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Resumen

En estos ultimos anos, el uso de antimicrobianos como promotores de crecimiento ha
sido objeto de arduo debate a nivel mundial. Por una parte, numerosos cientificos
consideraban excesivo el riesgo para la salud publica debido a la posible aparicion de
cepas resistentes a estos medicamentos. Pero por la otra parte, otros especialistas
afirmaban que dicho riesgo no estaba lo suficientemente demostrado y defendian este
uso por los beneficios que genera tanto desde el punto de vista de la rentabilidad en la
produccion ganadera como en la salud publica, ya que su utilizacion también conlleva la
eliminacion de los microorganismos patdégenos contaminantes de los alimentos de
origen animal. Finalmente, las autoridades comunitarias de la Union Europea dentro de
los principios de precaucion, optaron por prohibir desde el 1 de enero de 2006, la
utilizacion de cualquier tipo de antimicrobiano como promotor del crecimiento.

Pero esta prohibicion ha traido como consecuencia un notable aumento del
empleo de los antimicrobianos mas frecuentemente utilizados con finalidad terapéutica,
lo que se sospecha que puede conllevar un aumento en las tasas de aparicion de cepas
bacterianas resistentes a los antimicrobianos.

En el trabajo que aqui se presenta, se aborda el estudio de la presencia de
resistencias bacterianas a determinados grupos de antimicrobianos. Para abordar este
problema, primero se ha procedido a la administracion de un tratamiento terapéutico en
animales de granja (pollos, dado que su consumo va cada vez mas en aumento). Los
antimicrobianos elegidos pertenecen a cada una de las tres familias mas utilizadas en
avicultura: enrofloxacina (quinolonas), doxiciclina (tetraciclinas) y una mezcla de
sulfamidas (sulfamidas).

Complementariamente, se ha realizado un muestreo de alimentos de origen a
animal (carne de pollo y de cerdo) procedentes de sistemas de produccion “ecoldgica” y
“convencional” (en intensivo, principalmente) en diferentes establecimientos de venta al
publico. Estas muestras fueron analizadas en lo referente al grado de contaminacion por
diversas poblaciones bacterianas. Paralelamente se estudi6 el grado de resistencia de las
bacterias aisladas, a un amplio grupo de antimicrobianos.

Como parte de este trabajo de investigacion, se ha llevado a cabo una evaluacion
independiente de un nuevo medio cromogénico selectivo para el cultivo de
Enterococcus spp. (Chromocult® enterococci agar) utilizando para ello muestras de

heces de pollo con una contaminacidn presuntamente elevada.

- Vii -
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Introduccion

La avicultura es un sector muy importante dentro de la economia y dieta
occidentales, por lo que su produccion industrial a nivel mundial tiene cada vez mas
relevancia, habiéndose incrementado su produccion en los ultimos 50 afios més de un
800% (Fairchild y col., 2005). La aparicion de numerosas patologias infecciosas como
consecuencia del hacinamiento al que estos animales son sometidos durante su cria y
engorde en las explotaciones modernas, ha ocasionado enormes pérdidas para los
agentes econdmicos relacionados. Para contrarrestar este problema, durante afios se han
utilizado antibioticos que habitualmente se adicionan en el pienso de los animales de
engorde, bien como profilacticos o como promotores del crecimiento. Tras la
prohibicién a partir del 1 de Enero de 2006, por parte de las autoridades , de la
utilizacion de cualquier tipo de antimicrobiano como promotor del crecimiento
(Reglamento (CE) 1831/2003) se esta produciendo un notable aumento en el empleo de
los antimicrobianos utilizados con funcion terapéutica. Si bien, es un hecho aceptado
que el cese de la administracion de promotores del crecimiento contribuye de un modo
muy notable a la disminucion de las tasas de resistencia bacteriana frente a tales
promotores, asi como a otros antimicrobianos con los cuales presentan resistencia
cruzada (Bager y col.,, 2002; Casewell y col., 2006), un uso exagerado de los
antimicrobianos de primera eleccion podria conducir hacia un aumento en la resistencia
que incluso podria llegar a invalidarlos como opcién terapeutica. El tracto intestinal de
las aves suele albergar niveles elevados de microorganismos patégenos como
Campylobacter o Salmonella y patdogenos oportunistas como ciertos Escherichia coli o
Enterococcus, sin aparentes consecuencias patoldgicas para el animal portador. En el
caso de Campylobacter, la cual es considerada hoy en dia la bacteria enteropatdgena
mas frecuente en seres humanos en los paises desarrollados (Heuer y col., 2001; Avrain
y col., 2003; Desmonts y col., 2004), numerosos estudios han identificado a la carne de
pollo como la via de infeccion mas habitual para las personas (Ermel y col., 2000;
Luber y col., 2003; Philips y col., 2003) lo cual ha adquirido una enorme relevancia
clinica debido especialmente a su cada vez mayor grado de resistencia a ciertos
antimicrobianos como las fluoroquinolonas. Del mismo modo, el uso de
antimicrobianos como promotores del crecimiento en aves de corral ha sido

ampliamente relacionado con la diseminacién de cepas de Enterococcus y E. coli
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resistentes (Aarestrup y col., 2000; Joseph y col., 2001; Van den Boogard y col., 2001;
Van den Boogard y col., 2002; Tejedor-Junco y col., 2005; Von Baum y Marre, 2005).

1.1. Bases legales del uso de antimicrobianos en medicina veterinaria

La ley 25/1990 del medicamento, desarrollada en lo referente a la comercializacion,
prescripcion 'y dispensacion de los medicamentos veterinarios mediante el RD
109/1995, establecié como obligatoria la receta veterinaria (Figura 1) para un amplio
abanico de farmacos, entre ellos, todos aquellos destinados a animales productores de
alimentos para consumo humano que requieran “tiempo de supresion”, y por lo tanto,
para los antimicrobianos. Este hecho, unido a la obligatoriedad de conservar estas
recetas por parte del centro dispensador del medicamento, asi como por parte del
facultativo veterinario y del propietario de los animales, ha representado conjuntamente
con la creacion de los libros de tratamientos de explotacion (Figura 2) una importante
medida de regulacion en el uso de estos farmacos. Estas nuevas obligaciones facilitan
enormemente por parte de las autoridades competentes un control hasta entonces muy
dificil del uso de estas substancias. El Reglamento (CE) 1831/2003, el cual prohibid
totalmente a partir del 1 de Enero de 2006 el uso de antimicrobianos como promotores
del crecimiento, ha contribuido a reducir el consumo total de los mismos en medicina
veterinaria, quedando por lo tanto inicamente autorizados para la administracion a un
animal o grupo de animales que presente sintomas de infeccion clinica (terapia), o bien
para la administracion de un antimicrobiano a un animal o grupo de animales en los

cuales la morbilidad y/o mortalidad ha excedido la frecuencia habitual (control).

rinaria normalizada

COLEXIOS VETERINARIOS | “{i976a57005001 | IR |/ metmene

[ & presericion excepeionsl
Es prescripeion excepcional

( } ‘ CONSELLO GALEGO DE Receita \'clcrimlr_m nbrmuliz:ldu Codigo de barras: Identificacién dos animais, se é o caso:
Dps.

Doses e obse
Dosis y obsel

CEA de explotacion / se & o caso (en su caso) Especie:

Propietario / Responsable: N.*de animais:
N2 de animales:

DNIN.: |

Data / Fecha:

Enderezo / Direccidn:

Tempo de espera / Tiempo de espera:

Caduca 65 de:
Caduca a los diez dias

nario prescritor Sinatura e selo do dispensador:
ario prescriptor Firma y sello del dispensador:

ra un s tratamento.
para un solo tratamiento. | (se € o caso [ en

EXEMPLAR PARA O CENTRO DISPENSADOR CARNE /LECHE |OVOS | HUEVOS

EJEMPLAR PARA EL CENTRO DISPENSADOR

PARA CONSERVAR 3 ANOS St EseN Jizad Data de dispensacidn:
A CONERVAL T A inatura e selo normalizado ata de dispensacicn:
irnia y sello normalizado Fecha de dispensacion:

Figura 1. Receta veterinaria normalizada




Introduccion

Tras finalizar el empleo de un agente antimicrobiano en un animal productor de
alimentos para consumo humano, es necesario que se espere un tiempo antes de su
sacrificio. Este es el denominado “periodo de supresion”, necesario para poder obtener
alimentos con concentraciones de residuos, procedentes del uso de medicamentos,
inferiores a los Limites Maximos residuales (LMR) establecidos en la legislacion. Este
tiempo de espera se establece mediante estudios de deplecion fijados para cada
formulacion comercial, a partir de las vias de administracion recomendadas y para todas
las especies de destino. Se determina asi el periodo tras el cual las concentraciones
detectadas son inferiores al LMR vy se afiade un periodo de seguridad para compensar la
variabilidad bioldgica, cuyos valores van desde un 10% a un 30%. De este modo, el
grado de resistencia de la poblacion bacteriana del animal adquirida durante estos
tratamientos quizas requiera un control mas exhaustivo que el que actualmente se lleva
a cabo basado en el respeto de los LMR marcados en el Reglamento (CE) 2377/1990,

por el cual se fija el procedimiento comunitario para el establecimiento de estos valores.

WUNTA CONSELLERIA DE AGRICULTURA, GANDERIA E POLITICA AGROALIMENTARIA
A 1A\ | oimeccion xeraL ok prouccion AanopEcuARia.
A < SUBDIRECCION XERAL DE SANIDADE E PRODUCCION ANIMAL.
Ne 035673
LIBRO DE EXPLOTACION
GANDEIRA

LIBRO REXISTRO DE TRATAMENTOS.

DATOS DO PROPIETARIO

DATOS DA EXPLOTACION

N° de Rexistro (CEA. outros) Especie

Figura 2. Libro de tratamientos oficial en la

Comunidad Auténoma de Galicia
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1.2. Relacion entre el uso de antibidoticos en animales y la aparicion de resistencias

en humanos

Cuando se usan antibioticos en medicina veterinaria, se puede producir un fenémeno
de seleccion de cepas resistentes de entre la poblacion intestinal habitual de los animales
y también de entre las bacterias patdgenas objeto de dicho tratamiento. Al cesar la
presion selectiva ejercida por el antimicrobiano, estas cepas seleccionadas en el
intestino animal, comienzan a ser reemplazadas por bacterias susceptibles aportadas por
el alimento y por el ambiente. Sin embargo, investigaciones recientes estan
demostrando que la resistencia adquirida durante el uso de antibidticos en ocasiones
puede persistir mas allad del periodo de supresion de dicho antibiotico (Pedersen y
Wedderkopp, 2003; Griggs y col., 2005).

Por ejemplo, cuando aves que durante su produccion han sido tratadas con
antimicrobianos llegan al matadero para su carnizacidn, portan en su piel y plumas una
gran cantidad de bacterias que pueden haber adquirido resistencia a los antimicrobianos
que fueron utilizados durante su produccion. Estas bacterias pueden contaminar las
superficies de trabajo del establecimiento en el cual son procesadas y pueden, a partir de
las mismas, contaminar por contacto otras carnes. En el caso de las aves de corral, es
especialmente frecuente ademds que durante su procesamiento en el matadero se
produzcan roturas de visceras intestinales que de este modo contaminan la canal del
animal (Franco Abuin y col., 1994; Stern y Robach, 2003; Wiuff'y col., 2003). De este
modo, las cepas resistentes presentes en la carne podrian causar en el hombre la
aparicion de infecciones o la transferencia de resistencias a la microbiota presente en el
consumidor, ya sea por reemplazo de su microbiota habitual o mediante la transferencia
de determinantes genéticos portadores de resistencia a antimicrobianos.

No es esta la inica via por la cual estas bacterias pueden llegar a los humanos, dado
que también pueden ser transferidas mediante el contacto directo con los animales, caso
tipico de granjeros y matarifes (Cornican y col., 2001; Van den Boogard y col., 2001).
Del mismo modo, estas bacterias resistentes originadas durante los tratamientos
antimicrobianos, pueden llegar por medio del estiércol al medio ambiente y asi
contaminar otros animales (domésticos y silvestres). Trabajos recientes han demostrado

la presencia de bacterias del género Enterococcus resistentes a la vancomicina en
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roedores silvestres y animales de compania. Este fenémeno de resistencia a la
vancomicina ha sido atribuido al amplio uso de avoparcina, antimicrobiano permitido
como promotor del crecimiento hasta hace poco y que presenta resistencia cruzada con
la vancomicina (Mallon y col., 2002; Philips y col., 2003).

Otra via de llegada a las personas de bacterias resistentes a los antimicrobianos la
constituyen los vegetales. Estos pueden ser contaminados por las heces de animales
utilizadas como abonos y asi finalmente llegar a transmitir estas bacterias resistentes a
los consumidores (Philips y col., 2003). Ademés aunque de forma mucho menos
habitual que el caso de los animales, los vegetales son también objeto de tratamientos
antimicrobianos, como es el caso de las tetraciclinas y los aminoglucésidos, utilizados
de forma habitual para prevenir infecciones bacterianas en arboles frutales (Falkiner,

1998; Vidaver, 2002).

1.3. Antibioterapia

Los antimicrobianos son compuestos quimicos producidos de forma natural por los
seres vivos o fabricados mediante sintesis, capaces de interferir en el desarrollo de
ciertos microorganismos (accidon bacteriostatica) o de provocar su destruccion (accion
bactericida).

Que estas sustancias supriman el crecimiento u originen la destruccion de otros
microorganismos, va a depender del tipo de sustancia, de su concentracion en el medio
en el que actua y del tipo de microorganismo contra el que es empleado. De este modo,
un mismo principio puede ser bacteriostatico o bactericida en funcion de las variables
anteriores.

La mayor parte de los antimicrobianos son producidos por microorganismos, y asi
de los mas de 5000 existentes actualmente, la tercera parte proceden del género
Streptomyces. También existen ciertas especies de hongos, liquenes y plantas superiores

que producen sustancias con accion bactericida y bacteriostatica (Botana y col., 2002).
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1.3.1. Principios de antibioterapia

La primera cuestion que se debe de abordar antes del comienzo de la terapia es si
¢ésta es realmente necesaria, ya que, por ejemplo, muchas veces el hecho de que haya
presencia de fiebre o leucocitosis puede llevar a pensar en la presencia de una infeccion
bacteriana cuando en realidad no la hay. Hay que tener en cuenta que la aplicacion de
una terapia inapropiada por la administracion de farmacos antibidticos innecesarios,
provoca gastos econdmicos superfluos, y lo que es mas peligroso y objeto de este
trabajo, puede conducir a la aparicién de resistencias bacterianas y efectos secundarios
asociados a la alteracion de la flora normal del huésped. Asi pues, el objetivo
fundamental de la terapia es proveer una concentracion de farmaco efectiva, en el sitio
de infeccion, durante un tiempo suficiente para obtener una cura tanto clinica como
bacteriologica, evitando al mismo tiempo, tanto como sea posible, la aparicion de
efectos indeseables, tales como:

- La toxicidad del farmaco en el animal huésped.

- El desarrollo de resistencia microbiana al firmaco administrado.

- En animales de consumo humano, la presencia de residuos de estos farmacos
en tejidos comestibles.

- La seleccion del firmaco mas apropiado para el tratamiento depende del
microorganismo causal. El conocimiento de éste puede basarse o derivar de:

- La experiencia historica o la clinica.

- De examenes de frotis, mediante morfologia de la bacteria, tinciones o diversas
bioquimicas de resultados rapidos.

- Cultivos del microorganismo.

- Pruebas in vitro de la actividad antimicrobiana.

En resumen, la eleccion del fdrmaco y disefio del tratamiento debe depender del
conocimiento del microorganismo causante de la enfermedad, de las acciones del
farmaco sobre el microorganismo (farmacodinamica), de las acciones del farmaco sobre
el huésped (toxicidad), y de la absorcion, el destino y la eliminacién del farmaco del
huésped (farmacocinética), junto con las consideraciones de resistencia, residuos,

bienestar animal y econémicas (Kucers and Bennett, 1975; Schreiber y col., 1995;)
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1.3.2.  Concentracion Minima Inhibitoria (CMI) y Concentracion Minima

Bactericida (CMB)

El disefio de regimenes de dosificacion 6ptimos implica la seleccion de un agente
con actividad inhibitoria en las concentraciones que se obtienen in vitro tras la
administracion de dosis terapéuticas. Sin embargo, la potencia de los farmacos
antimicrobianos se determina normalmente por pruebas in vitro.

Esta potencia puede expresarse a través de una variedad de mediciones de actividad,
siendo las mas utiles y comtinmente utilizadas la Concentracion Minima Inhibitoria
(CMI) y la Concentracion Minima Bactericida (CMB). Debe remarcarse que ambas
medidas son marcadores teéricos de la actividad antibacteriana, utilizadas porque es
imposible cuantificar la actividad antibacteriana en sus receptores dentro de la célula
bacteriana.

La CMI se define como la concentracion mas baja del farmaco que inhibe el
crecimiento bacteriano (bacteriostasis) cuando un indculo bacteriano estandarizado se
expone al antimicrobiano durante un periodo fijo de tiempo. La CMB se define como la
concentracion del farmaco mas bajo que reduce el recuento bacteriano en un 99,9%
cuando un in6culo estandarizado se expone al firmaco durante un periodo fijo de
tiempo. Estos 2 marcadores de actividad pueden variar dependiendo del tamafio del
in6culo, la duracion del periodo de incubacion y la composicion del medio de cultivo,
razon por la cual es de maxima importancia la mas precisa estandarizacion de los
procedimientos utilizados.

Asimismo, los antimicrobianos que son acidos o bases débiles podran variar su
actividad dependiendo del pH del medio. La mayoria de los farmacos son activos en su
forma no ionizada, siendo la ionizacién menor en medios alcalinos (para bases débiles)

o0 &cidos (para acidos débiles).

1.3.3. Administracion y absorcion de los antimicrobianos

Los farmacos antimicrobianos pueden ser administrados de diversas maneras.

a) Administracion tdpica, por ejemplo, en infecciones dérmicas, oculares u

oOticas.
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b) Localmente en el interior de un compartimiento corporal como en el caso de

las mamitis en rumiantes.

c) Por administracion oral con absorcion subsiguiente desde el tracto
alimentario.
d) Por administracion parenteral subcutdnea o intramuscular con absorcion

desde los diferentes lugares de administracion.

e) Por administracion directa al torrente circulatorio.

Los farmacos con suficiente liposolubilidad se absorben bien tras la administracion
oral, con una biodisponibilidad cercana al 100%. Por otro lado, las moléculas con una
liposolubilidad baja ofrecen una pobre distribucion tras la administracion oral, sin
embargo, estas moléculas son eficaces tras la administracion oral para el tratamiento de
infecciones localizadas en el tracto gastrointestinal, con la ventaja de reducir los efectos
indeseables del farmaco sobre el huésped.

La administracion topica o local de los antimicrobianos tiene el objetivo de
provocar concentraciones importantes del farmaco para el tratamiento de infecciones
localizadas en el sitio de aplicacion o la cavidad corporal en la que se inyecta. Esto es
preferible a la exposicion de todo el organismo a concentraciones efectivas de los
farmacos, especialmente los poco liposolubles, en el sitio de infeccion.

La administracion intravenosa tiene la ventaja de conseguir concentraciones altas
de forma instantanea, lo que es fundamental en el tratamiento de infecciones que ponen
en riesgo la vida del animal. Una ventaja adicional de esta via se observa para los
antimicrobianos cuya actividad depende de la concentracion, debido a que las altas
concentraciones iniciales facilitan la penetracion a los tejidos y sitios de infeccion.

En el caso de las aves de corral, la via habitual de administracion es oral a través
del agua de bebida, exponiendo al tratamiento a la totalidad de las aves presentes en la

misma nave de explotacion (Prescott y Desmond, 1988; Botana y col., 2002).

1.3.4. Distribucion de los antimicrobianos

Los antimicrobianos liposolubles tienen generalmente una amplia distribucion en el

organismo, alcanzando concentraciones significativas en el interior de las células, al

igual que en el fluido transcelular, en cambio los compuestos de caracteristicas
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hidrosolubles, tienen una distribucién restringida especialmente al liquido transcelular.
Esta distribucion restringida no es necesariamente una desventaja, ya que la mayoria de
las infecciones bacterianas estan confinadas al liquido extracelular.

La distribucion de los farmacos en el organismo también depende de sus
caracteristicas acidas o basicas, asi los fArmacos, ya sean 4cidos o bases débiles, poseen
dos propiedades clave. En primer lugar, cominmente se encuentran parcialmente
disociados a pH fisiologico y en segundo, la fraccion no ionizada usualmente lipéfila,
atraviesa facilmente las membranas biologicas.

Asi por ejemplo, las fluoroquinolonas son altamente liposolubles y se comportan
como bases débiles. Las sulfamidas, en cambio, son acidos organicos débiles y penetran
pobremente en aquellos fluidos de pH 4cido en relacion al plasma (liquido intracelular,
leche y liquido prostatico). En contraste, los farmacos que son bases débiles (excepto
los aminoglucdsidos) penetran facilmente en estos fluidos, sufriendo secuestro idnico en
medios acidos.

Una vez que los antimicrobianos han llegado al lugar de la infeccion, hay una
barrera mas que deben atravesar, la pared bacteriana (Figura 3). Para la mayoria de los
antimicrobianos la penetracion es mas facil en bacterias aerobias grampositivas que en
bacterias aerobias gramnegativas, debido a la diferente conformacion de la pared

bacteriana.

acido teicoico
cipsulasde  lipoproteina de tra
peptido glucano (5iL

Capa de 2 . \
peptido glucano [ Are 46 membrana

externa

proteina fosfolipido

Figura 3. Estructura de la pared bacteriana de bacterias gram + (izquierda) y gram - (derecha)

Los microorganismos anaerobios estrictos poseen mecanismos bioquimicos
diferentes de las bacterias aerobias, por lo cual algunos antimicrobianos muy efectivos

frente a bacterias aerobias o anaerobias facultativas (consideradas dificiles de combatir),
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como las fluoroquinolonas y los aminoglucésidos, son totalmente ineficaces frente a
este tipo de microorganismos (kucers y col., 1975; Prescott y Desmond, 1988; Botana y

col., 2002).

1.3.5. Eliminacion de los antimicrobianos

Los antimicrobianos de caracteristicas hidréfilas (y usualmente polares) se excretan
en altas concentraciones por la orina. Considerando que alrededor del 99% del agua
filtrada en el glomérulo se reabsorbe durante todo el proceso de formacion de orina, la
proporcion orina/plasma para farmacos que no experimenten reabsorcion a nivel tubular
sera de 100:1.

Clinicamente, la excrecion rapida de los antimicrobianos en la orina tiene dos
consecuencias importantes para su seleccion y dosificacion:

a) en infecciones generalizadas implica dosificaciones frecuentes, especialmente si
el antimicrobiano tiene cinética de muerte bacteriana dependiente del tiempo y se
administra por via endovenosa.

b) y por otra parte, las altas concentraciones en orina son una ventaja para combatir
infecciones en el tracto urinario.

Otra via importante de excrecion para algunos antimicrobianos es la secrecion
activa en la bilis. En el caso de los antimicrobianos liposolubles, esta secrecion puede
estar seguida de una reabsorcion intestinal, conformando la llamada circulacion
enterohepatica, que disminuye el aclaramiento de los farmacos (Botana y col., 2002).

Otro de los mecanismos mas importantes es la biotransformacion. Esta puede tener
lugar en las células de la mucosa del tracto gastrointestinal y en el rifién, aunque las
enzimas mas versatiles para el metabolismo de los fairmacos se encuentran en los
hepatocitos. Los antimicrobianos liposolubles se metabolizan rapidamente por esta via
dando lugar a compuestos inactivos de excrecion rapida. Pero los compuestos
hidrosolubles no pueden penetrar en las células, y por ende, en los sitios de
biotransformacion; en consecuencia, son excretados en orina (en algunos casos en la
bilis) en altas concentraciones (Kucers y col., 1975; Prescott y Desmond, 1988; Botana

y col., 2002).
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1.3.6. Efectos secundarios de los antimicrobianos

En la seleccion del antimicrobiano a utilizar en cada caso debemos tener en cuenta
que éstos también presentan efectos adversos para el huésped, como son (Thomas y col.,
1974; Botana y col., 2002):

a) Efectos toxicos dependientes de la dosis sobre las células y los tejidos del

huésped.

b) La toxicidad idiosincrésica, que es impredecible.

c) Efectos adversos que surgen en situaciones especiales, como la interaccion

con otros farmacos, en animales viejos, hembras gestantes, o enfermedades

preexistentes.

d) Posible aparicion de fendmenos de tipo alérgico o de hipersensibilidad.

e) Promocion de resistencia a los antimicrobianos.

f) Interferencia en la microbiota normal del huésped.

g) Aparicion de residuos en los tejidos comestibles para el ser humano.

1.3.6.1. Resistencia bacteriana

En principio y como norma general, el empleo de los agentes antimicrobianos no
seria la principal causa de la aparicion de resistencias, sino que mas bien suprime las
bacterias sensibles existentes en el hospedador y respeta las resistentes. (Prescott, 2000).

Hasta el momento, se conocen varios mecanismos por los que se producirian las

bacterias resistentes:

a) Inactivacion de los antibidticos por enzimas.

b) Impermeabilizacion de las bacterias.

c) Alteracion de los receptores de la célula bacteriana a los que se unen los
antibioticos.

d) Desarrollo de mecanismos de retroinhibicion en las vias metabolicas.

e) Aparicion de enzimas con escasa afinidad por los fArmacos.

f) Expulsion del antibidtico al exterior de la célula bacteriana.
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La posibilidad de que las bacterias intercambien su material genético, unido al
hecho de que su tiempo de generacion es corto, son factores que favorecen
enormemente la posibilidad de aparicion de esas resistencias.

Existe la posibilidad de que las bacterias sean resistentes a los antibioticos porque
carezcan de los mecanismos celulares propios para que estos agentes ejerzan su accion
(resistencia natural). Ademas, se da el caso de que bacterias que in vitro son sensibles a
la vez resultan ser resistentes in vivo.

La resistencia adquirida, de base genética, puede aparecer como consecuencia de
mutaciones cromosomicas, o lo que es mas importante, por la adquisicion de material
genético transmisible (Figura 4), existiendo de este modo varios mecanismos mediante

los cuales las bacterias pueden adquirir resistencia.

1. transferencia por virus 2. transferencia de ADN libre 3. transferencia de plasmidos

Gen de resistencia

El gen se integra en un plasmido
o en el cromosoma

Figura 4. Mecanismos de captacion de resistencias adquiridas mediante material genético

Las mutaciones cromosomicas que originan la resistencia contribuyen a producir
cambios en la pared bacteriana, mientras que la resistencia transmisible contribuye a
codificar enzimas que metabolizan los antibidticos (Prescott y Desmond, 1988). La
resistencia cromosomica suele ser un fendmeno de aparicion gradual, mientras que la
resistencia transmisible es con frecuencia un fenémeno de aparicion brusca.

Las mutaciones que originan la resistencia a los antibidticos suelen ser

acontecimientos espontdneos que implican modificaciones de las secuencias de
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nucledtidos de los cromosomas, que normalmente nada tienen que ver con la presencia
de los antibidticos. Suelen ademds ir acompafiadas de otras modificaciones que
aparecen en cé¢lulas bacterianas, de forma que en numerosas ocasiones las bacterias que
presentan resistencia de origen cromosdmico a los antibioticos son menos viables que
las células bacterianas de las cuales proceden, pudiendo desaparecer paulatinamente de
la poblacién bacteriana incluso sin que haya ningln antibidtico que las seleccione. No
obstante, algunas mutantes son tan viables como las células bacterianas de las cuales
proceden (Prescott y Desmond, 1988; Botana y col., 2002).

