
se observen diferencias significativas entre los valores
de la RCME, las predicciones con el valor mads alto de
este estadistico puede contener informacion relevante
para la prediccion, y dado que en este estudio ambos
valores de RCME presentan una pequena diferencia,

CUADRO 2

Estimacion de parametros y criterios de evaluacion del modelo ARMA (2,1)

Estimated coefficients and evaluation criteria for AR (1) model

Variable Coefficient Std. Error t-Statistic P>t
Intercept 6393.052 319.7963 19.99102 0.0000
AR(2) 0.756682 0.084903 8.912338 0.0000
MA(1) 0.880818 0.064319 13.69446 0.0000
R-squared 0.772811 Mean dependent var 6226.255
Adjusted R-squared 0.767818 S.D. dependent var 811.7071
S.E. of regression 391.1236 Akaike info criterion 14.80732
Sum squared resid 13920968 Schwarz criterion 14.88849
Log likelihood -692.9440 Hannan-Quinn criterion 14.84011
F-statistic 154.7735 Durbin-Watson stat. 2.266438




that the forecast obtained using the autorregresive
model was less precise; however, it was also found that
the forecasting ability of the USDA model can be im-
proved if they were combined with the predictions of
an AR* model. On the other hand, a study done in Co-
lombia!” using an AR (1, 2) model had good results
when used to predict the annual stock of bovine in this
country.

It is very interesting that in the present study it was
found that beef production in Baja California is station-
ary because in other studies on beef production done
in the United States® and Colombia'® the variable was
non stationary. It is very important that a series is sub-
mitted to tests to determine if it is stationary, because
if this characteristic is not present the forecasts are not
reliable. The Box-Jenkins methodology recommends
that both the visual inspection of the series graph and
the ACF and PACF are used to determine if the series
is stationary;* however, sometimes this diagnostic tools
show difficulties to support the conclusion that the se-
ries is stationary and this is why it is recommended to
use at least a specifically design test to determine if the
series is non stationary."

Taking into account that the model identification
stage is based on the correlogram evaluation the Box-
Jenkins methodology is considered pragmatic,? this
statement is supported by the fact that the underly-
ing process needs not to be understood or explained,
and it is not necessary to apply hypothesis testing, this
explains why this methodology is not commonly used
by traditional econometrists;” however, in the case of
series like the ones used in this study, the aforemen-
tioned conditions are not as important as in the case of
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poco se puede concluir respecto a una mayor capaci-
dad predictiva, resultado que se ve respaldado por la
similitud de los valores del resto de los estadisticos.

Para la confirmacion de la calidad de ajuste del
modelo seleccionado se gener6 una serie de pronos-
ticos para los datos originales (prodcarnef) (Figura 2)
usando el método de prediccion dinamica, los cuales
se graficaron junto con los valores de la serie original,
de tal forma que es posible observar un buen ajuste de
las predicciones con la serie original (Figura 2).

Una comparacion entre el valor real y el pronos-
ticado para el mes de enero de 2011 respalda la ade-
cuada capacidad predictiva del modelo seleccionado,
pues el valor real fue de 6,865 ton, mientras que el
valor pronosticado se ubicé en 6,924 ton, de tal forma
que la diferencia entre ambos es de apenas 59 ton.

Discusion

Los resultados predictivos obtenidos con el modelo se-
leccionado sugieren la utilidad de usar estos modelos,
no obstante es importante considerar que los mode-
los ARMA sélo presentan buenas caracteristicas para
pronoésticos de corto plazo cuando se comparan con
los modelos multivariados,' pero los resultados de su
uso en la produccién agropecuaria no siempre son los
mejores, como se demuestra en la evaluaciéon de los
modelos del Departamento de Agricultura de los Esta-
dos Unidos de América (USDA),” ya que al comparar
su modelo de prediccion tradicional con un ARIMA se
encontro6 que las predicciones de este ultimo eran me-
nos precisas; sin embargo, también se informé que la

== Prodcarne

2008-11

== Prodcarnef

F1GURrA 2. Comportamiento de la serie original (prodcarne) y la pronosticada (prodcarnef).

FIGURE 2. Tons of actual (prodcarne) and forecasted (prodcarnef) beef imports.
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CUADRO 3
Evaluacion de la capacidad predictiva de los modelos AR (1) y ARMA (2,1)
Forecast evaluation of AR (1) and ARMA (2,1) models

Statistic AR(1) Model ARMA(2,1) Model
Mean absolute error 4.939030 4.860685
Root mean squared error 386.8525 384.8317
Theil’s inequality coefficient 0.030901 0.030675
Bias proportion 0.000000 0.000001
Variance proportion 0.063877 0.062423
Covariance proportion 0.936123 0.937576

economics, because the main objective of the analysis
is to obtain a prediction instrument and not to con-
tribute to understand the process which determines
how the variable behaves; for this reason, the most im-
portant part of the process is the specification of the
model functional form.*!

Considering that to use an ARMA model, 50 or
more data points are required,” an additional element
that supports the use of this type of models in agricul-
tural time series is the availability and periodicity of the
data, because it is common for the government to re-
port monthly data for a length of more than 10 years.

An important disadvantage that ARMA models
have is that their forecasting capacity is only good for
short term predictions, and because of this multivari-
ate models should be preferred when making long
term forecasts,"” and considering that the best way to
determine if a model is good is to see how well it per-
forms in out of the period predictions, it must be taken
into consideration that the usefulness of this models is
limited by the fact that the forecasts become less pre-
cise as they move away from the estimation period.

According to the results of this study ARIMA may
be considered as a viable option to contribute to the
understanding how beef production behaves and also
to establish forecasts with good forecasting ability, even
in cases when the series shows high variability. It is very
useful that the process may be studied using a single
variable, without establishing relations with other
variables, because this diminishes the time needed to
build a model and makes it easy to obtain information
regarding the future behavior of a variable, which may
be used to make better decisions by the beef produc-

capacidad predictiva del modelo de la USDA podia ser
mejorada si las predicciones obtenidas se combinaban
con las predicciones de un modelo AR.* Asimismo, en
un estudio realizado en Colombia'” se informé que un
modelo AR (1,2) tuvo buenos resultados para predecir
el inventario anual de ganado bovino.

Result6 interesante la estacionariedad que present6
la variable del presente estudio, pues no coincide con
lo registrado en los Estados Unidos de América’® y en
Colombia,' donde la produccién de carne no muestra
esa caracteristica. Es fundamental que la serie sea some-
tida a pruebas para determinar si es estacionaria, pues
de lo contrario la capacidad predictiva no sera adecua-
da. La metodologia de Box-Jenkins establece que la
determinacion de la estacionariedad de la serie debe
basarse en la inspeccién de la grafica de su comporta-
miento y de las funciones de autocorrelacién y auto-
correlacion parcial;* no obstante, estas herramientas
diagnosticas en ocasiones presentan dificultades para
respaldar la conclusion de un comportamiento esta-
cionario, por lo que es recomendable utilizar al menos
una de las pruebas especificamente disenadas para
establecer que la serie sea estacionaria."

Debido a que la fase de identificacién del mode-
lo se fundamenta en la evaluacién del correlograma,
se ha descrito a la metodologia de Box-Jenkins como
pragmatica;? esta afirmacion es respaldada por el
hecho de que el proceso subyacente no necesita ser
entendido o explicado, ni es necesario aplicar prue-
bas de hipétesis, lo cual explica la razén por la que la
metodologia no es cominmente utilizada por los eco-
nometristas tradicionales;” sin embargo, para el caso
de series como las que se utilizan en este trabajo, las
situaciones antes mencionadas no tienen la relevancia
que se les otorga en economia, pues el objetivo que
persigue el andlisis es contar con un instrumento de



ers and to design and adjust the current public policy
related to the industry.
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Transmision de Brucella abortus en becerras menores
de tres meses diagnosticadas por medio de las
pruebas de tarjeta e inmunodifusion radial en
dos hatos lecheros del estado de Querétaro

Transmission of Brucella abortus to female calves
younger than three months of age, diagnosed
by the card and radial immunodiffusion tests in
two dairy herds in the state of Queretaro, Mexico

Ivan Carrisoza-Urbina*  Mario Medina-Cruz**
Erika Gabriela Palomares-Reséndiz***  Efrén Diaz-Aparicio ***

Abstract

Transmission of Brucella abortus to female calves from positive and negative cows was determined in the first week and
third month of age. Two herds were used. Herd 1 consisted of 670 milking cows with a brucellosis seroprevalence of 21.6%
(145/670). In this herd, groups of positive and negative cows were formed using the card and radial immunodifussion (RID)
tests with native hapten. Blood samples were taken from female calves on two occasions: at one week of age and before
animals were vaccinated against B. abortus. Of the 22 calves from the positive group, two (9.1%) were positive in the first
week of life, but no more positive calves were found at three months of age. In the group of female calves born to negative
cows, there were no positive animals at one week of age, but four out of 22 were found positive with the RID test at three
months of age. A prevalence rate of 13.6% of positive calves for B. abortus in the third month of age was calculated. Twenty
milk samples were obtained from this herd and B. abortus was isolated from all of them (100%). Using PCR, the strains found
were confirmed to be field strains and not vaccine strains. Herd 2 consisted of 1800 milking cows, participating in the National
Campaign against Animal Brucellosis, that had a seroprevalence of 1.94% (35/1800) detected from January to December
2009. In this herd, 1 170 records were analyzed using the results of the card and rivanol tests obtained from female calves
younger than three months of age, of which 24 (2.1%) were found positive for B. abortus from January 2009 to June 2010.
It is concluded that the diagnosis of brucellosis is necessary in female calves born in dairies to cows that have the disease,
in order to prevent positive animals from remaining in the herd. Vaccine-induced antibodies will avert disease detection, but
brucellosis will later manifest itself through abortions during first pregnancies, thus perpetuating the disease in dairies

Key words: BruceLLa aBorTus, FEMALE CALVES, RADIAL IMMUNODIFFUSION.

Resumen

La transmision de Brucella abortus a becerras de vacas positivas y negativas se determin6 a la primera semana de vida
y al tercer mes de edad. Se trabaj6 con dos hatos: el hato 1, con 670 vacas en produccion, presentaba una seropreva-
lencia a brucelosis de 21.6% (145/670). En este hato se formaron dos grupos: vacas positivas y vacas negativas, como
resultado de las pruebas de tarjeta y de inmunodifusion radial (IDR) realizadas con hapteno nativo. Se tomaron pruebas
de sangre de las vacas en dos ocasiones, a la semana de edad y antes de que los animales fueran vacunados contra
B. abortus. De las 22 vacas del grupo positivo, 2 (9.1%) becerras resultaron positivas a la primera semana de vida, pero
no se encontraron vacas positivas a los tres mese de edad. En el grupo de becerras nacidas de vacas negativas no se
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encontraron animales positivos a la semana de vida, pero a los tres meses de edad, 4 de las 22 becerras resultaron
positivas con la prueba de IDR. La tasa de prevalencia de vacas positivas a B. abortus fue de 13.6% a los tres meses
de edad. De las 20 muestras de leche obtenidas de este hato se aislé B. abortus (100%). Mediante PCR se confirm6
que estas cepas correspondian a cepas de campo y no a cepas vacunales. El hato 2, con 1800 vacas en produccion,
estaba inscrito en la campana nacional contra la brucelosis animal y presentaba una seroprevalencia de 1.94% (35/1800)
detectada de enero a diciembre de 2009. Se analizaron 1 170 registros usando los resultados de las pruebas de tarjeta y
rivanol aplicada en becerras menores de tres meses de edad, de las que 24 (2.1%) resultaron positivas a B. abortus de
enero de 2009 a junio de 2010. Se concluye que es necesario realizar el diagnostico de brucelosis en becerras nacidas
en establos donde se ha presentado la enfermedad, para prevenir que permanezcan animales positivos en el hato, ya que
los anticuerpos posvacunales impediran detectar la enfermedad, pero posteriormente se manifestara mediante abortos
durante la primera gestacion, perpetuando asi la brucelosis en el establo.

Palabras clave: BruceLLa asortus, BECERRAS, INMUNODIFUSION RADIAL.

Introduction

ovine brucellosis is the cause of major

economic losses due mainly to abortions in

the last pregnancy trimester, decreased milk
production, anticipated herd waste, birth of weak
calves and birth of apparently normal calves, although
positive to Brucella abortus. In Mexico this disease is
widespread in all of the states, except for the northern
area of the state of Sonora."?

As stated elsewhere,* the prevalence of brucellosis
in Mexico in adult bovine cattle is 9%, although the
frequency of infection in female calves is unknown. So
far, only one author has mentioned that the incidence
among female calves may range from 2.5% to 9%.°

Cows that are infected after an abortion or delivery
eliminate the bacteria, which are then transmitted to
other cows through contact with the placenta, vaginal
discharges, fetuses and fetal liquids. The cow and its
detritus thus become sources of infection.®

In a study it was found that bacterial concentration
of B. abortus in the umbilical cords of two fetuses from
different disease-positive cows was 4.3 x 109 ufc/g and
1.4 x 1013 ufc/g.” These microorganisms may survive
and propagate through food and water. In conditions
of high humidity, low temperature and low sun intensi-
ty, B. abortus may remain viable during several months
in water, aborted fetuses, manure, hay, work tools and
clothes. It also resists desiccation in dust and soils, par-
ticularly in the presence of organic material.>>89

Even though the presence of post-partum or post-
delivery signs is not frequent in brucellosis-infected bo-
vines, most of these animals become potential carriers
and continue eliminating Brucella in milk, colostrum
and uterine discharges in succeeding deliveries.?*%!?

The infection seen in the uterus may remain latent
in female calves during their first months of life. The
animal may remain serologically negative until its first
delivery, which is when it will begin to eliminate the
bacterium. This is why congenital infections, or infec-
tion in the first months of life, represent significant

12

Introduccion

a brucelosis bovina es causante de grandes

pérdidas econémicas debido principalmente

a abortos en el dltimo tercio de la gestacion,
disminucién en la producciéon de leche, desecho
anticipado del hato, nacimiento de becerras débiles
y nacimiento de becerras aparentemente normales,
pero positivas a Brucella abortus. En México esta
enfermedad se encuentra difundida en todos los
estados, Unicamente la parte norte del estado de
Sonora se encuentra libre de ella."”

En México, de acuerdo con un trabajo previo,*la
prevalencia de brucelosis en ganado bovino adulto es
de 9%, pero se desconoce la frecuencia de la infec-
cion en becerras. A la fecha, solamente un autor cita
que la incidencia en becerras puede variar desde 2.5%
hasta 9%.°

Las vacas infectadas después de un aborto o de un
parto eliminan la bacteria, la cual se transmite a otras
vacas a través del contacto con placenta, descargas
vaginales, fetos y liquidos fetales, por lo que la vaca y
sus detritus se convierten en fuentes de infeccion.®

De acuerdo con un estudio, la concentracion bac-
teriana de B. abortus en los cordones umbilicales en
dos fetos de diferentes vacas positivas a la enfermedad
fue de 4.3 x 10°ufc/gy de 1.4 x 10¥ufc/g.” Estos orga-
nismos pueden sobrevivir y propagarse por medio de
los alimentos y el agua. En condiciones de humedad
alta, temperaturas bajas y de baja intensidad solar, la
B. abortus puede permanecer viable durante meses en
el agua, fetos abortados, estiércol, heno, materiales de
trabajo y la ropa, pudiendo resistir la desecaciéon en
polvo y suelo, especialmente en presencia de material
organico.?589

En los bovinos infectados de brucelosis no es fre-
cuente que se presenten signos después del aborto o
parto, pero la mayoria de estos animales se convierten
en portadores potenciales y contintdan eliminando
Brucella en la leche, calostro y en las descargas uterinas
en partos posteriores.? 5512



risks, since they act as reservoirs and potential sources
of infection in the animal’s reproductive life."?

Some studies have mentioned that in developed
countries, where there is strict adhesion to vaccina-
tion regulations, without the possibility of paying for
compensations for the elimination of disease-resistant
bovines, prevalence rates over 20% are frequently seen
in dairy herds."'*

The objective of this study was to determine the
prevalence of brucellosis in female calves born to
brucellosis-positive cows that had not been vaccinated
against B. abortus within their first week of life and at
three months of age, in order to compare it with that
of calves born to brucellosis-negative cows. Diagnosis
was established with the card and radial immunodiffu-
sion (RID) tests with native hapten.

Material and methods

The study was performed in the state of Queretaro
from January to June 2010 in two dairy herds of Hols-
tein cows.

Herd 1, with 670 cows in production and a bruce
llosis control program, had a seroprevalence of 21.6%
(145/670) positive cows, diagnosed by means of the
card and RID tests. Samples from the coccygeal vein
were taken from 80 dry cows to obtain serum. The se-
rum was then frozen for collective analysis. Once all the
samples were collected, they were thawed at room tem-
perature for the card and RID tests. The card test at a
cell concentration of 8% was used as screening test.'
RID with native hapten' was used as confirmatory test,
since it makes it possible to distinguish vaccine antibod-
ies from antibodies due to infection with Brucella.'®"
Diagnostic tests were undertaken at the Centro Nacio-
nal de Investigacion Disciplinaria (CENID) in Animal
Microbiology of the Instituto Nacional de Investigacio-
nes Forestales, Agricolas y Pecuarias (INIFAP).

Two blood samples were taken from the jugular
vein of the female calves: the first one, on the second
and seventh days of life and the second one, at 91 and
120 days of age. The latter before their complete dose
vaccination with B. abortus strain S19. In the first 6
hours of life, all the calves were fed 4 L of non-pasteur-
ized colostrum, regardless whether or not having been
born to Brucella-positive or -negative cows. The animals
were kept in open-air hutches until weaned, at 90 days
of age on average.

Herd 2, with 1800 cows in production, was partici-
pation in the National Campaign against Animal Bru-
cellosis promoted by the Secretaria de Agricultura,
Ganaderia, Desarrollo Rural, Pesca y Alimentacion
(SAGARPA) (NOM-041-ZO0O-1995)" starting January
2009. Based on the reports issued during the cam-

La infeccién que se presenta en el utero puede per-
manecer latente en las becerras durante los primeros
meses de vida; el animal puede permanecer serologi-
camente negativo hasta su primer parto, momento en
el que comienza a eliminar la bacteria. Es por ello que
las infecciones congénitas, o en los primeros meses de
vida, representan riesgos relevantes debido a que ac-
tdan como reservorios y fuentes potenciales de infec-
cién en su vida reproductiva.'?

Algunos estudios mencionan que en paises en de-
sarrollo, que cumplen estrictamente con las normas
de vacunacion y en donde no existe la posibilidad de
pagar indemnizaciones por la eliminacién de bovinos
resistentes a la enfermedad, se presentan con alta fre-
cuencia hatos lecheros que muestran tasas de preva-
lencia mayores a 20%.""*

El objetivo de este estudio fue conocer la prevalen-
cia de brucelosis en becerras no vacunadas contra B.
abortus en la primera semana de vida y al tercer mes de
edad, nacidas de vacas positivas, para compararla con
la de becerras nacidas de vacas negativas, empleando
para su diagnostico las pruebas de tarjeta e inmunodi-
fusion radial (IDR) con hapteno nativo.

Material y métodos

El estudio se realiz6 en el estado de Querétaro de enero
ajunio de 2010 en dos hatos de bovinos lecheros de la
raza Holstein.

El hato 1, con 670 vacas en produccién y un progra-
ma de control de brucelosis, tenia una sero prevalencia
de 21.6% (145/670) de vacas positivas, diagnosticadas
por medio de las pruebas de tarjeta e IDR. Se tomaron
muestras de la vena coccigea de 80 vacas secas para la
obtencién de suero, el cual se congeld para realizar el
analisis colectivo. Una vez reunidas todas las muestras,
se descongelaron a temperatura ambiente y se llevaron
a cabo las pruebas de tarjeta e IDR. La prueba de tarjeta
al 8% de concentracién celular se utilizé6 como tamiz.'
La prueba de IDR con hapteno nativo'®se empleé como
prueba confirmatoria, ya que permite la distincién entre
anticuerpos vacunales y anticuerpos presentes por la
infeccién con Brucella.''" Las pruebas de diagndstico se
llevaron a cabo en el Centro Nacional de Investigacion
Disciplinaria (CENID) de Microbiologia Animal
del Instituto Nacional de Investigaciones Forestales,
Agricolas y Pecuarias (INIFAP).

Se tomaron dos muestras sanguineas de la vena yu-
gular de las becerras; la primera entre los dias 2 y 7
de vida y la segunda entre los dias 91 y 120 de edad,
ésta Gltima antes de su vacunacién con dosis completa
de cepa S19 de B. abortus. Dentro de las primeras 6
h de vida, todas las becerras fueron alimentadas con
4 L de calostro no pasteurizado, indistintamente si
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paign, a seroprevalence of 1.94% was detected in cows
(35/1800) by means of the card and rivanol tests. Due
to the low disease prevalence in this herd, a retrospec-
tive study was carried out, using the official registers of
1170 female calves from the campaign, which included
the card and rivanol tests performed with the sera of
animals younger than 3 months of age from January
2009 to June 2010.

DNA extraction from the isolates and reference
strains was carried out with the phenol-chloroform
method described by Sambrook et al's. The extract-
ed DNA (100 ng) was used as a mold for the PCR. To
differentiate B. abortus strain S19 from field isolates,
the initiators described by Sangari et al'* were used.
To eliminate the possible presence of B. abortus strain
RB51, the initiators described by Vemulapalli et al®
were used.

Results

Herd 1 consisted of groups of brucellosis-positive and
brucellosis-negative cows. Cows that had given birth to
a live female calf were selected. In the group of positive
cows, 22 female calves were born, out of which 6/22
(27.3%) were positive to the card test in their first
week of life, whereas only 2/22 (9.1%) turned out to
be positive using the RID test. At three months of age,
these 6 same calves yielded positive with the card test
and the same two yielded positive with the RID test (Ta-
BLE 1).

Likewise, 22 female calves were born to the group
of negative cows, out of which 6 (27.3%) were positive
to the card test in their first year of life, while none
were positive to the RID test. In the third month of
life, 8/22 (36.4%) calves yielded positive to the RID
test (TaBLE 1) Based on these results, 20 samples of milk
were collected from the cooling tanks in different
days, from which milk to feed the cows was obtained.
The milk samples were inoculated in Farrell’s agar and
Brucella agar for isolation, and the obtained isolates
were identified with biochemical tests by means of vio-
let crystal dye and agglutination with acriflavine to de-
termine if their phenotype was rough or smooth. DNA
was extracted from the obtained isolates. The DNA
from B. abortus strains 544, and vaccine strains RB51
and S19 (PRONABIVE), previously cultured in Brucella
agar at 37°C for 72 h, was used as reference.

To differentiate B. abortus strain S19 from field
strain isolates, PCR was used to amplify a 361-bp prod-
uct and a product of 1063 for the remaining strains.
On the other hand, to eradicate the possible presence
of B. abortus strain RB51, a 1298-pb product was ampli-
fied, while a 456-pb product was amplified in the case
of other strains.
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procedian de vacas positivas o negativas a Brucella. L.os
animales fueron alojados en becerreras de intemperie
hasta su destete, en promedio, a los 90 dias de edad.

Elhato 2, con 1 800 vacas en produccion, se encontra-
ba inscrito en la campana nacional contra la brucelosis
en los animales, promovida por la Secretaria de agricul-
tura, ganaderia, desarrollo rural, pesca y alimentacion
(Sagarpa) (NOM-041-ZOO-1995)" a partir de enero
de 2009. Con base en los informes emitidos durante la
campana, se detecté una seroprevalencia de 1.94% en
vacas (35/1800) mediante las pruebas de tarjeta y
rivanol. Debido a la baja prevalencia de la enfermedad
en este hato, se decidi6 realizar un estudio retrospectivo
utilizando los registros oficiales de 1 170 becerras de la
campana, que incluian las pruebas de tarjeta y rivanol
llevadas a cabo con los sueros de los animales menores
de 3 meses de edad desde enero de 2009 hasta junio de
2010.

La extraccion de ADN de los aislados y las cepas
de referencia se realizé por el método de fenolcloro-
formo, descrita por Sambrook et al.'® E1 ADN extraido
(100 ng) se utiliz6 como molde para la PCR. Para
diferenciar la cepa S19 de B. abortus de los aislados
de campo se utilizaron los iniciadores descritos por
Sangari el al'?, y para eliminar la posibilidad de la
presencia de la cepa de B abortus RB51, se usaron los
iniciadores descritos por Vemulapalli et al?

Resultados

En el hato 1 se conformaron grupos de vacas positivas
y de vacas negativas; de cada uno se seleccionaron las
vacas que habian parido una cria hembra viva. Asi, en
el grupo de vacas positivas nacieron 22 becerras, de las
cuales 6/22 (27.3%) resultaron positivas a la prueba
de tarjeta en la primera semana de vida, mientras que
mediante la prueba de IDR s6lo 2/22 (9.1%) becerras
resultaron positivas. Al tercer mes de vida, las mismas
6 becerras resultaron positivas mediante la prueba
de tarjeta y las mismas dos becerras salieron positivas
mediante la prueba de IDR (Cuabro 1).

De manera similar, en el grupo de vacas negativas
nacieron 22 becerras, de las cuales 6 (27.3%) resultaron
positivas a la prueba de tarjeta en la primera semana
de vida, mientras que mediante la prueba de IDR no
se registré ninguna becerra positiva. Al tercer mes de
vida, 8/22 (36.4%) becerras resultaron positivas a la
prueba de tarjeta, mientras que sélo se encontraron
4/22 (18.2%) becerras positivas mediante la prueba
de IDR (Cuabro 1). Con base en estos resultados, en
diferentes dias se recolectaron 20 muestras de leche de
los tanques de enfriamiento, de los cuales se obtenia
la leche para la alimentacion de las becerras; las mues-
tras de leche fueron inoculadas en agar Farrell y agar



CUADRO 1

Positividad a brucelosis en becerras de una semanay de tres meses de vida, nacidas de vacas positivas
o negativas, con base en las pruebas de tarjeta e inmunodifusion radial en un hato con seroprevalencia
de 21.6% (145/670) de vacas brucelosas

Positivity to brucellosis in one-week-old and three-month-old female calves, born to disease-positive
or -negative cows, based on results from the card and radial immunodifussion tests in a herd
with a seroprevalence of 21.6% (145/670) in cows with brucellosis.

Group of cows Cows n Calves n Calves in the first week of life Calves in the third month of life
RID Card RID
n (%) n (%) n (%)
Positive 22 22 6 (27.3) 2 (9.1) 6 (27.3) 2(9.1)
Negative 22 22 6 (27.3) 0 (0.0) 8 (36.4) 4 (18.2)

Isolation of B. abortus, identified as a field strain was
obtained in 100% (20/20) of the cultured samples.

In herd 1, of 44 sampled female calves born to posi-
tive or negative mothers, 6 female calves were found to
be positive to B. abortus using the RID test. The preva-
lence rate was 13.6%.

In herd 2, based on the National Campaign against
Animal Brucellosis, 1170 registers were obtained of fe-
male calves of less than 3 months of age, out of which
24 yielded positive to B. abortus with the card and riva-
nol tests. This amounted to a prevalence of 20.5%.
There were no results for the RID test.

Discussion

Because high sensitivity is a characteristic of the card
test, it was used as the official screening test in the Na-
tional Campaign against Animal Brucellosis, legally
based on NOM-041-Z0O0-1995. Nevertheless, this test
is not reliable to differentiate vaccine antibodies or
antibodies passively acquired through colostrum from
those caused by the disease.>!>!

In a study carried out by Aparicio e al.,'"* the use
of the card test, together with the RID test, was pro-
posed as screening test to considerably improve the
ability to distinguish vaccine antibodies from antibod-
ies produced by the infection. In this study it was ob-
served that in herd 1, the group of female calves born
to B. abortus-positive mothers, 6 (27.3%) turned out to
be positive in their first week of life and in the third
month of age when using the card test, while the RID
test only yielded two positive results (9.1%) in disease-
positive female calves of one week of life and three
months of age. It may be stipulated that the card test
classified 4 calves (18.2%) as false positives with re-
spect to the RID test.

Brucella para el aislamiento, y los aislados obtenidos
fueron identificados por pruebas bioquimicas median-
te la tincién con cristal violeta y la aglutinaciéon con
acriflavina, para determinar su fenotipo: rugoso o liso.
Se realizo la extraccion de ADN de los aislamientos
obtenidos y se utiliz6 como referencia el ADN de las
cepas de B. abortus 544 y de las cepas vacunales RB51 y
S19 (PRONABIVE), que habian sido cultivadas previa-
mente en agar Brucella a 37°C durante 72 h.

Para diferenciar la cepa S19 de B. abortus de los
aislados de campo, con la PCR se amplifica un producto
de 361 pby un producto de 1063 para las demds cepas,
y para eliminar la posibilidad de la presencia de la cepa
de B. abortusRB51, se amplifica un producto de 1298 pb
y un producto de 456 pb cuando se trata de cualquier
otra cepa.

El aislamiento de B. abortus, identificado como
cepa de campo, se obtuvo en el 100% (20/20) de las
muestras cultivadas.

En el hato 1, de una poblacién total de 44 becerras
muestreadas, nacidas de madres positivas 0 negativas,
en los primeros tres meses de vida se encontraron 6
becerras positivas a B. abortus mediante la prueba de
IDR, con una tasa de prevalencia de 13.6%.

En el hato 2, con base en la campana nacional con-
tra la brucelosis en los animales, se obtuvieron 1 170
registros de becerras menores de 3 meses de edad, de
las cuales 24 becerras resultaron positivas a B. abortus
mediante las pruebas de tarjeta y rivanol, lo cual equi-
vale a una prevalencia de 2.05%. No se conté con los
resultados de la prueba de IDR.

Discusion

La prueba de tarjeta se ha caracterizado por tener una
alta sensibilidad, por lo que fue la prueba de tamiz ofi-
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In the group of female calves born to B. abortus-
negative mothers, 6 (27.3%) were positive in the first
week of life, as were 8 (36.4%) using the card test. With
the RID test, no calf yielded positive results during the
first week of life, although 4 (18.2%) did so at three
months of age. It may be concluded that the card test
classified 6 (27.3%) and 4 (18.2%) calves as false posi-
tive in their first week of life and third month of age,
respectively, when compared to the use of the RID
test. The OIE? has stated that ruminants do not usually
present signs after their first abortion due to B. abor-
tus and that they may become potential carriers when
continuing to eliminate Brucella through their milk
and uterine discharges during subsequent births.'' In
a study carried out by Aparicio et al.'* in a bovine herd
with brucellosis, 6 (17.1%) out of 35 cows in produc-
tion yielded positive to the RID and ELISA-competitive
assays. In these cows, B. abortus biotype 1, field strain,
was isolated in milk. Isolating the B. abortus field strain
in from the cooling tanks where the calves obtained
their feed, makes it possible to hypothesize that female
calves born to negative mothers were infected when
consuming non-separated and non-pasteurized milk
from disease-positive mothers.

Crawford et al” mention in their study that bacte-
rial concentration in the umbilical cord of two fetuses
from different B. abortus-positive cows was 4.3 x 10°
bacteria/g and 1.4 x 10'® bacteria/g, constituting a
source of infection for other calves born in the same
place. Another possible means of infection is through
the staff in charge of deliveries, since, in the case of
this herd, there were no farrowing pens, no staff and
no materials for negative cows as opposed to the case
of positive cows.

It might be that a larger number of calves from the
disease-negative cows acquired the infection within the
first three months of life, compared to the group of
positive cows, which was protected by the antibodies
present in the colostrum.

The diagnosis of brucellosis at early ages is not
made in Mexico; therefore, calves that are born or in-
fected during lactation go unnoticed until they reach
areproductive age, which is when all the cattle in some
herds undergoes serologic testing. In other herds tests
are performed in case of abortions, and there are
herds in which there is no interest at all in diagnosing
the disease. These are some of the circumstances that
hinder the control and eradication of brucellosis.

In conclusion, it is necessary to diagnose this dis-
ease in female calves from stables where brucellosis is
present, in order to prevent leaving disease-positive
animals in the herd, whose infection will be concealed
by post-vaccine antibodies. The infection will then
manifest itself in abortions during their first preg-
nancy, thus perpetuating the infection in the stable.
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cial de la campana nacional contra la brucelosis en los
animales y estd fundamentada legalmente en la NOM-
041-Z00-1995. Sin embargo, la prueba no es confia-
ble para diferenciar los anticuerpos vacunales o los
pasivamente adquiridos por medio del calostro, de los
anticuerpos causados por la enfermedad.>'®!'” En un
estudio realizado por Aparicio et al."* se menciona que
utilizar una prueba diagnéstica de tamiz como la de
tarjeta, aunada a la prueba de IDR, mejoraria conside-
rablemente la capacidad de distinguir los anticuerpos
vacunales de los anticuerpos causados por la infeccion.
En este estudio, en el hato 1 se puede observar que en
el grupo de becerras nacidas de madres positivas a B.
abortus, 6 (27.3%) resultaron positivas en la primera
semana de vida y al tercer mes de edad con la prue-
ba de tarjeta, mientras que la prueba de IDR s6lo dio
2 resultados positivos (9.1%) en becerras positivas de
una semana de vida y también al tercer mes de edad.
Se puede establecer que la prueba de tarjeta clasifica a
4 becerras (18.2%) como falsos positivos con respecto
ala prueba de IDR.

En el grupo de becerras nacidas de madres nega-
tivas a B. abortus, 6 (27.3%) resultaron positivas en la
primera semana de viday 8 (36.4%) al tercer mes de
edad con la prueba de tarjeta; con la prueba de IDR
ninguna becerra result6 positiva en la primera semana
de vida, pero 4 (18.2%) fueron positivas al tercer mes
de edad. Se puede concluir que la prueba de tarjeta
clasific6 a 6 (27.3%) y 4 (18.2%) becerras como falsos
positivos en la primera semana de vida y al tercer mes
de edad, respectivamente, con respecto a la prueba
de IDR. La OIE? menciona que los rumiantes gene-
ralmente no presentan signos después de su primer
aborto por B. abortus, y que pueden convertirse en
portadores potenciales al continuar eliminando Bru-
cella en la leche y en las descargas uterinas durante los
partos posteriores.'' En un estudio realizado por Apa-
ricio et al' en un hato bovino con brucelosis, de 35
vacas en produccién, 6 (17.1%) resultaron positivas a
las pruebas de IDR y ELISA-competitivo, de estas vacas
se logré el aislamiento en leche de B. abortus biotipo
1, cepa de campo. En el presente estudio, al lograr el
aislamiento de B. abortus cepa de campo de los tanques
de enfriamiento de donde se obtenia el alimento de
las becerras, se puede plantear la hipotesis de que las
becerras nacidas de madres negativas se infectaron al
consumir la leche de madres positivas, que no se sepa-
raba ni se pasteurizaba.

En un estudio realizado por Crawford et al.” se men-
ciona que la concentracién bacteriana de los cordones
umbilicales de dos fetos de diferentes vacas positivas
a B. abortus fue de 4.3 x 10°bacterias/gy de 1.4 x 10"
bacterias/g, lo cual representa una fuente de infeccién
para otras becerras que nazcan en el mismo lugar. La
otra forma de posible infeccién es a través del personal



This premise has been demonstrated in this study car-
ried out in a dairy stable, where the prevalence was
21.6% and the presence of Brucella abortus was proved
by isolating field strains. It was demonstrated that of 22
female calves born to brucellosis-positive cows, 2 calves
(9.1%) were seropositive in their first week of life after
being tested with a high-specificity assay such as RID.
These calves yielded positive again at three months of
age before being vaccinated with S19. Additionally,
the 22 calves that were daughters of seropositive
cows were found to be seronegative in the sampling
obtained during their first week of life. However, 4
of them (18.2%) were seropositive when tested with
the RID test at three months of age due to the high
presence of Brucella in the herd.
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las vacas positivas, que estaban protegidas por los anti-
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pasan desapercibidas hasta que llegan a la edad repro-
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pruebas si abortan, y hay hatos en los que no se tiene
ningtin interés por diagnosticar la enfermedad. Estas
son algunas de las circunstancias por las que se dificul-
ta el control y erradicacion de la brucelosis.

Se concluye que: es necesario realizar el diagnosti-
co de esta enfermedad en las becerras de establos con
presencia de brucelosis, para evitar dejar animales po-
sitivos en el hato, cuya infeccion se ocultara con los
anticuerpos posvacunales, y se manifestara al presentar
aborto durante su primera gestacion, perpetuando asi
la infeccion en el establo. Esta premisa se demuestra
en el presente estudio realizado en un establo leche-
ro con una prevalencia de 21.6% y con presencia de
Brucella abortus comprobada mediante el aislamiento
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rras nacidas de vacas positivas a brucelosis, 2 becerras
(9.1%) resultaron seropositivas a la semana de vida
usando una prueba con elevada especificidad como la
IDR, las mismas becerras se volvieron a presentar posi-
tivas a los tres meses de vida antes de la vacunacién con
S19. Adicionalmente, en las 22 becerras hijas de vacas
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meses de vida debido a la elevada presencia de Brucella
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Agradecimientos

Se agradece al MVZ Tomads Merds Nevares por su
apoyo técnico en la parte experimental de este estudio

10. BICKETT WD, TREVINO 1. Biological risk
management, an overview. 2010. Memorias del 4° Curso
internacional de medicina productiva en bovinos
lecheros; 2010 abril 22-24; Juriquilla (Querétaro)
México (DF): Universidad Nacional Autéonoma de
México, 2010:5-13.

11. OLSEN SC, THOEN CO, CHEVILLE NF, GYLES CL,
THOEN CO, PRESCOTT]JF et al. Brucella. Pathogenesis

Niimero especial Vet. Méx., 2014 17



12.

13.

14.

15.

18

of bacterial infections of animals. Ames (IA): Blackwell
Publishing, 2004.

ROOP RM, GEE JM, ROBERTSON GT, RICHARDSON
JM, NG WL, WINKLER ME. Brucella stationary-phase
gene expression and virulence. Annu Rev Microbiol
2003; 57:57-76.

BUSTAMANTE S], SALAZAR HF, DIAZ AE,
MANZANO CC, PEREZ GR, HERNANDEZ AL.
Estudio bacteriolégico y serolégico de brucelosis en
vacas revacunadas con dosis reducida de cepa 19 de
Brucella abortus. Téc Pec Méx. 2000; 38:35-42.
APARICIO BA, DIAZ AE, HERNANDEZ AL, PEREZ
GR, ALFONSECA SE, SUAREZ GF. Serological and
bacteriological evaluation of a bovine herd infected
with brucellosis and revaccinated with a reduced
dose of Brucella abortus strain 19. Téc Pec Méx 2003;
41(2):129-140.

DOF. “Campana Nacional contra la Brucelosis en
los Animales” Norma Oficial Mexicana NOM-041-
Z00-1995. Diario Oficial de la Federacion 20 agosto
1996.

16.

17.

18.

19.

20.

DIAZ AE, HERNANDEZ AL, VALERO EG. Diagnéstico
de brucelosis animal. México: Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias, 2001.
ALTON GG, JONES LM, ANGUS RD. Techniques for
the brucellosis laboratory. Paris: Institute National de
la recherché e agronomique; 1988.

SAMBROOK J, FRITSCH EF, MANIATIS T. Molecular
cloning. Laboratory manual. 2nd ed. New York: Cold
Spring Harbor Laboratory Press, 1989.

SANGARI FJ, GARCIA-LOBO JM, AGUERO ]. The
Brucella abortus vaccine strain B19 carries a deletion
in the erythritol catabolic genes. FEMS Microbiol Lett
1994b Sep 1;121(3):337-42.