Los mecanismos por los cuales las mutaciones cromosomicas originan la resistencia
a los antibioticos incluyen la modificacion de los sitios de unidn de los antibioticos a las
células bacterianas, por ejemplo la modificacién de ribosomas (estreptomicina), la
modificacion de la permeabilidad celular (Como en el caso de la penicilina y las
tetraciclinas), la mayor produccion de enzimas inactivantes, y la mayor produccion de

metabolitos competitivos (Figura 5).

Cambios en
estructura de
membrana

Genes de resistencia

Degradacién
enzimatica

Cambios
ribosémicos

Cambios en
proteinas de
membrana

Antimicrobiano ..

Figura 5: Principales mecanismos de resistencia bacteriana

Los antibiodticos frente a los cuales aparecen resistencias de este tipo con mucha
facilidad, como la eritromicina o la estreptomicina, se utilizan normalmente asociados
con otros antibidticos, ya que la posibilidad de que en una misma bacteria tengan lugar

dos mutaciones al mismo tiempo, es la suma de las posibilidades de que cada mutacién
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aparezca de forma aislada. Asimismo, las mutantes resistentes a antibidticos aparecen
con menor frecuencia in vivo que in vitro, debido a que las propias defensas del

hospedador elimina muchas de ellas (Botana y col., 2002).

1.3.6.2. Interferencia en la microbiota normal

La microbiota caracteristica de la piel, aparato gastrointestinal, etc., coexiste de
forma armonica y hasta sinérgica, con el hospedador. De todos los antimicrobianos son
muy pocos los que no suprimen en grado alguno esta microbiota. Los efectos supresores
pueden variar, desde efectos secundarios temporales y minimos, como diarrea leve,
hasta la proliferacion de patdgenos que ponen en peligro la vida del animal.

En general, se ha demostrado que los farmacos activos contra los microorganismos
anaerobios como las penicilinas producen mayores efectos que por ejemplo las
sulfamidas o fluoroquinolonas. También se ha observado que la aparicion de este tipo
de fendmenos es mas frecuente tras la administracion oral que en las administraciones

parenterales (Prescott y Desmond, 1988).

1.3.6.3. Residuos de los antimicrobianos en productos alimenticios de origen

animal

La Union Europea, a través del comité para productos médicos y veterinarios, ha
determinado un LMR para la mayoria de los farmacos autorizados en los diferentes
tejidos diana. Estos limites han sido establecidos en funcion de estudios de toxicidad
cronica a partir de los llamados “limite sin efecto observable” y “limite sin efecto
microbiologico”. La determinacion del primero, exige mediciones de las mas bajas
concentraciones del fArmaco que no provocan efecto farmacoldgico en los animales de
laboratorio y en el segundo caso, consiste en determinar las concentraciones de
antimicrobiano que no provocan ningun efecto sobre las bacterias mas sensibles, en
particular las del tracto gastrointestinal. Posteriormente, se determina el “nivel de
ingesta diaria admisible”, a través de la aplicacion de factores de seguridad de 100 a

1000 veces en el primer caso y de 10 veces en el segundo (Botana y col., 2002).
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El periodo de supresion o de retirada, es el tiempo que debe transcurrir desde la
administracion del farmaco en dosis terapéuticas, hasta el momento en que el alimento
puede ser consumido sin riesgo durante periodos prolongados, es decir, que se cumpla

con los valores de LMR en los diferentes tejidos animales.

1.3.7. Antimicrobianos utilizados en avicultura con mayor frecuencia

Actualmente, los antimicrobianos mas utilizados en aves de corral son las
tetraciclinas, las fluoroquinolonas y las sulfamidas potenciadas (Antunes y col., 2003;
Avrain y col., 2003; Peters y col., 2003; Van den Boogard y col., 2001; Van den
Boogard, 2002). Las tetraciclinas son en la actualidad los antimicrobianos mas
utilizados en pollos y pavos (Chopra y Roberts, 2001; Avrain y col., 2003; Philips y
col., 2003), dadas las propiedades favorables de esta familia de farmacos como son su
amplio espectro, la posibilidad de administracion oral, que permite tratar facilmente
grandes cantidades de animales, la ausencia de efectos adversos importantes, y su bajo
precio (Finch y col.,, 1997; Chopra y Roberts, 2001). A continuacién y aunque
econdmicamente resulta contraproducente, se destaca la utilizacién de fluoroquinolonas,
cuando atn no se ha agotado la posibilidad del empleo de tetraciclinas y sulfamidas
potenciadas, pero su uso se ha ido generalizando en medicina aviar desde que la
enrofloxacina fue aprobada para su utilizacion en aves de corral. Actualmente, en los
paises europeos en los cuales su uso en animales de produccion esta permitido es una de
las familias de antimicrobianos con un mayor consumo (Avrain y col., 2003; Philips y
col., 2003).

El método habitual para la administracion de estas tres familias de antimicrobianos
es en el agua de bebida, medicando a todo el grupo de aves presente en la misma nave
de produccion, practica que se lleva a cabo normalmente incluso aun cuando s6lo una
pequenia parte de los animales presentes estdn realmente enfermos. Un problema
adicional podemos encontrarlo en el calculo de la dosificacion necesaria. Dado que el
antimicrobiano es administrado en el agua ad [libitum, esto puede provocar la
submedicacion de un buen niimero de animales lo cual conlleva que se incremente

sustancialmente la probabilidad de seleccion de bacterias resistentes (McDermott y col.,
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2002). Incluso esto puede provocar la sustitucion de la microbiota normal del ave por

otra microbiota en la cual abundan més los agentes patdogenos.

1.3.7.1. Quinolonas

Las quinolonas son compuestos quimicos que constituyen una amplia familia de
agentes antibacterianos. Su desarrollo comenz6 en la década de los 60, con la sintesis
del acido nalidixico (acido 1-etil-1,4-dihidro-7-metil-4-oxo0-1,8-naftiridina-3-

carboxilico) (Figura 6).

Figura 6. Acido nalidixico

Las primeras quinolonas sintetizadas, el acido nalidixico y el acido oxolinico,
ofrecian un estrecho margen de actividad antimicrobiana, poca biodisponibilidad oral,
distribucion limitada en el organismo y gran capacidad para inducir resistencias
bacterianas. Sus usos clinicos se limitaban principalmente al tratamiento de infecciones
provocadas por bacterias gramnegativas en el tracto urinario y de forunculosis en peces
de granja.

Posteriormente se sintetizaron otras quinolonas que poseian una mayor actividad
contra bacterias gram-negativas. Mas tarde, en los afios 80 la molécula sufrio tres
modificaciones clave:

1.- sustituciéon del grupo CH por N en posicion 8.

2.- Introduccién de un anillo de piperazina en posicion 7 (esta sustitucion extendid

el espectro a bacterias gramnegativas, incluyendo especies de Pseudomona).
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3.- Introduccion de un atomo de fliior en posicion 6 (lo cual aumentd aun mas el
espectro del grupo y ampli6 la actividad a bacterias grampositivas), constituyendo asi
las fluoroquinolonas.

Estas modificaciones han ampliado sus aplicaciones clinicas, y ademas los cambios
estructurales han conducido al aumento de la potencia y la mejora de la farmacocinética,

especialmente en lo referente a su liposolubilidad (Botana y col., 2002).

1.3.7.1.1. Actividad antimicrobiana de las quinolonas

Su espectro es bastante amplio e incluye a bacterias gramnegativas y algunos
microorganismos grampositivos, aunque tienen capacidad limitada frente a
Streptococcus 'y Enterococcus y solo una actividad débil frente a bacterias anaerobias
estrictas.

Este grupo tiene en particular una excelente actividad contra bacterias aerobias
gramnegativas y una de sus ventajas es que no destruyen los enterococos intestinales
comensales. Asimismo, tienen una actividad entre moderada y buena frente a
Chlamydia, micobacterias, micoplasmas, ureaplasmas y rickettsias, siendo también
activas frente a microrganismos intracelulares.

Su potencia es alta frente a algunos microorganismos sensibles con valores de CMI
de 0,01 pug/ml o menores. La actividad frente a bacterias gramnegativas es mayor a pH
alcalino, mientras que la actividad frente a bacterias grampositivas no se modifica con

cambios en el pH (Ball, 1998; Poole, 2000a; Poole, 2002b).

1.3.7.1.2. Mecanismos de accion de las quinolonas

El cromosoma bacteriano comprende una doble cadena de ADN que es una
molécula continua miles de veces mas larga que la célula bacteriana. Esta cadena tiene
una disposicion de doble hélice.

Las fluoroquinolonas basan su mecanismo de accién en que inhiben la enzima
ADN girasa (topoisomerasa de tipo II). Esta es una enzima compuesta de 4 subunidades
cuya funcion incluye el desenrollamiento, corte y resellado del ADN. La ADN girasa

también interviene en el plegamiento y enrollamiento del ADN bacteriano alrededor del
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centro de ARN, otorgandole la apariencia de bucles o lazos. Cada lazo se enrolla
después negativamente mellando ambas cadenas de ADN, pasando la cadena rota
alrededor de la cadena acompanante y resellando la doble muesca. Estas funciones son
inhibidas por las fluoroquinolonas, que se unen a la subunidad A de la ADN girasa. En
los mamiferos, existe una enzima similar a la ADN girasa que interviene en los cortes
dobles del ADN; sin embargo, ésta no superenrolla el ARN y no se ve afectada por las
fluoroquinolonas (Ball, 1980).

Las fluoroquinolonas son bactericidas y tienen un inicio de accion rapido, lo cual es
muy importante en el tratamiento de animales inmunodeprimidos. Los cationes
bivalentes como el calcio y el magnesio antagonizan la acumulacion de
fluoroquinolonas en el interior de la bacteria, probablemente por un efecto quelante
(Botana y col., 2002). Se ha descrito en algunas bacterias un sistema de transporte de
salida (Poole, 2000a; Poole, 2002b).

Paraddjicamente, a concentraciones muy altas (40 x CMI), la accion bactericida de
algunas fluoroquinolonas disminuye. Esto puede resultar de la sintesis de ARN, lo que
parece ser necesario para el efecto bactericida.

La resistencia se produce principalmente por la reduccion de la penetracion a través
de la pared de la célula bacteriana. S6lo raramente aparecen formas mutantes de la ADN
girasa, mientras que hasta la fecha no se han identificado enzimas bacterianas capaces
de degradar las fluoroquinolonas.

La resistencia mediada por plasmidos es extremadamente rara. La resistencia
cruzada entre fluoroquinolonas es posible, aunque mantienen la actividad frente a
bacterias resistentes a otros grupos de farmacos, como aminoglucosidos, macrolidos y

B-lactamicos (Ball, 1998).

1.3.7.1.3. Farmacocinética de las quinolonas

El grado de ionizacion de estas moléculas es bajo y todas ellas se comportan in vivo
como moléculas altamente liposolubles. En solucidon, se comportan como bases débiles.
Su caracter lipofilo determina sus propiedades farmacocinéticas. Se absorben bien por

via oral, intramuscular y subcutdnea. La absorcion oral en pavos y pollos es del 30-90%,
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variando entre los diferentes compuestos y las caracteristicas intestinales animales,
como por ejemplo la presencia de iones bivalentes.

Las fluoroquinolonas se distribuyen ampliamente por el organismo. Esto indica que
se distribuyen a través del liquido extracelular y pasan facilmente al liquido transcelular,
incluyendo la leche, el liquido sinovial, el liquido prostatico, el semen, fluidos uterinos
y el liquido cefalorraquideo, alcanzando también altas dosis en el medio intracelular.
Las concentraciones tisulares generalmente igualan o exceden a las concentraciones
plasmaticas, y también se han descrito altas concentraciones en el hueso. La excelente
penetracion de las fluoroquinolonas al interior de las células y a los tejidos es
consecuencia de su caracter lipofilo, pero también se ve facilitado por el bajo grado de
unioén a proteinas plasmaticas.

Las fluoroquinolonas se metabolizan en el higado, donde el grado de
biotransformacion depende del compuesto y de la especie. Generalmente sufren
reacciones de hidroxilacion y de oxidacion, que las transforma en oxoquinolonas, las
cuales se someten posteriormente a reacciones de fase 2, consistentes en la conjugacion
con acido glucurénico. Los glucuronoconjugados sintetizados son excretados en la orina
y la bilis.

Algunas fluoroquinolonas sufren circulacion enterohepatica, probablemente tras la
conjugacion de betaglucuronidasa sobre los conjugados. Las concentraciones urinarias
de las fluoroquinolonas se mantienen altas durante 24 horas o mas. Algunos compuestos
son secretados en el tubulo proximal renal a traves del sistema transportador de acidos
organicos.

La vida media de estos compuestos esta en el intervalo 2-7 horas, dependiendo del
compuesto y la especie. Algunos metabolitos tienen actividad antimicrobiana, asi, la
enrofloxacina (Figura 7) se convierte en ciprofloxacina (Figura 8), y ésta ultima se
utiliza en humanos como medicamento madre. La conversion de enrofloxacina en
ciprofloxacina es muy importante en canidos y muy escasa en équidos y aves (Ball,

1998; Kohler y Pechere, 1998; Talens-Visconti y col., 2002).
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1.3.7.1.4. Toxicidad y efectos secundarios de las quinolonas

En general, las fluoroquinolonas tienen un amplio margen de seguridad en
mamiferos y aves. Sin embargo, un inusual pero caracteristico efecto es la accion
erosiva sobre los cartilagos en crecimiento. Esta artropatia afecta especialmente a las
articulaciones que soportan peso, aunque esta caracteristica solo estd documentada en
canidos, especie para la cual también se han descrito reacciones de fotosensibilizacion.
Asimismo, se han descrito en otras especies reacciones adversas como mareos, cefaleas,
nauseas y vomitos, estos ultimos tan solo en la especie humana.

Altas dosis de fluoroquinolonas pueden causar convulsiones, por lo que se ha
sugerido que actlian como antagonistas del GABA del sistema nervioso central (Botana

y col., 2002).
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1.3.7.1.5. Uso clinico de las quinolonas

Debido a su alta potencia, amplio espectro, actividad dependiente de la
concentracion, Optimas caracteristicas farmacocinéticas y baja toxicidad, las
fluoroquinolonas se utilizan ampliamente para un numero importante de infecciones,
como las neumonias tipicas de terneros y lechones, infecciones urinarias en animales de
compaiiia, infecciones dérmicas en canidos y félidos e infecciones intestinales en
porcinos, bovinos y aves.

Entre las indicaciones mas comunes se encuentran las salmonelosis agudas en
terneros y la colibacilosis en aves y porcino. También es frecuente su uso para combatir
infecciones en lugares de dificil acceso, como son las osteomielitis y las prostatitis.

Dado su mecanismo de actuacion, la dosificacion recomendada para su uso clinico
debe apuntar a conseguir concentraciones maximas altas (con respecto a la CMI) en
lugar de mantener las concentraciones plasmaticas por encima de la CMI. Las dosis
altas administradas con intervalos prolongados producen mejores resultados que la
administracion frecuente de un régimen fraccionado. Para la medicacion de aves y peces
se recomienda la administracion en intervalos prolongados en el agua o el alimento

(Ball, 1998).

1.3.7.1.6. Desarrollo de resistencias bacterianas a quinolonas

Se ha detectado un aumento en la tasa de resistencia bacteriana en personas no
expuestas a estos agentes, la cual podria ser causada por su uso en produccion animal.
Al mismo tiempo, se ha detectado un incremento en la aparicion de cepas bacterianas
con menor susceptibilidad e incluso resistentes en animales destinados al consumo. Se
ha registrado resistencia a la enrofloxacina en Escherichia coli y distintas especies de
Campylobacter y Salmonella (Endzt y col., 1991; Blanco y col., 1997; Gurbay y col.,
2001; Kijima-Tanaka y col., 2003).

Para alcanzar su efecto bactericida, las quinolonas deben penetrar a través de la
membrana celular y alcanzar la DNA girasa o la topoisomerasa IV, razon por la cual los
mecanismos de resistencia a las quinolonas incluyen mutaciones en los genes que

codifican la DNA girasa y la topoisomerasa IV, dando lugar a alteraciones en la pared
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de la membrana que disminuyen la penetracion intracelular del farmaco y actividad de
transportadores activos enddgenos que provocan la expulsion de los antimicrobianos
desde la membrana celular al medio exterior. Estos mecanismos de resistencia pueden
manifestarse solos o en combinacion, si bien parece que in vivo el aumento en el grado
de resistencia a las quinolonas es producto de varios mecanismos simultaneos. (Talens-
Visconti y col., 2002).

Asi, los mecanismos de resistencia bacteriana a las quinolonas pueden dividirse en
3 grupos:

1- Resistencias de tipo cromosdémico que dan lugar a mutaciones en segmentos
definidos de los genes que codifican la DNA girasa y la Topoisomesara IV (Nakamura,
1997).

2- Resistencias por alteraciones en la membrana externa bacteriana que disminuyen
la penetracion intracelular del farmaco. Estas modificaciones se originan en alteraciones
de los genes que codifican los canales por los cuales los antimicrobianos penetran
normalmente en la célula (porinas), lo que impide la entrada del quimioterapico en la
bacteria.

3- Resistencias basadas en la expulsion del antibacteriano desde el medio
intracelular al expulsar por accion de transportadores enddgenos activos.

Sin embargo, no se han descrito enzimas bacterianos capaces de degradar o
inactivar a las quinolonas en el medio intracelular (Gibreel y col., 1998; Poole, 2000a;

Poole, 2002b).

1.3.7.2. Tetraciclinas

Las primeras tetraciclinas (clortetraciclina y oxitetraciclina) fueron descubiertas a
finales de la década de los 40 a partir de Streptomyces aureofaciens y S. rimosus,
respectivamente. Otras tetraciclinas fueron descubiertas posteriormente, tanto moléculas
naturales producidas a partir de Streptomyces, o productos semisintéticos como los
casos de la metaciclina, doxiciclina (6-desoxi-5-hidroxi-tetraciclina) (Figura 9) y

minociclina.
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Todas las tetraciclinas tienen la misma estructura bésica, 4 anillos unidos en linea, y
a partir de ellos la unidon de diferentes grupos funcionales en distintos carbonos origina
los diferentes compuestos. El mas sencillo con actividad antimicrobiana es la 6-desoxi-
6-demetil-tetraciclina.

Otra caracteristica importante derivada de la estructura de las tetraciclinas es su
fuerte actividad como agentes quelantes de iones metalicos, lo que determina en gran
parte su actividad antimicrobiana y sus propiedades farmacocinéticas.

La estabilidad de las tetraciclinas en disolucion varia con el pH y el derivado
especifico del que se trate, aunque suelen ser estables frente a pH acido. En su mayoria
se comportan como anféteros y por lo tanto pueden actuar como aniones, formando
sales de sodio, o como cationes, obteniéndose los correspondientes clorhidratos, siendo

estos ultimos los preparados mas comunes (Schappinger, 1996).
1.3.7.2.1. Actividad antimicrobiana de las tetraciclinas

Las tetraciclinas son antibidticos de amplio espectro por definicidon, ya que son
efectivas contra bacterias gramnegativas, tanto aerobias como anaerobias, asi como
contra grampositivas, microorganismos atipicos como clamydias, micoplasmas,
ricketsias e incluso contra algunos protozoos. También son usadas en medicina humana
como profilactico en la prevencion de la malaria causada por Plasmodium falciparum
resistente a la mefloquina. Actualmente el aumento en las resistencias aparecido en los
ultimos afios por la utilizacién de estos antibidticos como promotores del crecimiento,
actividad prohibida actualmente en la UE pero de uso corriente en paises como USA, ha

limitado en cierta medida su uso terapéutico (Bager y col., 2002).
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1.3.7.2.2. Mecanismo de accion de las tetraciclinas

Su mecanismo de accion es un efecto bacteriostatico basado en la inhibicion de la
sintesis de proteinas bacterianas. Dicha inhibicion la llevan a cabo evitando la
asociacion entre el aminoacil-ARNt y el ribosoma, uniéndose las tetraciclinas
especificamente a la subunidad 30 S del ribosoma. El resultado es que se impide la
adicion de aminoacidos a la cadena peptidica en formaciéon, lo que impide la
enlongacion de la cadena. Algunas tetraciclinas inhiben también la sintesis de proteinas
en células eucariotas, lo cual es de utilidad para combatir algunos protozoos. Se ha
sugerido que el mecanismo de actuacidon en este caso estaria relacionado con la
presencia de ribosomas de tipo bacteriano en las mitocondrias, aunque actualmente no
existe una explicacion molecular satisfactoria para este efecto (Edlind, 1991; Chopra
and Roberts, 2001). Ademads, se ha demostrado que en altas dosis inhiben de igual
forma la sintesis de proteinas de mamiferos (Botana y col., 2002), aunque esto ocurre a

concentraciones mucho mas elevadas que las utilizadas como antimicrobianos.

1.3.7.2.3. Farmacocinética de las tetraciclinas

Las tetraciclinas son normalmente administradas por via oral, aunque en algunas
esta indicada la via parenteral. La absorcion tras la administracion oral tiene lugar en el
estdbmago y la porcion proximal del intestino delgado y estd muy influenciado por la
presencia de comida, leche o cationes divalentes. En particular, es especialmente
importante la presencia de calcio, el cual inhibe la absorcion de las tetraciclinas
mediante la formacién de quelatos.

Los niveles alcanzados en suero sanguineo después de una dosificacion oral normal
se encuentran normalmente en el rango 2-5 pg/ ml, y en la mayor parte de las
tetraciclinas son necesarias 4 tomas diarias para poder mantener estos niveles de
concentracion en suero. No obstante, la larga vida media de la doxiciclina y la
minociclina permite alcanzar estos niveles con una o dos dosis diarias, lo cual es de una
gran aplicacion especialmente en la clinica veterinaria de aves de corral, en donde el

gran numero de animales a tratar hace que la administracion sea dificultosa.
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Las tetraciclinas tienen en general una buena penetracion en los diferentes fluidos y
tejidos corporales y se excreta por la orina. Ademas, normalmente se encuentran en los
esputos niveles en torno al 20% de las concentraciones alcanzadas en el suero
sanguineo, lo cual hace que esta familia de antimicrobianos sea particularmente 1til en

el tratamiento de las infecciones del tracto respiratorio (Kucers and Bennett, 1975;

Willians, 1992).

1.3.7.2.4. Toxicidad y efectos secundarios de las tetraciclinas

Aunque las tetraciclinas son farmacos relativamente seguros, no estan exentos de
efectos adversos, estando en general relacionados con:

1. Efectos irritantes (vomitos después de su administracion o dafios tisulares en
el punto de inyeccion).

2. Capacidad de alteracion de la flora intestinal, con su capacidad para fijar el
calcio (efectos cardiovasculares y deposito en el tejido 6seo).

3. Nefro y hepatotoxicidad, siendo el efecto nefrotdxico especialmente
peligroso cuando se administran productos caducados o inadecuadamente
conservados.

Ademas de lo mencionado, en el caso de las tetraciclinas mas lipofilas, como la
doxiciclina, es posible la aparicion de alteraciones digestivas, y estan contraindicadas en
hembras gestantes y durante el periodo reproductor de las aves (Botana y col., 2002).

Debido a su amplio espectro de accion, las tetraciclinas provocan inevitablemente
una alteracion importante de la microbiota intestinal, siendo frecuente la aparicion de
diarreas durante el tratamiento. Tampoco son infrecuentes las sobreinfecciones por
levaduras, hongos, o bacterias resistentes (Prescott y Desmond, 1988; Botana y col.,

2002).
1.3.7.2.5. Uso clinico de las tetraciclinas
En los ultimos afios, el uso de las tetraciclinas ha descendido en muchos paises en

clinica humana debido al desarrollo de nuevos farmacos con mayor vida media, mas

activos y con mejor tolerancia (Chopra y col., 1992; Freeman y col., 1994). No obstante,
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las tetraciclinas siguen siendo utilizadas para combatir infecciones como las causadas
por Brucella o las infecciones gastrointestinales causadas por Helicobacter pylori,
ademas de ser utilizada como profilactico contra la malaria gracias a su accion contra
Plasmodium falciparum (Scharz y col., 1999).

En el caso de la medicina veterinaria son especialmente utilizadas para el
tratamiento de diversas infecciones en aves de corral, rumiantes, suidos y animales de
compaiiia (Kordick y col., 1997). Las tetraciclinas son una de las familias de
antibidticos mas baratas, y su coste de produccion ha descendido enormemente debido a
las mejoras en la tecnologia de fabricacion (Liss y Batchelor, 1987). Estas
caracteristicas las hacen especialmente atractivas para su uso en naciones en vias de

desarrollo (Finch, 1997).

1.3.7.2.6. Desarrollo de resistencias

Dado que el uso de tetraciclinas tanto en medicina humana como veterinaria se
remonta a mas de 60 afios, no es de extrafiar que dicha presion selectiva haya provocado
la aparicion de numerosas cepas bacterianas resistentes a estos farmacos. A dicho efecto
ha contribuido enormemente el hecho de que durante muchos afios hayan sido utilizadas
masivamente como promotores del crecimiento a dosis subterapéuticas, una practica
prohibida hoy en dia en la UE pero vigente todavia en paises en vias de desarrollo
(Chopra y Roberts, 2001).

Hoy en dia es frecuente encontrar resistencias en bacterias causantes de zoonosis
aisladas de animales como Salmonella, Campylobacter spp. Yersinia spp. y en bacterias
comensales como Escherichia coli o Enterococccus spp., las cuales tienen una gran
importancia ya que ademds de poder provocar infecciones clinicas en los animales,
pueden ocasionar también infecciones en el hombre ya sea por contacto directo con los
animales vivos o por ingestion de los productos animales obtenidos a partir de los
mismos.

La resistencia a las tetraciclinas es un ejemplo de resistencia transmitida por
plasmidos portadores de genes capaces de transferir resistencia (llamados fet genes). En

la actualidad se conocen mas de 20 zer genes diferentes capaces de transferir resistencia
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a tetraciclina u oxitetraciclina (Chopra y Roberts, 2001). Estos tet genes aportan a las
bacterias receptoras capacidad de resistencia mediante diferentes mecanismos:

1- Resistencia por alteraciones en la membrana externa bacteriana que disminuyen
la penetracion intracelular del farmaco. Esta resistencia se basa en la produccion por
parte de la bacteria de proteinas capaces de asociarse a la membrana que participan en la
expulsion de tetraciclinas de la bacteria, lo cual reduce la concentracion intracelular de
tetraciclinas y protege por tanto a los ribosomas de su accion.

2- Resistencia por proteccion de los ribosomas. Esta resistencia se basa en la
produccidon por parte de las bacterias de proteinas citoplasmicas que protegen a los
ribosomas de la accion de las tetraciclinas.

3- Resistencia por inactivacion enzimatica. Esta resistencia se basa en la produccion
por parte de las bacterias de enzimas capaces de inactivas las tetraciclinas dentro del
citoplasma.

4- Mecanismos desconocidos. Hoy en dia todavia se desconoce el mecanismo por
el cual ciertos genes como el tet(U) o el tet(M) confieren resistencia a las células
receptoras. No obstante, su estructura no es similar a los que aportan los tres
mecanismos anteriormente descritos, motivo por el cual se sospecha que pueden aportar
resistencia mediante mecanismos diferentes (Willians, 1992; Ross y col., 1998; Chopra

y Roberts, 2001).

1.3.7.3. Sulfamidas

Las sulfamidas o sulfonamidas son firmacos antimicrobianos de amplio espectro,
que se utilizan solos o en combinacién con otros farmacos en el tratamiento de
infecciones por organismos aerobios grampositivos y gramnegativos en casi todas las
especies domésticas. Son el primer ejemplo de sustancia quimica con accion bactericida
sintetizada por el hombre.