VEMULAPALLI R, MCQUISTON JR, SCHURIG GG,
SRIRANGANATHAN N, HALLING SM, BOYLE SM.
Identification of an IS711 element interrupting the
wboA gene of Brucella abortusvaccine strain RB51 and a
PCR assay to distinguish strain RB51 from other Brucella
species and strains. Clin Diagn Lab Immunoll999
Sep;6(5):760-4.



Caracterizacion de los tipos capsulares de Pasteurella
multocida en exudado faringeo de bovinos productores
de carne clinicamente sanos en el estado de Querétaro

Characterization of capsular types of Pasteurella
multocida isolated from clinically healthy beef cattle
pharyngeal exudate in the state of Querétaro

Ana Lilia Villegas Vazquezt  Victor Manuel Campuzano-Ocampo*  Rigoberto Hernandez-Castro**
Francisco Suarez-Guemes*™*  Francisco José Trigo Taverat Carlos Julio Jaramillo-Arangot

Abstract

The objective of the present study was to identify and characterize capsular types of P. multocidaisolated from beef cattle phar-
yngeal exudate in the state of Querétaro. Two hundred and twenty seven pharyngeal exudate swab samples from clinically
healthy animals in a slaughterhouse in the municipality of Ezequiel Montes, Querétaro were obtained. Samples were seeded
in blood agar and incubated at 37°C for 24 h under aerobiosis. Strains were identified through morphological characteristics,
conventional biochemical tests and commercial API 20NE Micro-System. Capsular typing of groups A and D was performed
by a multiplex PCR for amplification of genes hyaD-hyaC and dcbF, respectively. According to the values established by API
WEB software, it was possible to identify 14.09% (32/227) of P. multocida strains, which showed an identification percent-
age of 96% and a typicality of 1 to P. multocida. By multiplex PCR, the amplification of genes hyaD-hyaC, correspondent to
capsular group Ain 100% (32/32) of the strains previously identified as P. multocida, was achieved. There are no similar data
in Mexico on the identification and characterization of P. multocida in beef cattle. With the results obtained it is confirmed
that, in a similar way with other countries of Europe and America, capsular type A of P. multocida is predominant in Mexico.

Key words: Pasreurerta murtocioa, CAPSULAR TYPES, BIOCHEMICAL CHARACTERIZATION, MOLECULAR
CHARACTERIZATION, PHARYNGEAL EXUDATE, CATTLE, PCR.

Resumen

El objetivo del presente estudio fue identificar y caracterizar los tipos capsulares de P. multocida en exudado faringeo en
bovinos destinados a la produccion de carne en el estado de Querétaro. Se obtuvieron, mediante hisopo, 227 muestras de
exudado faringeo de animales clinicamente sanos en una planta de sacrificio ubicada en el municipio de Ezequiel Montes,
Querétaro. Las muestras se sembraron en agar sangre y se incubaron a 37°C por 24 h en aerobiosis. Las cepas aisladas
fueron identificadas mediante caracteristicas morfolégicas, pruebas bioquimicas convencionales y el microsistema comercial
API 20NE. La tipificacion de los grupos capsulares Ay D se realizé por medio de una PCR mudltiple para la amplificacion
de los genes hyaD-hyaC 'y dcbF, respectivamente. De acuerdo con los valores establecidos por el software APl WEB, se
logro la identificacion de 14.09% (32/227) de cepas de P. multocida, que mostraron 96% de identidad y una tipicidad de 1
a P. multocida. Por medio de la PCR multiple se logré la amplificacion de los genes hyaD-hyaC correspondientes al grupo
capsular A en el 100% (32/32) de las cepas identificadas previamente como P. multocida. No existen datos similares en
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México sobre la identificacion y caracterizacion de P. multocida en bovinos destinados a la produccion de carne. Con los
resultados obtenidos se corrobora que, de manera similar a otros paises de Europa y América, en México el grupo capsular

predominante de P. multocida es el A.

Palabras clave: Pastevreia  muLtocia, TIPOS CAPSULARES, CARACTERIZACION BIOQUIMICA,
CARACTERIZACION MOLECULAR, EXUDADO FARINGEO, BOVINOS, PCR.

Introduccion

ovinerespiratorydisease complex (BRD) consists

of three clinical entities: enzootic pneumonia of

calves, interstitial pneumonia and pneumonic
pasteurellosis in cattle; this last is described as an acute
course disease that affects young and adult cattle, in
which microorganisms of the Pasteurellaceae family,
such as: Pasteurella multocida, Mannheimia haemolytica
and Histophilus somni are involved, as well as other
agents, such as infectious bovine rhinotracheitis virus
(IBR), among others.?

The main pathogens present in BRD are part of
the normal microbiota of the respiratory tract in beef
cattle. P. multocida is one of the main microorganisms
isolated from BRD, as well as M. haemolytica. When
stressful conditions or viral infections exist, these mi-
croorganisms normally colonize the nasopharynx of
several domestic and wild animals.>*

P. multocida is subdivided into four subspecies,
which include Pasteurella muliocida subspecies multo-
cida, gallicida, septica and tigris. P. multocida can be clas-
sified into five capsular groups: A, B, D, E and F, based
on different polysaccharides of the capsule.””

The geographic distribution of these groups varies,
groups B and E cause hemorrhagic septicemia that af-
fects the water buffalo and cattle in Asia, Africa and
south of Europe. It has been demonstrated that capsu-
lar groups A and D affect cattle in Mexico. Prevalence
determination contributes to the elaboration of bio-
logical products for prevention and control of pneu-
monic pasteurellosis.®’

The diagnosis of diseases caused by P. multocida has
been traditionally based on identification of clinical
signs and physiochemical characteristics of the agent.
These tests are carried out based on phenotypic quali-
ties; however, culture conditions may have an influ-
ence on the expression of some characteristics, such as
morphology, carbohydrate fermentation and serologi-
cal properties and therefore decrease the sensitivity
and specificity of the methods based on these charac-
teristics.”

In recent years, molecular biological techniques
have given great benefits for bacterial identification
overcoming the limitations of conventional proce-
dures. The assays based on the detection of nucleic
acids enable the detection of organisms directly from
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Introduccion

1 complejo respiratorio bovino (CRB) esta

conformado por tres entidades clinicas: neumonia

enzodtica de los terneros, neumonia intersticial y la
pasteurelosis neumonica bovina; ésta ultima se describe
como una enfermedad de curso agudo que afecta a
los bovinos jovenes y adultos, en la cual se involucran
microorganismos de la familia Pasteurellaceae, como
Pasteurella multocida, Mannheimia haemolytica e Histophilus
somniy otros agentes como el virus de la rinotraqueitis
infecciosa bovina (RIB), entre otros.'?

Los principales patégenos presentes en el CRB son
parte de la microbiota normal de las vias respiratorias
de los bovinos de engorda. P. multocida es uno de los
principales microorganismos aislados dentro del CRB,
al igual que M. haemolytica. Estos microorganismos colo-
nizan normalmente la nasofaringe de diversos animales
domésticos y silvestres, cuando existen condiciones de
tension (estrés) o bien en infecciones virales.>*

P. multocida se subdivide en cuatro subespecies, que
incluye a Pasteurella multocida subs multocida, gallicida,
septica 'y tigris. P. multocida se puede clasificar en cinco
grupos capsulares: A, B, D, E y F, basandose en los dife-
rentes polisacaridos de la capsula. >

Ladistribucion geografica de estos grupos esvariable,
los grupos B y E producen la septicemia hemorragica,
que afecta a los bufalos de agua y al ganado bovino en
Asia, Africa y sur de Europa. Se ha demostrado que los
grupos capsulares A y D afectan al ganado bovino en
México. La determinacion de la prevalencia contribuye
ala elaboracion de productos biol6gicos para la preven-
cién y control de la pasteurelosis neumonica.

El diagnéstico de las enfermedades producidas por
P. multocidase basa en los signos clinicos y caracteristicas
fisicoquimicas del agente. Estas pruebas se realizan con
base en cualidades fenotipicas; sin embargo, las condi-
ciones del cultivo pueden influir en la expresion de
algunas caracteristicas, como la morfologia, fermen-
tacion de carbohidratos y propiedades serolégicas,
y con ello disminuir la sensibilidad y especificidad de
los métodos basados en estas caracteristicas.®

En anos recientes, las técnicas de biologia molecular
han significado grandes beneficios para la identifica-
cion bacteriana, superando algunas limitaciones de los
procedimientos convencionales. Los ensayos basados
en la deteccion de los acidos nucleicos permiten la de-



clinical samples and thus sensitivity, specificity and
time required for identification of the microorganism
improves. PCR, in particular, has been useful, because
by using specific primers it is easy to identify the genus
and the capsular groups.®?

In Mexico there are previous studies on character-
ization and prevalence of P. multocida capsular types
in dairy cattle, but none have been carried out in beef
cattle; therefore, the objectives of this study were to
identify the different capsular types and estimate the
frequency of Pasteurella multocida in clinically healthy
beef cattle pharyngeal exudate.

Material and methods
Sampling design

A prevalence of 18% was considered based on previous
studies' and the minimum sample size (MSS) was cal-
culated with 95% confidence and 5% estimated error.

The following equation was used: n = z? X p x q/d?,
in which z = 95% confidence level = 196; p = probabil-
ity that an event or prevalence will occur; q = 1-p, prob-
ability that an event will not occur; d = estimated error.
Based on this equation, 227 bovines was the MSS for
obtaining the ratio of animals positive for P. multocida.

Collection and type of study samples

Bovines were sampled at the slaughterhouse of the Dis-
tribuidora de Carne del Bajio (DICABSA), located in
the municipality of Ezequiel Montes, Querétaro; these
animals were sampled after slaughter and before
washing. Pharyngeal exudate samples were collected
using sterile swabs, placed in Stuart’s transport me-
dium and kept in refrigeration until processing at the
Departamento de Medicina Preventiva y Salud Publi-
ca Veterinaria in the Centro de Ensenanza Investiga-
ci6én y Extensiéon en Producciéon Animal en Altiplano,
FMVZ-UNAM.

Isolation and identification
of P. multocida

Isolation and identification of colonies was carried out
by inoculation of blood agar plates from pharyngeal
exudate swabbings; they were incubated under aero-
biosis for 24 hours at 37°C. Later, Gram staining was
performed. The morphological characteristics of the
colonies were observed and those consistent with
P. multocida were selected: round, gray, mucoid and
without hemolysis. Catalase and oxidase identification
tests were conducted. A new inoculation was performed

teccion de organismos directamente de las muestras
clinicas, asi se mejora la sensibilidad, la especificidad y
el tiempo requerido para la identificaciéon del microor-
ganismo. Particularmente la PCR ha sido muy 1til, pues
con el uso de iniciadores especificos resulta facil la iden-
tificacion del género y los grupos capsulares.®’

No obstante que en México se cuenta con estudios
previos sobre la caracterizacion y prevalencia de los
tipos capsulares de P. multocida en bovinos destinados a
la produccion de leche, atin no se han realizado estudios
en bovinos destinados a la producciéon de carne; por tal
motivo, los objetivos de este estudio fueron: identificar
los diferentes tipos capsulares y estimar la frecuencia de
Pasteurella multocida en exudado faringeo de bovinos cli-
nicamente sanos destinados a la produccion de carne.

Material y métodos
Disefno del muestreo

Se consideré una prevalencia de 18% con base en estu-
dios previos'’ y se calcul6 el tamafio minimo de mues-
tra (TMM) con 95% de confianza y un error estimado
de 5%.

Se aplicé la siguiente ecuacién: n=z? x p x q/ d?,
en la que z= nivel de confianza al 95%= 1.96; p= pro-
babilidad de que ocurra el evento o prevalencia; q=
1-p, probabilidad de que no ocurra el evento; d= error
estimado. Con base en dicha ecuacion, el TMM fue de
227 bovinos, para determinar la proporcién de anima-
les positivos a P. multocida.

Obtencion y tipo de muestras de estudio

La obtencion de las muestras se llevo a cabo en la
planta de sacrificio tipo inspeccion federal (TIF) de
la Distribuidora de Carne del Bajio (DICABSA), ubi-
cada en el municipio de Ezequiel Montes, Querétaro,
en bovinos provenientes del mismo municipio; dichos
animales fueron muestreados después del sacrificio y
antes del lavado de las cabezas. Se recolectaron mues-
tras de exudado faringeo mediante hisopos estériles
que se colocaron en medio de transporte Stuart y se
conservaron en refrigeracién hasta su procesamiento,
el cual se llevé a cabo en el Departamento de Medicina
Preventiva y Salud Publica Veterinaria y en el Centro
de Ensenanza Investigacion y Extension en Produc-
cion Animal en Altiplano, FMVZ- UNAM.
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with the aim to obtain strains of pure P. multocida
culture and then, biochemical identification was per-
formed using a commercial microsystem.

Biochemical identification
of P. multocida

Biochemical identification of P. multocida strains was
carried out using the API 20NE system.* The colonies,
incubated for 18 to 24 hours in 5% blood agar, were
tested. The reaction reading was carried out using the
identification table provided by the manufacturer;
identification was done with a numerical profile and
recognition by using the online identification software
(APIWEB).

Molecular characterization
of capsular groups of P. multocida

DNA extraction

The strains identified as P. multocida by the API20NE
system were re-seeded on to 5% blood agar and incu-
bated at 37°C for 24 hours. DNA extraction was done
by the thermal shock method."" A loop of bacterial
sample was suspended in 200 pl of distilled sterile wa-
ter and was subjected to a temperature of 92°C (boil-
ing) for 15 minutes. It was centrifuged at 8000 x g for
15 minutes and 5 pl of supernatant (DNA) were added
to the PCR mix.

PCR

The amplified genes for characterization of capsular
types were: for A, hyaD-hyaC encoding the synthesis
of hyaluronic acid by means of primers 5’ TGCCA-
AAATCGCAGTCAG-3" and 5-TTGCCATCATTGT-
CAGTG-3’ and for capsular group D, dcbFF encoding
the synthesis of a glycosyl transferase of the capsular
operon, for which the primers used were: 5’ TTACA-
AAAGAAAGACTAGGAGCCC-8’ and 5’-CATCTACC-
CACTCAATATCAG-3’. Molecular characterization
was done by multiplex PCR based on the protocol de-
scribed by Campuzano et al.® Amplification was done
in a thermocycler® under the following conditions:
initial denaturation at 95°C for 5 minutes, followed
by denaturation at 95°C for 30 seconds, elongation
at 56.5°C for 30 seconds and extension at 72°C for 30
seconds using 30 cycles; final extension at 72°C for 5
minutes. The reactions were kept at 4°C until visuali-
zation. For the reactions to occur, 32.5 pl of distilled
sterile water, 5 pl 1 x PCR buffer, 3 pl of MgCl,, 2 pl of
dNTPs, 0.5 pl of each primer, 5 pl of DNA and 0.5 pl
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Aislamiento e identificacion
de P. multocida

El aislamiento e identificacion de las colonias se rea-
liz6 por siembra en cajas de agar sangre a partir del
hisopo, se incubaron en aerobiosis durante 24 h a
37°C. Posteriormente se realizé la tincién de Gram. Se
observaron las caracteristicas morfologicas de las colo-
nias y se seleccionaron aquéllas que coincidieron con
las de P. multocida: redondas, grises, mucoides y sin pre-
sencia de hemolisis. Posteriormente se llevaron a cabo
las pruebas de identificaciéon de catalasa y oxidasa. Se
realiz6 una nueva siembra con el fin de obtener cultivo
puro de las cepas de P. multocida, y posteriormente se
llevo a cabo la identificacion bioquimica mediante un
microsistema comercial.

Identificacion bioquimica de P. multocida

Se realiz6 la identificacion bioquimica de las cepas de
P multocidamediante el sistema API20NE*. Las pruebas
se efectuaron a partir de colonias incubadas durante
18 y hasta 24 h en agar sangre al 5%. La lectura de las
reacciones se realizo utilizando la tabla de identificacion
provista por el fabricante, la identificacion se hizo con
un perfil numérico, y el reconocimiento, mediante el
software de identificacion en linea (APIWEB).

Caracterizacion molecular de los grupos
capsulares de P. multocida

Extraccion de ADN

Las cepas identificadas como P. multocida mediante el
sistema API 20NE se resembraron en agar sangre al
5% y se incubaron a 37°C durante 24 h. La extraccion
de ADN se llevé a cabo mediante el método de cho-
que térmico." Se suspendi6é una asada de la muestra
bacteriana en 200 pl de agua destilada estéril, la cual
se sometié a una temperatura de 92°C (ebullicién)
durante 15 minutos. Se centrifugé a 8000 g durante
15 minutos y se tomaron 5 pl del sobrenadante (ADN)
para agregarlos a la mezcla de la PCR.

PCR

Para la caracterizacion de los tipos capsulares, los ge-
nes amplificados para el A fueron: hyaD-hyaC, que co-
difican para la sintesis de acido hialurénico por medio
de los iniciadores 5-TGCCAAAATCGCAGTCAG-3’

*BioMérieux sa F-69280 Marcy 1'Etoile, Francia.



of Taq DNA polymerase were added. After amplifica-
tion, the products were analyzed on 1% agarose gels
stained with ethidium bromide at 10% (10 mg/ml).

Results

Morphological identification
of P. multocida strains

Of the 227 processed samples, 77 isolates recovered
(33.92%) corresponded to P. multocida morphology
(round, gray, mucoid and without hemolysis). Sub-
sequently, they were Gram stained and 54 colonies
(23.78%) corresponded to Gram-negative coccoba-
cilli. Finally, oxidase and catalase tests were perfor-
med, resulting 50 positive isolates (22.02%).

Biochemical identification of strains by
API 20NE

The 50 isolates, catalase positive and oxidase positive,
were subjected to API 20NE microsystem for obtaining
definitive biochemical identification with the following
results: 64% (32/50) showed 96% of identification
and typicality of 1 to P. multocida, and 24% (12/50)
corresponded to Pasteurella spp, with an identification
and typicality lower than 96% and 1, respectively.

Molecular typing

Genes hyaD-hyaC were amplified for capsular group A
using PCR and gene dcbl for group D, whose amplifi-
cation products had an expected molecular weight of
1044 bp for group A and 657 bp for group D (Ficure 1).
By means of multiplex PCR, it was possible to amplify a
product of ~1044 bp in 100% of the strains (n = 32) that
correspond to capsular group A of P. multocida (FiGure 2).

Frequency of P. multocida in clinically
healthy beef cattle

Based on the results obtained in biochemical and
molecular identification, the estimated frequency
of P. multocida was 14.09% (32/227), of which 100%
(32/32) were group A.

Discussion

Bovine respiratory disease complex has great econo-
mic importance in cattle. Its confirmation is difficult
because of the variety of clinical signs and the diag-
nostic procedures may last long. Bacterial agents are

y 5’- TTGCCATCATTGTCAGTG- 3’, y para el grupo
capsular D, el gen amplificado fue dcbE que codifica
para la sintesis de una glicosil transferasa del operéon
capsular, para lo cual se emplearon los iniciadores
5’ TTACAAAAGAAAGACTAGGAGCCG-3’ y 5’- CATC-
TACCCACTCAATATCAG-3’. La caracterizaciéon mole-
cularserealiz6 por medio de una PCR muiltiple tomando
como base el protocolo descrito por Campuzano et
al® La amplificacion se realizé en un termociclador®
bajo las siguientes condiciones: una desnaturalizaciéon
inicial a 95°C por 5 minutos, seguida de una desna-
turalizacion a 95°C por 30 segundos, elongaciéon a
56.5°C por 30 segundos y extensién a 72°C durante 30
segundos por 30 ciclos. La extensién final a 72°C por
5 minutos. Las reacciones se mantuvieron a 4°C hasta
su visualizacion. Se colocaron 32.5 pl de agua destilada
estéril, 5 pl de amortiguador 1x PCR, 3 pl de MgCl,,
2 pl de DNTP’S, 0.5 pl de cada uno de los iniciadores,
5 pl de ADNy 0.5 pl de Tag ADN polimerasa. La visua-
lizacién de los productos amplificados se efectué en
geles de agarosa al 1%, tenidos con bromuro de etidio
al 10% (10 mg/ml).

Resultados

Identificacion morfoldgica
de las cepas de P. multocida

De un total de 227 muestras procesadas, se recupera-
ron 77 aislados (33.92%) que correspondieron a la
morfologia de P. mullocida (redondas, grisaceas, mu-
coides y sin presencia de hemdlisis). Posteriormente
se realizé la tincion de Gram, en donde 54 colonias
(23.78%) correspondieron a cocobacilos Gramnega-
tivos. Finalmente se utilizaron las pruebas de oxida-
sa y catalasa, con las que resultaron 50 aislamientos
(22.02%) positivos.

Identificacion bioquimica
de las cepas mediante APl 20NE

Los 50 aislados que resultaron positivos a los ensayos de
catalasa y oxidasa fueron sometidos al microsistema API
20NE para obtener la identificacién bioquimica defini-
tiva, con los siguientes resultados: 64% (32/50) mostré
96% de identificacion y tipicidad de 1 a P multocida, y
24% (12/50) correspondié a Pasteurella spp, con una
identificacion vy tipicidad menores a 96% y 1, respecti-
vamente.

**MAXYGENE 198 Cambridge Street, Wembley WA 6014, Australia.
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FIGURA 1. Producto de amplificaciéon de PCR multiple. Gel de aga-
rosa al 1%, tefiido con bromuro de etidio. (M) Marcador, (A) Cepa
de referencia A, (D) Cepa de referencia D

FIGURE 1. Amplification product by multiplex PCR. Ethidium bro-
mide-stained 1% agarose gel. (M) Marker, (A) Reference strain A,
(D) Reference strain D.

the pathogens most commonly involved; there is no
effective and simple test to determine the etiology of
the disease.!"12

It has been demonstrated that the main bacteria
found in respiratory problems in cattle are: M. hae-
molytica, H. somni and P. multocida, this last one is the
bacterium most commonly isolated from pneumonia
in dairy calves,'*"® which reflects, to some extent, the
opportunist nature of the microorganism, overcoming
the development of other bacteria.'>'®

Capsular groups A and D of P. multocida are respon-
sible for causing pneumonic pasteurellosis in Mexico.
In studies conducted in the country, it has been pos-
sible to isolate Pasteurella spp from lung samples ob-
tained in slaughterhouses, in approximately 50% of
the cases in which P. multocida has been the main caus-
ative agent identified.'"?

The diagnosis of P. multocida has been traditionally
based on clinical signs and physicochemical character-
istics of the agent. Tests are performed based on phe-
notypic characteristics; however, culture conditions
may affect the expression of the bacterium properties
and decrease specificity and sensitivity of methods
based on these characteristics.

For biochemical identification of P. multocida there
are methods based on miniaturized commercial sys-
tems that make typing easier and faster, among them is
API 20NE, which is used as a tool for identification of
Enterobacteriaceae and non-Enterobacteriaceae from
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FIGURA 2. Producto de amplificacién de PCR multiple a partir de
muestras de exudado faringeo de bovinos. Gel de agarosa al 1%
tenido con bromuro de etidio (M) Marcador, (A) Control positivo
A, (-) Control negativo, carriles 1-7 cepas de campo

FIGURE 2. Amplification product by multiplex PCR from bovine
pharyngeal exudate samples. Ethidium bromide-stained 1% aga-
rose gel. (M) Marker, (A) Positive control A, (-) Negative control,
lanes 1 — 7: field strains.

Tipificacion molecular

Mediante la prueba de PCR se amplificaron los genes
hyaD-hyaC para el grupo capsular A, y el gen dcbF para
el grupo D, cuyos productos de amplificacion tuvie-
ron un peso molecular esperado de 1044 pb para el
grupo A y de 657pb para el grupo D (Ficura 1). Por
medio de la PCR maultiple se logré la amplificacion
de un producto de ~1044 pb en 100% de las cepas
(n = 32), que corresponde al grupo capsular A de
P. multocida (FiIGura 2)

Frecuencia de P. multocida en bovinos
clinicamente sanos destinados
a la produccion de carne.

Con base en los resultados obtenidos en la identifica-
cién bioquimica y molecular, la frecuencia estimada
de P. multocida fue de 14.09 % (32/227), de la cual el
100% (32/32) fue grupo A.

Discusion

El CRB ha sido reconocido como una enfermedad de
gran importancia econémica en el ganado. Su confir-
macién es dificil debido a la variedad en los signos
clinicosy a que los procedimientos para su diagnéstico
pueden tomar mucho tiempo. Los agentes bacterianos
son los patégenos mas comuinmente involucrados, ac-
tualmente no existe una prueba eficaz y sencilla para
determinar la etiologia de la enfermedad." "2

Las principales bacterias encontradas en los
problemas respiratorios en el ganado bovino son:



veterinary medical sources, with very satisfying results
in P. multocida and M. haemolytica strains.'® The API sys-
tem is able uniquely to identify P. multocida in 64% less
time compared to other systems such as Oxi/Ferm.
The percentage of identification errors is only 10% in
P. multocida isolates.'***

In the results obtained by this system, a high per-
centage of identification and complete typicality to P.
multocida was observed in 100% of the isolates. With
the use of API 20NE system, it was possible to iden-
tify 32 strains (14.09%), such as P. multocida, which
showed 96% of identification and typicality of 1; twelve
strains (5.28%) with 96% of identification and typical-
ity smaller than 1 were observed. The results of the
biochemical profile of the strains studied in this work,
with regard to the percentage of identification and typ-
icality regarding P. multocida, coincide with the results
obtained by Campuzano et al.,* who in 97.5% of the
strains analyzed found 96% of identification and typi-
cality of 1, for which, API 20NE identification system is
considered an easy method with high reliability for the
identification of this microorganism.

It has been observed that detection of P. multocida
is performed faster using PCR technique. With the
identification of genes involved in the biosynthesis of
capsular polysaccharides, the specific sequences of the
capsular groups are identified as primers for capsular
typing of P. multocida.”* The use of colony PCR tech-
nique or DNA boiling extraction method reduces the
time it takes for typing without having to perform bac-
terial DNA extraction by more expensive and slower
methods, as the case of alkaline lysis. PCR targeting
the hyaC- hyaD gene provides specific detection of P.
multocida strains.''?

The advantages of PCR compared with other tests
include rapidness, sensitivity, specificity and simplicity.
It does not need special culture mediums or inocula-
tion of laboratory animals; therefore, it is safer because
there is no need to handle live bacteria."

The frequencies of the present study (14.09%), of
which 100% were identified as capsular group A, are
similar to other authors that have identified group A
in percentages that range from 80% to 100%.* Simi-
lar studies have been conducted in sheep, calves and
dairy cattle, in which capsular group A is the most fre-
quently found with percentages that range from 77 to
97.3%;>'% while in capsular group D, the interval rang-
es from 0.02 to 27%.2"#* Yates® mentions that type A
is commonly associated with bovine pneumonia, while
group D is sporadically found in cases of respiratory
disease.

In other reports based on phenotypic characteriza-
tion of P multocida strains of bovine and some other
ruminant origin, the predominant capsular group is A.
Research carried out on pneumonic lung tissue samples

M. haemolytica, H. somniy P. multocida, ésta ultima se cita
como la mas cominmente aislada en las neumonias de
becerras de razas especializadas en la produccién de
leche,”!* lo cual refleja, en alguna medida, la natura-
leza oportunista de este microorganismo al superar el
desarrollo de otras bacterias.'>!°

Se han identificado los grupos capsulares Ay D de
P. multocida como los responsables de la pasteurelosis
neumonica en México. En estudios llevados a cabo en el
pais con muestras pulmonares provenientes de rastros,
se han logrado aislamientos de Pasteurella spp en alrede-
dor de 50% de los casos, en los que P. multocida ha sido
el principal agente patégeno identificado.'™"?

El diagnoéstico de P. multocida se ha basado en la pre-
sencia de signos clinicos y la presentacion de caracteris-
ticas fisicoquimicas del agente. Las pruebas se realizan
con base en caracteristicas fenotipicas; sin embargo, las
condiciones de cultivo pueden influir en la expresion
de las propiedades de la bacteria y con ello disminuir la
especificidad y sensibilidad de los métodos basados en
estas caracteristicas.

Para la identificacion bioquimica de P. mullocida se
dispone de métodos que se basan en microsistemas co-
merciales o miniaturizados, los cuales facilitan y agilizan
la tipificacion. Entre ellos se encuentra el sistema API
20NE, el cual se ha empleado como herramienta en la
identificaciéon de enterobacterias y no enterobacterias
en medicina veterinaria, con resultados muy satisfacto-
rios en cepas de P. multociday M. haemolytica."® El sistema
API es capaz de identificar con precision P. multocida
en menos tiempo (64% menos), en comparaciéon con
otros sistemas como Oxi/Ferm. El porcentaje de erro-
res de identificacién es de sélo 10% en los aislamientos
de P multocida.***

En los resultados obtenidos mediante el uso de
este sistema se observo un alto porcentaje de identi-
ficacién vy tipicidad completa a P. multocida en 100%
de los aislamientos. Al utilizar el sistema API 20NE se
logré identificar 32 cepas (14.09%) como P. multocida,
las cuales mostraron 96% de identificacién vy tipici-
dad de 1 a P. multocida; se observaron 12 cepas (5.28%)
con porcentajes de identificacion y tipicidad menores
a2 96% vy 1, respectivamente. Los resultados obtenidos
del perfil bioquimico de las cepas estudiadas en este
trabajo, en cuanto al porcentaje de identificacion y
tipicidad con respecto a P. multocida, concuerdan con
los obtenidos por Campuzano et al.,® quienes en 97.5%
de las cepas analizadas encontraron 96% de identifi-
cacion vy tipicidad de 1 a P. multocida, por lo cual se
considera al sistema de identificacion API 20NE como
un método facil de aplicar y de alta confiabilidad para
el reconocimiento de este microorganismo.

Se ha observado que la deteccion de P. mullocida se
realiza en una menor cantidad de tiempo utilizando
la técnica de PCR. Con la identificacion de los genes
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of Holstein calves in the Estado de México** and on
pneumonic lung tissue in the Estado de México and Du-
rango, reported the presence of group A in an interval
that ranges from 98.7 to 100% of the samples studied
and 1.2% for group D.""?* Blanco et al.’® reported the
presence of group A in 100% of P. multocidaisolates from
pneumonic lungs of calves in the Estado de México.

In the present study, the totality of P. multocida
isolates correspond to capsular group A, these results
show that this group predominates in clinically healthy
beef cattle and they are similar to the results obtained
by Campuzano et al.,* where nasal exudate samples
from clinically healthy dairy cattle from the Regién
Lagunera in the states of Coahuila and Durango and
in the state of Hidalgo, were used, which corroborates
that, similarly to other countries of Europe and Ame-
rica, in Mexico, the predominant capsular group of
P multocida is A.

Identification and characterization of capsular
groups of P. mullocida is important for prevention
and treatment of pneumonic pasteurellosis in beef
cattle. Also, it enables to increase knowledge of the
epidemiological situation of this microorganism in the
municipality of Ezequiel Montes, state of Querétaro.
Similarly, it may contribute to the development of more
efficient immunogens and as support in prevention
and control programmes of this disease.

Itis important to point out that there are no similar
data in Mexico on identification and characterization
of P. multocida in beef cattle.
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Inactivacion del metacestodo de Taenia solium a través
del proceso de compostaje: Una realista alternativa
aplicable en el medio rural en México

Metacestode of Taenia solium inactivation
by composting: a feasible alternative
in rural areas of Mexico

Habacuc Esquivel*  Nelly Villalobos*  Alejandro Vargas** José Juan Martinez Maya™*

Abstract

Cysticercosis by Taenia solium metacestode affects pigs, giving ground for meat confiscation. Composting is an alternative
disposition method for confiscated carcasses and other animal debris, inactivating and destroying pathogens in the carcas-
ses. In this study, composting was evaluated as a method to inactivate T. solium metacestodes. Seven compost cone-shaped
piles were built, and three depth-zones were defined within them. Each zone was divided into 4 subzones, and a portion of
contaminated meat was introduced into each subzone. Meat was sampled at 24, 36, 48, and 72 h and tested for evagina-
tion in vitro. The maximum required time for cysticercus inactivation was 48 h. Meat was incorporated to compost after 7
days. No significant differences were found in cysticercus inactivation among the compost zones (P > 0.05), but significant
differences were found with respect to the outside. Therefore, all zones were regarded equally effective to inactivate viable
T. solium cysticerci.

Key words: COMPOSTING, INACTIVATION, METACESTODE, T. SoLum.

Resumen

La cisticercosis causada por el metacestodo de la Taenia solium afecta al cerdo y es causa de decomiso obligatorio.
La composta es un medio alternativo para depositar decomisos y otros desechos animales, ya que inactiva y destru-
ye patdgenos presentes en canales. En el presente estudio se evalub el compostaje para la inactivaciéon de metaces-
todos de T solium. Para ello se construyeron siete pilas de composta en forma de cono, divididas segun su profundi-
dad en tres zonas y cada una en cuatro partes, donde se coloc6é carne contaminada. Se realizaron muestreos a las
24, 36, 48 y 72 h, y se sometieron a la prueba de evaginacion in vitro. El tiempo maximo para la inactivacion total de
los cisticercos fue de 48 h. La carne quedo6 incorporada a la composta desde los 7 dias. No se encontré diferencia sig-
nificativa (P > 0.05) entre la inactivacion de cisticercos en los distintos niveles de las compostas, pero si con respec-
to al exterior, por lo que se consider6 efectiva cualquier zona para la inactivacion de cisticercos de T. solium viables.
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Introduction

ysticercosis is caused by the metacestode, or

larval form of Taenia solium and may affect

human and pig tissues.! The life cycle of T.
solium includes the pig as the intermediate host.'
Therefore, pig carcasses with metacestodes should not
be consumed, and in case of being confiscated, they
must be stored in containers for subsequent disposal;
however, waste often exceeds the container capacity,
for which mishandling of organic material left inside
may be a challenge.

In order to monitor waste materials, composting
organic waste has been suggested. This process is eco-
nomic and has low impact when used as a method
for destruction of confiscated cysticercosis-infected
pig carcasses, in any municipal slaughterhouse of the
country.

In recent years, the composting process has been
used as routine carcass disposal/management and in
cases of high mortality rate in poultry and pig farms,
where it has been identified as preferred method for
carcass disposal in farms.? Although many surveys have
been focusing on pathogen destruction by compost-
ing, little attention has been paid to its appreciable
efficacy in destroying causative agents of parasitic dis-
eases.”

Aerobic composting is the biological process that
generates a biochemical reaction which releases heat,
carbon dioxide and water vapour,*® where interaction
of several bacterial, fungus and actinomyces species co-
exists, facilitating biochemical changes that transform
raw organic waste materials.® In turn, the population
of these microorganisms appear in cyclic succession
according to the environmental conditions in the
compost pile, such as: temperature, moisture content,
porosity and pH.”> Thus, cyclic microbial succession
is promoted with the aim to decompose the organic
material into more simple nutrients, where thermal
change plays an important role for the establishment
of microorganism population and its destruction.”

Due to increased temperature during the compost-
ing process, the majority of viruses and bacteria pres-
ent in the raw organic materials are destroyed, but
metacestode and other parasitic larval stage inactiva-
tion has not been proved totally effective.®

Compost is a stable odorless and humus-like ma-
terial that is formed by decomposed animal and veg-
etable matter, has no environmental health risk and
high social acceptance. Therefore, the objective of this
study was to evaluate the inactivation of 1. solium cys-
ticerci while being exposed to different temperatures
during the composting process.

30

Introduccion

a cisticercosis es causada por el metacestodo o

forma larvaria de la Taenia soliumy puede afectar

a diferentes tejidos del organismo del hombre y
del cerdo.! El cerdo es el huésped intermediario para
mantenerel ciclode 7. solium.' Por tal motivo, las canales
de cerdo con metacestodos no deben ser consumidas,
y en caso de ser decomisadas, deben almacenarse
en contenedores para desecharlas posteriormente;
sin embargo, muchas veces los desechos sobrepasan
la capacidad de los contenedores, por lo que puede
hacerse un mal manejo del material organico que
queda en ellos.

Para controlar una adecuada eliminaciéon se ha
propuesto el proceso de compostaje a base de material
organico. Este proceso es econémico y de bajo impac-
to cuando se usa como método para la destrucciéon de
canales de cerdo decomisadas en cualquier rastro mu-
nicipal del pais por estar contaminadas con cisticercos.

En los ultimos anos, el proceso del compostaje se
ha utilizado para el manejo rutinario de eliminacién
de canales y en casos de mortalidad elevada en gran-
jas de aves y cerdos, donde se ha identificado como el
método preferido para la disposicién de los caddveres
en granjas.? Aunque la destruccion de los patégenos
a través de la composta ha sido el foco de muchas in-
vestigaciones, se ha puesto poca atencién a su eficacia
para destruir a los agentes causantes de enfermedades
parasitarias.’

El compostaje de tipo aerébico es el proceso bio-
l6gico que genera una reacciéon bioquimica que libera
calor, bioxido de carbono y vapor de agua,*® en donde
coexiste una interaccion de diversas especies de
bacterias, hongos y actinomicetos que facilitan los cam-
bios bioquimicos que transforman la materia prima
compostada.® A su vez, las poblaciones de estos
microorganismos se presentan en una sucesion ciclica
de acuerdo con las condiciones del medio dentro de la
pila en la composta, como la temperatura, humedad,
porosidad y el pH.” De esta manera, se promueve una
sucesion microbiolégica ciclica con la finalidad de des-
componer la materia organica hacia nutrientes mas
simples, donde los cambios térmicos juegan un papel
fundamental para el establecimiento de las poblaciones
de microorganismos y su destruccion.’

Debido al incremento de temperatura durante el
proceso de compostaje se destruye a la gran mayoria de
virus y bacterias presentes en la materia prima compos-
tada, pero la efectividad de la inactivacion de cestodos y
otras fases larvarias de pardsitos no han quedado total-
mente comprobadas.®

La composta es un material inodoro, estable y pa-
recido al humus, que se forma por la descomposicién



Material and methods

This study was carried out at the Centro de Ensenan-
za, Investigacion y Extension en Produccion Porcina
(CEIEPP) of the Facultad de Medicina Veterinaria y
Zootecnia of the UNAM. Seven compost cone-shaped
piles with a height of 40 cm and 90 ¢cm in diameter
were formed with 22.5 kg of pig manure, 22.5 of
ground pine bark, 22.5 kg of ground grass (particles
with a range of diameters between 10 and 20 mm) and
60 L of water. Pine and grass were mixed with pig ma-
nure until generating a homogeneous mixture. Water
was gradually added to obtain a homogeneous mixture
of ingredients and water level, with 70% of humidity.
Based on its depth, the cone was divided into three zo-
nes: zone 1, located on the top; zone 2, located at the
central part and zone 3, located at the bottom, 10 cm
from the base, each one separated by approximately
10 cm. Also, the circumference (seen from above) was
divided into quadrants (A, B, C and D).

Ten kg of experimentally infected meat with cysti-
cerci, cut into cubes of approximately 300 g, were put
in each zone of the compost piles. To keep track of
the metacestode destruction percentage, four plastic
bins (one for each quadrant) with lids and bottom
grid-like pattern were also placed, containing 10 meta-
cestodes each, giving a total of 12 plastic bins per com-
post. Each bin was fixed by means of a wire guide for
its identification and easy removal at the moment of
sampling. Also, four control assay tubes with 10 viable
cysticerci and with 2 ml of physiological saline solution
(PSS) were used as controls and were placed outside
the compost pile.

For temperature evaluation (°C) in different com-
posting process stages, a digital infrared thermometer
was used. Temperature was taken at 24, 36, 48 and 72
hours, at days 7, 14, 21, 28, 35 and 42 after the ingredi-
ent mixtur¢ was made (IM). Also, a hydrometer* was
used to record the compost moisture level (ML).