La primera sulfamida fue descubierta por Paul Gelmo en 1908 de forma accidental
cuando intentaba conseguir mejores colorantes para tefiir la lana. Tras €l, en 1935 un
patdlogo aleman llamado Gerhard Domagk publicé el primer informe sobre la actividad
antimicrobiana de dicho tinte, que se habia patentado en 1932 bajo el nombre de

Prontosil (Domagk y col., 1935). Domagk demostré que dicho tinte era capaz de
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eliminar estreptococos de ratones infectados. La posterior investigacion concluyd que
dicho producto se metabolizaba en el organismo produciendo sulfanilamida y que este
metabolito era el responsable de la accidon antibacteriana. Fue durante la segunda guerra
mundial donde cientificos britanicos realizaron numerosos estudios para contrarrestar la
ventaja que suponia para Alemania la utilizacion de un antimicrobiano eficaz en

tiempos de guerra (Domagk y col., 1935; Skéld, 2000).

1.3.7.3.1. Actividad antimicrobiana de las sulfamidas

Tienen un amplio espectro que inhiben el crecimiento de bacterias grampositivas,
gramnegativas y ciertos protozoos, como los coccidos. Se consideran ineficaces frente a
la mayoria de anaerobios obligados, por lo que no se recomienda su uso para este tipo
de infecciones. Entre los microorganismos habitualmente susceptibles se incluye
algunos miembros de la familia Enterobacteriaceae, asi como otros agentes como
Streptococcus,  Bacillus, Brucella, Cryptosporidium, Listeria, Erysipelothrix,
Chlamydia, Toxoplasma, coccidios y Pneumocystis carinii. Otros microorganismos
como Pseudomonas, Enterococcus, Mycoplasma, Mycobacterium y Bacteroides, son
habitualmente resistentes tanto a la accion de las sulfamidas solas como a la
combinacion de sulfamidas con diaminopirimidinas (Huovinen, 2001).

Las sulfamidas han sido muy empleadas hasta la aparicion de numerosas
resistencias durante los afios cincuenta y sesenta, a partir de los cuales su utilizacion por
si sola ha caido drasticamente pasando a ser utilizada de forma conjunta con
diaminopirimidinas. El efecto sinérgico que las sulfamidas presentan junto con estas
substancias hace que hoy en dia suelan ser utilizadas junto con trimetoprina (Figura 10),

ormetoprina o aditoprina (Huovinen, 2001).
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Figura 10. Trimetoprim

Todas las sulfamidas comparten en su estructura el grupo p-aminobenceno
sulfonamida. Este grupo es esencial en la accion antimicrobiana de las mismas, ya que
tiene enormes similitudes con el acido p-aminobenzoico, precursor del acido folico y de
los acidos nucleicos en las bacterias. Las modificaciones de este grupo fueron
encaminadas a reducir su toxicidad y mejorar su farmacocinética. La actividad
antibacteriana de las sulfamidas es similar, por lo que el resultado de un analisis de
susceptibilidad en un miembro de este grupo suele ser valido para todas las sulfamidas
(Kucers and Bennett, 1975; Botana y col., 2002).

Aunque las sulfamidas son sustancias anfotéricas, las formulaciones comerciales en
sales de sodio se comportan como acidos débiles, por lo cual la alcalinizacion de la
orina aumenta la solubilidad de las sulfamidas en la misma y ayuda a prevenir el
problema de cristalizacion de las antiguas sulfamidas en los tubulos renales (Botana y
col., 2002).

La trimetoprina o trimetoprim, la diaminopirimidina mas frecuentemente utilizada
en combinaciéon con las sulfamidas es la 2,4-diamino-5-(3,4,5-trimetoxibencil)-
pirimidina. Se comporta en solucién como una base débil, tiene un gran caracter lipofilo
y en general se distribuye de forma mas rapida que las sulfamidas. Las combinaciones
mas frecuentes en veterinaria son las de trimetropina con sulfadiazina (Figua 11) o con

sulfametoxazol (Figura 12) (Huovinen, 2001; Kucers and Bennett, 1975).
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Figura 11. Sulfadiazina

231 -



Introduccion

NH, SO,NH

Figura 12. Sulfametoxazol

1.3.7.3.2. Mecanismo de accion de las sulfamidas

El mecanismo de accion de las sulfamidas se basa en la inhibicion de la enzima
dihydropterato sintetasa (DHPS), la cual cataliza la formacion de dihidrofolato a partir
del acido p-aminobenzoico (PABA) y del dihidro-6-hidroximetilpterin-pirofosfato
(DHPPP) (Huovinen, 2001; Skéld, 2000), los cuales son utilizados por las bacterias para
la sintesis del acido f6lico. A través de una serie de reacciones, el PABA se convierte en
acido dihidrofolico (acido folico) con la participacion secuencial de las enzimas DHPS
y dihidrofolato reductasa (DHFR). Es en este nivel donde actiian las sulfamidas, ya que
debido a su gran similitud enganan literalmente a la enzima DHPS, que incorpora la
sulfamida en lugar del PABA (Rolan y col., 1979; Skold, 2000). Esta accion de bloqueo
del acido folico es competitiva, por lo que se puede invertir aumentando la
concentracion del PABA en el medio interno bacteriano (Botana y col., 2002).

La carencia de toxicidad para los mamiferos se debe a que éstos utilizan el acido
folico preformado procedente de la dieta, y de este modo, al no necesitar metabolizar el
PABA, las sulfamidas tienen poca actividad. En el siguiente paso, el acido folico se
transforma en 4cido tetrahidrofolico por medio de la enzima DHFR, sobre la que si
acttan las pirimidinas utilizadas de forma conjunta con las sulfamidas. No obstante, la
afinidad de las pirimidinas por la enzima de los mamiferos es mucho menor que por la
de las bacterias. La concentracion necesaria para inhibir la enzima de los mamiferos es
unas 60.000 veces mayor que la necesaria para inhibir la enzima bacteriana (Rolan y

col., 1979; Skold, 2000; Botana y col., 2002).
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1.3.7.3.3. Farmacocinética de las sulfamidas

Las sulfamidas se comportan como acidos débiles y dado sus elevados valores de
pKa suelen existir en los liquidos bioldgicos de forma molecular neutra. Esto les
permite, por norma general, atravesar membranas bioldgicas con facilidad, por lo que su
absorcion oral generalmente es extensa y rapida y su distribucion en el organismo
amplia. La excepcion la constituyen las sulfamidas locales, como la sulfaquinixalina,
cuya accion es local.

La biodisponibilidad de las sulfamidas es generalmente alta. Su eliminacion es una
combinacion de excrecion renal y biotransformacion hepatica aunque también pueden
ser metabolizadas en otros tejidos, por lo que las diferencias entre especies son muy
amplias. Su biotransformacion es saturable y tiene lugar por acetilacion,
glucuronizacion e hidroxilacion aromaticas (Prescott y Desmond, 1988).

Aunque las caracteristicas anteriores son aplicables a un gran porcentaje de
sulfamidas, conviene recordar que las diferencias entre farmacos de este grupo pueden
ser extremas, con niveles de unidn a proteinas plasmaticas que oscilan entre el 20 y el
95% y fracciones ionizadas en sangre que oscilan entre el 1 y el 99%. Estas diferencias
se hacen todavia mas exacerbadas cuando se consideran diferentes especies, por lo que
es necesario tener muy en cuenta el compuesto en particular y la especie en la que se va

a utilizar para disefiar una dosificacion terapéutica adecuada (Botana y col., 2002).

1.3.7.3.4. Toxicidad y efectos secundarios de las sulfamidas

Las sulfamidas pueden producir una serie de efectos secundarios tipicamente
reversibles, algunos de los cuales son de naturaleza tdxica, y otros, de caracter alérgico.
Con la posologia habitual la toxicidad es minima para los animales domésticos con
todas las sulfamidas excepto la sulfaquinoxalina. Cuando existe toxicidad, ésta consiste
habitualmente en alteraciones del tracto urinario, de la hematopoyesis o reacciones de
hipersensibilidad, aunque de forma mucho mdés casual se han observado otras
alteraciones como hepatitis, alteraciones tiroideas, alteraciones causadas por su
antagonismo con el acido félico (muy raro a las dosis habituales) o queratoconjuntivitis

seca (Prescott y Desmond, 1988).
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1.3.7.3.5. Uso clinico de las sulfamidas

La aparicion de resistencias después de tantos afios de utilizacién ha llevado a un
progresivo abandono de su uso que actualmente es practicamente total en medicina
humana y muy acusado en medicina veterinaria, aunque dentro de ésta ultima sigue
utilizandose sobre todo en forma de sulfamidas potenciadas. De forma general se
utilizan para combatir infecciones en el sistema genitourinario y en menor medida en
infecciones del aparato digestivo.

En aves se utilizan diversas combinaciones de sulfamidas y diaminopirimidinas y
en menor medida sulfamidas solas en el tratamiento y profilaxis de coccidiosis,
pasteurelosis y colibacilosis en gallinaceas. Las combinaciones de pirimetamina y
sulfaquinoxalina se utilizan también en el tratamiento de la coccidiosis tanto en pollos

como en pavos (Skold, 2000; Botana y col., 2002).

1.3.7.3.6. Desarrollo de resistencias

La resistencia a las sulfamidas es bastante frecuente, y debido a la similitud de
accion entre los diversos miembros de este grupo, esta resistencia suele ser cruzada, por
lo que no es recomendable cambiar de una sulfamida a otra para evitar la aparicion de
resistencias, sino para mejorar la toxicidad y la farmacocinética. La resistencia puede
ser cromosodmica o transmitida por plasmidos o transposones, siendo esta ultima la mas
frecuente e importante desde el punto de vista clinico. Los mecanismos por los cuales

puede estar causada esta resistencia son:

1. Alteraciones en la permeabilidad de la pared celular que impide la entrada
de las sulfamidas al interior de la célula.

2. Expulsion del antibacteriano desde el medio intracelular al expulsar por
accion de transportadores enddgenos activos.

3. Cambios en el grupo p-aminobenceno sulfonamida por la enzima sobre la

que actiia como falso sustrato, la dihidropteroato sintetasa.
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Un aumento en la concentracion del PABA en el medio bacteriano o la presencia de
purinas y timidina en lesiones purulentas también disminuye la accidon antibacteriana de
las sulfamidas. La resistencia a la combinacién sulfamida-diaminipirimidina es menos
frecuente que cada farmaco por separado, pero también se puede producir (Prescott y

Desmond 1988; Skold, 2000; Botana y col., 2002).

1.3.8. Perspectivas futuras de la antibioterapia veterinaria

Después de la prohibicion de los antimicrobianos como aditivos en la alimentacion
animal llevada a cabo por el Reglamento (CE) 2821/1998 en 1997 (avoparcina) y en
1999 (bacitracina, espiramicina, tylosina y virginiamicina), se constatd que su uso
descendid notablemente, arrastrando de este modo el consumo total de antimicrobianos.
En Dinamarca, por ejemplo, el uso de antimicrobianos en animales cayé mas de un 50%
desde 206 Tm en 1994 hasta 94 Tm en 2001 (Bager y col., 2002; Philips y col., 2003),
debido al abandono del uso de estos antibioticos como promotores del crecimiento. Esto
ha llevado paralelo un marcado descenso en la tasa de resistencia a estos agentes
(Monnet y col., 2000; Bager y col., 2002; Philips y col., 2003; Mayrhofer y col., 2004)
como la préctica desaparicion de la resistencia a la avoparcina en los enterococos
aislados de carne de pollo y cerdo. En el caso de la resistencia a vancomicina, ésta
disminuy6 desde un 75% en enterococos aislados de heces de pollo en 1995 hasta un
5% en 2001, y en carne de pollo desde un 20% hasta un 5% en el mismo periodo. Del
mismo modo, la resistencia a virginiamicina en E. faecium descendio desde un 60% en
1997-1998 hasta un 30% en heces de pollo y un 5% en carne de pollo en 2001 (Bager y
col., 2002).

No obstante, un potencial efecto negativo de la prohibicion del uso de
antimicrobianos como promotores del crecimiento lo encontramos en el simultdneo
incremento de las cantidades consumidas de los antibidticos utilizados como
terapeuticos, los cuales pasaron en Dinamarca de 48 Tm en 1996 hasta 94 Tm en 2001
(Bager y col., 2002). Dentro de éstos destacan las tetraciclinas, cuyo consumo aumenté
mas de un 100%, penicilinas de amplio espectro, sulfamidas potenciadas, macrolidos y
aminoglucésidos. Asi, aunque hubo mas de un 50% de descenso en las cantidades

totales consumidas, se ha producido un marcado incremento en el consumo de
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antibidticos mas comunmente utilizados en la medicina veterinaria (hay que recordar
que en Dinamarca una de las familias mas cominmente utilizadas, las fluoroquinolonas,
estan prohibidas para uso en animales productores de alimentos). Teniendo en cuenta
que ya actualmente la aparicion de cepas resistentes a estas familias de antimicrobianos
es cada vez més frecuente y que cabe esperar un marcado aumento de su utilizacion a
raiz de a entrada en vigor de la prohibicion impuesta por el Reglamento (CE)
1831/2003, parece necesaria la llamada a la prudencia en la practica clinica para evitar
incluso que estos antimicrobianos queden en un futuro proximo invalidados como

opciodn terapéutica.

1.4. Avicultura

En avicultura industrial, al hablar de pollo de carne (broiler), se define a un tipo de
ave, de ambos sexos, que se caracteriza fundamentalmente por su rdpida ganancia de
peso, grandes masas musculares (sobre todo en pechuga y patas), con corto periodo de
crecimiento y engorde (aproximadamente 6-7 semanas). Estas caracteristicas han
convertido al broiler en la base de la produccion masiva de carne de consumo habitual
(Yagtie, 2005). La popularizacion del broiler como ave de consumo, se podria achacar a
una serie de motivos:

1.- Es una carne muy nutritiva y apta para todas las edades.

2.- Es relativamente barata de producir.

3.- No existe contraindicacién en su consumo por motivos religiosos.

Los primeros intentos para la crianza masiva de pollos, se llevaron a cabo en
Estados Unidos a finales del siglo XIX, pero no fue hasta la década de los afios 1920-
1930, cuando empez6 a tomarse en serio la explotacion de granjas dedicadas a ellos.

En Espafia, la industria del broiler como tal, no comenzé hasta finales de los afios
50, con la entrada de las primeras estirpes de aves pesadas procedentes de Estados
Unidos; hasta entonces, no se disponia ni de medios técnicos ni de instalaciones. En el
ultimo medio siglo, el sector espafiol ha evolucionado de forma semejante al de los
paises mas desarrollados, pero con el inconveniente de la dependencia del exterior. Esto

es asi, sobre todo en cuanto a genética, alimentacion (por tener que importar buena parte
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de los cereales y casi la totalidad de la soja) y sector farmacéutico (por la necesidad de
los aditivos y productos farmacoldgicos necesarios para llevar a buen fin la crianza).

1.4.1. Produccion mundial de carne de ave y /o de pollo

En primer lugar, hay que distinguir entre “carne de ave” y “carne de pollo”, pues la
primera, abarca ademas del pollo desde gallinas de desvieje hasta pavo, pato, perdiz o
avestruz.

Asi, en relacion con el consumo total de carne de ave, la de carne de pollo es de:

- 61% en Francia e Italia.

- 81% en Paises Bajos y Reino Unido.

- 90% en Espafia.

- 85% en el resto del mundo.

A nivel mundial, los principales productores son EE. UU, China y Brasil, seguidos
en cuarto lugar a nivel mundial por la Unién Europea (Tabla 1). Dentro de ésta,

destacan especialmente Reino Unido (17%), Espana (13%) y Francia (12%) (Figura 6).

PRINGIPALES PAISES PRODUGTORES DE CARNE DE POLLO (BROILER)

{ imiles de T )

PAISES 1999 2000 2001 2002 2003 2004 2005 %
EE. UU. 13.367 13.703 14.033 14 487 14.6596 15.288 15.870 26,8
R.P. CHINA 8.550 5.269 9278 9.558 9.898 9.988 10.200 17,2
BRASIL 5.526 5.980 6.567 7449 7.845 5.408 9.380 15,8
U.E. * 6.286 6.181 6.486 6.434 6.294 8.021 8.141 13,7
MEJICO 1.784 1.926 2067 2157 2.290 2385 2510 42
MDA 820 1.080 1.250 1.400 1.500 1.650 1.900 3,2
TAILANDIA 230 1.070 1.220 1.275 1.340 200 230 1.8
JAPON 1.073 1.081 1.074 1.107 1127 1.124 1.185 20
CANADA 847 a77 a27 932 929 948 1.000 1.7
MALASIA Ba4 TE6 813 784 835 862 8496 1.5
ARGENTINA a7 870 640 750 910 1.080 1.8
QTROS 7.304 5.666 6.311 6.598 5.760 5.852 6.165 104
TOTAL 47.226 49.709 50,908 52.801 53.064 56,348 59,237 100,0

Fuente: MAPA 2005
Tabla 1. Principales paises productores de carne de pollo
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Dentro de las mas de 8 millones de Tm. producidas por la Unién Europea, Reino
Unido es actualmente el primer productor, con un 17% del total producido, seguido de

Espafia, con un 13% o lo que es lo mismo, algo mas de 1 millon de Tm (Figura 13).

PRODUCCION DE CARNE DE POLLO EN LA UE-25, ANO 2005
(Miles de toneladas)

Alemania; 705; 9%

Resto UE; 1.853; 22%

Espaiia; 1.048; 13%

Francia; 1.004; 12%

R. Unido; 1.389; 17%

Polonia; 945; 12% Holanda; 552; 7%

Fuente: MAPA 2005
Figura 13. Principales paises productores de pollo en la CE 2005

1.4.2. Produccion y consumo en Espana de carne de ave y/o pollo

El sector avicola de carne de pollo, representa en Espafia mas del 10% de la
produccion final ganadera, siendo mas del 90% cebaderos de pollos de integracion
(reciben los pollitos con un dia de edad y los alimentan hasta el sacrificio).

Existen unos 6.500 cebaderos, en los que se ceban, entre todos, unos 550 millones
de pollos; el tamafio de estas plantas, oscila normalmente entre 10.000-100.000 plazas.

Por otro lado, mas del 80% del pollo nacional es “pollo blanco”, sin pigmentar y
solo un 0,4% de esta ganaderia estd dedicada a la cria de pollo ecologico.

La produccion espafiola de carne de pollo desde los anos 60 hasta el afio 2005,
segin MAPA ha aumentado desde 13.000 Tm hasta mas de 1 millon de Tm anuales, lo
cual nos da idea de la importancia alcanzada por este sector productor dentro de nuestro

sector ganadero.
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Dentro de nuestro pais la produccion se centra principalmente en la mitad este de la
peninsula. Actualmente, Galicia con una produccion anual superior a las 150.000 Tm
ocupa la cuarta posicion tras Catalufia, la Comunidad Valenciana y Andalucia (Figura

14).

DISTRIBUCION DE LA PRODUCCION TOTAL DE CARNE DE AVES POR CC. AA,
(Toneladas, ano 2003)

Resto; 151.206; 12% Galicia; 157.677; 12%

Andalucia; 212.678; 17%

Catalufia; 353.706; 27%

Murcia; 57.856; 5%

) Cast.-Ledn; 90.838; 7%
C.Valenciana; 200.244; 16%

Madrid; 52.476: 4%

Fuente: MAPA 2005

Figura 14: Principales Comunidades Auténomas productoras de carne de pollo

El consumo real de carne de pollo en Espana, es dificil de establecer, sobre todo
por la lenta pero continua progresion del consumo de productos elaborados en
detrimento de las canales enteras. No obstante, segin el MAPA el consumo medio
alcanzo6 los 31,6 Kg/ persona en el afio 2005. Es la carne mas consumida en fresco, y la
segunda en consumo total tras la carne de porcino. A pesar de que Espaiia se encuentra
entre los primeros productores europeos de carne de ave, el balance comercial es
habitualmente importador. No obstante, este consumo ha experimentado un cierto
declive en los ultimos afios, posiblemente causado por la mayor accesibilidad de los
consumidores a carnes de otras especies tradicionalmente consideradas como de mayor

categoria, como el caso de la ternera.
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1.4.3. Cria de pollo ecologico

La agricultura ecologica (Figura 15) engloba una serie de mecanismos de
produccion que pretende compatibilizar la obtencidon de alimentos para el hombre con
la conservacion del medio natural. Este tipo de produccién nace como respuesta a la
agricultura intensiva e industrial (Figura 16) practicada ampliamente en los paises
desarrollados. Este modelo industrial genera una serie de problemas como pérdida de
la calidad intrinseca de los alimentos, la contaminacion por residuos (tanto en los
alimentos como en el medio ambiente e, incluso, en los propios agricultores), la
pérdida de fertilidad de los suelos, la carencia de confort animal y la produccioén de una

gran cantidad de subproductos de dificil eliminacion.

Figura 15. Pollos productores de carne criados de forma ecolégica
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Figura 16. Pollos productores de carne criados de forma convencional

La sensibilidad creciente de la sociedad, asi como un mayor grado de
comprension de los procesos vitales por parte de las ciencias agricolas, ha llevado a
la aparicion de “nuevos métodos”, que persiguen armonizar la consecucion de una
produccion de alimentos rentable y competitiva, con la proteccion del entorno y la
obtencion de productos libres de residuos y de elevada calidad nutritiva.

Todo esto ha llevado a establecer una serie de normas y reglamentos que
actualmente quedan supeditadas al Reglamento (CE) 1804/1999, por el que se
completa, para incluir las producciones animales, el Reglamento (CE) 2092/91
sobre la produccion agricola ecoldgica y su indicacion en los productos agrarios y

alimenticios.

1.4.3.1. Requisitos para la produccion ecologica de pollo en la Union Europea

El pollo ecologico es también un pollo de campo, pero sujeto a unas exigencias
de produccion superiores. Por tanto, se trata de un producto de mayor calidad no
solo organoléptica sino también fisico-quimica, pues en su obtencidn entra en juego
la naturaleza ecologica de los diferentes elementos necesarios para la crianza: las
aves, la alimentacion, los alojamientos, los terrenos y la sanidad. De este modo, son

requisitos fundamentales en este tipo de cria:
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- Los terrenos donde vayan a construirse los alojamientos y los parques para las
aves han de ser “virgenes”, es decir, ha de poder demostrarse que los mismos no se han
utilizado para producciones agricolas o ganaderas convencionales durante los ultimos
anos.

- Los alojamientos tendran una capacidad méxima de 4.800 pollos y la superficie
total de gallineros en una granja no podra superar los 1.600 m”.

- En las construcciones deben evitarse aquellos materiales que potencialmente
puedan ser nocivos para la salud de las aves o que puedan ocasionar residuos en su
carne.

- Las aves deben tener un origen ecologico, es decir, deben proceder de granjas de
multiplicacion ecologicas. Al menos a partir del tercer dia de edad, los pollos para
engorde deben haber sido criados bajo normas ecologicas.

- La alimentacion de las aves ha de basarse en los productos agricolas adecuados,
obtenidos por métodos ecoldgicos en la propia explotacion agraria. Pero esto es, en
muchos casos, practicamente imposible, por lo que la reglamentacion admite que la
alimentacion basal —los piensos- puedan provenir de otras explotaciones agrarias
ecoldgicas o de fabricantes que preparen piensos ecoldgicos con el correspondiente
certificado o aval gubernativo. Estd permitido el empleo de alimentos para animales
convencionales, de forma limitada, en aquellos casos en los que sea imposible obtener
alimentos de produccion ecologica. El porcentaje maximo permitido es de un 10% para
herbivoros y de un 20% para otras especies.

- Se prohibe en la alimentacion de los animales el uso de antibioticos,
coccidiostaticos, medicamentos, promotores de crecimiento o cualquier otra sustancia
que estimule el crecimiento o la produccion.

- Se permite el uso de distintos aditivos en los alimentos que consumen los
animales como enzimas, microorganismos, agentes ligantes, antiaglomerantes,
coagulantes y auxiliares tecnoldgicos para ensilar, como por ejemplo sal marina, suero
lacteo, azucar, melaza o harina de cereales.

- En esencia, la alimentacién debe estar constituida en su totalidad por productos
provenientes de la agricultura ecologica y de productos naturales tales como los
minerales y las algas marinas. Se prohibe el uso de harina de carne y de proteinas del

petréleo y las harinas de pescado solamente estan toleradas e cantidades limitadas- 3%
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para pollos hasta 4 semanas antes del sacrificio y 2% para ponedoras- aunque deben
evitarse en lo posible (Castelld Llobet y col., 2002; Reglamento (CE) 1804/1999).

- La formula del pienso debe contener, como minimo, un 70% de cereales y
productos proteaginosos u oleaginosos en granos enteros o habiendo sufrido tan solo
tratamientos fisicos y sin adicion de productos quimicos se sintesis. El complemento
hasta un méximo de 30% debe provenir de subproductos de la agricultura ecolégica.

- En lo que respecta a la sanidad, la reglamentacion sefiala que “debe procurarse
que todas las practicas de manejo se dirijan a conseguir la maxima resistencia a las
enfermedades y a prevenir las infecciones”. Si es necesario realizar tratamientos, se
recurrira a la fitoterapia, aromaterapia, homeopatia y otras técnicas naturales (Castelld
Llobet y col., 2002).

- Se prohibe la utilizacion de medicamentos veterinarios de sintesis quimica como
tratamientos preventivos. Solo se podran utilizar los medicamentos de sintesis quimica
cuando se demuestre la ineficacia de los tratamientos descritos en el apartado anterior
y bajo la responsabilidad de un veterinario.

- La prevencion de enfermedades se basara en la seleccion de razas adecuadas para
los ambientes a donde van a residir, se favorecerd el uso de piensos de alta calidad
combinados con el pasto, y se evitara el hacinamiento de los animales.

Estos Reglamentos comunitarios regulan también aspectos relacionados con la
importacion de productos derivados de la agricultura ecoldgica procedentes de terceros
paises, en los que los criterios de produccion ecoldgica y los sistemas de control fueron

reconocidos como equivalentes a los vigentes en la Union Europea.

1.5.3.2. Consumo de alimentos ecologicos

En el marco de las reformas de la Politica Agraria Comuin (PAC) emprendidas a
finales de los afios 80, ya se sefalaba el reconocimiento del papel fundamental que
podia desempeniar la agricultura ecoldgica en el cumplimientos de algunos de los
objetivos planteados en la PAC como la reduccion de excedentes, la promocion de
productos de alta calidad y la integracion en la agricultura de practicas mas respetuosas

con el medio ambiente.
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En la actualidad, el consumo de alimentos ecoldgicos estd alcanzando tasas de
crecimiento en torno al 20% en la Unidon Europea. Estamos pues, ante un enorme
desarrollo de este tipo de productos, a lo que contribuye la toma de conciencia por parte
de los consumidores de las cuestiones relacionadas con la seguridad alimentaria y los
problemas medioambientales derivados de los sistemas de cria convencionales. Dichos
productos deben presentarse en los puntos de venta al publico bajo la denominacion
“ecologico” o los prefijos “bio” o “eco”, y deben llevar el sello que los distingan como

certificados por el correspondiente consejo regulador (Figura 17).
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Figura 17. Distintos logotipos de etiquetado de alimentos como “ecolégicos”

1.5. Importancia de los medios de cultivo cromogénicos

La reciente introducciéon de los medios de cultivo bacteriano cromogénicos ha
permitido mejorar espectacularmente la especificad y rapidez en la deteccion de los
microorganismos diana (Manafi, 1996; Manafi, 2000). Estos medios utilizan la
habilidad para detectar la presencia de enzimas especificos y exclusivos de ciertos tipos
de microorganismos utilizando sustratos especificos que revelan la presencia de esas
enzimas mediante cambios de color. Esta tecnologia ha permitido el desarrollo de
medios de cultivo capaces de establecer una preidentificacion de los microorganismos
en su aislamiento primario. La incorporacion de esos sustratos a medios de cultivo
selectivos puede llegar a conseguir que podamos prescindir de un reaislamiento y de
pruebas bioquimicas para establecer la identidad de ciertos microorganismos.