A plastic bin was removed from each quadrant at
24, 36, 48 and 72 hours, as well as the control assay
tubes from this quadrant. In order to determine viabil-
ity of cysticerci, 0.85% of physiological saline solution
and 10:1 pig bile concentration were used, mixed in a
Petri dish that was placed in an electric culture oven*
for 24 hours at 37°C; after that time, those cysticerci
that evaginated and showed movement were consid-
ered alive and with infective capacity.

The chi-square test was used to analyze the results.’
The Kolmogorov-Smirnov test” was used for tempera-
ture analysis, with the objective to determine whether
or not data presented a normal distribution; therefore,
the ANOVA method was used to compare the tempera-
tures of the zones in which the compost piles were di-

de materiales animales y vegetales, no presenta riesgo
sanitario para el medio ambiente y tiene una acepta-
cion social elevada. Por lo que el objetivo del presente
trabajo fue evaluar la inactivaciéon que presentan los
cisticercos de 7. solium al permanecer expuestos a las
diferentes temperaturas que se presentan durante el
proceso de compostaje.

Material y métodos

El estudio se llevo a cabo en el Centro de Ensenan-
za, Investigacion y Extension en Produccién Porcina
(CEIEPP) de la Facultad de Medicina Veterinaria y
Zootecnia de la UNAM. Se construyeron 7 pilas de
composta en forma de cono con una altura de 40 cm
y un diametro de 90 cm; cada una se formé con 22.5
kilos de excretas de porcino, 22.5 kilos de madera de
pino molido, 22.5 kilos de pasto molido (con particu-
las de un tamano de entre 10 a 20 mm) y 60 litros de
agua. Se mezclaron el pino y el pasto con los s6lidos
de excretas porcinas hasta generar una mezcla homo-
génea. El agua se adicion6 gradualmente para que la
mezcla de los ingredientes y el nivel de agua fueran
homogéneos con 70% de humedad. Con base en su
profundidad, el cono se dividi6 en tres zonas: zona 1,
localizada en la parte superior; la zona 2, ubicada en la
parte central y la zona 3, localizada en la parte inferior
a 10 cm de la base, cada una separada aproximada-
mente 10 cm. Ademas, la circunferencia (vista desde
arriba) se dividi6 en cuadrantes (A, B, Cy D).

En cada una de las zonas se colocaron 10 kilogramos
de carne de cerdo infectado experimentalmente con
cisticercos, cortada en trozos de aproximadamente 300
gramos. Para contabilizar el porcentaje de destrucciéon
de los metacestodos, se colocaron ademas cuatro cajas
de pldstico (una para cada cuadrante) con tapaybase en
forma de rejilla, las cuales contenian 10 metacestodos
cada una, dando un total de 12 cajas de pldstico por
composta. Cada caja se fij6 con una guia de alambre
para su identificacién y facil retiro al momento de los
muestreos. Ademads, se utilizaron cuatro tubos de ensayo
con 10 cisticercos viables y con 2 ml de solucién salina
fisiologica (SSF), los cuales sirvieron como testigos y se
ubicaron afuera de la pila de la composta.

Para la evaluacion de la temperatura (°C) en las
diferentes etapas del proceso de compostaje, se utilizé
un termoémetro infrarrojo digital. Se tomé la tempera-
tura a las 24, 36, 48 y 72 horas, a los 7, 14, 21, 28, 35
y 42 dias posteriores al mezclado de los ingredientes
(MI). También se utiliz6 un higrémetro* para regis-
trar el nivel de humedad (HR) contenido dentro de las
pilas de composta.

*G.LS. Ibérica HR0O01, Espana
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vided. Data were processed using the GraphPad InStat
3® statistics software.

Results

Survival of metacestodes. With respect to treatment
time, it was observed that during the first 24 hours the-
re was no difference in survival rate; however, at 36,
48 and 72 hours, evagination rates were higher in cys-
ticerci found at the outside of the compost piles (P <
0.05) (Table 1).

Seven days after the start of the composting pro-
cess, metacestodes were not evaluated because the
meat was already incorporated to the compost materi-
als (liquefaction process).

At 24 hours it was observed that cysticerci from
the three zones of the compost, as well as controls,
showed 40% of evagination in the superficial and in-
termediate zones, 52% in the deep zone and 62% in
control group. There were no significant differences
(P >0.05).

At 36 hours, a decreased evagination rate from
10 to 19% was observed in the three internal zones.
Contrary to the control group, which showed 62% of
evagination.

At 48 hours, only 4% of metacestodes from the
compost evaginated in the superficial zone, while
metacestodes from the control group showed 38% of
evagination. (P < 0.05).

At 72 hours, only 2% of cysticerci evaginated in the
superficial zone, while 12% of evaginated metaces-
todes from the control group was determined in this
zone. Results were processed using GraphPad InStat
3® statistics software.

Temperature. In the first 72 hours of the experi-
ment, a similar trend in the three zones of the compost
pile (48.5 to 49.1°C) was observed, different from the
temperature of the pile’s exterior (35.8°C) (P < 0.05),
which always remained below the levels reached in the
pile (Table 2).

Se sac6 una caja de plastico de cada cuadrante a las
24, 36, 48 y 72 horas, asi como el tubo con los testigos
de ese cuadrante. Para determinar la evaluacion de la
viabilidad de los cisticercos se utiliz6 solucién salina
fisiolégica al 0.85% vy bilis de cerdo en una concentra-
ciéon 10:1, mezclados en una caja de Petri, la cual se
colocé en una estufa de cultivo eléctrica® por 24 horas
a 37°C, después de ese tiempo se consideraron vivos y
con capacidad infectiva aquellos cisticercos que evagi-
naron y que presentaban movimiento.

Los resultados se analizaron mediante una prueba
de Ji-cuadrada.® Para el analisis de las temperaturas se
utiliz6 la prueba de bondad de ajuste de Kolmogorov—
Smirnov® con el fin de determinar si los datos presenta-
ban o no una distribucién normal, por ello se utiliz6 el
método de ANDEVA para comparar las temperaturas
de las zonas en que se dividieron las pilas de composta.
Los datos se procesaron mediante el paquete estadistico
GraphPad InStat 3®.

Resultados

Sobrevivencia de los metacestodos. Con respecto al
tiempo de los tratamientos, se observé que a las prime-
ras 24 horas no hubo diferencia en la proporcién de
supervivencia; sin embargo, a las 36, 48 y 72 horas, las
proporciones de evaginaciéon fueron mayores en los
cisticercos encontrados en el exterior de las pilas de
composta (P < 0.05) (Cuabro 1).

Después de siete dias del inicio del proceso de com-
postaje no se evaluaron los metacestodos debido a que
la carne ya estaba incorporada a los materiales de la
composta (proceso de licuefaccion).

Se observé que a las 24 horas, los cisticercos de las
tres zonas de la composta, asi como los testigos, pre-
sentaron 40% de evaginacién en las zonas superficial
e intermedia, 52% en la zona profunda y 62% en el
grupo testigo. En ningin caso hubo diferencia signifi-
cativa (P < 0.05).

*Riossa MON, México

CUADRO 1

Proporciéon de evaginaciones de metacestodos de Taenia solium a diferentes profundidades y tiempos

Evagination rate of scolices in Taenia solium metacestodes at different depths and times

24 h 36h 48 h 72 h
Evagination
evagination rate/total evagination rate/total evagination rate/total evagination rate/total
Superficial 0.40a 21/52 0.10a 5/52 0.04a 2/52 0.02a 1/52
Intermediate 0.40a 21/52 0.12a 6/52 0.00a 0/52 0.00a 0/52
Deep 0.52a 27/52 0.19a 10/52 0.00a 0/52 0.00a 0/52
External 0.62a 32/52 0.62b 32/52 0.38b 20/52 0.12b 6/52
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Only a difference between temperatures was re-
corded at 24 hours in the three decomposition zones
with respect to subsequent samplings (P < 0.05), which
showed a similar temperature trend in the three zones.
In the first four samplings, the periods in which high-
er composting temperatures occur correspond to the
interval between 36 and 48 hours (Table 2), also the
period during which lower rate of evagination in meta-
cestodes occurs in the compost pile (Z1 =4%, 72 = 0%
and Z3 = 0%). Temperature samplings at days 7, 14,
21, 28, 35 and 42 showed that in the composting pro-
cess, the following stages were observed: mesothermal
(10 = 40°C), thermophilic (40 — 75°C), cooling (less
than 40°C) and maturity or curing (20°C or less).

Discussion

No similar studies evaluating the inactivation or des-
truction process of 7. solium cysticerci by temperatures
generated during composting have been found.

The results obtained in the present study may be
compared with what was described by Nava et al.,'”who
used the cooking process for cysticerci inactivation, in
which resistance of 7. solium metacestodes was evalu-
ated, and it was found that deep frying of contami-
nated pieces of meat no more than 5 cm thick, for at
least one hour, inactivates the cysticercus.'” Likewise,
prolonged cooking in water on the boiling point of
contaminated pork meat fragments (no more than 5
cm thick), for two hours, inactivates the metacestodes;
additionally, they also found that inactivation is gener-
ated at cooking temperatures of 80°C for 15 minutes,
in meat about 4 cm thick.

In the present study it was observed that the period
of intense cysticerci inactivation occurs between 36
and 48 hours, when there is only 4% of evagination in
the superficial zone and none in the intermediate and
deep zone, which is associated with the temperature
reached inside the compost pile during that same pe-
riod (Z1 =47.7°C, 72 = 48.9°C and Z3 = 48.4°C).

A las 36 horas, hubo una disminucién de 10 a 19%
en la proporciéon de evaginaciones en las tres zonas
internas. Contrario al grupo testigo, que present6 62%
de evaginacion (P < 0.05).

A las 48 horas, s6lo en la zona superficial evaginé
un 4% de los metacestodos de compostas, mientras
que los metacestodos del grupo testigo presentaron
38% de evaginacion (P < 0.05).

A las 72 horas, s6lo 2% de los cisticercos de la zona
superficial evaginaron, en tanto que de los metaces-
todos del grupo testigo evaginaron el 12% (P < 0.05).
Los resultados fueron procesados mediante el paquete
estadistico GraphPad InStat 3®.

Temperatura. Durante el periodo correspondiente
a las primeras 72 horas del experimento, se observé
una tendencia similar en las tres zonas del cono de
composta (48.5 a 49.1°C), las cuales fueron diferentes
a la temperatura exterior de la pila 35.8°C (P < 0.05),
que siempre se mantuvo por debajo de los niveles al-
canzados dentro del cono (Cuabro 2).

Sélo se registr6 diferencia entre las temperatu-
ras registradas a las 24 horas en las tres zonas de la
composta con respecto a los muestreos posteriores
(P < 0.05), los cuales presentaron una tendencia de
temperatura similar para las tres zonas. En los cuatro
primeros muestreos se observa que los periodos du-
rante los que se presenta una mayor elevacion de la
temperatura corresponden al intervalo de las 36 a las
48 horas (Cuabro 2), periodo durante el cual también
ocurre el menor porcentaje de evaginaciones de los
metacestodos dentro de las pilas de composta (Z1=
4%, 72=0% y Z3= 0%). Los muestreos de temperatura
de los dias 7, 14, 21, 28, 35 y 42, mostraron que en
el proceso de compostaje se observaron las siguientes
etapas: mesotérmica (10-40°C), termofilica (40-75°C),
enfriamiento (menos de 40°C) y maduracioén o curado
(20°C o0 menos).

CUADRO 2

Temperaturas (°C) de compostas a diferentes profundidades y tiempos

Compost temperature (°C) at different depths and times

Depth 24 hours 36 hours 48 hours 72 hours
Superficial 425 44.5 47.7% 49.1=
Intermediate 43 4% 46.3%P 48.9% 48.5%
Deep 42 4% 44 ,92bab 48.4% 48.6%
External 21.20 34 .50 32,40 35.8

Temperature differences at the same time at different depths, with different italic letters in each respective

column (P <0.05).

Temperature differences in different sampling periods with different bold letters in each respective line (P <0.05).
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The results obtained in this study with respect to
temperature, show higher levels during the first 72
hours after the composting process has started and
they are similar to the obtained in 2007 by Wilkinson®
while using poultry carcasses that had died from influ-
enza, where temperatures higher than 60°C within the
first five days were recorded; in that study, the inactiva-
tion of pathogens (influenza virus) was demonstrated
and it was observed that the smaller the particle the
faster will decompose and temperature will increase
inside the compost pile.

In the present study, the temperature of the com-
post piles decreased from day 14 to 21. Similar results
are described by Wilkinson,? in 2007; Christesten et
al.,*in 2002 and Sanchez A, in 2011, who observed that
temperature begins to drop from days 14 to 20 after the
beginning of the process, for which they suggest that
the materials of the compost be mixed again, avoid-
ing the presence of sublethal zones (areas in which
there is no adequate pathogen inactivation). The rela-
tive humidity (RH) recorded during the experiment
always remained higher than 60%, which according to
Liang et al.,” is considered to be the best for the de-
velopment of the composting process of solid waste.
Jones and Martin"!' report that green-waste compost-
ing efficiently eliminates the majority of pathogens, as
long as a temperature of 55°C is maintained for at least
three days.

Composting is not the best mechanism for elimi-
nation of contaminated carcasses, especially in places
where they are equipped with the infrastructure to use
other procedures; however, it could be an effective al-
ternative particularly in places where there are no in-
cinerators, or it is not possible to use other procedures
such as cooking, especially due to high parasitic load
that sometimes is observed in carcasses, mainly in rural
zones and because costs would probably not allow its im-
plementation; therefore, carcass disposal would remain
a challenge in the continuity of the biological cycle.
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Articulo de revision

Factores estresantes en lechones
destetados comercialmente

Stress factors in weaned piglet
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Abstract

Nowadays, modern swine production techniques promote early weaning. Weaning constitutes one of the most critical stages
in the productive life of swine as it is a phase that entails a whole series of stressful factors and physiological changes.
This review examines the most important factors that cause stress during this stage, including: separation from the sow,
transport, changes in alimentation, lodging in different installations, and being grouped together with strange piglets. The
interaction of young pigs with all these stressor factors exercises a cumulative effect that intensifies the level of stress
they experience during separation from the sow during the weaning process itself, an event that frequently results in “de-
layed growth” accompanied by an increased susceptibility to disease-causing, enteric pathogenic agents. For these rea-
sons, it is important to adequately control the variety of factors that affect the physiology, metabolism and behavior of
piglets. The conclusion is that both knowledge of the biology of the species and suitable personnel training are necessary
to reduce the problems that arise from these issues related to the welfare of weaned piglets. Finally, this study recom-
mends some practices derived from the findings presented, with a view to improving the welfare of recently weaned piglets.

Key words: PIGLET, ANIMAL WELFARE, SEPARATION OF MOTHERS FROM YOUNG.

Resumen

Hoy en dia, las modernas técnicas de produccion porcina exigen cada vez mas destetes tempranos. Sin embrago, el destete
representa una de las etapas mas criticas en la vida productiva del cerdo, debido a que durante ella se suman una serie
de factores estresantes y cambios fisiologicos. En la presente revision se analizan los factores mas importantes que causan
estrés durante esta etapa, como la separacion de la cerda, el transporte, el cambio de alimento, el alojamiento en nuevas
instalaciones y el agrupamiento con lechones extrafnos. La interaccion de los lechones con estos factores estresantes
incrementa el nivel de estrés que representa, per se, la separacion de la cerda y el lechén durante el destete, ya que
habitualmente originan "retraso en el crecimiento", ademas de aumento de la susceptibilidad frente a agentes patégenos
entéricos causantes de enfermedades. Por ello, los distintos factores que afectan la fisiologia, el metabolismo y el
comportamiento del lechén deben ser controlados adecuadamente. Se concluye que el conocimiento de la biologia de la
especie y un entrenamiento adecuado del personal, son necesarios para disminuir los problemas de bienestar del lechon
destetado, por lo que, con el fin de evitarlos, se recomiendan algunas practicas derivadas de los hallazgos presentados.
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Introduction

nimal welfare science has developed rapidly

over the last decade and it has been important

o separate biological or life sciences from
moral judments." Therefore, to talk about welfare in
pig production leads to analyze all productive stages in
which the pigs are subjected."*” In this regard, several
authors agree that weaning represents one of the
most critical stages in the productive life of the pig.'*
'3 Currently, in pig production, weaning is an isolated
event that takes place on a specific day and it is usually
done by abruptly separating the sow from their piglets
around the third and fourth week of age.!*'> Weaning
is classified as a stressful event, in which the piglet
faces great variety of factors causing physiometabolic
imbalances that alter and compromise their
performance within the following days pigs are taken
away from their mothers, due tofood change, transport,
new units environment and grouping piglets along with
unfamiliar animals.''%!¥ Several studies mention that
the adjustment of the piglets to these stressful stimuli
will impact their welfare and productive parameters
during their development, causing decreased food
intake, growth retardation and, consequently, loss of
daily weight increase.'*'*?! Likewise, weaning has an
impact on piglet behavior, since mixing piglets with
different litters in new pens induces aggression, which
may affect endocrinology, physiology and metabolism
of the weaned piglet.?? In this regard, some authors
mention that weaning has a stronger effect on very
young piglets.****Therefore, abrupt weaning at an early
stage causes stress, which is reflected in an increase of
athletic activity, change in behaviour and, frequency
and intensity of vocalizations.®?® Additionally, the
level of stress that represents weaning may increase
when the piglet is transported from one place to the
other to continue its growth, because transport entails
grouping with unfamiliar animals, overcrowding, heat,
cold, temperature fluctuations, vibrations and noise
that increasingly worsen according to the length of the
trip."” Therefore, if weaning, followed by transport of
piglets to site 2 of the farm, is done at an early age, the
immune status and welfare of the piglet are strongly
affected.® Consequently, it is important to control
all stress factors affecting the piglet during weaning,
in order to improve welfare and productivity."”* In
the present review, the main stress factors affecting
physiology, metabolism and behaviour of the weaned
piglet under commercial conditions is analyzed and
discussed.
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Introduccion

a ciencia del bienestar animal se ha desarrollado

rapidamente en los ultimos 10 anos y ha

sido importante para separar lo cientifico o
netamente biolégico, de los juicios morales.? Asi,
hablar de bienestar en la produccién porcina conduce
aanalizar todas las etapas productivas bajo las cuales los
cerdos son sometidos."*” En relacion con ello, diversos
autores concuerdan en que el destete representa una
de las etapas mads criticas en la vida productiva del
cerdo.'™” Actualmente en la produccién porcina,
el destete es un hecho aislado que tiene lugar en un
dia especifico y usualmente se lleva a cabo separando
abruptamente a la madre de sus lechones alrededor
de la tercera o cuarta semana de edad.'*!" Debido a
ello, el destete se cataloga como un evento estresante,
en el cual el lechén se enfrenta a una gran variedad
de factores causantes de desajustes fisiometabolicos
que alteran y comprometen su desempeno en los
siguientes dias a la separacién de su madre, debido al
cambio de alimento, el transporte, el ambiente de las
nuevas instalaciones y el agrupamiento con lechones
extranos.'"'*® Diversos estudios mencionan que la
capacidad de adaptacion del lechén a estos estimulos
estresantes repercutird no sélo en su bienestar, sino
en sus parametros productivos durante su desarrollo,
provocando disminucién en el consumo de alimento,
retraso en su crecimiento y, por consecuencia,
pérdida en la ganancia diaria de peso.'*'"?! Asimismo,
el destete repercute sobre el comportamiento del
lechén, ya que el mezclar lechones de diferentes
camadas en las nuevas areas de alojamiento induce
la apariciéon de agresiones, que pueden afectar la
endocrinologia, fisiologia y metabolismo del lech6n
recién destetado.”? En este sentido, algunos autores
senalan que las consecuencias del destete son mads
marcadas cuando los lechones son mas jévenes.*** Asi,
el destete abrupto a una edad temprana es causante
de estrés, lo cual se refleja en un incremento en la
frecuencia de interacciones agonisticas, alteraciones
en su comportamiento y frecuencia e intensidad de las
vocalizaciones.?? Adicionalmente, el nivel de estrés
que representa el destete puede incrementarse
cuando el lechon es trasladado de un sitio a otro
para continuar con su crecimiento, debido a que el
transporte implica el reagrupamiento con animales
desconocidos, hacinamiento, calor, frio, fluctuaciones
de temperatura, vibraciones y ruido, que se agudizan
por la duracién del viaje."” Por lo tanto, si el destete de
los lechones, seguido del traslado al sitio 2 de la granja
se realiza a una edad temprana, el bienestar y estado
inmune del lechén se ven notoriamente afectados.?”?
En consecuencia, resulta fundamental controlar todos



Stress factors in the piglet

Weaning causes an acute stress response, due to so-
cial, environmental and nutritional changes in which
piglets are subjected.?” Because of this stress, piglets
respond to great variety of intertwined-adaptation me-
chanisms: anatomical, physiological, biochemical, im-
munological and behavioural. * In the face of a threat
and with the aim to maintain its balance, the organism
releases a physiological response to stress as a result of
the natural adjustments it makes as it readies itself to
handle a stressful situation. Moberg and Mench® defi-
ne weaning as a stimulus responsible for stress (pain,
hunger, thirst, severe climatic conditions, etc.) that
breaks the homeostasis of the organism, often with
harmful metabolic effects, causing behavioural and
physiological changes. Likewise, as a consequence of
stress, physiological responses occur (increased heart
rate and breathing), in which the autonomic, endo-
crine and immune systems are involved.* Although it
is known that glucocorticoids mediate many negative
stress effects on the metabolism and on the circulatory,
digestive and immune systems, there are other subs-
tances, such as opioid peptides that should be con-
sidered in stress response, because they are released
after stimulation of the hypothalamic-pituitary-adrenal
axis.®® In relation to this, Kanitz et al.** showed that re-
peated isolation of piglets at an early age generates
stress, which is manifested in behavioural (decrease in
activity), neuroendocrine (increase in ACTH and cor-
tisol basal levels) and immune (immunosuppression)
responses. Therefore, weaning should be a normal
and gradual process, in the course of which animals
begin to eat solid food simultaneously to the decline
in the production of milk by the sow, in such a way that
the piglet gradually suppresses its milk diet, although
it faces a constant stress situation.?%

Under natural conditions, during the first week
postpartum, the sow moves away with her litter to
nurse them approximately 30 times per day, around
10 days of age, the piglets along with the sow become
in contact with other sows and their litters in a social
group, for which the frequency of nursing decreases.
As the production of milk declines, the piglet adjusts to
other type of food (foliage and roots) in order to meet
their nutritional requirements and, finally, between 4
and 6 months of age, the lactation period comes to an
end.’® On the other hand, under commercial condi-
tions, weaning is an isolated event that takes place on
a specific day, it is usually done abruptly around the
third or fourth week of age, procedure known as early
weaning.??7

The most important factors that cause stress during
this stage are: separation from the sow, transport, food

aquellos factores estresantes que inciden en el lech6n
durante el destete, para mejorar tanto el bienestar
como la productividad del lech6n.'”* En este contexto,
en la presente revision se analizan y discuten los
principales factores estresantes que afectan la fisiologia,
el metabolismo y comportamiento del lechén destetado
bajo condiciones comerciales.

Factores estresantes en el lechéon

El destete ocasiona una respuesta de estrés agudo
debido alos cambios sociales, ambientales y nutriciona-
les a los que son sujetos los lechones.*” A consecuencia
de este estrés, los lechones responden mediante una
gran variedad de mecanismos adaptativos entrelazados:
anatémicos, fisiolégicos, bioquimicos, inmunolégicos
y conductuales.? Ante una situaciéon de amenaza y con
el objetivo de mantener su equilibrio, el organismo
emite una respuesta fisiolégica con el fin de intentar
adaptarse. Moberg y Mench® definen al destete como
un estimulo causante de estrés (dolor, hambre, sed,
condiciones climaticas severas, etc.) el cual rompe
la homeostasis del organismo, a menudo con efecto
perjudiciales en el metabolismo, provocando altera-
ciones en el comportamiento y cambios fisiologicos.
Asimismo, como consecuencia del estrés, ocurren
respuestas fisiolégicas (aumento en el ritmo cardiaco
y respiratorio), en las que se involucran el sistema
autonémico, el sistemaendocrinoyelsistemainmune.*
Aunque se sabe que los glucocorticoides median
muchos de los efectos negativos del estrés sobre el
metabolismo y sobre los sistemas cardiovascular, diges-
tivo e inmunolégico, existen otras sustancias, como los
péptidos opioides, que deben considerarse en la
respuesta al estrés, pues son liberados luego de la
estimulacién del eje hipotilamo-hipofisis-adrenal.®
En relacién con ello, Kanitz et al** mostraron que el
aislamiento repetido de lechones a una edad temprana
genera estrés, el cual se manifiesta en respuestas de
comportamiento (disminucién de la actividad), neu-
roendocrinas (aumento de los niveles basales de ACTH
y cortisol) e inmunolégicas (inmunosupresion). Por lo
tanto, el destete debe ser un proceso normal y paula-
tino, en el transcurso del cual los animales comienzan
a ingerir alimentos sélidos de forma simultinea a la
reduccion de la produccion lactea de la madre, de tal
modo que el lechén suprime su dieta lactea gradual-
mente, aunque se enfrenta a una constante situaciéon
de estrés. 37

En condiciones naturales, durante la primera
semana posparto la cerda se aleja con su camada para
alimentarlos aproximadamente 30 veces al dia; pos-
teriormente, alrededor de los 10 dias de nacidos, los
lechones junto con la cerda entran en contacto con
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change, relocation in new pens and grouping with un-
familiar animals.* As result of these factors, a decline
in production performance is observed, besides sev-
eral physiological and pathological responses.?*6:404

Social stress during weaning

Early separation from the mother has always been con-
sidered a cause of stress in the majority of the animals,
which is often manifested with prolonged vocalizations
and by effects of long-term behavior.*? It has been
explained that vocalizations are consequence of frus-
tration caused by diet change, because the calls will
end when piglets start eating new feed, on average 21
hours after weaning; however, low grunts and calls are
also attributed to piglets looking for their mother.*
In this regard, Colson et al® determined the effect of
weaning in 21 and 28 days old piglets on weight gain,
behaviour and neuroendocrine responses to stress.
These authors observed an increase in growth, change
in behaviour (vocalization, aggression and root reflex)
and hormonal responses (decreased urine concen-
tration of catecholamines, mainly noradrenaline and
cortisone) in piglets weaned at 21 days old, in com-
parison with piglets weaned at 28 days old. They con-
cluded that endocrine and behavioural changes could
be associated with decreased food intake, according to
the observed in early weaned piglets, in which growth
was lower. Therefore, it is emphasized that weaning at
21 days of life has greater negative consequences on
growth and endocrine response to stress, in compari-
son with weaning at 28 days, although in both cases
change in behaviour was observed.

Besides the presence of vocalizations, it is impor-
tant to observe other types of behaviour after wean-
ing, in order to evaluate the degree of stress to which
the animals are subjected. In this regard, Main et al?
found that the age at weaning has an effect on belly
nosing, which appears most frequently in early weaned
piglets causing an increase in lesions.

The presence of fights have the objective to rees-
tablish hierarchies, and although it is an evident be-
haviour during weaning, this is not exclusive to this
period, since aggression may occur each time a social
group changes.®™ On a regular basis, the capacity of
animals to form a social organization represents the
regulatory mechanism of social facilitation and a de-
fensive attitude towards territory utilization, which re-
sults in saving metabolic energy.”

Rodarte et al.** mention that some negative wean-
ing effects are: increased aggression and redirected
behaviour; nevertheless, implementing an animal en-
richment programme, as hanging objects inside the
pig pens, allows to reduce the frequency of these prob-
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otras cerdas y sus crias en un grupo social, por lo que la
frecuencia con la que la cerda alimenta a su lechones
disminuye. Conforme la produccién de leche de la
madre va declinando, el lechén se va adaptando a otro
tipo de alimentos (raices y follajes) para llenar sus
requerimientos nutricionales, y finalmente entre los
4 a 5 meses de edad la lactancia ha terminado.* Por
el contrario, en condiciones comerciales, el destete es
un hecho aislado que tiene lugar en un dia especifico,
usualmente se lleva a cabo separando abruptamente
a la madre de sus lechones alrededor de la tercera a
cuarta semana de edad, practica conocida como “des-
tete precoz”. %

Dentro de los factores mds importantes que causan
estrés durante esta etapa se incluyen: la separacion de
la cerda, el transporte, el cambio en el alimento, el
alojamiento en nuevas instalaciones y el agrupamiento
con lechones extranos.* Asi, como resultado de estos
factores se muestra un declive en el desempeno pro-
ductivo, ademds de diversas respuestas fisiologicas y
patologicas. 28304041

Estrés social durante el destete

La separaciéon prematura de la madre siempre ha
sido considerada como causa de estrés en la mayoria
de las especies animales, que a menudo se manifies-
ta con vocalizaciones prolongadas y por efectos en el
comportamiento a largo plazo.™* Se ha explicado
que las vocalizaciones son consecuencia de la frus-
traciéon provocada por el cambio en la dieta, debido
a que los llamados pararan cuando los lechones co-
miencen a ingerir el nuevo alimento, en promedio
21 horas posdestete; sin embargo, los grunidos y lla-
mados fuertes son también atribuidos a la busqueda
de la cerda.?’ En relacion con ello, Colson et al.,?® de-
terminaron el efecto del destete en lechones de 21y
28 dias sobre la ganancia de peso, el comportamiento
y las respuestas neuroendocrinas ante el estrés. Estos
autores observaron un incremento en el crecimiento,
cambios de comportamiento (aumento de las vocali-
zaciones, de la agresividad y del hociqueo) y respues-
tas hormonales (reduccion de la concentracion en
orina de catecolaminas, principalmente noradrenali-
na, y de cortisona) en cerdos destetados a los 21 dias,
en comparacion con los destetados a los 28 dias de
edad; los autores concluyen que los cambios endocri-
nos y de comportamiento se podrian relacionar con
una disminucién en la ingesta de alimento, segun lo
observado en los cerdos destetados a una edad mas
temprana, en los que los crecimientos fueron meno-
res. Por lo tanto, se enfatiza que el destete a los 21
dias de vida tiene mayores consecuencias negativas
sobre el crecimiento y la respuesta endocrina al es-



lems. Other studies report that the hierarchy level of
piglets increases cortisol and plasma concentrations,
and shows that submissive piglets record higher lev-
els of cortisol, in comparison with piglets with inter-
mediate status.* Likewise, overcrowding, or a piglet
left alone, exposed to unfamiliar surroundings (new
pens), are factors that may have greater social im-
pact on animals and cause stress.** In addition, in a
study carried on by Sorrells et al.,* the physiological
response and behaviour of piglets housed singly or
in group were compared, and the authors found out
that the most affected piglets were the single-housed
animals, because they present increased heartbeats,
breathing rate, activity and vocalizations; however, they
concluded that each individual response to a stressful
stimulus will depend on the piglet’s own capacity and
the type and intensity of stressors they face.

Physical or handling stress during weaning

Weaning of piglets is often done between the third
and fourth week of age, although in some conven-
tional production systems they are weaned at 17 days
old and sometimes even at 12 days of age.* In this re-
gard, weaning age is a factor most highly associated
with the level of stress the animals experience during
this stage.'"™ The main purpose of shortening lac-
tation length is to make best use of the sow, since by
shortening lactation days, sows have greater farrowing
number per year; therefore, greater number of piglets,
besides having less physiological wear.*® Likewise, shor-
tening lactation length has the objective to reduce the
prevalence of vertical transmission of infectious di-
seases between the sow and the piglet.* However, it is
known that passive immunity from the mother to the
piglet is not sufficiently high to prevent infections in
all piglets from the same litter, for which some disea-
ses are exacerbated by early weaning.” On the other
hand, piglets weaned at earlier ages allows to impro-
ve the overall health of the piglet and maximize the
reproductive performance, resulting in more piglets
weaned per sow/year. Nevertheless, for a long time
there have been arguments over the advantages and
disadvantages of early weaning. Davis ¢t al.*® recorded
weight gain (235 g) in piglets for each additional day
of lactation, besides less percentage of mortality (2%)
in piglets weaned at 21 days, which may probably be
explained by the immunity gap observed in piglets
weaned between 2 and 3 weeks of age. Additionally,
early weaning may be associated with behaviour and
welfare problems;* for instance, studies done by
Weary et al.® report that separating piglets from their
mother increases (> 500 Hz) the frequency of vocali-
zations, mostly in piglets separated from their mother

trés, en comparacion con el destete a 28 dias, aunque
en ambos casos se observaron cambios en el compor-
tamiento.

Ademas de la presencia de vocalizaciones, otros
comportamientos son igualmente importantes al
destete para evaluar el grado de estrés al que estan
siendo sometidos los animales. En relacion con ello,
Main ef al.?” encontraron que la edad al destete tiene
un efecto sobre la aparicién del comportamiento
conocido como trompeteo del vientre, que se presenta
mas frecuentemente en lechones destetados a edades
tempranas, el cual tiene como consecuencia un
aumento en la aparicién de lesiones.

La presencia de peleas entre lechones tiene como
finalidad el restablecimiento de jerarquias, y aunque es
un comportamiento muy evidente durante el destete,
este signo no es s6lo exclusivo de este periodo, ya que
la agresion puede ocurrir cada vez que un grupo social
cambia.® Regularmente la capacidad de los anima-
les para formar una organizacién social representa el
mecanismo regulador de facilitacién social y una
actitud defensiva en la utilizacion del territorio, con el
resultado de un ahorro metabélico importante.*

Rodarte et al.*? senalan que algunos de los efectos
negativos al destete son: el aumento de la agresion y
las conductas redirigidas; no obstante, implantar un
programa de enriquecimiento animal, como colgar
objetos dentro de las corraletas, reduce la frecuencia
de estos problemas. Otros estudios senalan que el nivel
jerarquico deloslechonesaumentalas concentraciones
de cortisol en plasma, y muestran que los lechones
sumisos registran niveles mas elevados de cortisol, en
comparacion con los lechones con una jerarquia inter-
media.* Asimismo, la sobrepoblacién, o que el lechén
se encuentre solo, expuesto a ambientes no familiares
(nuevas instalaciones), son factores que pueden tener
mayor impacto social sobre los animales y provocar
estrés.* Aunado a ello, en un estudio realizado por
Sorrells et al?* se compararon la respuesta fisiolégica
y el comportamiento de lechones alojados individual-
mente o en grupo, y los autores encontraron que los
lechones mas afectados son los alojados individual-
mente, debido a que presentan incremento de los la-
tidos cardiacos, frecuencia de la respiracion, mayores
movimientos y vocalizaciones; sin embargo, concluyen
que la respuesta de cada individuo ante un estimulo
causante de estrés dependera de la capacidad propia
del lechén y del tipo e intensidad del estresor al cual
se enfrenten.
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during the first week of age, in comparison with those
separated at fourth week of age. In this regard, Hotzel
et al.® report that piglets weaned at 20 days of age ad-
just themselves with greater difficulty to weaning, since
they increase the frequency of vocalizations (80 obser-
vations), in comparison with older piglets during the
first day after weaning (50 observations); likewise, the
time they spend walking increases in younger piglets
(160 observations), in comparison with piglets wea-
ned at 30 days of age (80 observations). Similarly, Van
der Meulen et al®' report that increasing weaning age
from 4 to 7 weeks decreases cortisol levels and increa-
ses food intake (98 g/day vs 383 g/d) during the first
day after weaning.

Besides the importance of age and consequences,
immunodeficiency caused by weaning is aggravated
when piglets are transported from one site to the oth-
er where they will continue their growth. This is done
with the objective to reduce vertical disease transmis-
sion and increase potential growth of piglets.!® Regard-
less of whether transport is experimentally or commer-
cially done,' the conditions experienced by the piglets
during transport, as well as the proximity with unfa-
miliar animals, overcrowding, heat, cold, temperature
fluctuations, vibrations and noise, are factors that con-
tribute to an increase in stress levels that this alone
represents weaning.''®** For instance, novelty noises
to which animals are exposed activate their defense
mechanisms and increase their activity for trying to
escape. At the same time, mixing them with other ani-
mals, a struggle between hierarchies begin, which will
be manifested by aggression or fights between them.*

Likewise, the trip length is another decisive circum-
stance in the process, because in long periods of trans-
port food and water deprivation increases'®!! and fa-
tigue becomes unbearable.?*”% Hicks et al.** observed
significant weight loss in piglets weaned at 28 days of
age after a transport period of 4 hours, in comparison
with the control group.

On the other hand, during pig transport, loading
density may affect health and animal welfare, especial-
ly in weaned piglets. In this regard, high loading densi-
ties have been associated with high mortality rate in
adult pigs.”! Whereas recent studies in weaned piglets
transported for 60 minutes during summer, have re-
ported lower immunological alterations and physical
damage when piglets are transported in spaces of 0.06
m?/pig and 0.07 m?/pig, in comparison with spaces of
0.05 m?/pig. For this reason, a minimum space of 0.06
m?/pig is recommended.”**® However, it is important
to point out that stress effect of transport on the piglet
worsens with early weaning, because of alterations of
immune status.?"*
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Estrés fisico o de manejo
durante el destete

A menudo el destete de los lechones se realiza entre la
tercera y cuarta semanas de edad, aunque en algunos
sistemas de produccién convencionales se destetan tan
pronto como los lechones alcanzan los 17 dias de edad
y en algunos casos desde los 12 dias.” En este sentido,
la edad a la que los lechones son destetados es un factor
altamente relacionado con el nivel de estrés que experi-
mentan los animales durante esa etapa.'"* La finalidad
principal de acortar los dias de lactancia es aprovechar
mayormente a la cerda, ya que al disminuir los dias de
lactancia, las cerdas tienen un mayor nimero de partos
por ano vy, por lo tanto, mayor numero de lechones,
ademds de que tienen menor desgaste fisiologico.*
Asimismo, el acortamiento de la lactancia tiene como
objetivo reducir la prevalencia de enfermedades de
transmision vertical entre la cerda y el lechén.* Sin
embargo, se sabe que la inmunidad pasiva proporcio-
nada por la madre no es lo suficientemente alta como
para prevenir que todos los lechones de una misma
camada sean infectados por algiin patégeno, por lo que
algunas enfermedades son exacerbadas por destetes
precoces.47 Por otro lado, destetar lechones a edades
mas tempranas permite mejorar el estado sanitario del
lechén y maximizar el rendimiento reproductivo, lo
que resulta en mads cerdos destetados por cerda/ano.
No obstante, durante mucho tiempo se ha debatido
acerca de las ventajas y desventajas de destetar lechones
a edades mas tempranas. Davis ef al.® registraron un
incremento de peso (235 g) en los lechones por cada
dia que se incrementa la lactancia, ademas de menor
porcentaje de mortalidad (2%) en lechones desteta-
dos a 21 dias, lo cual probablemente pueda explicarse
debido a que la brecha de inmunidad en los cerdos
destetados se da entre las 2 y 3 semanas de edad. Ade-
mas, el destete temprano puede relacionarse con pro-
blemas de conducta y bienestar;* por ejemplo, estudios
realizados por Weary et al® sefialan que separar a los
lechones de la cerda propicia un incremento (>500 Hz)
en la frecuencia de vocalizaciones, siendo mayormente
marcado en lechones separados de su madre durante la
primera semana de edad, en comparacién con aquéllos
que son separados a la cuarta semana de edad. En este
mismo sentido, Hotzel ef al.*® sefialan que los lechones
destetados a los 20 dias de edad se adaptan con mayor
dificultad al destete, ya que presentan incremento en
la frecuencia de las vocalizaciones (80 observaciones)
en comparaciéon con lechones de mayor edad duran-
te el primer dia posdestete (50 observaciones), asimis-
mo, el tiempo que pasan caminando se incrementa en
lechones de menor edad (160 observaciones) en com-
paracion con lechones destetados a los 30 dias de edad



Environmental stress during weaning

The weaning process in pigs may involve more than
separation from the mother and adjust to new odours
and noise.” In this regard, the design of different pig
pen systems also has effects on the physical status of the
animals, known as environmental stress, which alters
animals’ life because they stop eating, affecting the de-
velopment of weaned piglets.? In this interaction with
the environment (season [photoperiod] the following
factors have an impact: macro and micro-pen humidity
(isolation, floor, walls, types of surfaces, ceilings, etc.),
light (lighting). Besides these factors, it is necessary to
consider the physical requirements: population densi-
ty, pig pen design (individual, group) and feeders. In
this regard, the quantity of feeders is not sufficient, it
will difficult access to food and, consequently, some pi-
glets will not eat enough; likewise, the type of drinking
troughs and location may difficult access to water.*®
Therefore, an adequate environment is important for
animals to have a maximum production performance
associated with welfare.