Estos medios de cultivo resultan especialmente utiles para el andlisis
microbioldgico de muestras que presentan una alta contaminacidon y que por lo tanto
presentan una gran cantidad de otros microorganismos diferentes de los buscados que

pueden originar confusion en el resultado. Para estos efectos, un nuevo medio selectivo
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cromogénico ha sido recientemente disefiado por Merck (Chromocult® enterococi agar)
(Figura 18) para el aislamiento y recuento de Enterococcus spp. utilizando una mezcla
cromogénica destinada a producir una coloracion rojiza en presencia de la B-D-
glucosidasa propia de los enterococos. Otros microorganismos productores de B-D-
glucosidasa, o bien producen coloraciones claramente diferentes de los enterococos, o
bien es inhibido su crecimiento mediante la presencia de azida de sodio, un potente
inhibidor de sistemas enzimaticos bacterianos implicados en el transporte de electrones

(Hartman y col. 1966).

Figura 18. Colonias de Enterococcus spp. en Chromocult® enterococi agar
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Objetivos

Los objetivos principales de este trabajo son:

Determinar la evolucion de la microbiota intestinal durante un tratamiento terapéutico
normal con los grupos de antibidticos mas frecuentemente utilizados en avicultura

(tetraciclinas, quinolonas y sulfamidas).

Determinar el grado de resistencia bacteriana a estos antimicrobianos alcanzado

durante el correspondiente tratamiento terapéutico.

Comprobar la eficacia del periodo de supresion para la recuperacion de las tasas de
resistencia de las diferentes poblaciones bacterianas intestinales estudiadas hasta los

niveles previos al inicio del tratamiento antimicrobiano.

Determinar las posibles diferencias en el nivel de contaminacidon bacteriana, asi como
en la resistencia de éstas bacterias a diversos tipos de antimicrobianos, en la carne de

animales de produccion “ecologica” y “convencional”.

Evaluar la utilidad de la monitorizacion de la resistencia a antimicrobianos de las
bacterias contaminantes de la carne como herramienta para la deteccion de tratamientos

antimicrobianos no permitidos en los sistemas de produccion “ecologicos”.

.y . . . ® .
Evaluacion del medio de cultivo selectivo Chromocult™ enterococci agar para la
cuantificacion y aislamiento selectivo de Enferococcus spp. en muestras altamente

contaminadas por este género bacteriano.
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3.1. Evolucion de Escherichia coli intestinal durante tres tratamientos

antimicrobianos comunmente utilizados en pollo.

Evolution of resistance of poultry intestinal Escherichia coli along three commonly

used antimicrobial therapeutic treatments in poultry.

Miranda, J.M., Vazquez, B.l., Fente, C.A., Barros-Velazquez, J., Franco, C.M.,
Cepeda A.

Articulo enviado para su publicacion en el Journal of the Science of Food
and Agriculture.

Fecha de envio: Octubre 2006.
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Evolution of resistance of poultry intestinal Escherichia coli along three commonly

used antimicrobial therapeutic treatments in poultry

"Miranda, J.M., *Vizquez, B.I., *Fente, C.A., "Barros-Velazquez, J., **Franco,

C.M., and "Cepeda A.

*Laboratorio de Higiene Inspeccion y Control de Alimentos. Dpto de Quimica Analitica,

Nutricion v Bromatologia. Facultad de Veterinaria. Universidad de Santiago de

Compostela. 27002-Lugo. Spain.

®Area de Tecnologia de los Alimentos. Dpto de Quimica Analitica, Nutricién y

Bromatologia. Facultad de Veterinaria. Universidad de Santiago de Compostela. 27002-

Lugo. Spain.

Running title: E. coli resistance evolution in antimicrobial treatments in poultry.

ABSTRACT

The resistance rates of intestinal Escherichia coli populations in poultry were

determined during treatment and withdrawal period with three antimicrobial agents
commonly used in poultry medicine. A total of 108 chickens were considered: 18 were
treated orally with enrofloxacin, 18 with doxycycline and 18 with sulfonamides, while
another 18 chickens were maintained as controls for each antimicrobial group. Faecal
samples were taken during the treatment and after the withdrawal period. A total of 648
E. coli strains (216 per antimicrobial agent tested) were isolated, identified and the
Minimal Inhibitory Concentrations (MICs) to the antimicrobials used were determined
using a standardized broth microdilution method. The resistance rates of intestinal E.
coli to all antimicrobials tested significant increased during the course of treatment.
Significant (P=0.0136) differences in resistance rates persisted until the end of the
withdrawal period between the treated and control batches for enrofloxacin, but not for

doxycycline or the sulfonamides.

Keywords: E. coli, poultry, resistance, enrofloxacin, doxycycline, sulfonamides
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1. Introduction

The risks associated to the use of antimicrobial agents for the therapeutic treatment
of sick animals has been subject of debate in the recent years. Thus, on one hand, some
scientists are very concerned about the potential consequences, such as the development
and spread of bacterial resistance, while others state that there is not enough evidence
that might point towards such potential risk, or even consider potential human health
benefits derived from antibiotic use in food animals.'™

In poultry farming, as well as with other intensively reared animals, antibiotics may
be administered to whole flocks rather than individual animals. In the EC, the
administration of antimicrobials with the water or feed to animals at smaller doses than
those employed for therapeutic purposes in order to enhance animal growth is totally
banned since January 2006. After the ban of the use of avoparcin, bacitracin, tylosin,
espiramicin and virginiamicin as growth promoters in the 1990s, the level of bacterial
resistance to such antimicrobials decreased considerably. Nevertheless, increasing
amounts of antimicrobial agents have been used with therapeutic purposes in veterinary
medicine since then®*

In poultry medicine, the antimicrobials used as therapeutics are generally
administered by feed or drinking water. Together with tetraciclines, quinolones form
one of the most widely used antimicrobial families in poultry therapy.’ Sulfonamides
are also an important class of antibacterial compounds used in veterinary practice, as
well as in human medicine for the treatment of some bacterial, protozoal or fungal
infections. ©”

E. coli is commonly found in the intestinal tract of humans and animals. Its use as an
indicator bacterium is useful because changes in the resistance of this species may serve
as a good indicator of resistance in potentially pathogenic bacteria, since E. coli readily

acquires the antimicrobial resistance commonly found in different animal species.”'’

Poultry food products are an important source of E. coli since at the time of
slaughter faecal contamination from the gut readily pollutes poultry carcasses and as
result poultry meat may be contaminated with E. coli.'"""* Other authors have reported

that vegetables may also be contaminated from animals via sewage and manure, which
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may act as a resistant bacterial source.” These resistant bacteria may colonize the human
intestinal tract and may also be a source of resistance genes to human endogenous
microflora.”> Hence, resistant E. coli from poultry selected during the veterinary

antimicrobial treatments can infect humans both directly and via food.

The aims of the present work were to determine the degree of antimicrobial
resistance of E. coli during the most commonly used antimicrobial treatments and after
their withdrawal period. Such period is determined as a function of the persistence of
antimicrobial residues in animal tissues. Thus, it is of crucial interest the investigation
of the resistance rates of the bacterial populations present in the animals intestine, since
this may provide valuable information to establish the safety of these animal foods

when the withdrawal period has just finished.

2. Materials and methods

2.1. Animals and treatments employed

A total of 108 healthy “label” chickens aged 4-6 weeks obtained from the same
commercial hatchery were used. They were fed with the same antibiotic-free feed
before starting antimicrobial treatment. These birds were split into three groups of
thirty-six per group. In each of these three groups, 18 broilers were treated with a
therapeutic antimicrobial dosage and another 18 were maintained as controls. None of
the chickens had direct physical contact with any of the other birds during the assays
since they were housed in individual cages in the animal facility. Contamination
between the treated and untreated batches was prevented by housing them in different
rooms. The poultry were fed twice daily with antibiotic-free commercial poultry feed
and had free access to the medicated water, in the case of the treated poultry, or to
antimicrobial-free water in the case of the control batches. Determination of water

intake was performed at 12 h intervals.

All parts of this study were carried out according to EC Council Directives
concerning the laws, regulations and administrative provisions of the member states

regarding the protection of animals used for experimental and other scientific purposes.
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2.2. Enrofloxacin treatment

Eighteen birds were weighed and treated with a therapeutic dose of enrofloxacin in
water (0.05 g 1) of Colmyc-E® (S.P. Veterinaria, Tarragona, Spain) over 5 days, in
accordance with the manufacturer instructions, and another 18 were weighed and kept
untreated as controls. Each group of chickens was sampled immediately before starting
treatment (day 0); on the first day of treatment (day 1); on the third day of treatment
(day 3); on the last day of treatment (day 5); 6 days after the end of the treatment (day
11), and after the withdrawal time had ended (day 17). Faecal samples were taken by
swabbing the cloacae of each bird with sterile swabs to obtain a minimum of 0.5 g of

faecal content, which was placed aseptically in a sterile tube.

2.3. Doxycycline treatment

Eighteen birds were weighed and treated with a therapeutic dose of doxycycline in
water (1 g 1) of Doxidol® (Fatro Uriach Veterinaria, Barcelona, Spain) over 5 days, in
accordance with the manufacturer instructions, and another 18 were weighted and kept
as controls. Each group of chickens was sampled immediately before starting treatment
(day 0), on the first day of treatment (day 1); on the third day of treatment (day 3); on
the last day of treatment (day 5); 3 days after the end of the treatment (day 8), and after
the withdrawal time had ended (day 12). Faecal samples were taken by swabbing the
cloacae of each bird with sterile swabs to obtain a minimum of 0.5 g of faecal content,

which was placed aseptically in a sterile tube.

2.4. Sulfonamides treatment

Eighteen birds were weighed and treated with a therapeutic dose of a sulfonamides
mixture (1.33 g Sulfaquinoxaline + 1.66 g Sulfamethazine + 1.66 g Sulfameracine +

3.33 g sulfisoxazole /100 ml) in water (15 ml I'") from Cunisan Aviar® (Arimany,
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Barcelona, Spain) over 4 days. This was followed 2 days of repose and another 3 days
of treatment, in accordance with the instructions on the package insert. A further 18
were weighed and kept as controls. Each group of chickens was sampled immediately
before starting treatment (day 0); on the first day on treatment (day 1); on the fourth day
of treatment (day 4); on the last day of treatment (day 9); seven days after the end of the
treatment (day 16), and after the withdrawal time had ended (day 24). Faecal samples
were taken by swabbing the cloacae of each bird with sterile swabs to obtain a

minimum of 0.5 g of faecal content, which was placed aseptically in a sterile tube.

2.5. Isolation and identification of E. coli

Faecal samples were taken to the laboratory in an ice chest in less than half an hour
for immediate processing. The faecal samples of 3 animals belonging to the same group
were placed together in a sterile masticator bag with an appropriate volume (1/9) (w/v)
of sterile buffered peptone water (Merck, Darmstadt, Germany) and subsequently
homogenized with a masticator (Aes, Combourg, France) for 2 m. After
homogenisation, samples were tested for isolation and identification of E. coli. 1 ml of
107 to 107 dilutions of homogenates were tested in poured plates of Fluorocult” agar
prepared as specified by the manufacturer (Merck). After the agar had solidified, the
plates were overlaid with 3-4 ml of melted Fluorocult” and incubated at 44 °C for 24 h.
After incubation, pink to red colonies showing blue florescence after exposure to a 365

nm ultraviolet lamp were considered as E. coli.

After incubation, 3 typical colonies were harvested and transferred onto Columbia
agar with 5 g Kg"' Sheep blood (BioMérieux, Marcy 1'Etoile, France) and incubated at
44° C for 24 h in order to obtain pure cultures. This was done for each batch of chickens
(three birds) on each sampling day (18 strains per group and day), a total of 648 strains

being obtained (216 strains per antimicrobial tested).

These pure cultures were characterized by colony and cell morphology, Gram stain,
methyl red, citrate test, oxidase and catalase activity and indole production. Positive

strains were confirmed by API 20E (BioM¢érieux).
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All isolates were stored at -80 'C until further analysis using Maintenance Freeze

Medium units (Oxoid, Basingstoke, UK).

2.6. Antibiotic susceptibility testing of bacteria

Antibiotic susceptibility testing was performed using a broth microdilution
susceptibility test on micro-titre plates to determine Minimum Inhibitory Concentrations
(MICs). MICs and levels of resistance were determined according to the
recommendations of the Clinical and Laboratory Standards Institute (CLSI, formerly
NCCLS).16 Standard antimicrobial dilutions were obtained with an enrofloxacin
reference standard (Bayer AG, Leverkusen, Germany), doxycycline (Fluka, St Gallen,
Switzerland) and sulfisoxazole (Sigma Chemical Co, St. Louis, USA). The final
concentration ranges were 0.008 to 64 pg ml" for enrofloxacin, 0.25 to 128 ng ml" for
doxycycline and 4 to 2048 pg ml™” for sulfisoxazole. Each tray also contained a positive

and a negative growth control well.

The microtitre plates were incubated for 18 to 24 h at 37°C with a source of
moisture to prevent dehydration. MICs were determined by visual observation of the
lowest concentration yielding no visible growth for enrofloxacin and doxycycline in the
wells. For sulfisoxazole, the MIC was defined as the concentration of the drug in the
well that elicited approximately 80% inhibition of growth as compared to the growth in
the control wells with no drug added. The MICs used were those recommended by the
CLSI for veterinary pathogens: > 2 pg ml' for enrofloxacin, > 16 pg ml’ for
doxycycline, and > 512 pg ml™" for sulfisoxazole. The MICs that inhibited 50% (MICs)
and 90% (MICy) of total strains were calculated from the MIC values.

Target MIC ranges were verified with E. coli ATCC 25922 reference strain as
quality control. Quality control was considered acceptable if the results obtained were

within ranges recommended by the CLSI.'®
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2.7. Statistical analysis

The amounts of water ingested by the treated and control birds were compared using
an unpaired Student’s t test. The distributions of resistant strains were compared by
means of the X test and Fisher’s exact test. Differences were considered significant
when probabilities were lower than 0.05. All statistical analyses were carried out using

Statgraphics version 5.0.1. (SAS Institute, North Carolina, USA).

3. Results

3.1 Enrofloxacin treatment

For enrofloxacin treatment, the average amount of water ingested by the treated
animals during the 5 days of treatment was 621 mL (SD=269.93) and for the untreated
birds was 682.83 mL (SD=168.59), P=0.643. These results clearly indicate that
enrofloxacin treatment had no effect on the final amount of water ingested.
Furthermore, total consumption of the antimicrobial during the 5 days of treatment was
31.07 mg of enrofloxacin/bird (SD=13.136) (6.21 mg per bird and day). Since the
average weights of the chickens employed on day 0 was 552 g (SD=114.32), the real
dose ingested was 11.25 mg kg of body weight and day.

The results obtained for the MICsy, MICyy. MIC ranges and resistance rates are
shown in Table 1. There were no significant differences between the control and treated
batches as regards the MIC profile on day 0. Likewise, as expected there were no
significant differences in the control batches during the assay.

Immediately after starting the treatment, pre-existing enrofloxacin resistant E. coli
populations were rapidly selected and this resistance was maintained until the end of
withdrawal period (88.9% vs 22.2% in the control batches, respectively). Thus,
significant differences were obtained from day 1 to day 17 with respect to the resistance
rates of the treated and control chickens. Such resistance rates reached their higher value
for treated poultry on day 5 (88.9%), thereafter remaining at this level until day 17. For

the control batches, the resistance rates ranged from 16.7% to 50%.
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3.2. Doxycycline treatment

In the case of doxycycline treatment, the average amount of water ingested by the
treated animals during the 5 days of treatment was 429.67 mL (SD=113.28) and, in the
case of the untreated birds was 524.17 mL (SD=173.30), P=0.290. Such results indicate
that the doxycycline treatment had no effect on the final amount of water ingested.
Thus, the average antimicrobial consumption per bird during the 5 days of treatment
was 42.97 mg of doxycycline/bird (8.59 mg per bird and day) (SD=13.28). Since the
average weight of the chickens used on day 0 was 638 g (SD=109.26), the real dose
ingested was 13.47 mg kg of body weight and day.

The results obtained for the MICsy, MICyy. MIC ranges and resistance rates are
shown in Table 2. No significant differences were observed between the control and
treated batches as regards the MIC profile on day 0. Likewise, as expected there were
no significant differences for the MIC profile in the control batches during the assay.

During the treatment, pre-existing doxycycline resistant E. coli populations were
rapidly selected and this resistance was maintained until the end of the withdrawal
period (44.4% vs 16.7% in the control batches, respectively). Significant differences
were obtained on days 3, 5 and 8 with respect to the resistance rates of the treated and
control chickens, respectively. These resistance rates reached their higher value for
treated poultry at the end of the withdrawal period (44.4%). For the control batches,

resistance rates ranged from 0% to 16.7%.
3.3. Sulfonamide treatment

For the sulfonamides, the average amount of water ingested by the treated animals
was 623 mL (SD=182.18) and for untreated birds was 596 mL (SD=109.86). This result
shows that sulfonamides treatment had no effect on the final amount of water ingested.
Thus, total consumption of the antimicrobials during the 9 days of treatment was 870.02
mg sulfonamides/bird (SD=254.42) (124.29 mg per bird and day). Since the average
weights of the chicken employed on day 0 was 678 g (SD=175.26), the real dose
ingested was 183.32 mg kg™ of body weight and day.
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The results obtained for the MICsy, MICyy, MIC ranges and resistance rates are
shown in Table 3. There were no significant differences between the control and treated
batches as regards the MIC profile on day 0. Likewise, as expected there were no
significant differences for the MIC profile in the control batches during the assay.

As in the cases reported above, immediately after starting the treatment, pre-existing
sulfonamides resistant E. coli populations were rapidly selected and this resistance was
maintained until the end of withdrawal period (94.4% vs 61.1% in the control batches,
respectively). One more time, significant differences were obtained from day 1 to day
16 with respect to the resistance rates of the treated and control chickens. These
resistance rates reached their higher value for the treated poultry on day 4 and 9 (100%).

For the control batches, the resistance rates ranged from 11.1% to 61.1%.

4. Discussion

In the case of enrofloxacin, the E. coli resistance rates obtained in this work before
starting treatment resulted to be higher than those reported by the European surveillance
programmes, although the rates observed in this study are in agreement with previous

1820 Thuys, the E. coli quinolone resistance reported in

data reported by other authors.
recent years, such as the 10% of ciprofloxacin resistance described in the Netherlands
or the 88% of nalidixic acid resistance, and 38% of ciprofloxacin resistance in E. coli
isolated from Spanish supermarket poultry products, shows that this resistance is

increasing in the recent years.'"*>

This increase in the resistance of E. coli to quinolones seems to be caused by the
wide use of these antimicrobials for veterinary purposes in recent years. It has been
documented that ciprofloxacin resistance in E. coli isolated from broilers is higher than
when the microorganism is isolated from other sources such as pigs and humans. This
9,11

seems be due to the higher use of quinolones in chickens than in pigs or humans.

Also, a recent work has shown that quinolone resistance in E. coli isolated from broilers

previously dosed with quinolones was significantly higher than the resistance of E. coli

isolated from poultry without exposure to quinolones (49.5% vs 33.7%, respectively).”!
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In the case of doxycycline, in recent years bacterial resistance has been widely
documented in the case of certain respiratory pathogens, but few authors have addressed
its resistance in pathogens of animal origin, such as E. coli.****

This is very important since doxycycline is widely used in veterinary medicine,
especially in chickens and turkeys and especially in developing nations.” The resistance
rates obtained in this work before the start of treatment were relatively lower as

compared to those established by other authors for tetracyclines in E. coli isolated from

poultry faeces as 75% or the 43.8% of resistance to tetracycline obtained by other

authors in E. coli isolated from broilers in Spain. 10.19

Nevertheless, this may be
compatible with the resistance rates obtained in the present work since it has been
documented that some tetracycline-resistant bacteria may be sensitive to doxycycline.'®

In the case of sulfisoxazole, the resistance rates obtained in this study before starting
treatment and in the control batches (55.6%-61.1%, respectively) were in agreement
with previously reported data, such as the 69.7% of sulfadimethoxine-resistant strains
obtained in E. coli strains isolated from poultry in Japan. Or the 52.1% of resistance
obtained for the trimethoprim-sulfamethoxazole in E. coli isolated from broilers in
Spain.”*

In order to these results, during the three treatments administered, pre-existing
resistant E. coli populations were rapidly selected and this resistance was maintained
until the end of the withdrawal period. Taking into account that at the time of slaughter
poultry meat may be contaminated with faecal E. coli, and the fact that treated chickens
are often sent to the slaughterhouse immediately after the withdrawal period, these
resistant bacteria selected by the antimicrobial treatments could be a risk for public
health after poultry slaughter and processing.

Moreover, the resistant E. coli strains selected by the antimicrobial treatments might
reach humans via other animals, sewage, or other humans such as farmers or
slaughterers.”

According to the results obtained in the present work, these indirect ways of
transmission could be also an important way of transmission of resistant bacteria to

human, since the three antimicrobials evaluated in this work effectively selected

antimicrobial resistant populations during the corresponding treatments.
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Taking into account that after the ban of the use of antimicrobials as grown
promoters in the EC is expected an increment of quantities consumed of antimicrobials
used as therapeutics, an undesirable consequence of this prohibition would be able to be

the loss of efficacy of these important antimicrobials.
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Table 1. MICsy, MICy, Range and Resistance rates for E. coli strains obtained
from treated and control birds during and after enrofloxacin application in their

drinking water

Sampling Day

Day 0 Day 1 Day 3 Day 5 Day 11 Day 17
Treated Birds
no. strains 18 18 18 18 18 18
MICs, 0.5 4 4 8 4 4
MICy, 8 16 16 8 8 16
Range <0.125-8  <0.125-16 <0.125-16 <0.125-8 0.5-32 <0.125-8

no. resistant
6(33.3) 13(72.2) 15(83.3) 16(88.9) 16(88.9) 16(88.9)

(%)

Control Birds

no. strains 18 18 18 18 18 18
MICs, <0.125 <0.125 <0.125 <0.125 <0.125 <0.125
MICy, 8 8 8 8 4 4

Range <0.125-8 <0.125-8 <0.125-8 <0.125-8 <0.125-8 <0.125-8
no. resistant

%) 4(22.2) 6 (33.3) 9 (50) 6 (33.3) 3(16.7) 4(22.2)
P 0.4049 0.0450 0.2051 0.0368 0.0001 0.0136

MICsp, MICyp and Range expressed in pg ml”’
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Table 2. MICsy, MICy, Range and Resistance rates for E. coli strains obtained
from treated and control birds during and after doxycycline application in their

drinking water

Sampling Day

Day 0 Day 1 Day 3 Day 5 Day 8 Day 12
Treated Birds
no. strains 17 18 16 18 18 18
MIC;s, 2 4 8 4 8 8
MICy, 16 8 16 16 16 16
Range <0.25-16 <0.25-16 <0.125-16 0.5-16 <0.25-16 <0.25-32
no. resistant
%) 3(17.6) 2(11.1) 6(37.5) 4(22.2) 6(33.3) 8(44.4)
Control Birds
no. strains 15 17 18 18 18 18
MICs, 2 1 1 2 4 4
MICy, 4 8 8 4 8 16
Range <0.25-4 <0.25-16 <0.25-8 <0.25-8 0.5-32 <0.25-16
no.  resistant 0 (0) 2 (11.8) 1(5.6) 0 (0) 1(5.6) 3(16.7)
(%0)
P 0.1773 0.4410 0.0214 0.0354 0.0272 0.1648

MICsp, MICyp and Range expressed in pg ml”’
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Table 3. MICsyp, MICy, Range and Resistance rates for E. coli strains obtained
from treated and control birds during and after sulphonamides application in their

drinking water

Sampling Day

Day 0 Day 1 Day 4 Day 9 Day 16 Day 24
Treated Birds
no. strains 18 18 18 18 18 18
MIC;s, 512 512 1024 1024 1024 1024
MICy, 2048 1024 2048 1024 2048 2048
Range <4-2048 <4-2048 512-2048 512->2048 <4-2048 <4->2048
no. resistant
%) 11(61.1) 13(72.2) 18(100) 18(100) 16(88.8) 17(94.4)
Control Birds
no. strains 18 18 18 17 18 18
MIC;s, 512 <4 <4 <4 <4 512
MICy, 1024 <4 1024 1024 1024 1024
Range <4-2048 <4-1024 <4-1024 <4-2048 <4-2048 <4-2048
no. resistant

10 (55.6) 2(11.1) 9 (50) 7(41.2) 9 (50) 11(61.1)
(%)
P 0.0663 0.0009 0.0018 0.0019 0.0153 0.0959

MICsy, MICyp and Range expressed in pg ml!
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RESUMEN

Las tasas de resistencia de las poblaciones intestinales de Escherichia coli en
pollos fueron medidas a lo largo de sendos tratamientos terapéuticos con enrofloxacina,
doxiciclina y sulfamidas. Tanto los tratamientos como sus correspondientes periodos de
supresion fueron efectuados atendiendo a las instrucciones del fabricante de cada uno de
las tres presentaciones comerciales utilizadas.

Para este ensayo fueron utilizados un total de 108 pollos, de los cuales 18 fueron
tratados con enrofloxacina, 18 con doxiciclina y 18 con sulfamidas. Por cada uno de los
antimicrobianos, otros 18 pollos fueron mantenidos sin tratamiento como controles.

A cada uno de ellos se les extrajo periddicamente durante el tratamiento y periodo
de supresion un minimo de 0,5 g de heces mediante torundado de la cloaca. Estas heces
fueron procesadas para conseguir el aislamiento de cepas de E. coli (un total de 648;
216 por antimicrobiano incluyendo pollos tratados y controles). Tras el correspondiente
aislamiento e identificacion bioquimica, estas cepas fueron utilizadas para determinar la
CMI correspondiente al antimicrobiano utilizado mediante el método de microdilucion
en caldo.

Los resultados obtenidos mostraron que las tasas de resistencia de las poblaciones
intestinales de E. coli de los pollos tratados aumentaron significativamente respecto de
las poblaciones correspondientes de los pollos controles durante los tres tratamientos
antimicrobianos. En el caso de la enrofloxacina, la tasa de resistencia de los E. coli
intestinales de los pollos tratados continu6 siendo significativamente superior
(P=0.0136) a la de los pollos controles al finalizar el periodo de supresion.

En consecuencia, la resistencia a antimicrobianos de los E. coli intestinales es un
factor muy a tener en cuenta en los tratamientos antimicrobianos a animales destinados
al consumo humano. Dado que el periodo de supresion en ocasiones no es suficiente
para la recuperacion de las tasas de resistencia previas al tratamiento, y que en el
faenado de este tipo de animales en el matadero es frecuente la contaminacion de la
carne debido a roturas en la pared intestinal de los pollos, podria producirse una
contaminacion por E. coli resistentes de la carne de los animales sometidos a

tratamientos antimicrobianos.
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3.2. Evolucion de la microbiota intestinal en pollos y seleccion de resistencia durante el

tratamiento terapéutico con enrofloxacina y su periodo de supresion

Study of the dynamics of faecal bacteria in poultry and the selection of resistant
strains during therapeutic treatment with enrofloxacin and after the withdrawal

period

Miranda, J.M., Franco, C.M., Vazquez, B.l., Fente, C.A., Barros-Velazquez, J.,
Cepeda A.

Articulo enviado para su publicacion al Journal of Applied Microbiogy.

Fecha de envio: Septiembre 2006.
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Study of the dynamics of faecal bacteria in poultry and the selection of resistant
strains during therapeutic treatment with enrofloxacin and after the withdrawal

period

*Miranda, J.M., *Franco, C.M.*, *Vazquez, B.I., “Fente, C.A., "Barros-Velazquez,
J. and "Cepeda A.
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Abbreviated running headline: Enrofloxacin treatment in poultry.

ABSTRACT

Aims: To investigate the ability of enrofloxacin to select resistant populations in poultry
intestinal bacteria during therapeutic treatment.

Methods and Results: Eighteen birds were treated over 5 days with enrofloxacin, and
another 18 birds were maintained as controls. Faecal samples were obtained from the
chickens by cloacae swabbing before starting treatment (day 0), on days 1, 3 and 5 of
treatment and on days 11 and 17 of the withdrawal period. Populations of
Enterobacteriacae, Enterococcus spp, Lactic Acid Bacteria and Campylobacter spp
were estimated by plating on selective media. A total of 432 strains from these media
were isolated in days 0, 5 and 17. These strains were characterised and Minimal
Inhibitory Concentrations to enrofloxacin were determined.