On the other hand, it has been observed that en-
vironmental temperature fluctuations found in inten-
sive pig farming decreases performance of the piglet,
as consequence of probable appearance of physiologi-
cal and metabolic abnormalities that lead to decreased
food intake.” Arnaiz ef al.” compared the performance
of pigs housed between 29°C vs 25°C and found that
piglets housed under higher temperatures use more
energy to maintain their normal temperature and not
tissue disposition, in comparison with piglets housed
at 25°C, which show increased food intake and weight
gain, because piglets housed under low temperatures
excrete feces with lower percentage of dry matter
(40.9% vs 47.2%), in such a way that greater quantity
of humidity in feces from these animals may be associ-
ated with a reduction in time in which food remains
in the intestine, for which digestive and absorption ef-
ficiency may be reduced due to either time exposure
to digestive enzymes or to area of exposure. Neverthe-
less, floor surface and pen density are two factors af-
fecting temperature in piglets.”® In this regard, Hyun et
al.’? report that increased temperature, reduced space
allowance and regrouping affect growth, food intake
and feed conversion efficiency in piglets. Additionally,
Oh et al® recently found that maintaining weaned pig-
lets in a space of 0.21 m? in comparison with piglets
in 0.40 m?, causes a slight reduction in food intake in
piglets weaned in reduced spaces, which suggests that
piglets show a linear reduction in daily weight gain
because of space availability. Likewise, with the objec-
tive to improve the performance of weaned piglets,
modification of environmental conditions has been

(80 observaciones). Asimismo, Van der Meulen et al.?’
mencionan que incrementar la edad de destete de 4 a
7 semanas reduce los niveles de cortisol y aumenta el
consumo de alimento (98 g/d vs 383 g/d) durante el
primer dia posdestete.

Adicionalmente a la importancia que tiene la edad
y sus consecuencias, el déficit inmunolégico provoca-
do por el destete se agrava cuando los lechones deben
ser trasladados de un sitio a otro en donde continua-
ran su proceso de crecimiento. Esta actividad se reali-
za con el objetivo de reducir la transferencia vertical
de enfermedades, e incrementar el potencial de cre-
cimiento de los lechones.” Independientemente de
si el traslado se realiza de manera experimental o co-
mercial,'” las condiciones que experimenta el lechén
durante el transporte, como la proximidad con ani-
males desconocidos, el hacinamiento, el calor, el frio,
las fluctuaciones de temperatura, vibraciones y ruido,
son factores que contribuyen a incrementar el nivel
de estrés que ya de por si representa el destete.'®!82*
Por ejemplo, los sonidos novedosos a los que estan
expuestos los animales activan sus mecanismos de de-
fensa e incrementan su actividad para intentar escapar.
Al mismo tiempo, al mezclarlos con otros animales se
provoca una lucha por la jerarquizacion, la cual se ma-
nifestara mediante agresiones o peleas entre ellos.*

Asimismo, la duracion del viaje es otra circunstan-
cia determinante en el proceso, ya que con periodos
de transporte prolongados la privacion de alimento y
agua se incrementa,'®! al mismo tiempo que la fatiga
se vuelve mds intolerable.>37 Hicks et al.** observaron
una pérdida significativa de peso en cerdos destetados
a los 28 dias de edad después de un transporte de 4
horas, con respecto al grupo testigo.

Por otro lado, durante el transporte de cerdos la
densidad de carga puede afectar la salud y bienestar
de los animales, especialmente en aquéllos que han
sido destetados. En este sentido, se han asociado altas
densidades de carga con elevadas tasas de mortalidad
en cerdos adultos.” Mientras que estudios recientes en
cerdos destetados y transportados por 60 minutos du-
rante el verano, han reportado menores alteraciones
inmunoldgicas y danos fisicos cuando los lechones son
transportados en espacios de 0.06 m?/cerdo y 0.07 m?/
cerdo, en comparacién con espacios de 0.05 m?/cerdo.
Por esta razon se sugiere un espacio minimo de 0.06
m?/cerdo.”* Sin embargo, es importante resaltar que
el efecto del estrés del transporte sobre el lechon se
agrava cuando el destete se realiza de manera precoz, al
presentar alteraciones en su estado inmunolégico.?#
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proposed, for instance, Bruininx et al™ suggest that
subjecting weaned piglets to 23 hours of light and one
of darkness, food intake and daily weight gain is stimu-
lated during the second week after weaning.

Nutritional and immunological stress
during weaning

Immediately after weaning there is a period of villous
atrophy and hyperplasia of the intestinal crypts, asso-
ciated with decreased food intake, caused by psycho-
logical effects generated by mother-piglet separation
that may lead to cortisone release.”* These sources
of stress cause decreased food intake.' In this regard,
it has been demonstrated that villous height rapidly
decreases in piglets weaned at 21 days of age, around
75% after 24 hours post-weaning, in comparison with
the height during lactation, also villous atrophy con-
tinues, although at a slower pace, until 5 days after
weaning.* However, there are other factors that may
also contribute to intestinal atrophy, such as: absen-
ce of milk intake, dry or liquid diet, proliferation of
microorganisms, or indigestible components in post-
weaning diet,”” causing decreased food intake (80%)
in piglets during the first 12 hours after weaning, and
around 10% of piglets begin to eat after 24 hours post-
weaning.%01:62

Before weaning, the intestinal villi are anatomically
very long, well-structured and very efficient in absorp-
tion of nutrients, due to two reasons: first, minimal
dandruff during lactation, and second, crypt cells are
capable of replacing villi cells at the same speed old
cells are removed.” However, by effect of weaning,
height is reduced almost by half and crypt depth in-
creases; therefore, the absorption area of the intestine
is reduced.®®

Thus, decreased energy intake followed by com-
plete solid food change causes growth interruption
and disorders in intestine structure and function,
which occurs 24 hours after weaning; these changes
often reflect a decrease in villi height, reduction in the
specific activities of lactase and decreased absorption
capacity."*** Tt is probable that the combined effect
of these factors reduces digestive efficiency and small
intestine absorption, contributing to reduced food in-
take and growth retardation observed after weaning.”

Pluske et al.' report that one of the functions of the
intestinal mucosa is to provide a large surface area for
nutrient absorption. However, enzymes that degrade
nutrients of the elaborated diets and are administered
to piglets (amylase, lipase, maltase and proteases) are
found at low levels until the fourth week of age. Like-
wise, the stomach acidity does not reach appreciable
levels until the third or fourth week after weaning
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Estrés medioambiental
durante el destete

El destete en lechones puede implicar mas que la sepa-
raciéon de la madre y el cambio en la alimentaciéon que
ella produce, ya que los lechones, al ser destetados, son
alojados en un nuevo ambiente, por lo que tienen que
adaptarse a nuevos olores y sonidos.”® En relacién con
ello, se sabe que el diseno de diferentes sistemas de
corrales también tiene efectos en el estado fisico de los
animales, lo que se conoce como estrés medioambien-
tal, el cual altera la vida de los animales debido a que
dejan de consumir alimento, lo que afecta el desarro-
llo del lechon destetado.?? En esta interaccion con el
ambiente (estacion [fotoperiodo]) influyen: el macro
y micro clima, la temperatura (calefaccién y refrigera-
cion), la ventilacion (velocidad del aire, pobre calidad
de aire), la humedad de las instalaciones (aislamien-
to, piso, paredes, tipo de suelo, muros, techos, etc.),
la luminosidad (iluminacion). Ademas de estos facto-
res es necesario considerar los requerimientos fisicos:
densidad de poblacién, diseno de las instalaciones (in-
dividual, grupo) y de comederos. En este sentido, si
la cantidad de comederos es insuficiente, dificultara
el acceso del lechén al alimento y, por consiguiente
algunos lechones no comeran lo suficiente, de igual
manera, el tipo de bebebedero y su ubicacién pueden
dificultar que el lech6n tome la cantidad de agua que
requiere.? Por ello es indispensable un medio ambien-
te adecuado para que los animales puedan tener su
maximo desempeno productivo, asociado al bienestar.

Por otra parte, se ha visto que las variaciones de la
temperatura ambiente encontradas en la produccién
intensiva de cerdos disminuyen el desempeno del le-
chén como consecuencia de la posible aparicion de
trastornos fisiol6gicos y metabdlicos que conducen a
la disminucién en el consumo de alimento.** Arnaiz et
al® realizaron una comparacién entre el desempeno
de lechones alojados con temperaturas de 29 °C vs 25
°C, y encontraron que los lechones alojados a tempe-
raturas mas altas utilizan gran parte de la energia con-
sumida para regular su temperatura y no para la depo-
sicion de tejido; en contraste, los lechones alojados a
25°C presentan mayor consumo de alimento y ganan-
cia de peso, lo cual puede deberse a que los lechones
alojados a temperaturas bajas excretan heces con me-
nor porcentaje de materia seca (40.9% vs 47.2%), de
tal manera que el mayor contenido de humedad en las
heces de estos animales puede asociarse con una dis-
minucién en el tiempo que el alimento se encuentra
en el intestino, por lo que la efectividad de la digestion
de los nutrientes y su absorcion pueden verse reduci-
das debido tanto al menor tiempo de exposicién de
las enzimas digestivas, como al drea de absorcion. No



(with pH = 4), which complicates even more digestion
of proteins in dry diet.”” In this regard, the protein
level in the diet plays an important role as causative
stress factor in the period immediately after weaning,
since the ability of piglets to digest and absorb high
protein diets may be compromised because proteolyt-
ic enzymes of the spleen are not completely efficient
during this period; therefore, non-digestible proteins
are subjected to bacterial fermentation in the small
and large intestine, which increases the intestinal pH
and causes proliferation of pathogens and irritating
substances such as ammonia.’ For this reason, when
the piglet begins to eat solid food based on vegetable
material, its susceptibility to gastrointestinal disorders
increases, since intestinal functions reduction by ef-
fect of weaning allows bacterial proliferation and in-
creased fermentation of low-digestible nutrients in the
large intestine, which may lead to frequent outbreaks
of diarrhea.”” This is the most critical period in the life
of the pig, due to presence of anorexia and malnutri-
tion, which have an impact on digestive physiology and
in the animal’s development, with 50% morbidity in
weaned piglets.?0%

Likewise, the new born piglet depends on mater-
nal passive immunity, since it mainly receives immuno-
globulins (Ig) through ingestion of colostrum, which
are capable of crossing the intestinal wall during the
first hours of life, but its importance decreases over
time. Thus, during lactation, the piglet receives ma-
ternal milk, which bathes the intestine walls and pro-
vides certain local immunity through immunoglobulin
IgA.” Therefore, the piglet is not able to produce its
own immunological activity in adequate quantities un-
til reaching at least 28 or 30 days of age. Consequently,
any stress factor, whether digestive, handling or com-
bined, will affect the piglet in critical moments from
an immunological point of view,”"" for which proper
care must be taken in health and hygiene of piglets
mainly between 10 and 21 days of age, since the im-
munity gap in weaned piglets occurs between 2 and
3 weeks after birth, while own immunity of piglets be-
gins to increase approximately between the third and
fourth week of age.” In this regard, Niekamp et al.?®
report that weaning age has a marked effect on the
immune status of the piglet, since piglets weaned at 14
days of age show low NK cell cytotoxicity, in compari-
son with piglets weaned between 21 and 28 days, be-
cause animals weaned at older ages seem to have more
developed immune system and are able to generate
a stronger immune response when stimulated by an
environmental antigen during weaning. However, an
inflammatory response and subsequent production of
acute-phase proteins and cytokines, decreases protein
disposition and growth; therefore, piglets with high
immune system activation show decreased weight gain

obstante, cuando los lechones llegan al siguiente sitio
de la granja para ser alojados, el material de los pisos y
la densidad en las jaulas son dos factores que influyen
en la regulacion de la temperatura del lechén.”® En
relacién con ello, Hyun et al' informan que el incre-
mento en la temperatura, reduccion del espacio vital y
reagrupamiento, afectan el crecimiento, la ingesta de
alimento y la eficiencia en la conversién de alimento
en el lechon. Aunado a ello, recientemente Oh et al.””
encontraron que mantener a lechones destetados en
una superficie de 0.21m? en comparaciéon con lecho-
nes sobre un espacio de 0.40m?, ocasiona una ligera re-
duccién en el consumo de alimento en aquellos lecho-
nes destetados alojados en espacios reducidos, lo cual
sugiere que los lechones presentan una reduccion li-
neal en la ganancia diaria de peso por efecto de la dis-
ponibilidad de espacio. Asimismo, con la finalidad de
mejorar el rendimiento de los lechones destetados se
ha propuesto modificar las condiciones ambientales,
por ejemplo, Bruininx et al.’® sugieren que al someter
lechones destetados a 23 h de luz y una de oscuridad se
estimula el consumo de alimento y la ganancia diaria
de peso durante la segunda semana posdestete.

Estrés nutricional e inmunolégico
durante el destete

Inmediatamente después del destete hay un perio-
do de atrofia de las vellosidades e hiperplasia de las
criptas en el intestino delgado, asociado con una dis-
minucién en el consumo de alimento y provocado
por los efectos psicolégicos que genera la separacion
de la madre, que puede conducir a una liberacién
de cortisona.”®™ Estas causas de estrés provocan una
disminucién en el consumo de alimento." En rela-
cién con ello, se ha demostrado que la altura de las
vellosidades disminuyen rdpidamente en cerdos des-
tetados a los 21 dias de edad, hasta cerca de un 75%
a las 24 horas posdestete, en comparaciéon con la
altura que presentaban durante la lactancia, ademads,
se observa que la atrofia de las vellosidades continua,
aunque a menor ritmo, hasta los 5 dias posteriores
al destete.”® Sin embargo, existen otros factores que
pueden contribuir también a la atrofia intestinal, tales
como la falta de consumo de leche, la presentacion
de la dieta (seca o liquida), la invasién por microor-
ganismos, o la introduccién de compuestos poco
digestibles en la dieta posdestete,” originando que
los lechones disminuyan hasta en 80% su consumo de
alimento durante las primeras 12 horas posteriores
al destete, y alrededor del 10% de los lechones
comienzan a ingerir alimento después de 24 horas
de ser destetados. %0102

Antes del destete, las vellosidades intestinales ana-
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and food intake, in comparison with piglets that pres-
ent low immune system activation, between 6 and 27
kilograms live weight.®

Nevertheless, it is also necessary to consider that
the epithelium of the small intestine has two impor-
tant functions, besides the aforementioned nutrient
absorption: first, the secretion and absorption of wa-
ter and electrolytes to maintain proper viscosity of di-
gesta/luminal content, and the second is to work as a
barrier against harmful agents and pathogens.” Thus,
the epithelium of the intestine represents the first bar-
rier between the internal environment of the piglet
and the environmental antagonists, mainly because it
is externally protected by water layer and mucus, and
internally by tight junctions of enterocytes, which to-
gether function as barriers either external or internal,
regulating the passage of molecules, including nutri-
ents and harmful elements such as pathogens. Like-
wise, the mucus layer prevents any macromolecule
from entering the body and remains permeable for
nutrients, providing resistance to intestinal pathogen
colonization by adhesion of commensal bacteria in the
luminal area.’®% In this regard, several studies have
reported that weight loss decreases antibody synthe-
sis, cellular immunity and causes resistance reduction
against pathogens, mainly when piglets are exposed to
chronic or acute environmental stress. In this context,
glucocorticoids released as response to a stress stimu-
lus has anti-inflammatory effect, delays healing, inhib-
its formation of antibodies, number of lymphocytes
and eosinophils decline, causing regression of thymus
size and lymphatic organs.®® Nevertheless, social inter-
actions and piglet transport also affect the immune
status of the piglet.

Conclusion

Weaning in swine commercial production is the period
in which the piglet is exposed to greater number of
stress factors; therefore, it is very important to propose
strategies that help decrease the effect of these stress
factors on piglets, since animals not only have to face
separation from their mother and littermates, but also,
they experience environmental and handling changes
to which they are not used to and demand metabolic,
physiological, endocrine and behavioural adjustments
that may be exacerbated by the age in which they are
weaned. In this regard, recent studies have demonstra-
ted that early separation of piglets from their mother
(17 days) has a negative effect on the immune status,
favouring acute-phase proteins and cytokines respon-
se. Therefore, age plays an important role during this
stage, because all stress factors affect physiology and
behaviour of piglets, compromising their welfare. Con-
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témicamente son muy largas, bien estructuradas y muy
eficientes en la absorcién de nutrientes debido a dos
razones: en primer lugar a que la descamaciéon de
células durante la lactancia es minima vy, en segundo
lugar, a que las células de las criptas son capaces de
reemplazar a las células de las vellosidades a la misma
velocidad a la que se descaman.® Sin embargo, por
efecto del destete su longitud se reduce casi a la mitad
y aumenta la profundidad de las criptas, por lo tanto
el area de absorcién del intestino delgado se reduce.®

Asi, la asociacion en la disminucién en el consumo
de energia que sigue al cambio completo a la comida
solida causa interrupcion del crecimiento y desérdenes
en la estructura y funcién del intestino, lo cual ocurre a
partir de las primeras 24 horas tras el destete; general-
mente estos cambios suponen un descenso en la altura
de las vellosidades intestinales, reducciones en la acti-
vidad especifica de la enzima lactasa y disminucién de
la capacidad de absorcion.'*** El efecto combinado de
estos factores probablemente cause una reduccion en la
capacidad digestiva y de absorcion del intestino delga-
do, lo que contribuye al menor consumo de alimentos
y al escaso ritmo de crecimiento observado después del
destete.”

Pluske et al.'* senalan que una de las funciones de
la mucosa intestinal es proporcionar una amplia super-
ficie para la absorcién de nutrientes. Sin embargo, las
enzimas encargadas de degradar los nutrientes de
las dietas elaboradas y suministradas a los lechones
(amilasa, lipasa, maltasa y proteasas) se encuentran
en niveles bajos de produccién hasta la cuarta semana
de edad. Asimismo, la acidez del estomago no llega a
niveles apreciables hasta la tercera o cuarta semana
posdestete (con valores de pH = 4), lo que complica
aun mas la digestion de la proteina de la dieta seca.®
En este sentido, el nivel de proteina en la dieta juega
un papel importante como factor causante de estrés
en el periodo inmediato posterior al destete, ya que
la capacidad de los lechones para digerir y absorber
dietas altas en proteina puede verse comprometida
debido a que las enzimas proteoliticas del pancreas
aun no son completamente eficientes en este periodo,
por lo tanto, las proteinas que no son digeridas estan
sujetas a la fermentacion bacteriana en el intestino
delgado y grueso, lo que aumenta el pH intestinal y
trae como consecuencia la proliferacion de patégenos
y la producciéon de sustancias irritantes como el
amoniaco.% Por esta razon, cuando el lechén empieza
a consumir dietas s6lidas con base en materias primas
vegetales, se incrementa su susceptibilidad a los des-
ordenes gastrointestinales, ya que la reduccion de la
funcién del intestino por efecto del destete permite la
proliferacién de bacterias, ademas del aumento en la
fermentacion de los nutrientes menos digestibles en el
intestino grueso provenientes de la dieta, lo que puede



cerning behaviour, stress caused by weaning increases
aggression, redirected behaviour and vocalizations up
to 80%, in comparison with piglets weaned at an older
age; therefore, it is recommended to implement an en-
vironmental enrichment programme in weaning pens
to reduce, as possible, the stress level and encourage
the piglet to adjust more rapidly to this new stage, a-
bove all in early weaning.