Enterobacteriaceae showed the lowest counts on the third day of treatment while
Enterococcus spp, LAB and Campylobacter spp counts were minimum at the end of

treatment. Significant differences in populations during the treatment were found for
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Enterobacteriaceac (P=0.003) and Enterococcus (P=0.0469). Resistance rates in
bacteria isolated from treated poultry after the withdrawal period were significantly
higher than those of control chickens for Enterobacteriaceae (P=0.001) and
Campylobacter spp (P=0.0207).

Conclusions: Enrofloxacin resistance increased in all bacterial groups tested except
enterococci. In the case of Enterobacteriaceae and Campylobacter, resistance rates
remained significantly higher than those of control chickens after the withdrawal period.
Significance and Impact of the Study: Antimicrobial resistance of animal-origin
bacteria is a factor to consider to establish a withdrawal period prior to antimicrobial
usage for veterinary use.

Keywords: poultry, enrofloxacin, faecal, resistance, quinolone, antimicrobial.

INTRODUCTION

Antibiotic use is considered the most important factor promoting the emergence,
selection, and dissemination of antibiotic-resistant microorganisms in both veterinary
and human medicine (White 1998). Antibiotics are used in animals, as in humans, for
therapy and the control of bacterial infections. In addition to therapeutic treatments, in
poultry farming, as well as other intensively reared animals, antimicrobial agents may
be administered continuously with the water or feed to animals at smaller doses than
those employed for therapeutic purposes in order to enhance animal growth (Van den
Boogard er al. 2001). Epidemiological research suggests that several antimicrobial-
resistant bacteria isolated from humans could have primarily originated from animals
raised for human consumption and that they have been selected during the animal
production stage rather than in the practice of human medicine (Bager and Helmuth
2001). The occurrence of resistant bacteria in the intestine of animals is an important
factor, because meat products can be readily contaminated with intestinal bacteria
during slaughter and processing (Wiuff et al. 2003).

The fluoroquinolone enrofloxacin was initially used for therapeutic purposes
through its addition to drinking water for the control of mortality in chickens associated

with E. coli and P. multocida infections. This therapeutic use was recently banned in
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some countries such as Denmark, and its conditions of use have been restricted in some
countries, including the U.S. (DANMAP 2003; Davidson 2004).

It has been reported that quinolones, together with tetracyclines, are widely used in
poultry, especially in turkeys and broilers (Van den Boogard ef al. 2001; Avrain et al.
2003). The current method for medicating these animals is by treating the entire house
via water, even though relatively few birds may be ill. This practise exposes more
organisms to the antimicrobial agent and therefore is more likely to result in the
emergence of resistant strains. An additional problem arises because the dose received
by the chickens varies, since the antimicrobial is administered in water ad libitum. This
may result in suboptimal dosing and may increase the probability of selecting for
resistant strains in both healthy and diseased birds (McDermott ef al. 2002). Thus, in the
poultry intestines, the natural populations of bacteria probably contain small numbers of
spontaneously resistant strains, which may then become the majority population under
the selective pressure of fluoroquinolone use (Gupta et al. 2004). This will initially
occur only within that population, but as the numbers of these resistant bacteria within
the population (degree of resistance) increase, the risk of transmission to other
populations increases.

The first reports of quinolone resistance appeared in the late 1980s (Piddock 1995):
This resistance usually results from target site mutations (gyr4 [DNA gyrase] and parC
or grlA [topoisomerase IV]) or active export of the agents via efflux pumps, although
other resistance mechanisms have been described (Poole 2000a; Poole 2000b; Peters et
al. 2003). Ten years ago, we found a relationship between the use of quinolones in
veterinary medicine and the development of quinolone resistance in Campylobacter
jejuni and Campylobacter coli (Velazquez et al. 1995). Furthermore, other authors have
found increased resistance rates to first-generation quinolones as well as reduced
susceptibility to other more potent fluoroquinolones. This latter aspect has been reported
for Salmonella spp, Campylobacter spp, E. coli and other zoonotic bacteria isolated
from several food animals and in several countries after the introduction of
fluoroquinolones into veterinary medicine (Barrow ef al. 1998; McDermott et al. 2002;
Wiuff et al. 2003; Pedersen and Wedderkopp 2003).

Several authors believed that the emergence and increase in frequency of

fluoroquinolone-resistant strains was the result, at least in part, of the use of
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fluoroquinolones in the poultry industry (Barrow ef al. 1998; Van Boven et al. 2003),
since despite the restrictions on the use of enrofloxacin, the emergence of a large
number of fluoroquinolone-resistant bacterial species such as Campylobacter spp, or E.
coli, with poultry meat as an important source, has been documented (Van Boven et al.
2003; Gupta et al. 2004).

Thus, since the withdrawal period is determined as a function of the persistence of
antimicrobial residues in animal tissues, it is important to know the resistance rates of
the intestinal bacterial population when the withdrawal period has just finished, since it
is legal to send the birds to slaughter after the withdrawal period has ended.

The present study was undertaken in order to determine the population evolution
and the degree of enrofloxacin resistance by intestinal bacteria along with therapeutic

treatment and during the withdrawal period.

MATERIALS AND METHODS

Animals employed

A total of thirty-six healthy crossbreed chickens aged 4-6 weeks were obtained from
the same commercial hatchery. All birds were fed with the same antibiotic-free feed
before starting antimicrobial treatment. The birds were weighed and allocated into
twelve groups of three birds each: treated chickens (groups 1-6) were treated with a
therapeutic dose of enrofloxacin in water (0.05 g I'") of Colmyc-E® (S.P. Veterinaria,
Tarragona, Spain) over 5 days, in accordance with the instructions on the package
insert, and the other groups (groups 7-12) remained untreated, acting as controls. None
of the chickens had direct physical contact with one another during the assays since they
were housed in individual cages of the animal facility. Contamination between the
treated and untreated batches was prevented by housing them in different rooms. The
poultry were fed twice daily with antibiotic-free commercial poultry feed and had free
access to the medicated water, in the case of the treated poultry, or to antimicrobial-free
water in the case of the control batches. Determination of water intake was performed at

12 h intervals.
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All parts of this study were carried out according to EC Council Directives
concerning the laws, regulations and administrative provisions of the member states

regarding the protection of animals used for experimental and other scientific purposes.

Experimental procedures

Each group of chickens was sampled immediately before starting treatment (day 0),
on the first day on treatment (day 1), on third day of treatment (day 3), on the last day of
treatment (day 5), 6 days after the end of the treatment (day 11), and after the
withdrawal time had ended according with the insert package (day 17). Faecal samples
were taken by swabbing the cloacae of each bird with sterile swabs to obtain a
minimum of 0.5 g of faecal content and were placed aseptically in a sterile tube,
weighed before and after swabbing to calculate faecal sample weight. Samples were
taken to the laboratory in an ice chest in less than half an hour for immediate
processing. Faecal samples of 3 animals belonging to each group were placed in a
sterile masticator bag with an appropriate volume (1/9) (w/v) of sterile buffered peptone
water (Merck, Darmstadt, Germany) and subsequently homogenised with a masticator
(Aes, Combourg, France) for 2 minutes. After homogenisation, samples were tested for
quantification, isolation and identification of Enterobacteriaceae, Enterococcus spp,

Lactic acid bacteria (LAB) and Campylobacter spp .

Enterobacteriaceae: Appropriate dilutions of homogenates were tested in poured
plates of Crystal-violet neutral-red bile glucose agar (VRBD) prepared as specified by
the manufacturer (Merck). After the agar had solidified, the plates were overlaid with 3-
4 ml of melted VRBD, and immediately incubated at 37 °C for 24 h. After incubation,

all pink to red colonies were counted.

Enterococcus spp: Appropriate dilutions of homogenates were tested by surface
plating in Chromocult® enterococci agar, prepared as specified by the manufacturer

(Merck). Plates were incubated at 37 °C for 48 h and all red colonies were counted.

LAB: Appropriate dilutions were tested by surface plating in De Man, Rogosa and
Sharpe agar (MRS), prepared as specified by the manufacturer (Merck). Plates were
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incubated at 31 °C for 72 h under a micro-aerobic atmosphere generated by Anaerocult
c® system (Merck) in anaerobic jars (Oxoid, Basingstoke, UK). White circular colonies

were counted.

Campylobacter spp: Appropriate dilutions of homogenates were tested by surface
plating in Campylossel® agar (BioMérieux, Marcy 1'Etoile, France). Plates were
incubated at 42 °C for 48 h under a micro-aerobic atmosphere generated with the
Campygen” system (Oxoid) in anaerobic jars. White colonies without haemolytic

character were counted.

Only plates containing 20 to 250 colonies with the typical morphology of target
bacteria were counted. Target bacteria count numbers were converted to logjo values
and expressed as logyo CFU g faeces after calculating the bacterial population obtained
from triplicate assays for each culture media.

The sampling and processing procedures of poultry faeces described in this work
were always carried out by the same laboratory personnel. Agar media types were

prepared by the same research assistant throughout the study.

Isolation and identification of bacteria

After incubation and counting, 3 typical colonies for each bacterial group were
picked and transferred onto Columbia agar with 5% Sheep blood (BioM¢érieux) and
incubated under the same conditions of temperature, atmosphere and time as specified
above in order to obtain a pure culture. This was done for each batch of chickens (three
birds) on days 0, 5 and 17, obtaining a total of 432 strains (18 strains per bacterial group

and treatment day).
These pure cultures were characterised as follows:

Enterobacteriaceae: Presumptive colonies were characterised by colony and cell

morphology, Gram stain, oxidase, and catalase activity.

Enterococcus spp: Presumptive colonies were characterised by colony and cell

morphology, haemolytic character, Gram stain, oxidase, and catalase activity.
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LAB: Presumptive colonies were characterized by colony and cell morphology,
Gram stain, and catalase activity.

Campylobacter spp: Presumptive colonies were characterised by colony and cell
morphology, haemolytic character, Gram stain, oxidase and catalase activity and Dyspot

Campylobacter test ( Oxoid ).

All isolates were stored at -80 'C until further analysis using Maintenance Freeze

Medium units (Oxoid).

Antibiotic susceptibility testing of bacteria

Antibiotic susceptibility testing for Enterobacteriaceae, Enterococcus spp and LAB
was performed using a broth microdilution susceptibility test on microtitre plates to
determine the Minimum Inhibitory Concentration (MIC). MICs and levels of resistance
were determined according to the recommendations of the National Committee for

Clinical Laboratory Standards (NCCLS 2002).

The microtitre plates were incubated for 18 to 24 h at 37°C in the atmosphere in
which the microbial group had been grown, and with a source of moisture to prevent
dehydration of the outer well. Enrofloxacin was tested in two-fold increases from 0.016
to 32 pg ml” on the microtitre plates. Target MIC ranges were verified with E. coli
ATCC 25922 and E. faecalis ATCC 29212 reference strains as quality control.

For Campylobacter, the susceptibility testing was done by agar dilution, in
accordance with the guidelines from the NCCLS (2002), using C. jejuni ATCC 33560
as quality control. Test medium consisted of Mueller-Hinton agar containing 5%
defibrinated sheep blood in a range of enrofloxacin from 0.016 to 32 pug ml’. Plates
were incubated for 48 h at 37 °C under a micro-aerobic atmosphere generated with the
Campygen” system (Oxoid) .

The endpoint or MIC used was that recommended by the NCCLS (2002) for the
Enterobacteriacae family: > 2 pg ml"'.The MICs that inhibited 50% (MIC50) and 90%
(MIC90) of total strains were calculated from the MIC values obtained from each
bacterial group. The enrofloxacin reference standard was a kind gift from Bayer AG

(Leverkusen, Germany).
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Statistical analyses

The amounts of water ingested by the treated and control birds were compared using
an unpaired Student’s t test. The mean log CFU g values in facces were analysed by
analysis of variance (ANOVA), with treatment and day as models. The distributions of
resistant strains were compared by means of the X* test and Fisher’s exact test.
Differences were considered significant when probabilities were lower than 0.05. All
statistical analyses were carried out using Statgraphics version 5.0.1. (SAS Institute,

North Carolina, USA).

RESULTS

The amount of water ingested by the treated animals during the 5 days of treatment
was 621 mL (SD =269.93), and in the case of the untreated birds 682.83 ml (SD
=168.59; P=0.643). This shows that enrofloxacin treatment has no effect on the final
amount of water ingested. Furthermore, total antimicrobial consumption during the 5
days of treatment was 31.07 mg enrofloxacin per bird (SD = 13.136) (6.21 mg per bird
and day). Since the mean weights of the employed chicken in day 0 was 552 g (SD=
114.32), the mean real dose ingested was 11.25 mg kg™' of body weight and day.

The results for the evolution of the microbial population in faeces during treatment
as well as during the withdrawal period for each microbial group considered are shown
in figures 1 to 4 for Enterobacteriaceae, Enterococcus spp, LAB and Campylobacter
spp, respectively.

The variations in bacterial counts were considerable, enclosure in the control
batches. Immediately after the start of treatment, all the microbial populations
underwent a decrease. These losses in viable counts differed, depending on the bacterial
group considered. No significant differences were obtained with day as the designated
model for any of the bacterial groups. Significant differences were obtained with
treatment as the designated model for Enterobacteriaceae (P=0.003) and Enterococcus
(P=0.0469). No significant differences were observed for the LAB and Campylobacter
populations. In the case of Enterobacteriaceae, after 3 days of treatment the bacterial

counts reached the lowest numbers after which they began to increase, although these
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populations were always lower than those of the control batches up to the end of the
withdrawal period. In the case of enterococci, LAB and Campylobacter, the lowest
counts were observed on the fifth day of treatment, after which the populations began to
increase and rose to values higher than those of the control birds on day 11 after the
start of treatment.

The characterisations performed revealed the following specificities for the media
employed: Enterobacteriaceae 91.7%, Enterococcus 98.11%, LAB 91.09% and
Campylobacter 62.11%.

The results obtained for the MICsy, MICyy, MIC ranges and resistance rates are
shown in Tables 1-4. There were no significant differences between the control and
treated batches regarding the MIC profile for each bacterial group on day 0. Likewise,
as expected, there were no significant differences in the control batches during the assay
in any of the microbial groups tested.

During the course of the treatment, enrofloxacin efficiently selected resistant strains
in Enterobacteriaceae population (Table 1), with a resistance rate of 94.4 % of the
strains tested at the end of day 5. Thus, comparison of the resistance rates between
treated and control chickens during the treatment revealed statistically significant
differences for Enterobacteriaceae (P<0.001). For Enterococcus (Table 2) and LAB
(Table 3), the resistance rates observed at the end of treatment were lower than obtained
for Enterobacteriaceae: 11.1% for enterococci and 27.8% in the case of LAB. No
significant differences were found in resistance rates for either enterococci or the LAB
populations.

In the case of Campylobacter (Table 4), although this was the bacterial group
showing the highest intrinsic resistance, the resistance rates only showed significant
differences between isolates obtained by treated and untreated chickens at the end of

withdrawal period (P=0.0207).

DISCUSSION

The mean real dose intake by the chickens was 11.25 mg kg™ of body weight per
day. This amount was slightly higher than the therapeutic dose recommended for

enrofloxacin (10 mg kg™ of body weight per day). This amount of antimicrobial intake
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is an important factor in oral antimicrobial treatments carried by feed or water, since
inadequate dosage could cause a high rate of resistant strains to originate, since it has
been demonstrated that concentrations near or below the MIC are more apt to select for
fluoroquinolone-resistant bacteria (McDermott et al. 2002).

The faeces obtained from poultry before the start of enrofloxacin treatment
contained a highly variable population average for the bacterial groups studied, but
always in concordance with the data reported by other authors (Devriese et al. 1991;
Netherwood et al. 1999; Knarreborg et al. 2002; Stern and Robach 2003; Van Boven et
al. 2003;).

The mean counts of Enterobacteriaceae (Figure 1) reported in the present work
underwent a reduction until the third day of treatment. Since, in day 5, 94.4% of
collected strains were resistant to enrofloxacin, it seems to suggest that when
Enterobacteriaceae population began to increase, most intestinal Enterobacteriacea were
already resistant to enrofloxacin. This reduction in counts was less dramatic than those
obtained by other authors, who reported that after enrofloxacin administration in pigs,
coliform bacterial counts decreased from 10°-10" CFU g to 10°-10° CFU g™ after 1 day
of treatment, and that after 2 or 3 days of treatment, coliforms fully recovered in
numbers (due to their replacement by enrofloxacin-resistant bacteria) and reached the
same initial counts of 10°-10’ CFU g'1 coliforms (Wiuff et al. 2003). In our experiments,
we observed that the initial number of Enterobacteriaceae counts only returned to the
initial values at the end of the assay, when in fact these populations must have been
mainly composed of resistant bacteria, as demonstrated by the 94% of enrofloxacin-
resistant Enterobacteriaceae encountered on day 17.

The widely different evolution in the mean counts of intestinal Enterobacteriaceae
during the enrofloxacin treatment, with data previously reported by Van Boven et al.
(2003) about the wide decrease in poultry E. coli intestinal population after enrofloxacin
administration, could be caused by the different resistance statement between the E. coli
populations of the control chickens tested in the cited work (MICs varied from 0.06 to
0.125 pg ml') and the Enterobacteriaceaec populations tested in the present
investigation, in which 27.8 % of Enterobacteriaceae population were enrofloxacin

resistant before starting the treatment and the MICq= 8 nug ml.
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The frequent use of this antimicrobial for the treatment of E. coli infections in
chickens seems to be responsible for the gradual increase in E. coli enrofloxacin
resistance observed in recent years. In this sense, Aarestrup et al. (2000) reported that
resistance to enrofloxacin had increased from 1993 to 1998 among a number of
bacterial pathogens in pigs, such as E. coli and Mannheimia spp., while Barrow et al.
(1998) reported that the use of fluoroquinolones to eliminate Salmonella from chickens,
a procedure that has been implemented in some countries, rapidly leads to the
development and selection of fluoroquinolone-resistant E. coli.

The resistance rates obtained for Enterobacteriaceae before the start of treatment
were lower than, but compatible with, those established by other authors, such as Van
den Boogard et al. (2001), who obtained a measure of 50% of E. coli isolated from
poultry resistant to ciprofloxacin, and Séenz et al. (2002), who obtained in spanish
supermarket poultry products, a measurement of 38% of ciprofloxacin resistance and
88% of nalidixic acid resistance. The data obtained in the present work shows that
enrofloxacin resistance in E. coli is happening frequently, especially in countries with a
high level of antimicrobial outpatient consumption, such as Spain (Von Baum and
Marre 2005).

The higher mutation frequencies of E. coli over normal strains makes it expected for
Enterobacteriaceae to easily and rapidly develop enrofloxacin resistance, since this
resistance is mainly caused by mutations (Poole 2000a; Poole 2000b; Von Baum and
Marre 2005). The results obtained in the present study show that enrofloxacin use have
a strong ability to select resistant strains onto Enterobacteriaceae population and to
maintain such resistant population until the end of the withdrawal period. This is in
accordance with data reported by Wiuff ef al. (2003) concerning persistent resistance
among the coliform flora for at least 2 weeks after treatment with this antimicrobial.

Bacterial mean counts corresponding to both enterococci and LAB underwent a
reduction until the last day of treatment, when populations stopped decreasing and
began to increase. This is in agreement with the less marked selection of enrofloxacin
resistant strains in this group. In the case of LAB, although there was only one bacterial
group that exhibited a decrease in counts greater than 1 log;o CFU g, no significant

differences were observed for these population counts during the assay. This could be
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due to the higher variations in counts for this bacterial group (10°-10° CFU g), which
hinder statistical analysis.

Less work has been devoted to the effect of enrofloxacin against enterococci and
LAB in comparison with Enterobacteriaceac and Campylobacter, since
fluoroquinolones are traditionally less active against gram-positive pathogens.
Nevertheless, these antimicrobials are clinically useful against infections caused by
Enterococcus, especially E. faecalis (Poole et al. 2000b). The resistance rates obtained
for Enterococcus spp in the present work are compatible with the data reported by other
authors like Peters er al. (2003), who noted that this bacterial group often shows
resistance or intermediate susceptibility to quinolones, especially in E. faecium.
Nevertheless, in the case of enterococci populations, in the present work resistance rates
did not increase along the assay period in the treated poultry. This latter aspect should
be taken into account in light of the ability of enterococci to develop resistance to other
antimicrobials (Klare et al. 2003; Mannu et al. 2003).

For LAB, a small increase in the resistance rates was observed in the treated poultry,
but this was not statistically significant. Although little scientific literature has been
published about quinolone resistance for LAB, the development of antimicrobial
resistance in this group could be important because LAB is strongly represented within
the faecal bacterial population and could act as a reservoir of resistance, since the
quinolone resistance is mainly due to point mutations in the genes coding for
topoisomerases which cannot spill over to other populations, other resistance
mechanisms mediated by plasmids that produce the Qnr protein or multidrug transport
systems can probably spill over to other bacteria (Poole 2000a; Tran et al. 2005).

The Campylobacter counts obtained in the present work before starting treatment
were similar to those obtained by other authors (Stern and Robach 2003; Van Boven et
al. 2003). No significant differences were found among the assays. This is probably due
to the higher intrinsic resistance rates in this bacterial group, which leads to the lower
effect of enrofloxacin on these bacteria.

The resistance rates, MICsy and MICy, obtained for Campylobacter in the control
birds were compatible with the data reported by other authors (Avrain et al. 2003;
Pedersen and Wedderkopp 2003; Desmonts et al. 2004). Enrofloxacin resistance in this

microbial group has been widely documented, since fluoroquinolones are fist-choice
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antimicrobials for serious Campylobacter infections, and poultry origin Campylobacter
is the main source of human campylobacteriosis (McDermott et al. 2002; Desmonts et
al. 2004). Over the years a gradual increase in Campylobacter resistance to this
antimicrobial has been reported. Thus, among C. jejuni isolated from humans and
broilers Aarestrup et al. (2000) found enrofloxacin resistance in 12% and 1%
respectively. Other work in Demmark (DANMAP 1999) found in 1998 that
enrofloxacin resistance in C.jejuni isolated from broilers to be 3%. Two years later it
was found enrofloxacin resistances for C.jejuni isolated from broilers of 7% and 10%
for C. coli. In Sweden, quinolone resistance among clinical isolates increased from 1%
to 2% at the beginning of the 1990s to almost 25% a few years later (Gibreel et al.
1998). Desmonts et al. (2004) obtained enrofloxacin resistance rates in Campylobacter
obtained from French broilers, especially for C. Coli, an important increase from the
period 1992-1996 (2.1%) to the period 2001-2002 (38.6%).

Finally, in keeping with the results reported for Enterobacteriaceae, we detected
significant differences in the resistance rates of Campylobacter after the end of the
withdrawal period on day 17 as compared with the controls. This results supports the
finding of McDermott et al. (2002) that enrofloxacin treatment does not eliminate
Campylobacter species from the intestinal tract of chickens, but can select
fluoroquinolone-resistant strains that can become the majority in the intestinal track of
treated broilers. Other authors (Pedersen and Wedderkopp 2003; Griggs et al. 2005)
reported that an increased proportion of quinolone-resistance occurs during therapeutic
ciprofloxacin treatment, and these resistant strains persisted posttreatment on farms over
several rotations, despite cleaning and disinfection of the land between rotations, and
even in the absence of selective antimicrobial pressure.

One of the important tasks in the present work was to determine whether important
resistance rates might persist at the end of the withdrawal period. Studies aimed at
approving antimicrobials for specific use in animal medicine include specific drug
depletion assays in order to determine when the maximum residual limit has been
attained and hence to establish the corresponding withdrawal period. However, although
the recovery of the bacterial population not resistant to the drug was expected to occur
during the withdrawal period, in our hands this was not the case, either for

Enterobacteriaceae or Campylobacter, although it did occur in the case of Enterococcus
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and LAB. These findings indicate that the withdrawal period is not adequate to reduce
the prevalence of enrofloxacin resistant bacteria.

Taking into account the faecal contamination of future poultry carcasses as well as
the fact that treated chickens are often sent to the slaughterhouse immediately after the
withdrawal period, it is expected that many enteric pathogens responsible for food-
borne disease could develop resistance to enrofloxacin (Pedersen and Wedderkopp

2003; Wiuff ez al. 2003; Berrang et al. 2004).
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Table 1. MICsy and MICyy, MIC Range (ng ml'l) and Resistance rates for
Enterobacteriaceae strains obtained from treated and control birds during and

after enrofloxacin treatment in their drinking water.

Sampling Day*

Day 0 Day 5 Day 17
Treated Birds
no. strains 18 18 18
MICso (ng ml™) 0,5 8 2
MICoo (g ml™) 8 16 8
Range <0.016-8 <0.016-16 <0.016-8
no. resistant strains 5(27.8) 17(94.4) 17(94.4)
(o)
Control Birds
no. strains 18 18 18
MICs <0.016 <0.016 <0.016
MICy, 2 2 2
Range <0.016-8 <0.016-4 <0.016-8
no. resistant strains 4(22.2) 6(33.3) 4(22.2)
(o)

*Day 0: Before start of treatment. Day 5: End of treatment. Day 17: End of

withdrawal period.
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Table 2. MICsy and MICyy, MIC Range (ng ml'l) and Resistance rates for
Enterococcus spp. strains obtained from treated and control birds during and after

enrofloxacin application in their drinking water.

Sampling Day*

Day 0 Day S Day 17
Treated Birds
no. strains 17 18 18
MICsy 0.5 0.5 0.5
MICy 2 1 2
Range <0.016-16 <0.016-16 0.032-8
no. resistant strains
(%) 5(29.4) 2(11.1) 5(27.8)
Control Birds
no. strains 18 17 18
MICsy 0.5 0.5 <0.016
MICy 1 1 0.5
Range <0.016-16 <0.016-2 <0.016-16
no. resistant strains
(%) 5(27.8) 6(33.3) 5(27.8)

*Day 0: Before start of treatment. Day 5: End of treatment. Day 17: End of

withdrawal period.
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Table 3. MICsy and MICyy, MIC Range (ng ml'l) and Resistance rates for Lactic
Acid Bacteria (LAB) strains obtained from treated and control birds during and

after enrofloxacin application in their drinking water.

Sampling Day*

Day 0 Day S Day 17
Treated Birds
no. strains 16 18 18
MICsg <0.016 0.5 <0.016
MICy, 1 4 4
Range <0.016-16 <0.016-8 <0.016-8
no. resistant strains
(%) 1(6.3) 5(27.8) 3(16.7)
Control Birds
no. strains 18 16 15
MICsg <0.016 <0.016 <0.016
MICy 1 0.064 1
Range <0.016-8 <0.016-1 <0.016-4
no. resistant strains
(%) 2 (11.1) 0 (0) 1(6.7)

*Day 0: Before start of treatment. Day 5: End of treatment. Day 17: End of

withdrawal period.
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Table 4. MICsy and MICyy, MIC Range (ng ml'l) and Resistance rates for
Campylobacter spp. strains obtained from treated and control birds along and after

enrofloxacin application in their drinking water.

Sampling Day*

Day 0 Day S Day 17
Treated Birds
no. strains 15 14 17
MICs 1 1 4
MICy, 4 32 32
Range 0.032-16 0.064-32 0.064-32
no. resistant strains
(%) 5(33.3) 5@35.7) 11 (64.7)
Control Birds
no. strains 18 16 15
MICsg 0.5 0.125 1
MICyy 32 4 4
Range 0.032-32 <0.016-16 0.032-16
no. resistant strains
(%) 6 (33.3) 6 (37.5) 8 (53.3)

*Day 0: Before start of treatment. Day 5: End of treatment. Day 17: End of

withdrawal period.
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Figure 1. Evolution of intestinal Enterobacteriaceae populations during

enrofloxacin treatment and in the withdrawal period.
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Figure 2. Evolution of intestinal Enterococcus spp. during enrofloxacin treatment

and in the withdrawal period.
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Figure 3. Evolution of intestinal Lactic Acid Bacteria (LAB) during enrofloxacin

treatmentand in the withdrawal period.
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Figure 4. Evolution of intestinal Campylobacter spp. during enrofloxacin treatment

and in the withdrawal period.
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RESUMEN

Los recuentos medios, asi como las tasas de resistencia de las poblaciones
intestinales de Enterobacteriaceae, Enterococcus spp., bacterias acido-lacticas (BAL) y
Campylobacter spp. en pollos fueron medidas durante un tratamiento terapéutico con
enrofloxacina. Tanto el tratamiento como el correspondiente periodo de supresion
fueron efectuados atendiendo a las instrucciones del fabricante de la presentacion
comercial utilizada.

Para este ensayo fueron utilizados un total de 36 pollos, de los cuales 18 fueron
tratados con enrofloxacina durante 5 dias y los otros 18 pollos fueron mantenidos sin
tratamiento como controles.

A cada uno de ellos se les extrajo un minimo de 0,5 g de heces mediante torundado
de la cloaca antes de comenzar el tratamiento (dia 0), asi como en el 1% (dia 1), 3* (dia
3) y 5° dia de tratamiento (dia 5), y en el 6° (dia 11) y 12° dia (dia 17) del periodo de
supresion. inmeditamente tras concluir el periodo de supresion. Estas heces fueron
procesadas determinar el recuento de cada uno de los grupos de microorganismos
estudiados. Asimismo, de cada uno de estos grupos fueron aisladas e identificadas un
total de 432 cepas (18 por dia de muestreo y grupo bacteriano estudiado en los dias 0,5
y 17). Tras el correspondiente aislamiento e identificacion bioquimica, estas cepas
fueron utilizadas para determinar la CMI para enrofloxacina mediante el método de
microdilucion en caldo, excepto para el caso de Campylobacter, para el cual fue
utilizada la técnica de dilucion en agar.

Los resultados obtenidos mostraron en el caso de Enterobacteriaceae las poblaciones
intestinales mostraron su nivel minimo en el tercer dia de tratamiento, mientras que en
los casos de Enterococcus spp., BAL y Campylobacter alcanzaron su nivel minimo en
el quinto dia de tratamiento. Asimismo, se encontraron diferencias significativas en la
evolucion de las poblaciones intestinales de los pollos tratados respecto a los controles
para los casos de Enterobacteriaceae (P=0.003) y Enterococcus (P=0.0469).

Las tasas de resistencia de las poblaciones intestinales en los pollos tratados al
finalizar el periodo de supresion fueron significativamente superiores a sus
correspondientes en los pollos controles para los casos de Enterobacteriaceae (P=0.001)

y Campylobacter (P=0.0207).
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En consecuencia, la resistencia a antimicrobianos de las bacterias de origen animal
es un factor muy a tener en cuenta en los tratamientos antimicrobianos a animales
destinados al consumo humano, dado que el periodo de supresion en ocasiones no es

suficiente para la recuperacion de las tasas de resistencia pre-tratamiento.
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3.3. Estudio de la evolucion de la flora intestinal en pollos tratados con doxiciclina.
Valoracion de la aparicion de resistencias durante el tratamiento terapéutico y el

periodo de supresion.
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Abstract

Antibiotics are used in poultry farming for therapy of bacterial infections. These
practices can select antimicrobial-resistant bacteria in animals that can contaminate
animal-origin food. The objective of the present work is to evaluate the effects of
doxycycline on intestinal bacteria populations and to determine the doxycycline
resistance level during a therapeutic treatment and withdrawal period. Doxycycline
treatment was carried out on 18 birds over 5 days, while 18 birds fed with the same feed
but without treatment were maintained as controls. Faecal samples (> 0.5 g) were
obtained from chicken by cloacae swabbing before starting treatment (day 0), as well as
on days 1, 3 and 5 of treatment and the second (day 7) and the last (day 12) of the
withdrawal period. Populations of Enterobacteriaceae, Enterococcus spp., Lactic Acid
Bacteria (LAB), and Campylobacter spp. were estimated and a total of 432 strains were
isolated before the start of treatment, at the end of treatment, and at the end of the
withdrawal period. These strains were characterized and Minimal Inhibitory
Concentrations (MICs) to doxycycline were determined. Significant differences in
population evolution during the treatment and withdrawal period were found for

Enterococcus (P=0.0261), LAB (P=0.0459), and Campylobacter (P=0.0259). For
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MICs, significant differences were obtained between treated and control batches in the
case of Enterobacteriaceae (P=0.0398) and Campylobacter (P=0.0283). In the case of
Campylobacter, MICs of strains isolated from treated birds were significantly higher
that those obtained from control poultry (P=0.0057) after the end of the withdrawal
period. The results obtained show that animal origin bacteria could maintain acquired

resistance after the withdrawal period.

Keywords: poultry, doxycycline, treatment, resistance, antimicrobial.

1. Introduction

Antibiotic use is considered the most important factor promoting the emergence,
selection, and dissemination of antibiotic-resistant bacteria in both veterinary and
human medicine (White, 1998). Antibiotics are used in animals and humans for therapy
and the control of bacterial infections. However, in poultry farming, as well as in other
intensively reared animals, antibiotics may be administrated to whole flocks rather than
individual animals. In addition to therapeutic treatment, antimicrobial agents may be
added directly to feed or water or can be administered in aerosols to animals in smaller
dosage and over longer periods than those employed for therapeutic purposes in order to
improve the rate of animal growth and feed conversion efficiency (Chopra and Roberts,
2001; Van den Boogard et al., 2001). In some countries these practices have been
banned by the European Economic Community (EEC regulation 1831/2003).
Epidemiological investigations suggest that several antimicrobial-resistant bacteria
isolated from humans primarily originated from animals raised for human consumption
and that they have been selected during the animal production stage rather than in the
practice of human medicine ( Franco Abuin et al., 1994; Aarestrup, 2000; Bager and
Helmut, 2000). In the particular case of orally administered antimicrobials, the
occurrence of resistant bacteria in the intestine of animals is of major concern, because
meat products are readily contaminated with intestinal bacteria during slaughter and
processing (Wiuff et al., 2003).

Among antimicrobial agents, the tetracyclines are one of the most commonly used

antimicrobial families in veterinary therapy, especially in poultry and turkey (Antunes et
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al., 2003; Avrain et al., 2003; Peters et al., 2003). This antimicrobial family, which was
firstly described in the 1940s, inhibits protein synthesis by preventing the association of
aminoacyl-tRNA with the bacterial ribosome (Chopra et al., 1992). Some favourable
properties of the tetracyclines, such as their broad spectrum, the possibility of oral
administration, and the absence of major adverse side effects, have led to their extensive
use in the therapy of human and animal infections. In addition, tetracyclines are one of
the cheapest classes of antibiotic available, and their cost in real terms is further
declining due to improved manufacturing technology (Chopra and Roberts, 2001). This
pricing structure makes these agents particularly attractive for use in developing nations
(Finch, 1997; Chopra and Roberts, 2001).

Among the tetracycline group, the possibility of using of doxycycline (6-Deoxy-5-
hydroxytetracycline) in either oral or parenteral formulations that permit switching
programs from intravenous to oral administration (Cunha, 1999), and its longer half-life
than that of tetracycline (8 h vs 18-22 h) (Cunha, 2003), permitting once- or twice-daily
dosing, make this antimicrobial very useful in veterinary medicine. This antimicrobial is
therefore widely used in veterinary medicine (Chopra and Roberts, 2001) and is
included in the WHO model list of essential drugs (WHO, 2005).

Although the tetracyclines retain important roles in both human and animal
medicine, the emergence of microbial resistance has limited their effectiveness. In 1953
the first tetracycline-resistant bacteria (Shigella dysenteriae) were isolated (Falkow,
1975). The use of tetracyclines in human and veterinary clinical practice has
undoubtedly been responsible for the selection of resistant organisms (Chopra and
Roberts, 2001). When antimicrobials are added to the drinking water of animals such as
poultry, a large number of both ill and healthy animals are exposed to the antimicrobial
agent. In their intestines, the natural populations of bacteria probably contain small
numbers of spontaneously resistant bacteria, which may then become the majority under
the selective pressure of antimicrobial use (Gupta et al. 2004). This will initially occur
only within that population, but as the numbers of resistant bacteria within that
population (degree of resistance) increase, the chance of spilling over to other
populations becomes greater. Thus, since the withdrawal period is determined as a

function of the persistence of antimicrobial residues in animal tissues it is important to
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know the resistance rates of the intestinal bacterial population when the withdrawal
period has just finished, since it is legal to send animals to slaughter just after this time.
Doxycycline resistance has been widely documented in recent years in respiratory
human pathogens such as Haemophilus influenzae and Streptococcus pneumoniae
(Koeth et al. 2000a; Koeth et al. 2000b; Cunha, 2003; Jones at al. 2004) but there are
few references in the literature concerning doxycycline resistance in bacteria of animal-
origin and their capacity to develop resistance. The present study was undertaken in
order to evaluate the effects of doxycycline on intestinal bacterial populations and to
determine the degree of resistance of intestinal bacteria to doxycycline during the

therapeutic treatment and withdrawal periods.

2. Materials and methods

2.1. Animals employed

A total of thirty-six healthy crossbred chickens aged 4-6 weeks were obtained from
the same commercial hatchery. All birds were fed with the same antibiotic-free feed for
3 days before starting antimicrobial treatment. The birds were weighed and allocated in
twelve groups of three birds each: treated chickens (groups 1-6) were treated with a
therapeutic dose of doxycycline in water (1 g/l) of Doxidol® (Fatro Uriach Veterinaria,
Barcelona, Spain) over 5 days, in accordance with the instructions on the package insert,
and the other groups (groups 7-12) remained untreated, acting as controls. The chickens
did not have direct physical contact with one another during the assays since they were
housed in individual cages at the animal facility. Contamination between the treated and
untreated batches was prevented by housing them in different rooms. The poultry were
fed twice daily with antibiotic-free commercial poultry feed and had free access to the
medicated water, in the case of the treated poultry, or to antimicrobial-free water in the

case of the control batches. Observation of water intake was performed at 12 h intervals.

All assays were carried out according to EC Council Directive (86/609) concerning
the approximations of laws, regulations and administrative provisions of the member
states regarding the protection of animals used for experimental and other scientific

purposes.
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2.2. Experimental procedures

Each group of chickens was sampled immediately before starting treatment (day 0);
on first day of treatment (day 1); on third day of treatment (day 3); on the last day of
treatment (day 5); 3 days after the end of the treatment (day 8), and after the withdrawal
time had ended (day 12). Faecal samples were taken by swabbing the cloacae of each
bird with sterile swabs to obtain a minimum of 0.5 g of faecal contents and these were
placed aseptically in sterile tubes. Samples were taken to the laboratory in an ice chest
in less than half an hour for immediate processing. Samples of animals belonging to
each group were placed in a sterile masticator bag with an appropriate volume (1/9)
(w/v) of sterile buffered peptone water (Merck, Darmstadt, Germany) and subsequently
homogenized with a masticator (Aes, Combourg, France) for 2 m. After
homogenisation, samples were tested for quantification, isolation and identification of

Enterobacteriaceae, Enterococcus spp., Lactic acid bacteria (LAB) and Campylobacter
Spp-

Enterobacteriaceae: Appropriate dilutions of homogenates were tested in poured
plates of Crystal-violet neutral-red bile glucose agar (VRBD) agar prepared as specified
by the manufacturer (Merck). After the agar had solidified, the plates were overlaid with
3-4 ml of melted VRBD and immediately incubated at 37 °C for 24 h. After incubation,

all pink to red colonies were counted.

Enterococcus spp.: Appropriate dilutions of homogenates were tested by surface
plating in Chromocult® enterococci agar, prepared as specified by the manufacturer

(Merck). Plates were incubated at 37 °C for 48 h and all red colonies were counted.

LAB: Appropriate dilutions were tested by surface plating in De Man, Rogosa and
Sharpe agar (MRS), prepared as specified by the manufacturer (Merck). Plates were
incubated at 31 °C for 72 h under a micro-aerobic atmosphere generated with the
Anaerocult C® system in anaerobic jars (Oxoid, Basingstoke, UK). White circular

colonies were counted.

Campylobacter spp.: Appropriate dilutions of homogenates were tested by surface
plating in Campylossel® agar (BioMérieux, Marcy 1'Etoile, France). Plates were

incubated at 42 °C for 48 h under a micro-aerobic atmosphere generated with the
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Campygen® system (Oxoid) in anaerobic jars (Oxoid). White colonies without

haemolytic character were counted.

Only plates containing 20 to 250 colonies with the typical morphology of target
bacteria were enumerated. Target bacteria count numbers were converted to log; values
and expressed as log;o CFU/g faeces after calculating the bacterial population obtained
from triplicate assays for each culture media.

The sampling and processing procedures of poultry faeces described in this work
were always carried out by the same laboratory personnel. Agar media types were

prepared by the same research assistant throughout the study.

2.3. Isolation and identification of bacteria

After incubation and counting, 3 typical colonies for each bacterial group were
picked and transferred onto Columbia agar with 5% sheep blood (BioMérieux) and
incubated under the same conditions of temperature, atmosphere and time as specified
above in order to obtain pure cultures. This was done for each batch of chickens (three
birds) on days 0, 5 and 12, obtaining a total of 432 strains (18 strains per bacterial group

per treatment day).
These pure cultures were characterized as follows:

Enterobacteriaceae: Presumptive colonies were characterized by colony and cell

morphology, Gram stain, oxidase, and catalase activity.

Enterococcus spp.: Presumptive colonies were characterized by colony and cell
morphology, haemolytic character, Gram stain, oxidase, and catalase activity, and

pyrrolidonyl arylamidase test (Oxoid).

LAB: Presumptive colonies were characterized by colony and cell morphology,

Gram stain, and catalase activity.

Campylobacter spp.: Presumptive colonies were characterized by colony and cell
morphology, haemolytic character, Gram strain, oxidase and catalase activity and

Dyspot Campylobacter test ( Oxoid ).
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All isolates were stored at -80 'C until further analysis using Maintenance Freeze

Medium units (Oxoid).

2.4. Antibiotic susceptibility testing of bacteria

Antibiotic susceptibility testing for Enterobacteriaceae, Enterococcus spp. and LAB
were performed using a broth microdilution susceptibility test on microtitre plates to
determine the Minimum Inhibitory Concentration (MIC). MICs and levels of resistance
were determined according to the recommendations of the Clinical and Laboratory

Standards Institute (CLSI, formerly NCCLS) (2002).

The microtitre plates were incubated for 18 to 24 h at 37°C in the atmosphere in
which the microbial group had been grown and with a source of moisture to prevent
dehydration of the outer wells. Doxycycline was tested in two-fold increases from 0.125
to 128 pg/ml on the microtitre plates. Target MIC ranges were verified with E. coli
ATCC 25922 and E. faecalis ATCC 29212 reference strains as quality controls (CLSI,
2002; Ross et al. 2004).

For Campylobacter the susceptibility testing was done by the agar doubling dilution
procedure, in accordance with the CLSI Campylobacter Working group (McDermott et
al. 2004), using C. jejuni ATCC 33560 as a quality control. Test medium consisted on
Mueller-Hinton agar containing 5% defibrinated sheep blood in a range of doxycycline
from 0.125 to 128 pg/ml. Plates were incubated for 48 h at 36 °C under a micro-aerobic
atmosphere generated with the Campygen® system (Oxoid) .

The endpoint or MIC used was that recommended by the CLSI (2002) for veterinary
pathogens: > 16 pg/ml. The MICs that inhibited 50% (MIC50) and 90% (MIC90) of
total strains were calculated from the MIC values obtained from each bacterial group.
Doxycycline standard dilutions were obtained from Doxycycline hyclate (Flucka, St

Gallen, Switzerland).
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2.5. Statistical analysis

The amounts of water ingested by the treated and control birds were compared using
an unpaired Student’s t test. The mean of log CFU/g values in faeces were analysed by
analysis of variance (ANOVA), with treatment and day as models. The distributions of
resistant strains were compared by means of the X* test and Fisher’s exact test.
Differences were considered significant when probabilities were lower than 0.05. All
statistical analyses were carried out using Statgraphics version 5.0.1. (SAS Institute,

North Carolina, USA).
3. Results

The amount of water ingested by the treated animals was 429.67 mL (S.D. =113.28)
and, in the case of the untreated birds was 524.17 ml (S.D. =173.30), P=0.290. This
shows that the doxycycline treatment had no effect on the final amount of water
ingested. Thus, the mean antimicrobial consumption per bird during the 5 days of
treatment was 42.97 mg doxycycline (8.59 mg/bird and day) (S.D. = 13.28). Since the
mean weight of the chickens used on day 0 was 638 g (SD= 109.26), the real dose
ingested was 13.47 mg/kg of body weight/day.

Immediately after the start of treatment, all the microbial populations underwent a
decrease in its average counts. These losses in viable counts were different, depending
on the bacterial group considered. No significant differences were obtained with
treatment day as a model for any bacterial group. Significant differences were obtained
with treatment as a model for Enterococcus (P=0.0261), Campylobacter (P=0.0259)
and LAB (P=0.0459). No significant differences were observed for the
Enterobacteriaceae population. In the case of Enterobacteriaceae, after 3 days of
treatment the bacterial counts reached their lowest level and then began to increase,
exceeding the level in control poultry populations before the end of the withdrawal
period. In the case of Enterococcus, LAB and Campylobacter the lowest counts were
observed on the fifth day of treatment (end of treatment), and after this the populations

began to increase, remaining under control bird counts during the entire assay in the
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case of Enterococcus and LAB and exceeding them on day 12 in the case of
Campylobacter.

These characterisations revealed the following specificities for the media employed:
Enterobacteriaceae 87.04 %; Enterococcus 96.3 %; LAB 94.44 %, and Campylobacter
70.37 %.

The results obtained for the MICsy, MICqy, MIC ranges, and resistance rates are
shown in Tables 1-4. There were no significant differences between the control and
treated batches in regard the MIC profile for each bacterial group on day 0. Likewise, as
expected, there were no significant differences in the control batches during the assay in
any of the microbial groups tested.

During the course of the treatment, doxycycline efficiently selected resistant strains
onto Enterobacteriaceae population (Table 1). Significant differences were obtained
(P=0.0398) in regard resistance rates between treated and control chickens during the
treatment period. This resistance reached its highest rate on day 5 (35.5%). In the case
of the control batches, resistance rates reached their highest value at 11.1%.

In the case of Enterococcus (Table 2) and LAB (Table 3), the resistance rates
observed at the end of treatment were 17.6% for enterococci and 11.1% for LAB.
Nevertheless, at the end of the withdrawal period resistance rates were similar for both
bacterial groups (16.7%). No significant differences were found in MICs for either
enterococci or the LAB populations.

Campylobacter (Table 4) was the bacterial group showing the lowest initial
resistance. The MICs obtained pointed to significant differences between the treated and
control batches (P=0.0283). In the treated group significant differences for MICs were
found between days 0 and 5 (P=0.0380) and between days 0 and 12 (P=0.0057).

All bacterial groups tested showed higher resistance rates after the withdrawal
period had finished in the treated batches with respect to day 0, but only in the case of
Campylobacter (P=0.0057) did this difference remain significant. However, significant
differences were obtained between days 0 and 5 in the cases of Enterobacteriaceae
(P=0.0153) and Campylobacter (P=0.0057). No significant differences were observed

for the resistance rates in any case for Enterococcus and LAB.
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4. Discussion

The faeces obtained from the poultry before the start of doxycycline treatment
contained a variable population average for the bacterial groups studied, although
always in concordance with the data reported by other authors (Devriese et al. 1991;

Frei et al. 2001; Knarreborg et al. 2002; Stern and Robach, 2003).

The mean counts of Enterobacteriaceae (Figure 1) fell until the third day of
treatment, when the resistance rates obtained for these populations peaked. The initial
number of Enterobacteriaceae counts only returned to the initial values when treatment
finished. In the case of Enterococcus (Figure 2), LAB (Figure 3) and Campylobacter
(Figure 4), the decrease persisted up to the end of doxycycline treatment (day 5), when
the populations stopped decreasing and began to increase. Only in the gram-negative
bacterial groups did the mean counts of bacteria isolated from the treated poultry exceed
levels in control poultry populations until the end of the withdrawal period. This
suggests a faster recovery of populations of Gram-negative than Gram-positive bacteria.

In this work, the resistance rates obtained for Enterobacteriaceae before the start of
treatment (12.5% resistant strains, MICs;=0.5 mg/l and MICyy=8 mg/l) were relatively
lower than those established by other authors for tetracycline sensitivity in
Enterobacteriaceae. In Salmonella spp. isolated from poultry products in Portugal,
Antunes et al. (2003) obtained a 36% of resistant-strains to tetracycline; in E. coli
collected from poultry faeces in Germany Frei et al. (2001) harbored 20% tetracycline-
resistant strains, with a MICsp=1.5 mg/l and MICyy=192 mg/l. Nevertheless, this is
understandable since some tetracycline-resistant bacteria may be sensitive to
doxycycline (Ge et al. 2003).

The results obtained here show that Enterobacteriaceae population are able to
acquire a high level of doxycycline resistance and maintain part of such acquired
resistance until the end of the withdrawal period.

In the case of enterococci and LAB, less work has been devoted to the effect of
antimicrobials against enterococci and LAB obtained from poultry in comparison with
Enterobacteriaceae and Campylobacter. The resistance rates obtained in the control
batches were lower than those reported by other authors such as Peters et al. (2003),

who obtained 38% resistance in E. faecalis and 18% in E. faecium in animal-origin
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feed, or Frei et al. (2001), who obtained 76% resistance in E. faecalis to tetracycline,
with MICsp= 0.75 pg/ml and MICgp= 192 png/ml and 57% resistance in LAB with
MICsp= 16 pg/ml and MICgp>256 ng/ml.

The resistance rates, MICsy and MICy, obtained for Campylobacter in the control
birds were compatible with the data reported by other authors such as Frei et al. (2001),
who obtained 0% resistance to doxycycline in Campylobacter from poultry samples
with MICsp= 0.125 pg/ml and MICgop= 0.125 pg/ml, or Ronner et al. (2004), who
obtained 1% of resistant strains to doxycycline in Campylobacter isolated from chicken
samples in Sweden. Nevertheless, the results reported by other authors such as Ge et al.
(2003) show considerably higher resistance levels: 82% tetracycline resistance and 77%
doxycycline resistance in strains obtained from retail raw poultry meat. The results
obtained in this work point to a significant difference in the evolution of MICs during
treatment (P=0.0283), and significant differences in comparison of the MICs obtained
on days 0 and 5 (P=0.02809), and those obtained on days 5 and 12 (P=0.057). This may
be due to the low resistance rates obtained in the Campylobacter isolated before the start
of treatment.

One of the important goals of the present work was to determine whether important
resistance rates might persist at the end of the withdrawal period. Studies aimed at
approving antimicrobials for specific use in animal medicine include specific drug
depletion assays in order to determine when the maximum residual limit has been
attained and hence to establish the corresponding withdrawal period. However, although
recovery of the bacterial population not resistant to the drug was expected to occur
during the withdrawal period, in our hands the resistance rates, MICsy and MICyg
obtained at the end of the withdrawal period were always higher than those obtained on
day 0, and were always higher than those obtained on day 12 in control batches, except
in the case of the MICs, in Enterobacteriaceae and Enterococcus.

Taking into account the faecal contamination of future poultry carcasses as well as
the fact that treated chickens are often sent to the slaughterhouse immediately after the
withdrawal period, it is expected that the enteric pathogens responsible for food-borne
diseases, such as Enterobacteriaceae and Campylobacter, could select a high rates of

resistant strains to doxycycline during treatment and, in the case of Campylobacter,
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could maintain this higher resistance after the withdrawal period has finished, resulting

in a possible public safety risk after poultry slaughter and processing.
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Table 1. MICsy and MICyy, range and resistance rates for Enterobacteriaceae
strains obtained from treated and control birds during and after doxycycline treat

ment in their drinking water.

Sampling Day

Day 0 Day S Day 12
Treated Birds
No. strains 16 17 18
MICsy 0,5 8 1
MICy 8 16 16
Range <0.125-16 1-16 <0.125-32
No. resistant strains 2(12.5) 6(35.5) 3(16.7)
(%)
Control Birds
No. strains 17 16 18
MICs 1 2 2
MICy 4 8 8
Range <0.125-16 <0.125-16 <0.125-16
No. resistant strains 1(5.9) 1(6.3) 2(11.1)
(%)

MICsp, MICyp and range expressed in pg/ml.
Day 0: Before start of treatment. Day 5: End of treatment. Day 12: End of

withdrawal period.
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Table 2. MICsy and MICyy, range and resistance rates for Enterococcus spp. strains

obtained from treated and control birds during and after doxycycline application

in their drinking water.

Sampling Day

Day 0 Day 12
Treated Birds
No. strains 16 18
MICsy 0.5 1
MICy 8 16
Range <0.125-16 <0.125-32
No. resistant strains
(%) 1(6.3) 3 (16.7)
Control Birds
No. strains 17 18
MICs 1 1
MICy 4 8
Range <0.125-16 <0.125-16 <0.125-16
No. resistant strains
(%) 1(5.9) 2(11.1)

MICsy, MICy and range expressed in pg/ml.

Day 0: Before start of treatment. Day 5: End of treatment. Day 12: End of

withdrawal period.
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Table 3. MICsy and MICy, range and resistance rates for LAB strains obtained
from treated and control birds during and after doxycycline application in their

drinking water.

Sampling Day

Day 0 Day S Day 12
Treated Birds
No. strains 17 18 18
MICs 2 2 4
MICy 4 8 16
Range <0.125-8 0.5-16 <0.125-16
No. resistant strains
(%) 0(0) 2(11.1) 3(16.7)
Control Birds
No. strains 18 16 18
MICs 2 1 2
MICy 4 4 4
Range <0.125-16 <0.125-8 <0.125-4
No. resistant strains
(%) 1(5.6) 0(0) 1(6.7)

MICsp, MICyp and range expressed in pg/ml.
Day 0: Before start of treatment. Day 5: End of treatment. Day 12: End of

withdrawal period.
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Table 4. MICsy and MICyy, range and resistance rates for Campylobacter spp.
strains obtained from treated and control birds during and after doxycycline

application in their drinking water.

Sampling Day

Day 0 Day S Day 12
Treated Birds
No. strains 18 18 18
MICsy <0.125 <0.125 1
MICy 4 2 8
Range <0.125-4 <0.125-8 <0.125-16
No. resistant strains
(%) 0(0) 0(0) 1(5.88)
Control Birds
No. strains 18 18 18
MICsy <0.125 <0.125 <0.125
MICy 2 1 1
Range <0.125-4 <0.125-4 <0.125-4
No. resistant strains
(o) 0(0) 0 (0) 0 (0)

MICsp, MICyp and range expressed in pg/ml.
Day 0: Before start of treatment. Day 9: End of treatment. Day 12: End of

withdrawal period.
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Figure 1. Evolution of intestinal Enterobacteriaceae populations during

doxycycline treatment and in the withdrawal period

Log CFU/g faeces

Days of assay

Square points denote treated chickens and triangular points denote control chickens.

Figure 2. Evolution of intestinal Enterococcus spp. during doxycycline treatment

and in the withdrawal period

Log CFU/g faces

- om0
-
-

0 4 Days of assay

Square points denote treated chickens and triangular points denote control chickens.
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Figure 3. Evolution of intestinal LAB during doxycycline treatment and in the

withdrawal period

9 -

Log CFU/g faeces

0 4 8 12
Days of assay

Square points denote treated chickens and triangular points denote control chickens.