Weaning followed by transport to site 2 of the farm,
exposes the piglets to new stress stimuli which have
direct impact on their welfare; thus, long transport
times increases food and water deprivation and fatigue
becomes unbearable. On the other hand, new hous-
ing area exposes the piglet to new stressors such as:
increased temperature, vital space reduction and re-
grouping, which regardless of age, cause poor growth,
decreased food intake and, therefore, reduced feed
conversion. It is thus recommended to maintain pig-
lets under optimal environmental conditions, taking
into account macro and micro climate, temperature,
ventilation, humidity, facilities and lightning. In con-
clusion, it is very important to conduct further studies
aimed to implement new alternatives so that separa-
tion of the piglet from its mother be carried out by
methods with low stress levels, evaluate the relevance
of staggered weaning, establish the ideal weaning age
not in regard to productivity, but based on the piglet’s
welfare; avoid weaning and pig transport to site 2 on
the same day, with the objective to reduce the stress
levels these factors produce and, therefore, improve
the welfare of weaned pigs.
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Conclusiones
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todos los factores estresantes afectan la fisiologia y el
comportamiento de los lechones, lo que compromete
su bienestar. En torno al comportamiento, el estrés
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Abstract

The study described here was performed in a suburban community of the Estado de México to Echinococcus spp, since a
human case of cystic echinococcosis (CE) was identified previously. Overall, 91% (406/446) of the houses were visited and
oral informed consent was obtained from dog owners; a questionnaire related to their dogs was applied and a coprological
sample was obtained. It was found that 14% of dog owners fed them with raw livestock viscera. Coprological studies showed
that eggs of Ancylostoma and Toxocara were the most abundant, thus deworming was recommended to all owners. Dogs
with Taenia spp eggs were treated and Taenia pisiformis adults were released, not from Echinococcus spp. Most sheep in the
community were studied by ultrasound and viscera of those slaughtered, were visually inspected; confirming the absence of
CE. Interestingly, although no evidences of Echinococcus spp were found in animals, an autochthonous human case of CE
was detected in 2006; this, added to proper practices for maintaining the life cycle of this parasite, suggests that echinococ-
cosis in Mexico has a random behavioral pattern.

Key words: Ecrinococcus spr, CYSTIC ECHINOCOCCOSIS, INTESTINAL PARASITES, DOGS, ULTRASOUND

Resumen

El presente estudio se llevd a cabo en una comunidad suburbana del Estado de México para identificar Echinococcus spp,
debido a que en un estudio previo se identificd un caso de equinococosis quistica (EQ) humana. Se visitaron 91% (406/446)
de las viviendas y se obtuvo el consentimiento verbal de los propietarios de perros; se aplicé un cuestionario relacionado
con sus animales y se obtuvo una muestra de heces. Se encontr6 que 14% de los duefos de perros los alimentaban con
visceras crudas de animales de abasto; este resultado no tuvo significancia estadistica. Los estudios coproloégicos mos-
traron abundantes huevos de Ancylostomay Toxocara, por lo que se recomendé a los propietarios la desparasitacion de sus
animales. Aquellos perros que tenian huevos de Taenia spp fueron desparasitados y se recuperaron adultos de Taenia pisi-
formis, no de Echinococcus spp. La mayoria de los borregos de la comunidad se estudiaron por ultrasonido, y las visceras
de aquéllos que fueron sacrificados se examinaron durante la necropsia; en ambos casos se confirmé la ausencia de EQ.
Llama la atencion que aunque no se encontraron evidencias de Echinococcus spp en animales, el antecedente de un caso
humano autoctono de EQ, sumado a practicas propicias para el mantenimiento del ciclo de vida de este parasito, sugieren
que la equinococosis en México tiene un patrén de comportamiento aleatorio.

Palabras clave: EcHinococcus sep; EQUINOCOCOSIS QUISTICA; PARASITOS INTESTINALES; PERROS;
ULTRASONIDO

y borregos de una comunidad suburbana en el Estado
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Introduction

everal studies have been performed in Mexico

in search of intestinal zoonotic parasites in dogs

of urban and rural areas, especially those caused
by Ancylostoma and Toxocara, since they can generate
cutaneous and visceral larva migrans, respectively, in
humans;'® however, scarce information on Echinococcus
spp in Mexican dogs exists. In studies conducted in the
state of Zacatecas* and in Mexico City® positive samples
were found, while no parasitized dogs has been found
in the state of Yucatan.'?

Echinococcus granulosus sensu lato (s. 1) is a complex
of cestode species causing cystic echinococcosis (CE),
one of the most important and widespread parasitic
zoonoses. The larval stage or CE develops in viscera
of ovine, bovine, porcine, equine and other mammals
after they ingest eggs released by the definitive hosts
(canids) in feces that contaminate grazing lands. Ca-
nine acquire the disease after ingesting contaminated
viscera. Accidental consumption of Echinococcus spp
eggs can cause hydatid disease in humans.® The fre-
quency of infected dogs is obtained in epidemiologic
studies by treating dogs, for safety reasons, with pra-
ziquantel, a cestocidal drug, prior to purging with are-
coline hydrobromide.*” Diagnosis of CE in animals is
performed by ultrasound or by observation of viscera
at necropsy; ultrasound has demonstrated to be very
reliable for diagnosis and allows knowing the charac-
teristics of the cysts.*!

In an epidemiologic and ultrasonographic study of
CE in humans performed in the same community in
the Estado de México, where an autochthonous infec-
tion by Echinococcus was previously documented,' the
prevalence of CE was 0.75% and the cases were distrib-
uted in the same sector of the community, suggesting
the same exposure source.'” The aim of this study was
to investigate the presence of intestinal parasites, espe-
cially Echinococcus spp in dogs and CE in sheep in this
community.

The study was performed in the first semester of
2005 in a suburban community of the Tepotzotlan
municipality in the Estado de México, located at 19°
41 44.25” N and 99° 15” 49.28” W, at 2,300 masl. Prior
to fieldwork, the present study was reviewed and ap-
proved by the Comité de Etica e Investigacién of the
Hospital General “Dr. Manuel Gea Gonzalez”. Overall,
91% of houses (406/446) were visited, oral informed
consent was obtained and a questionnaire related to
their dogs was applied. The questionnaire included
breed, sex, living quarters, contact with people and in-
gestion of viscera. The amount of animals, slaughter
place and destiny of viscera were asked in those houses
having sheep, cows, pigs and horses. Fecal samples
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Introduccion

n México se han realizado varios estudios

enfocados hacia la identificacién de zoonosis

por pardsitos intestinales en perros de zonas
urbanas y rurales, especialmente las causadas por
Ancylostoma 'y ‘Toxocara, ya que pueden generar, en
humanos, sindromes de larva migrans cutanea y
visceral, respectivamente;'® sin embargo, existe escasa
informacién sobre perros infectados con Echinococcus
spp- En estudios realizados en el estado de Zacatecas*
y en la Ciudad de México® se encontraron muestras
positivas, mientras que en el estado de Yucatan no se
encontré ningun perro parasitado.'”

Echinococcus granulosus, sensu lato (s 1), es un com-
plejo de especies de cestodos que causan equinococo-
sis quistica (EQ), una de las zoonosis parasitarias mds
importantes y generalizadas en el mundo. La etapa
larvaria o EQ se desarrolla en las visceras de ovinos,
bovinos, porcinos, equinos y otros mamiferos después
de que ingieren los huevos de este parasito, los cuales
son expulsados en las heces de los hospederos defini-
tivos (cdnidos) y contaminan las tierras de pastoreo.
Los canidos adquieren la enfermedad después de que
ingieren visceras contaminadas. El consumo acciden-
tal de huevos de Echinococcus spp puede causar EQ en
seres humanos.® La frecuencia de perros infectados
con gusanos adultos se determina mediante estudios
epidemioldgicos en los que se administra, por razones
de seguridad, prazicuantel como firmaco cestocida
antes de purgar al perro con bromhidrato de areco-
lina.®” El diagnéstico de la EQ en los animales se lle-
va a cabo por ultrasonido o mediante la observacion
de las visceras durante la necropsia. El ultrasonido ha
demostrado ser muy confiable para el diagnoéstico de
esta enfermedad, ademas de que permite conocer las
caracteristicas de los quistes.*'”

Un estudio epidemiolégico y ultrasonografico de la
EQ en seres humanos, realizado en una comunidad su-
burbana del Estado de México en la que se documenté
previamente una infecciéon autéctona por Echinococcus
en un paciente,'' mostré que la prevalencia de la EQ
fue de 0.75% vy los casos identificados se distribuyeron
en el mismo sector de la comunidad, lo que sugirié
una misma fuente de exposicién.'? El objetivo del pre-
sente estudio fue investigar la presencia de pardsitos
intestinales, especialmente Echinococcus spp, en perros
y EQ en borregos de dicha comunidad.

El estudio se llevo a cabo durante el primer semes-
tre de 2005 en una comunidad suburbana del munici-
pio de Tepotzotlan, Estado de México, ubicado a 19°
41'44,25 "Ny 99°15'49.28" O, a 2300 msnm. Antes del
trabajo de campo, el presente estudio fue revisado y
aprobado por el Comité de ética e investigacion del



from dogs were obtained with a rectal spoon. Samples
were kept cold in small-labeled flasks and transported
to the central laboratory, where Faust flotation tech-
nique was performed. Dogs that had 7Zaenia spp eggs
received treatment with praziquantel (30 mg/kg) and
after 30 min arecoline hydrobromide (6 mg/kg). Dur-
ing treatment dogs were confined for 30 minutes to 4
hours in cages, until tapeworms were recovered. CE
was searched in living sheep by ultrasound, animals
were restrained and their abdomens shaved in order
to examine the hepatic area with a real time ultra-
sound equipment* using a 3.5 MHz transducer. Liv-
ers, lungs and kidneys were examined in animals that
were slaughtered to verify the absence/presence of the
Echinococcus cysts. Descriptive statistics were expressed
in percentages and variables were analyzed by chi-
squared test (X?) for categorical variables using Epi
Info 6.04 software.

A total of 414 dogs were recorded, 186 houses
(42%) had at least one dog, the average being 2 per
house with a range of 1 to 9; distribution of age, breed
and sex is described in TasLe 1. Ratio of male to female
dogs was 2:1; all dogs were allowed to be in the street,
most of them (82%) always remained outside (in the
entrance, the patio or the street) and 18% had access
to the house. Only 14% of the dogs ate fresh livestock
viscera, not corral poultry. Animals used for human
consumption (186 sheep, 54 pigs and 52 cows) and
horses (29) were found in 66 houses in which there
were 99 dogs; the highest concentration of dogs and
livestock was found in the most populated area of the
community. No statistical association was found be-
tween variables.

One hundred sixty one (39%) out of the 414 dog
fecal samples analyzed were positive for helminth eggs,
Ancylostoma was found in 128 samples (31%), Toxocara
in 26 samples (6%), Taenia in 4 samples (1%), Cap-
illaria in 2 samples (0.5%) and Trichuris in 1 sample
(0.2%). Some feces had more than one parasite spe-
cies: 13 had Ancylostoma-Toxocara (3%), 1 had Ancylos-
toma-Capillaria (0.2%) and 1 had Ancylostoma-Trichuris
(0.2%). T pisiformis was found after treatment of 3 out
of 4 dogs with Taenia eggs, while Echinococcus spp adults
were not found. Albendazole was recommended to all
owners of dogs harboring nematode parasites. None
of the 42 sheep observed at sacrifice and none of the
186 sheep examined with ultrasound had Echinococcus
cysts, one ovine had a nonparasitic liver abscess, con-
firmed after necropsy.

The present study was performed because an au-
tochthonous case of E. ortleppi (E. granulosus s. 1, Gb)
was reported in this community." The community has
1,911 inhabitants in 375 households with 5 people per
house in average. The results of this work showed a
high concentration of dogs and livestock within the

Hospital General "Dr. Manuel Gea Gonzalez". Se vi-
sit6 91% de las viviendas (406/446), en las que se
obtuvo consentimiento verbal de los duenos para
aplicar un cuestionario relacionado con los perros.
Kl cuestionario incluia: raza, sexo, caracteristicas
de la vivienda, contacto con la gente e ingestion de
visceras. Se investigd la cantidad de animales, lugar
de sacrificio y el destino de las visceras en las casas
con borregos, vacas, cerdos y caballos. Asimismo, se
obtuvieron muestras fecales de los perros mediante
una cucharilla rectal. Las muestras se conservaron
en cadena fria en contenedores de plastico debida-
mente rotulados con los datos de identificacion de
cada animal, las muestras se trasladaron al laborato-
rio central, donde se les realiz6 la técnica de flota-
cion de Faust. Los perros identificados con huevos de
Taenia spp fueron tratados con prazicuantel (30 mg/
kg) ydespués de 30 min se les administré bromhidrato
de arecolina (6 mg/kg). Durante el tratamiento, los
perros fueron confinados en jaulas de 30 min a 4 h,
hasta que expulsaron los cestodos. La mayoria de los
borregos de la comunidad se estudiaron por ultraso-
nido para identificar EQ; se sujetaron los animales
y se les rasur6 el abdomen para examinar la zona
hepdtica con un equipo de ultrasonido en tiempo
real* con un transductor de 3.5 MHz. En los animales
que se sacrificaron se revis6 el higado, los pulmones
y los rinones para verificar la ausencia/presencia de
quistes de Echinococcus. Se 1llevo a cabo la estadistica
descriptiva en porcentajesy las variables fueron anali-
zadas por pruebas de X? para las variables categoricas,
utilizando el software Epi Info 6.04.

Se registré un total de 414 perros; en 186 vivien-
das (42%) tenian al menos un perro, y el promedio
fue de 2 animales por casa con un intervalo de 1 a 9;
la distribucion de la edad, raza y sexo se describen en
el Cuapro 1. La proporciéon de machos y hembras fue
de 2:1, todos los perros tenian acceso a la calle, la ma-
yoria (82%) siempre se mantuvo fuera de la casa (en
la entrada, el patio o la calle), y el 18% tenia acceso
ala casa. S6lo 14% de los perros comian visceras fres-
cas de animales de abasto, no de aves de corral. Los
domicilios en los que se concentr6 la mayoria de los
animales destinados para el consumo humano (186
ovejas, 54 cerdos y 52 vacas) y caballos (29) fueron 66
casas, en las cuales habia 99 perros; la mayor concen-
tracion de perros y ganado se registro en la zona mas
poblada de la comunidad. No se encontré asociacion
estadistica entre las variables estudiadas.

De las 414 muestras de heces de perros, 39% (161)
tenia huevos de helmintos. Se encontr6 Ancylostoma en
128 muestras (31%), Toxocara en 26 muestras (6%),
Taenia en 4 muestras (1%), Capillaria en 2 muestras

*Aloka SSD 500, Japon

Numero especial Vet. Méx., 2014 55



CUADRO 1

Distribucién (%), por edad y raza, de perros machos y hembras estudiados en la comunidad.

Distribution (%) of age and breed of male and female dogs found in the community

Total Breed
< 1 year 1<5 years >5 years Pure Mixed
Male 64.3 20.1 12.1 35.3 28.9
Female 35.7 13.5 6.0 25.2 10.6
Total (414) 100 33.6 18.1 60.5 39.5

most populated area of the community, where one
dog for each four people was found. Coprologic stud-
ies showed that the most abundant eggs were from An-
cylostoma and Toxocara, zoonotic parasites; therefore,
deworming was recommended to all owners, since
environmental contamination with eggs released in
dog feces is an important factor in the spread of the
parasite.

Almost half of the houses had dogs, which reflects
the interest of people for owning dogs' and, as the
results of this paper and others previously reported,**
people prefer to have male than female dogs. Dogs
under 1 year of age have higher risk of acquiring hel-
minth infections;"™'” although, in the present study,
one third of canine population was in this age and
many of them were parasitized, no significant associa-
tion was found (P > 0.05); in addition, around half of
the resident female dogs were in reproductive age,
potentially increasing the puppy population. Similar
findings were reported in a study conducted in urban
dogs from Iran. !’

Adults of Echinococcus spp were not found in dogs of
the community, in spite of the fact that an autochtho-
nous case of human liver echinococcosis was not long
ago described." Lack of sensitivity of Faust technique
could be argued, but several authors indicate that if a
dog ingests only one Echinococcus cyst, it can develop
up to 13,000 adult parasites and may release 150,000
eggs per day, which become easily evident in copro-
parasitoscopic analysis.*!® Therefore, the dog that had
tapeworm eggs but was negative after purging, could
be due to spontaneous release of the tapeworm. Fur-
thermore, no Echinococcus cysts were found in sheep
after slaughter and by ultrasound. The reliability of ul-
trasound for diagnosis has been documented *'° and is
consistent with the nonparasitic liver abscess that was
confirmed at necropsy.

The possible explanation for the absence of E. gran-
ulosus s. 1. in the community, in spite of the identifica-
tion of a human case of echinococcosis, is timing, since
symptomatology in humans usually appears many
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(0,5%) y Trichuris en 1 muestra (0,2%). Algunos pe-
rros estaban parasitados con mas de una especie de
helminto: 13 tenian Ancylostoma-Toxocara (3%), 1 tenia
Ancylostoma-Capillaria (0,2%) y 1, Ancylostoma-Trichuris
(0,2%). Se encontr6é T pisiformis después de adminis-
trar el tratamiento antiparasitario en 3 de los 4 perros
con huevos de Taenia; no se encontraron gusanos
adultos de Echinococcus spp. A todos los propietarios de
perros que tenian nematodos gastrointestinales se les
recomendo la administracion de tratamiento antipa-
rasitario con albendazol. En ninguna de las 42 ovejas
cuyas visceras se examinaron durante su necropsia,
asi como en las 186 examinadas con ultrasonido, se
identificaron quistes de Echinococcus; en un borrego
se identifico, por ultrasonido, un absceso hepdtico no
parasitario, el cual fue confirmado durante lanecropsia.

El presente estudio se llevé a cabo en la comunidad
en la que previamente se habia identificado un caso de
E. ortleppi (E. granulosuss. 1, G5).'' La comunidad cuen-
ta con 1.911 habitantes y 375 hogares con 5 personas
por hogar, en promedio. Los resultados del presente
estudio mostraron una alta concentraciéon de perrosy
ganado en la zona mds poblada de la comunidad, en
la que habia un perro por cada cuatro personas. Los
estudios coprolégicos mostraron que los huevos mas
abundantes fueron de Ancylostomay Toxocara, que son
parasitos zoonoticos, por lo que se recomendé a los
propietarios la desparasitacion de sus animales, dado
que un factor importante para la propagacion de estos
parasitos es la contaminacion del medio ambiente con
huevos expulsados en las heces de los perros.

En casi la mitad de las casas habia perros, lo que
refleja el interés de la gente por ser duena de un ca-
nino® y, como lo muestran los resultados de éste y
otros trabajos, '* las personas prefieren tener perros
machos que hembras. Los perros menores de 1 ano de
edad tienen un mayor riesgo de adquirir infecciones
por helmintos; 17 aunque en el presente estudio un
tercio de la poblacién canina eran cachorros de esta
edad y muchos de ellos estaban parasitados, no se en-
contr6 una asociacion significativa (P > 0,05); ademas,



years after infection® and dog substitution is common
in these communities. Nevertheless, conditions that fa-
vor the biotic potential of Echinococcus and other zoo-
notic parasites becomes evident from the permanent
interaction of dogs with cattle and with children, lack
of dog deworming, dogs fed fresh viscera and indis-
criminate disposal of dog feces.*'? On the other hand,
it is possible that some of these risk practices, particu-
larly feeding dogs with infected viscera, was uncom-
mon, because livestock viscera is highly required for
Mexican traditional food, diminishing the access of
dogs to viscera and interrupting the parasite transmis-
sion. Interestingly, although no evidences of Echinococcus
spp were found in animals, an autochthonous human
case of CE was detected in 2006; this, added to proper
practices for maintaining the life cycle of this parasite,
suggests that echinococcosis in Mexico has a random be-
havioral pattern.
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