Figure 4. Evolution of intestinal Campylobacter spp. during doxycycline treatment

and in the withdrawal period

Log CFU/g heces

Days of assay

Square points denote treated chickens and triangular points denote control chickens.
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RESUMEN

Durante la produccion aviar es cada vez mas habitual el uso y/o abuso de
antimicrobianos en tratamientos terapéuticos. Estas practicas pueden conllevar un
aumento en el nimero de cepas resistentes a dichos antimicrobianos, cepas que pueden
diseminar su resistencia haciendo que en un futuro no muy lejano, algunos de estos
tratamientos se vuelvan ineficaces.

El objetivo de este trabajo es evaluar los efectos de la doxiciclina sobre la flora
intestinal y sobre la aparicion de resistencias en pollos.Para ello, se utilizaron 36 pollos
de un mismo lote que se dividieron en 2 grupos: grupo control (18 pollos) y grupo
tratado (18 pollos), a este ultimo y durante 5 dias se les adicion6 doxiciclina a través del
agua de bebida (cuya ingesta se controlaba cada 12 horas), en las dosis terapéuticas
establecidas por el fabricante, asi como también se respetd el periodo de supresion
indicado por el mismo.

Se tomaron muestras de heces (= 0.5 g) de la cloaca mediante torundaje antes de
iniciar el tratamiento (dia 0) y durante el primer, tercer y tltimo dia del tratamiento (dias
1, 3 y5). A continuacion se tomaron muestras durante el tercer (dia 8) y tltimo dia (dia
12) del periodo de supresion.

Se estimaron las poblaciones de Enterobacteriaceae, Enterococus spp., Bacterias
Acido Lacticas (BAL) y Campylobacter spp. en los medios de cultivo apropiados. A
continuacion, de cada uno de estos grupos se aislaron e identificaron bioquimicamente
un total de 432 cepas (18 por dia de muestreo y grupo bacteriano) de las que se
determind su CMI, CMlsy y CMly, para la doxiciclina mediante el método de
microdilucion en caldo, excepto para el caso del género Campylobacter para el cual fue
utilizada la técnica de dilucion en agar.

De los datos obtenidos hay que destacar que se encontraron diferencias
estadisticamente significativas en la evolucion de las poblaciones microbianas de los
pollos tratados con doxiciclina (13.47 mg/kg peso/dia) durante los periodos de
tratamiento y de supresion estudiados, con recuentos claramente menores para el caso
de Enterococcus (P = 0.0261), LAB (P = 0.0459) y Campylobacter (P = 0.0259)
respecto al grupo control, lo que coincide con los datos encontrados en la literatura

cientifica, y ademas se observa que efectivamente al final del periodo de supresion, las

-131-



Resultados y discusion

poblaciones de bacterias gram-negativas se recuperan mas rapidamente que las gram-
positivas.

Por otra parte, los resultados mostraron también que las tasas de resistencia de
Enterobacteriaceae en cualquier periodo siempre fueron mayores (P = 0.0398) que las
de los grupos control incluido el ultimo dia del periodo de supresion. En el caso de
Campylobacter hay que indicar que no se encontraron cepas resistentes en las muestras
del grupo control en ningin momento y si en cambio en los pollos tratados en los
ultimos dias de muestreo (P = 0.0057). Se supone que el periodo de supresion
establecido para los medicamentos permite el que las poblaciones bacterianas originales
se recuperen y sin embargo este trabajo demuestra que en determinados casos esto no
ocurre. El hecho de que persista una cierta tasa de cepas fecales resistentes después del
periodo de supresion, puede suponer un riesgo para la salud publica si estas cepas llegan

a diseminar su resistencia durante el sacrificio o posterior procesado de estos pollos.
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3.4. Estudio de la evolucion de bacterias fecales y de la seleccion de cepas
resistentes durante el tratamiento con sulfonamidas y durante el periodo de

supresion, en pollos

Faecal bacterial dynamics and selection of resistant strains during sulfonamides

therapeutic treatment and the withdrawal period in poultry

Miranda, J.M., Franco, C.M., Vazquez, B.l., Fente, C.A., Barros-Velazquez, J.,
Cepeda A.

Articulo enviado para su publicacion en el British Poultry Science.

Fecha de envio: Abril 2007.
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Faecal bacterial dynamics and selection of resistant strains during sulfonamides

therapeutic treatment and the withdrawal period in poultry

Miranda, J.M., Vazquez, B.1., Fente, C.A., Franco, C.M., and Cepeda A.

Laboratorio de Higiene Inspeccion y Control de Alimentos. Dpto de Quimica Analitica,

Nutricion v Bromatologia. Facultad de Veterinaria. Universidad de Santiago de

Compostela. 27002-Lugo. Spain.

Running title: Effects of Sulfonamides treatment in poultry

ABSTRACT

Faecal bacterial populations were counted during a therapeutic treatment of poultry
with sulfonamides. Treatment was carried out on 18 birds over 9 days, and 18 birds fed
with the same feed but without treatment were maintained as controls. Faecal samples
(> 0.5 g) were obtained from chicken by cloacae swabbing before starting treatment, as
well as on days 1, 4 and 9 of treatment and days 16 and 24 of the withdrawal period.
Populations of Enterobacteriaceae, Lactic Acid Bacteria (LAB) and Campylobacter spp.
were estimated by plating onto appropriate selective media. A total of 324 strains were
isolated before the start of treatment, at the end of treatment, and at the end of the
withdrawal period. These strains were characterized and Minimal Inhibitory
Concentrations to sulfisoxazole were determined using a broth microdilution method for
Enterobacteriaceae and LAB and using an agar dilution for Campylobacter. No
differences were obtained for the populations of Enterobacteriaceae and Campylobacter.
Siginicative differences were obtained for LAB (P=0.0282), in which population were
observed an increase in counts after began the treatment and a decrease in these counts
immediately after stop this treatment. For the evolution of resistance rates, significant
differences were obtained between treated and control batches along the treatment in the
case of Enterobacteriaceae (P<0.0001), and Campylobacter (P=0.0025). These

significative differences were maintained until the end of the withdrawal period in the
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case of Enterobacteriaceae (P=0.0001) and Campylobacter (P=0.034). The results
obtained in the present paper shows that sulfonamides treatment produces an increase in

the poultry intestinal bacteria than can persist after the withdrawal period.

Keywords: poultry, sulfonamide, resistance, treatment, antimicrobial.

INTRODUCTION

Sulfonamides was the first chemical antimicrobial sintetized by the human. Since
then, this antimicrobial family was used successfully in human as veterinary medicine
until the emergence of bacterial resistance and the development of more potent drugs
have limited their clinical massive use in human medicine to some bacterial protozoal or
fungal infections (Patel et al. 2004; Meneau et al. 2004) and to coccidiostatic purposes
and the treatment of some enteric and genital animal diseases in veterinary medicine,
especially in reared-grown animals as poultry and turkey (Gibreel and Skold 1999;
Botana et al. 2003, Posyniak et al., 2005).

Sulfonamides are bacteriostatic and broad spectrum agents and their target is the
enzyme dihydropterase synthase (DHPS), which catalyses the formation of
dihydropteroic acid in bacteria and some eukaryotic cells. Antimicrobial mechanism is
similar in all sulfonamides. This cause that bacteria resistant to one of then often can
resist all them. However, in poultry farming as well as other intensively reared animals,
antibiotic may be administrated to whole flocks rather than individual animals. In
addition to therapeutic treatments, sulfonamides as other antimicrobial agents may be
added directly to feed or water or can be administered in aerosols to animals in smaller
dosage and in longer periods than those employed for therapeutic purposes to improve
the animal rate of growth and feed conversion efficiency (Van den Boogard, Wiuff),
although this practice is now banned in some countries as the EC. Epidemiological
investigations suggest that several antimicrobial-resistant bacteria isolated from humans
are primary originated from animals raised for human consumption and have been
selected during the animal production stage rather than in the human medicine practice
(Bager and Helmut). These resistant bacteria originated from animals can contaminate

meat products easily during slaughter and processing (Franco Abuin; Wiuff).
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The present study was undertaken in order to evaluate the sulfonamides effects in
the intestinal bacteria populations and to determinate the intestinal bacteria degree of
resistance against sulfonamides along the treatment and in the withdrawal period. This
is because the latter is mainly determined as a function of the persistence of
antimicrobial residues in animal tissues and it is crucial to know the resistance rates of
intestinal bacterial populations when the withdrawal period has just finished because it

is legal to send birds to slaughter after the withdrawal period has just ended.

MATERIALS AND METHODS

Animals employed

A total of thirty-six healthy label chickens aged 4-6 weeks were obtained from the
same commercial hatchery. All birds were fed with the same antibiotic-free feed for 3
days before starting antimicrobial treatment. The birds were weighed and allocated in
twelve groups of three birds each: treated chickens (groups 1-6) were treated with a
therapeutic dose of sulfonamides in water (15 ml/l) of Cunisan Aviar® (Arimany,
Barcelona, Spain) over 4 days, 2 days of repose and other 3 days of treatment, in
accordance with the instructions on the package insert, and the other groups (groups 7-
12) remained untreated, acting as controls. None of the chickens had direct physical
contact with one another during the assays since they were housed in individual cages at
the animal facility. Contamination between the treated and untreated batches was
prevented by housing them in different rooms. The poultry were fed twice daily with
antibiotic-free commercial feed (Biona, Palencia, Spain) and had free access to the
medicated water, in the case of the treated poultry, or to antimicrobial-free water in the
case of the control batches. Observation of water intake was performed at 12 h intervals.

All assays were carried out according to EC Council Directives (8) concerning the
approximations of laws, regulations and administrative provisions of the member states

regarding the protection of animals used for experimental and other scientific purposes.
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Experimental procedures

Each group of chickens was sampled immediately before starting treatment (day 0),
on first day on treatment (day 1) on fourth day of treatment (day 4), the last day of
treatment (day 9), seven days after the end of the treatment (day 16), and after the
withdrawal time had ended (day 24). Faecal samples were taken by swabbing the
cloacae of each bird with sterile swabs to obtain a minimum of 0.5 g of faecal contents
and these were placed aseptically in sterile tubes. Samples were taken to the laboratory
in an ice chest in less than half an hour for immediate processing. Samples of animals
belonging to each group were placed in a sterile masticator bag with an appropriate
volume (1/9) (w/v) of sterile buffered peptone water (Merck, Darmstadt, Germany) and
subsequently homogenized with a masticator (Aes, Combourg, France) for 2 m. After
homogenisation, samples were tested for quantification, isolation and identification of

Enterobacteriaceae, Lactic acid bacteria (LAB) and Campylobacter spp.

Enterobacteriaceae: Appropriate dilutions of homogenates were tested in poured
plates of Crystal-violet neutral-red bile glucose agar (VRBG) agar prepared as specified
by the manufacturer (Merck). After the agar had solidified, the plates were overlaid with
3-4 ml of melted VRBG and immediately incubated at 37 °C for 24 h. After incubation,

all pink to red colonies were counted.

LAB: Appropriate dilutions were tested by surface plating in De Man, Rogosa and
Sharpe agar (MRS), prepared as specified by the manufacturer (Merck). Plates were
incubated at 31 °C for 72 h under a micro-aerobic atmosphere generated with the
Anaerocult C® system in anaerobic jars (Oxoid, Basingstoke, UK). White circular

colonies were counted.

Campylobacter spp.: Appropriate dilutions of homogenates were tested by surface
plating in Campylossel® agar (BioMérieux, Marcy I'Etoile, France). Plates were
incubated at 42 *C for 48 h under a micro-aerobic atmosphere generated with the
Campygen” system (Oxoid) in anaerobic jars (Oxoid). White colonies without

haemolytic character were counted.

Only plates containing 20 to 250 colonies with the typical morphology of target

bacteria were enumerated. Target bacteria count numbers were converted to log; values

- 138 -



Resultados y discusion

and expressed as log;o CFU/g faeces after calculating the bacterial population obtained
from triplicate assays for each culture media.

The sampling and processing procedures of poultry faeces described in this work
were always carried out by the same laboratory personnel. Agar media types were

prepared by the same research assistant throughout the study.

Isolation and identification of bacteria

After incubation and counting, 3 typical colonies for each bacterial group were
picked and transferred onto Columbia agar with 5% sheep blood (BioMérieux) and
incubated under the same conditions of temperature, atmosphere and time as specified
above in order to obtain pure cultures. This was done for each batch of chickens (three
birds) on days 0, 9 and 24, obtaining a total of 324 strains (18 strains per bacterial group

and treatment day).
These pure cultures were characterized as follows:

Enterobacteriaceae: Presumptive colonies were characterized by colony and cell

morphology, Gram strain, oxidase, and catalase activity.

LAB: Presumptive colonies were characterized by colony and cell morphology,
Gram stain, and catalase activity.

Campylobacter spp.: Presumptive Campylobacter colonies were characterized by
colony and cell morphology, haemolytic character, Gram strain, oxidase and catalase

activity and Dyspot Campylobacter test ( Oxoid ).

All isolates were stored at -80 'C until further analysis using Maintenance Freeze

Medium units (Oxoid ).

Antibiotic susceptibility testing of bacteria

Antibiotic susceptibility testing for Enterobacteriaceae and LAB was performed
using a broth microdilution susceptibility test on microtitre plates to determine the

Minimum Inhibitory Concentration (MIC) to Sulfisoxazole. MICs and levels of
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resistance were determined according to the recommendations of the National
Committee for Clinical Laboratory Standards (NCCLS) [22].The microtitre plates were
incubated for 18 to 24 h at 37°C in the atmosphere in which the microbial group had
been grown and with a source of moisture to prevent dehydration of the outer well.
Sulfisoxazole was tested in two-fold increases from 4 to 2048 p/ml on the microtitre
plates. Target MIC ranges were verified with E. coli ATCC 25922 and E. faecalis
ATCC 29212 reference strains as quality control.

For Campylobacter the susceptibility testing was done by the agar dilution
procedure (Gibreel et al, 1999; Luber et al. 2003). Test medium consisted on Mueller-
Hinton agar containing 5% defibrinated sheep blood in a range of sulfisoxazole from 4
to 2048 u/ml. Plates were incubated for 48 h at 36 °C under a micro-aerobic atmosphere
generated with the Campygen® system (Oxoid) . Target MIC ranges were verified with
E. faecalis ATCC 29212 reference strains as quality control since no reference values of
sulfisoxazole susceptibility have been reported for Campylobacter reference strains.

The endpoint or MIC used was that recommended by the NCCLS [22] for
Veterinary Pathogens: > 512 p/ml. The MICs that inhibited 50% (MIC50) and 90%
(MIC90) of total strains were calculated from the MIC values obtained from each
bacterial group. Sulfisoxazole standard dilutions were obtained from Sulfisoxazole

(Sigma, St Louis, USA).

Statistical analysis

The amounts of water ingested by the treated and control birds were compared using
an unpaired Student’s t test. The mean of log CFU/g values in faeces were analysed by
analysis of variance (ANOVA), with treatment and day as models. The distributions of
resistant strains were compared by means of the X* test and Fisher’s exact test.
Differences were considered significant when probabilities were lower than 0.05. All
statistical analyses were carried out using Statgraphics version 5.0.1. (SAS Institute,

North Carolina, USA).
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RESULTS

The amount of water ingested by the treated animals was 623 mL (SD =182.18) and
for untreated birds it was 596 ml (SD= 109.86). This shows that sulfonamides treatment
had no effect on the final amount of water ingested. Thus, since the medication used
contained 9.31 g sulfamides/100 ml commercial drug, total consumption of the
antimicrobials along the 9 days of treatment was 870.02 mg sulfonamides/ bird (SD =
254.42) (124.29 mg/bird and day). Since the mean weights of the chicken employed on
day 0 was 678 g (SD= 175.26), the real dose ingested was 183.32 mg/kg of body
weight/day.

The results for the evolution of the microbial population in faeces along treatment as
well as in the withdrawal period for Enterobacteriaceae, LAB and Campylobacter are
shown in figures 1 to 3 respectively.Sulfonamides treatment not caused a significative
decrease in the microbial populations tested. No significant differences were obtained
with treatment day as model for any bacterial group. Nevertheless, significant
differences were obtained with treatment as model only for LAB (P=0.0282). No
significant differences were obtained for the Gram negative populations tested. For all
but Campylobacter populations increased during the course of treatment and reached
the high level at the end of the treatment (day 9), and began to decrease after it. . For
Campylobacter a little decrease was observed after starting the treatment, but it rapidly

recovered the initial counts.

The results obtained for the MICsy, MICyy, MIC ranges and resistance rates for
Enterobacteriaceae, LAB and Campylobacter are shown in Tables 1-3 respectively.
There were no significant differences between the control and treated batches as regards
the MIC profile for each bacterial group on day 0, except in the case of
Enterobacteriaceae, in which MIC ranges were significantly higher in the case of
treated batches (P=0.0299). Likewise, there were no significant differences in the
control batches along the assay in any of the microbial groups tested except
Campylobacter (P=0.026), in which an unexpected increase in resistance rates of
controls were obtained in day 9. During the course of the treatment, sulfonamides
efficiently increased resistance rates of Enterobacteriaceae (P=<0.001) and

Campylobacter (P=0.0025). No significant differences was obtained for LAB
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(P=0.802). After withdrawal period, resistance rates remained higher than controls in

the case of Enterobacteriaceae, and Campylobacter.

DISCUSSION

The counts obtained from the poultry before the start of sulfonamides treatment
contained a variable population average for the bacterial groups studied, although
always in concordance with the data reported by other authors (Devriese, Frei,

Knarrebourg, Stern).

The slight increase in viable counts of Enterobacteriaceae, and LAB observed after
the start of treatment probably can be due the high level of resistance showed by these
populations in day 0. For Campylobacter, the little decrease observed, as was expected
due to the low level of resistance showed by Campylobacter in day 0 was rapidly
stopped due to the selection of resistant strains, since in day 4, a 75% of intestinal
campylobacter were already resistant to sulfisoxazole.

In this work, the resistance rates obtained for Enterobacteriaceae before the start of
treatment (77.8% resistant strains, MICs5p=0512 mg/l and MICy,=2048 mg/l) were
compatible with those established by other authors for sulfonamides sensitivity in
bacteria belonging to Enterobacteriaceae order. Thus, for E. coli isolated from turkeys,
Cornican et al. (2001) found a 47.6% of resistance and for E. coli isolated from hens,
and a 68% of resistant strains to sulfamides were obtained from turkeys. In Spain, other
authors as Saenz et al. (2001) found in E. coli isolated from broilers faeces 65% of
sulfa-resistant strains. Blanco et al. (1997) found frequencies in the range of 59 to 92%
for trimethoprim-sulfamethoxazole resistance in E. coli isolated from healthy and sick
chickens. Nevertheless, for other Enterobacteriaceae as Salmonella, significative lower
resistance rates had been reported. So, Antunes et al (2003), who reported in Sa/monella
isolated from poultry products a 3% of resistance to trimethropim-sulphametoxazole.

The results obtained here shows that Enterobacteriaceae have a good ability to
increase sulfa-resistance rates and to maintain part of this higher resistance rates until
the end of withdrawal period. This is a very important task, since in addition of the loss
of usefulness of sulfonamides for therapeutic purposes, in recent years, a number of

multi-drug resistance phenotypes have been associated with large transferable plasmids,
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on which may be other mobile DNA elements. For example, class I integrons, which
have been frequently found located on plasmids in E. coli, cointain as a hallmark feature
the Stull gene, and thus, are typically resistant to sulfonamides. Because class I
intergrons may also cointain several antimicrobial resistance genes “cassettes”, selection
of sulpha resistance can co-select for resistance to other antimicrobials. (Schroeder et al.
2004).

For the case of LAB, it is known that they are often resistant to sulfonamides, since
Enterococcus, a genus included in LAB are naturally resistant to sulfonamides and it
was reported that Gram + bacteria are more frequently resistant than Gram — bacteria. In
this sense, Bothe and Arnold obtained a higher resistnce rate to sulfonamides in Gam +
bacteria (71%) than Gram — (56%). These data are in order with the obtained in the
present work. Thus, this suggests that other LAB not included in the genus
Enterococcus posses a lower sulphonamide resistance than Enterococcus genus.

The resistance rates obtained for Campylobacter in the control birds were
compatible with the data reported by other authors such as Luber et al. (2003), who in
German retail market chicken poultry obtained a 54.6% of trimetropim-
sulfamethoxazole in Campylobacter Jejuni and a 47.1% in Campylobacter coli.

One of the important goals of the present work was to determine whether important
resistance rates might persist at the end of the withdrawal period. Studies aimed at
approving antimicrobials for specific use in animal medicine include specific drug
depletion assays in order to determine when the maximum residual limit has been
attained and hence to establish the corresponding withdrawal period. However, although
recovery of the bacterial population not resistant to the drug was expected to occur
during the withdrawal period, in our hands the resistance rates, MICsy and MICy,
obtained at the end of the withdrawal period were always higher than those obtained on
day 0, and were always higher than those obtained on day 12 in control batches, except
in LAB and the case of the MICs, in Enterobacteriaceae.

Taking into account the faecal contamination of future poultry carcasses as well as
the fact that treated chickens are often sent to the slaughterhouse immediately after the
withdrawal period, it is expected that enteric pathogens responsible for food-borne
diseases such as Enterobacteriaceae and Campylobacter could increase its sulpha

resistance rates during the treatment and, in the case of Campylobacter, could maintain
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this higher resistance after the withdrawal period has finished and could be a risk for
public safety after poultry slaughter and processing, since it is known that this sulpha

resistance can co-select for resistance to other antimicrobials.
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Table 1. MICsy and MICyy, range and resistance rates for Enterobacteriaceae
strains obtained from treated and control birds during and after sulfonamides

treatment in their drinking water.

Sampling Day

Day 0 Day 9 Day 24
Treated Birds
No. strains 18 18 18
MICs 512 2048 2048
MICy 2048 <2048 >2048
Range <4-2048 <4->2048 1024->2048
No. resistant strains 14(77.8) 16(88.9) 18(100)
(%)
Control Birds
No. strains 18 18 18
MICs 512 <4 512
MICy 1024 2048 1024
Range <4-1024 <4-2048 <4-2048
No. resistant strains 10(55.6) 6(33.3) 11(61.1)
(%)

MICsp, MICyp and range expressed in pg/ml.
Day 0: Before start of treatment. Day 9: End of treatment. Day 24: End of

withdrawal period.
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Table 2. MICsy and MICy, range and resistance rates for LAB strains obtained
from treated and control birds during and after sulfonamides application in their

drinking water.

Sampling Day

Day 0 Day 9 Day 24
Treated Birds
No. strains 18 16 18
MICs 1024 64 256
MICy 1024 1024 2048
Range <4->2048 <4-1024 <4->2048
No. resistant strains
(%) 12(66.7) 6(37.5) 8 (44.4)
Control Birds
No. strains 18 18 18
MICs 256 256 256
MICy 1024 1024 2048
Range <4-2048 <4-2048 <4-2048
No. resistant strains
(%) 7 (38.9) 7 (38.9) 9 (50)

MICsy, MICyj and range expressed in pg/ml.
Day 0: Before start of treatment. Day 9: End of treatment. Day 24: End of

withdrawal period.
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Table 3. MICsy and MICyy, range and resistance rates for Campylobacter spp.
strains obtained from treated and control birds along and after sulfonamides

application in their drinking water.

Sampling Day

Day 0 Day 9 Day 24
Treated Birds
No. strains 17 16 18
MICs 128 1024 512
MICy 512 2048 >2048
Range <4-1024 <4-2048 <4-<2048
No. resistant strains
(%) 4 (23.5) 12 (75) 14 (77.8)
Control Birds
No. strains 16 18 18
MICs 16 512 64
MICy 1024 2048 2048
Range <4-2048 <4->2048 <4-2048
No. resistant strains
(%) 2(12.5) 11 (61.8) 4 (28.6)

MICsy, MICy and range expressed in pg/ml.
Day 0: Before start of treatment. Day 9: End of treatment. Day 24: End of

withdrawal period.
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Figure 1. Evolution of intestinal Enterobacteriaceae. during sulfonamides

treatment and in the withdrawal period.
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Figure 2. Evolution of intestinal LAB during sulfonamides treatment and in the

withdrawal period.
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Figure 3. Evolution of intestinal Campylobacter during sulfonamides treatment and

in the withdrawal period.

9

(o]
I

Log CFU/g faeces

0 4 8 12 16 20 24
Day of assay

Squares denote treated chickens and triangles denote control chickens.

- 149 -



Resultados y discusion

References

Bager, F., and R. Helmuth. 2001. Epidemiology of resistance to quinolones in
Salmonella. Vet. Res. 32: 285-290.

Blanco, J. E., M. Blanco, A. Mora, and J. Blanco. 1997. Prevalence of bacterial
resistance to quinolones and other antimicrobials among avian Escherichia coli strains
isolated from septicemia and healthy chickens in Spain. J. Clin. Microbiol. 35: 2184-
2185.

Boothe, D.H., and J. W. Arnold. 2003. Resistance of bacterial isolates from poultry
products to therapeutic veterinary antibiotics. J. Food Prot. 66: 94-102.

Chopra I, P. M. Hawkey, and M. Hinton. 1992. Tetracyclines, molecular and clinical
aspects. J. Antimicrob. Chemother. 29: 245-277.

Cornican, M., V. Buckley, G. Corbett-Feeney, and F. Sheridan. 2001. Antimicrobial
resistance is Escherichia coli isolates from turkeys and hens in Ireland. J. Antimicrob.
Chemother. 48: 587-595.

Devriese, L. A., J. Hommez, R. Wijfels, and F. Haesebrouck. 1991. Composition of the
enterococcal and Streptococcal intestinal flora of chickens. J. Appl. Bacteriol. 71: 46-
50.

EEC Council Directive 86/609/ of November 24 on the approximations of laws,
regulations and administrative provisions of the member states regarding the protection
of animals used for experimental and other scientific purposes. OJL 358, December 18,
1986.

Frei, A., D. Goldenberger, and M. Teuber. 2001. Antimicrobial susceptibility of
intestinal bacteria from Swiss poultry flocks before the ban of antimicrobial grown
promoters. Syst. Appl. Microbiol. 24: 116-121.

Franco Abuin, C.M., E. J. Quinto Fernandez, C. Fente Sampayo, J. L. Rodriguez Otero,
L. Dominguez Rodriguez, and A. Cepeda Saez. 1994. Susceptibilities of Listeria species
isolated from food to nine antimicrobial agents. Antimicrob. Agents Chemother. 38:
1655-1657.

Gibreel, A. and O. Skold. 1999. Sulfonamide resistance in clinical isolates of
Campylobacter jejuni: mutational changes in the chromosomal diydropteroate synthase.

Antimicrob. Agents Chemother. 43:2156-2160.

- 150 -



Resultados y discusion

Knarreborg, A., M. A. Simon, R. M. Engberg, B. B. Jensen, and G. W. Tannock. 2002.
Effects of dietary fat source and subtherapeutic levels of antibiotic on the bacterial
community in the ileum of broiler chickens at various ages. Appl. Environ. Microbiol.
68: 5918-5924.

Luber, P., E. Bartelt, E. Genschow, J. Wagner, and H. Hahn. 2003. Comparison of broth
microdilution, E test, and agar dilution methods and antibiotic susceptibility testing of
Campylobacter jejuni and Campylobacter coli. J. Clin. Microbiol. 41: 1062-1068.
Luber, P., J. Wagner, H. Hahn, and E. Bartelt. 2003. Antimicrobial resistance in
Campylobacter coli strains isolated in 1991 and 2001-2002 from poultry and humans in
Berlin, Germany. Antimicrob. Agents chemother. 47: 3825-3830.

Meneau, 1., D. Sanglard, J. Bille, and P. M. Hauser. 2004. Pneumocystis jiroveci
Dihidropterase synthase polymorphisms confer resistance to sulfadoxine and
sulfanilamide in Saccharomyces cerevisiae. Antimicrob. Agents. Chemother. 48: 2610-
2616.

National Committee for Clinical Laboratory Standards. Performance standards for
antimicrobial disk and dilution susceptibility test for bacteria isolated from animals:
approved standard M31-A2, 2nd ed. Wayne, PA: NCCLS; 2002.

Patel, O. G., E. K. Mberu, A. M. Nzila, and I. G. Macreadie. 2004. Sulfa drugs strike
more than once. Trends Parasitol. 20: 1-3.

Posyniak, A., J. Zmudzki, and K. Mitrowska. 2005. Dispersive solid-phase extraction
for the determination of sulfonamides in chicken muscle by liquid chromatography. J.
Chomatogr. A. 1087: 259-264.

Saez, Y., M. Zarazaga, L. Brifas, M. Lantero, F. Ruiz-Larrea, and C. Torres. 2001.
Antibiotic resistance in Escherichia coli isolates isolated from animals, foods and
humans in Spain. Int. J. Antimicrob. Agents 18: 353-358.

Schroeder, C.M., D.G. White, and J. Meng. 2004. Retail meat and poultry as an
important reservoir of antimicrobial-resistant Escherichia coli. Food Microbiol. 21:
249-255.

Stern, N.J., and M. C. Robach. 2003 Enumeration of Campylobacter spp. in broiler

faeces and in corresponding processed carcasses. J. Food Prot. 66: 1557-1563.

-151-



Resultados y discusion

Van der Bogaard, A.E., N. London, C. Driessen, C. and E. E. Stobberingh. 2001.
Antibiotic resistance of faecal Escherichia coli in poultry, poultry farmers and poultry
slaughterers. J. Antimicrob. Chemother. 47: 763-771.

Wiuft, C., J. Lykkesfeldt, O. Svendsen, O. and F. M. Aarestrup. 2003. The effects of
oral and intramuscular administration and dose escalation of enrofloxacin on the

selection of quinolone resistance among Sa/monella and coliforms in pigs. Res. Vet.

Sci. 75: 185-193.

-152 -



Resultados y discusion

RESUMEN

Las sulfamidas han sido los primeros antimicrobianos de gran efectividad sintetizados
por el hombre y desde entonces se han utilizado ampliamente tanto en la medicina
humana como en la animal. Posteriores investigaciones demostraron que, quizas debido
a su masivo uso, estaban apareciendo elevadas tasas de bacterias resistentes a estos
medicamentos, y que estas resistencias que presumiblemente se habian originado en los
tratamientos en animales, de alli se habian expandido a los humanos. Es por esto que su
uso actualmente se encuentra bastante limitado.

En el estudio que aqui se presenta, se pretende evaluar el efecto de las sulfamidas en
las poblaciones bacterianas intestinales en pollos y el grado de cepas resistentes que se
encuentran durante el periodo de tratamiento, pero sobretodo determinar las que
permanecen al final del periodo supresion puesto que presumiblemente estos pollos
pueden ser enviados al matadero justo al final dicho periodo.

Para ello y durante 7 dias, a 18 pollos se les suministré agua adicionada con
sulfamidas (15 ml 1) y se dejaron otros 18 pollos con la misma agua pero sin el
medicamento (controles); todos ellos de 4-6 semanas de edad y procedentes del mismo
criadero. Se tomaron muestras fecales (= 0,5 g) de la cloaca de cada pollo mediante
torundaje: antes de comenzar el tratamiento y a los 1,4 y 9 dias del tratamiento; y a los
16 y 29 dias que se corresponden con el periodo de supresion.

Tanto el protocolo de tratamiento como el tiempo correspondiente al periodo de
supresion, fueron efectuados atendiendo a las instrucciones del fabricante de la
presentacion comercial utilizada.

En las muestras de heces, se realizaron los recuentos de la microbiota fecal, en
concreto de poblaciones bacterianas de la Fam. Enterobacteriaceae, Bacterias Acido
Lacticas (LAB) y Campylobacter spp., que se hicieron crecer en los medios cultivo
adecuados.

Se aislaron un total de 324 cepas (18 por dia de muestreo y grupo bacteriano) antes
de comenzar el tratamiento, durante el tratamiento y durante el periodo de supresion.
Todas ellas se identificaron bioquimicamente y se establecid la Concentracion Minima

Inhibitoria (CMI) para el sulfisoxazol usando el método de microdilucién en caldo para
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Enterobacteriaceae y LAB y usando el método de dilucion en agar para las cepas
pertenecientes al género Campylobacter.

De los resultados obtenidos, hay que destacar que en general las sulfamidas no
causaron disminucion en las poblaciones bacterianas fecales estudiadas, de hecho, no se
pudieron apreciar diferencias estadisticamente significativas entre las poblaciones de
Enterobacteriaceae y Campylobacter spp. procedentes de los pollos tratados y control
durante el periodo de estudio. Solo se encontraron diferencias estadisticamente
significativas para LAB (P = 0.0282) en el sentido de que su poblacion crece justo
después de iniciar el tratamiento, aunque decrece inmediatamente después de
suspenderlo.

Respecto a la evolucion de las tasas de aparicion de resistentes, se encontraron
diferencias estadisticamente significativas entre los pollos tratados con sulfonamidas y
los pollos control, siendo mayores para el caso de enterobacterias (P <0.0001) y
Campylobacter spp. (P = 0.0025). Pero es que cabe resaltar que el considerable grado
de resistencia encontrado para Enterobacteriaceae ya antes del inicio del tratamiento
(77.8 %, CMI5p=0512 mg 1! y CM19p=2048 mg 1'1) es compatible con los establecidos
por otros autores; asi que los datos que se hallaron en este estudio corroboran la
habilidad de este grupo bacteriano para aumentar e incluso mantener posteriormente
estas resistencias. En el caso del género Campylobacter igualmente se observa un
aumento claramente progresivo en las tasas de cepas resistentes desde el inicio hasta el
final del periodo de supresion (desde 23.5 a 77.8 %).

En cuanto a las bacterias acidolacticas, se encuentra que a menudo son resistentes a
las sulfamidas sobretodo porque se ha demostrado que los enterococos (género incluido
en este grupo) presenta una resistencia natural a estos farmacos. En este trabajo sin
embargo no se pudieron establecer diferencias con el grupo control puesto que es
posible que en las muestras tomadas abunden otros géneros no tan resistentes como
Enterococcus spp.

Por ultimo, y teniendo en cuenta que estos pollos pueden ser enviados al matadero
inmediatamente después de finalizar el periodo de supresion establecido por las
autoridades sanitarias, hay que destacar que el mayor grado de cepas resistentes
encontradas para los grupos fecales Enterobacteriaceae y Campylobacter se mantenia

perfectamente en las muestras analizadas justo el ultimo dia correspondiente al periodo
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de supresion (P = 0.0001, para ambos) lo que puede conllevar un riesgo potencialmente
considerable si esas cepas son capaces de transmitir su capacidad a otras bacterias

durante el procesado y/o consumo de las carnes que contaminen.
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3.5. Resistencia a antimicrobanos en Enterococcus spp. aislados de carne de pollo

ecolagico, pollo convencional y pavo.

Antimicrobial resistance in Enterococcus spp. strains isolated from organic

chicken, conventional chicken and turkey meat: A comparative survey.

Miranda, J.M., Guarddon, M., Mondragon, A., Vazquez, B.1., Fente, C.A., Cepeda,
A., Franco, C.M.

Journal of Food Protection, 70 (4): 1021-1024.
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ABSTRACT

The mean counts of Enterococcus spp. were determined for 30 samples each of organic chicken meat, conventional
chicken meat, and turkey meat, and differences for Enterococcus contamination in meat were determined. Two enterococci
strains from each sample were isolated to obtain a total of 180 strains, and resistance to ampicillin, chloramphenicol, doxy-
cycline, ciprofloxacin, erythromycin, gentamicin, nitrofurantoin, and vancomycin was determined by a disk diffusion method,
Average counts obtained showed that Enterococcus mean counts from organic chicken meat (3.18 log CFU/g) were significantly
higher than those obtained from conventional chicken meat (2.06 log CFU/g) or conventional turkey meat (1.23 log CFU/g).
However, the resistance data obtained showed that isolates from organic chicken meat were less resistant than enterococci
isolates from conventional chicken meat to ampicillin (P = 0.0067), chloramphenicol (P = 0.0154), doxycycline (P = 0.0277),
ciprofloxacin (P = 0.0024), erythromycin (P = 0.0028), and vancomycin (P = 0.0241), In addition, isolates from organic
chicken were less resistant than conventional turkey meat isclates to ciprofloxacin (P = 0.001) and erythromycin (P = 0.0137).
Multidrug-resistant isolates were found in every group tested, but rates of multidrug-resistant strains were significantly higher
in conventional chicken and turkey than those obtained from organic chicken meat. Enterococcus faecalis was the most
common species isolated from organic chicken (36.67%), whereas Enterococcus durans was the most common species isolated
from conventional chicken (58.33%) and turkey (56.67%). The rates obtained for antimicrobial resistance suggest that although
organic chicken meat may have higher numbers of Enterococcus, these bacteria present a lower level of antimicrobial resistance.

Organic and other nonconventional meat products are
now readily available at retail in developed countries to
satisfy consumers’ demand for high-quality products that
meet the following requirements: (i) guarantee animal wel-
fare during production; (ii) absence of chemical agents dur-
ing animal feeding; (iii) environmental friendliness; and
(iv) better taste than conventional products (8). In addition,
many consumers believe that because growth conditions are
more natural for organic rather than conventional products,
the former will have less pathogenic bacteria (4). However,
little is known about the microbiological status of organic
animal products and the potential microbiological risks
linked to organic meat production. Thus, raising of animals
outdoors, use of slow-growing breeds, strict restrictions in
therapeutic use of antimicrobial agents, or use of very small
slaughtering facilities may not guarantee strict microbiological
control of animals destined for human consumption (8, 19).

Currently, it is well known that several antimicrobial-
resistant bacteria isolated from humans primarily originate
from animals raised for human consumption (/) and that

* Author for correspondence. Tel: +34982252231, Ext 22407; Fax:
+34982254592; E-mail: emfranco@lugo.usc.es.

such resistant bacteria may contaminate meat derived from
those animals (/6). Although this contamination declines in
the absence of antimicrobial agents (15), antimicrobial-re-
sistant bacteria may persist in meat even after the with-
drawal period (24, 26). Thus, the development of antibiotic
resistance among bacterial isolates from animals can also
represent a potential hazard to consumers via foodborne
infections caused by antibiotic-resistant bacteria.

Enterococcus spp. are found in a wide variety of en-
vironments, including dairy and food products (5, 9), hu-
mans, and animals (25). Enterococcus can be used as an
indicator of both fecal contamination of foods (35, 20) and
the dissemination of antimicrobial resistance related to the
use of antimicrobials in poultry farming (3, 10, 13, 21, 25,
27). Although enterococci are generally considered to be
only mildly pathogenic, today they are one of the leading
causes of major nosocomial infections (74, 23).

Recently, other authors have reported on the develop-
ment of antimicrobial resistance by bacteria isolated from
organic dairy products (17, 18, 22) as well as Salmonella
and Campylobacter in poultry products (4, 7, 19). However,
little information relative to commensal bacteria isolated
from organic poultry meat is currently available. Conse-
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quently, the main goal of this study was to investigate the
prevalence of antimicrobial susceptibility of enterococci
strains isolated from organic chicken meat as compared
with conventional chicken and turkey meats.

MATERIALS AND METHODS

Collection of poultry meat samples. A total of 90 fresh
prepackaged skin-on drumstick samples were taken during 2005
from supermarkets and butcher shops: 30 organically reared chick-
en samples, 30 conventionally reared chicken samples, and 30
conventionally reared turkey samples. All conventional poultry
samples were taken on different days and from different super-
markets and butcher shops. The organic chicken samples were
obtained from five supermarkets (six samples per supermarket)
with the supermarkets visited on different days. All supermarkets
and butcher shops were located in Galicia (northwestern Spain).
All samples were processed 3 to 4 days before the expiration date
indicated on the label.

Microbiological analyses. Portions of 25 g were obtained
from each meat sample, placed in a sterile masticator bag, diluted
1:9 (wt/vol) in sterile 0.1% peptone water (Merck, Darmstadt,
Germany), and homogenized in a masticator (Aes, Combourg,
France) for 1 min. After homogenization, samples were analyzed
for the presence of Enterococcus spp. by pour plating 1 ml of the
10! to 10* dilutions using Chromocult enterococci agar prepared
according to the manufacturer’s instructions (Merck). After solid-
ification, the plates were overlaid with 3 to 4 ml of Chromocult
and incubated at 37°C for 48 h. Following incubation, pink to red
colonies were counted as Enterococcus spp. All samples were
processed in triplicate.

Two typical Enterococcus spp. colonies isolated from each
meat sample were picked, transferred onto Columbia agar supple-
mented with 5% sheep blood (bioMérieux, Marcy 1'Etoile,
France), and incubated at 37°C for 48 h in order to obtain a total
of 180 pure cultures. These isolates were identified by colony and
cell morphology, Gram stain, oxidase, and catalase activity. Pre-
sumptive Enterococcus spp. were confirmed with API ID 32 Strep
(bioMérieux) test kits and, when necessary, API 50 CH (bio-
Meérieux) test kits to complete the identification.

All 180 Enterococcus spp. isolates were stored at —80°C in
maintenance freeze medium units (Oxoid, Basingstoke, UK) until
antimicrobial susceptibility testing.

Antimicrobial susceptibility testing. All 180 Enterococcus
spp. isolates (60 from organic chicken meat, 60 from conventional
chicken meat, and 60 from conventional turkey meat) were subjected
to antimicrobial susceptibility testing by an agar disk diffusion meth-
od (11) on Mueller-Hinton agar plates (bioMérieux). The antimicro-
bial disks used included ampicillin (10 pg), chloramphenicol (30 pg),
doxycycline (30 pg), ciprofloxacin (5 pg), erythromyein (15 pg),
gentamicin (10 pg), nitrofurantoin (300 pg), and vancomycin (200
11g) (Oxoid). The antibiotic resistance breakpoints used were the in-
terpretative criteria for Enterococcus spp. as recommended by the
Clinical and Laboratory Standards Institute (CLSI, formerly NCCLS)
(12). Enterococcus faecalis ATCC 29212 and Staphylococcus aureus
ATCC 29213 were used as controls,

Antimicrobials were chosen on the basis of their ability to
provide diversity for representation of different antimicrobial
agent classes. Enterococcus spp. isolates were classified as sen-
sitive, intermediate, or resistant. Isolates resistant to two or more
antimicrobial agents were considered to be multiresistant strains.

Statistical analysis. The mean log CFU per gram values in
meats were compared using a Student’s ¢ test. The distributions

J. Food Prot., Vol. 70, No. 4

of resistant strains, multiresistance patterns, enterococci species,
and the antimicrobial resistance levels between the different spe-
cies isolated were compared by using the x2 test and Fisher’s exact
test. For comparing resistance between the different species iso-
lated, Enterococcus was split into E. durans, E. faecalis, and other
species. Differences were considered significant when probabili-
ties were <<0.05. All statistical analyses were carried out with
Statgraphics version 5.0.1. (SAS Institute, Cary, N.C.).

RESULTS

Mean counts obtained from the meat of organic chick-
en (3.18 log CFU/g) (standard deviation [SD] = 1.11), con-
ventional chicken (2.06 log CFU/g) (SD = 1.04), and tur-
key (1.23 log CFU/g) (SD = 0.609) were significantly dif-
ferent between organic and conventional chicken (P
0.0002), organic chicken and conventional turkey (P
0.0001), and conventional chicken and turkey (P
0.0005).

The antimicrobial resistance rates obtained for entero-
cocci isolated from conventional chicken meat were signif-
icantly higher than those obtained for enterococci isolated
from conventional turkey meat for chloramphenicol (P =
0.0014) and significantly lower for ciprofloxacin (P
0.0015).

The incidence of antimicrobial resistance to ampicillin
(P = 0.0067), chloramphenicol (P = 0.0154), doxycycline
(P = 0.0277), ciprofloxacin (P = 0.0024), erythromycin
(P = 0.0028), and vancomycin (P = 0.0241) was signifi-
cantly lower in enterococci isolates from organic chicken
samples compared with isolates from conventional chicken
samples (Table 1). In addition, enterococci isolated from
organic chicken meat showed lower antimicrobial resis-
tance levels for ciprofloxacin (P = 0.001) and erythromy-
cin (P = 0.0137) than enterococci isolated from turkey
meat. Similarly, organic chicken contained fewer multire-
sistant isolates. (Table 2). Multiresistance rates for entero-
cocci isolated from organic chicken (11.67%) were lower
than those obtained from conventional chicken (33.33%)
as well as those found for turkey (31.67%). Statistical ev-
idence was obtained at a lower prevalence for multiresistant
enterococci in organic chicken meat than conventional
chicken meat (P = 0.0021) or conventional turkey meat (P
= 0.0266).

The Enterococcus strains isolated from organic chicken
meat showed a different species distribution compared with
isolates from conventional chicken (P = 0.0105) or turkey
meat (P = 0.0052). Organic chicken yielded the following
species distribution pattern; E. faecalis (36.67%), E. durans
(31.67%), E. casselifiavus (6.67%), E. gallinarum (6.67%),
and E. faecium (1.67%). Other genera identified were Aero-
coccus spp. (5%), Lactococcus spp. (3.33%), and not iden-
tified (NI) (8.33%). Enterococci isolated from conventional
chicken included the following: E. durans (58.33%), E. fae-
calis (21.67%), E. avium (1.67%), E. faecium (1.67%), and
E. hirae (1.67%). Other genera identified were Lactococcus
spp. (5%), Aerococcus spp. (5%), Leuconostoc spp.
(1.67%), and NI (3.33%). In the case of enterococci isolated
from conventional turkey, the presumptive species distri-
bution was as follows: E. durans (56.67%), E. faecalis

Al
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TABLE 1. Percentages of Enterococcus spp. isolated from organic chicken, conventional chicken, and conventional turkey susceptible
(S), intermediate (1), and resistant (R) to microbial agents by disk diffusion method®

Organic chicken

Conventional chicken Conventional turkey

Antimicrobial

agent (pg) S I R s 1 R 8 I R
\

Ampicillin (10) 81.67 — 18.33 66.67 — 3333 65 — 35
Chloranphenicol (30) 96.67 1.67 1.67 80 15 8 98.33 1.67 0
Doxycycline (30) 85 15 0 68.33 23.33 8.33 86.67 13,33 0
Ciprofloxacin (5) 55 40 5 5833 18.33 23.33 26.67 40 33.33
Erythromycin (15) 31.67 66.67 1.67 45 40 15 56.67 40 3.33
Gentamicin (10) 75 20 5 70 18.33 11.67 73.33 18.33 8.33
Nitrofurantoin (300) 95 1.67 333 83.33 10 6.67 90 5 5
Vancomycin (30) 96.67 3.33 0 85 333 11.67 90 5 5

4pn = 60 for each type of meat.

(36.67%), and E. gallinarum (1.67%), with Aerococcus
spp. (5%} also identified.

Thus, the most common presumptive enterococci spe-
cies isolated from organic chicken was E. faecalis
(36.67%), whereas E. durans was the most common species
isolated from conventional chicken (58.33%) and turkey
(56.67%).

Significant differences in antimicrobial susceptibility of
enterococci species were observed for ciprofloxacin, in
which E. durans exhibited greater antimicrobial resistance
than the other species (P = 0.0245), and for erythromycin,
in which E. faecalis was significantly less resistant com-
pared with the other isolates (P = 0.0380).

DISCUSSION

The mean counts obtained in the present work suggest a
relation between enterococci contamination of meat and the
farming procedures employed in animal rearing. Thus, as it is
expected, in organic chicken, in which antimicrobial use was
assumed to be less based on claims by the industry, the mean
counts of enterococci were significantly higher than those ob-
tained from conventional chicken and turkey meat, where
higher quantities of antimicrobial agents are used (6, 27).

During recent years, widely variable rates of antimi-
crobial resistance were reported for enterococci isolated
from conventionally reared poultry and poultry meat (10,
13, 21, 25, 27). The antimicrobial resistance levels deter-

TABLE 2. Multiresistance patterns in Enlerococcus spp. strains
isolated from organic chicken, conventional chicken, and conven-
tional turkey®

Organic  Conventional Conventional

No. of chicken, chicken, turkey,

antimicrobials No. (%) No. (%) No. (%)

0 44 (73.33) 22 (36.67) 27 (45)

| 9 (15) 18 (30) 14 (23.33)
2 5(8.33) 8 (13.33) 13 (21.67)

3 2 (3.33) 7(11.67) 4 (6.67)

4 0 (0) 2 (3.33) 2 (3.33)

=5 0 (0) 3(5 0 (0

Multiresistant strains 7 (11.67) 20(33.33) 19 (31.67)

@pn = 60 for each type of meat.

mined in our study are in global terms the same or lower
compared with those reported by these other authors. Nev-
ertheless, the lower levels of E. faecium and higher levels
of E. durans in our work compared with these other studies
(10, 13, 21, 25, 27) can be a distorting factor when com-
paring resistance levels. Indeed, E. faecium is the entero-
cocei species that has the broadest spectrum of natural and
acquired antibiotic resistance (11).

Our results also indicate that antimicrobial resistance in
enterococci isolates can change based on the type of animal
production system. Enterococci isolated from organic chicken
are more susceptible to certain antimicrobials than counterpart
enterococci strains isolated from conventionally farmed ani-
mals. Thus, the high differences observed for ciprofloxacin,
probably due to quinolones, likely result from their wide-
spread use in poultry medicine (2, 6). Despite economic dis-
incentives, ciprofloxacin is particularly popular in treating tur-
keys (6). In recent years, quinolone use on turkey farms has
also increased, especially for treating bacterial infections that
are secondary viral rhinotracheitis (6). Nevertheless, as was
true for erythromycin, the low level of resistance found in
enterococci isolates from organic chicken meat could be in
part explained by the different rates of enterococci species
isolated from organically and conventionally raised birds. In
this sense, E. durans exhibited greater resistance to ciprofiox-
acin (P = 0.0014) than the other species isolated in this work
(P = 0.0014), the latter being significantly less frequent in
organic as compared with conventional poultry. As for eryth-
romycin, significantly lower resistance levels were seen for E.
Jaecalis than the other enterococci groups (P = 0.047), with
this species also more frequently isolated from organic than
conventional chicken. These results, in addition to the finding
that E. durans was more frequently isolated from conventional
than organic samples and that enterococci species other than
durans and faecalis were more common in organic than in
conventional samples, could be due to selection by the anti-
microbials used in conventional poultry farming.

Because of more widespread use of antimicrobials in
turkey farming (6, 25), higher antimicrobial resistance rates
were expected for the turkey meat isolates than those en-
terococci isolated from conventional or organic chicken
meat. However, higher antimicrobial resistance was only
seen for ciprofioxacin with respect to enterococci isolates
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obtained from both conventional and organic chicken meat.
Likewise, for the case of erythromycin, the resistance rates
obtained for enterococci isolated from turkey meat were
higher than those obtained for enterococci isolated from
organic chicken meat but not higher than those obtained for
enterococci isolated from conventional chicken meat. Fur-
thermore, other surprising resuits included the higher chlor-
amphenicol resistance of isolates from conventional chick-
en compared with those obtained from organic chicken or
turkey. Because the use of chloramphenicol is banned in
poultry medicine, it is difficult to attribute this higher re-
sistance rate to antimicrobial exposure.

In summary, the lower rates of antimicrobial resistance
in enterococei isolated from organically farmed chicken, as
compared with conventionally farmed chicken and turkey,
indicate that organic farming may limit the development
and spread of antimicrobial resistance among foodborne
bacteria. Considering that organic meats are more costly to
purchase than their conventional counterparts, organizations
regulating organic food must be able to assure the origin
of organically farmed animals. In this sense, continuous
antimicrobial-resistance monitoring could provide one
means of preventing fraudulent activity because resistant
bacteria developed during treatment survive longer than the
antimicrobial residues in meat. However, more research
would need to be carried out to confirm this strategy as a
monitoring tool.
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RESUMEN

Enterococcus ha sido un género bacteriano ampliamente utilizado en numerosos

estudios cientificos como indicador de la contaminacion fecal en alimentos, pero
también ha servido para estudiar la posible diseminacion de la resistencia microbiana
relacionada con el uso de farmacos en la produccién aviar.
Recientemente se ha realizado algin trabajo sobre la resistencia antimicrobiana de
géneros como Salmonella o Campylobacter aislados de productos lacteos y productos a
base de carne de pollo ecoldgicos. Sin embargo, puesto que hay poca informacién
respecto a otros grupos bacterianos, es objeto del estudio que aqui se presenta,
investigar la susceptibilidad de las bacterias pertenecientes al género Enterococcus a
varios agentes antimicrobianos, en muestras de carne de pollo procedentes de
producciones de caracter ecoldgico y compararlas con muestras procedentes de la cria
convencional en intensivo.

Asi, se determinaron los recuentos de Enterococcus spp. en 90 muestras de carne,
compradas en supermercados y carnicerias, procedentes de pollos criados de forma
ecoldgica y de pollos y pavos criados de forma convencional (30 muestras de cada). A
continuacion se aislaron 2 cepas de cada muestra, obteniendo finalmente un total de 180
cepas de enterococos.

Se determin6 la resistencia a la ampicilina, cloranfenicol, doxyciclina,
ciprofloxacina, eritromicina, gentamicina, nitrofurantoina y vancomicina por el método
de difusion en disco.

La media de los recuentos del género Enterococcus (3.18 log UFC/g) en las
muestras de pollo ecoldgico resultaron ser significativamente mayores que las obtenidas
de la carne procedente de pollo (2.06 log UFC/g) y pavo (1.23 log UFC/g) de cria
convencional (P = 0.0002 y P < 0.0001, respectivamente). Estos datos corroboran que
existe una relacion entre el grado de contaminacion y los procedimientos de produccion
de estas carnes, siendo éste menor cuando se han usado medicamentos. Teniendo en
cuenta que en la produccion de caracter ecologico el uso de farmacos estd muy
restringido y aunque se intenta evitar la presencia de flora contaminante por otros
medios (seleccion de razas, ambiente higiénico, cuidados especiales, etc.) esta claro que
la susceptibilidad de la carne de pollo a la contaminacion bacteriana sigue siendo

altamente notable.
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Sin embargo, los datos sobre las tasas de resistencias de los enterococos aislados a
partir de la carne de pollo ecoldgica fueron significativamente menores que las
obtenidas para los enterococos aislados a partir de carne de pollo de cria convencional
para el caso de 6 agentes antimicrobianos (ampilicina (P = 0.0067), cloranfenicol (P =
0.0154), ciprofloxacina (P = 0.0024), doxiciclina (P = 0.0277), eritromicina (P =
0.0028) y vancomicina (P = 0.0241)). Asimismo, también fueron significativamente
menores que las tasas obtenidas para los enterococos aislados a partir de carne de pavo
de cria convencional en el caso de 2 antimicrobianos (ciprofloxacina (P = 0.001) y
eritromicina (P = 0.0137).

Se encontraron cepas multiresistentes (resistentes a dos antimicrobianos o mas) en
todos los grupos de aves muestreados. La proporcion de cepas multiresistentes resultd
ser siempre significativamente menor en los enterococos aislados a partir de carne
ecologica (11.67 %) que en los aislados a partir de los otros dos tipos de carne de aves
procedentes de la cria convencional (33.33 % y 31.67 % para pollos y pavos
respectivamente).

Otro aspecto a destacar es que Enterococcus faecalis ha sido la especie mas
frecuentemente aislada en pollo ecoldgico (36.67 %), mientras que Enterococcus durans
lo fue en los pollos y pavos de cria convencional (58.33 % y 56.67 % respectivamente).
El grado de resistencias determinado en este trabajo en términos globales coincide o es
algo menor que los establecidos por otros autores. Sin embargo hay que tener en cuenta
que los menores aislamientos de E. faecium en contraposicion con los mayores de E.
durans hallados en este trabajo, pudieran constituir un cierto factor de distorsion cuando
se comparan estas tasas de resistencia con la literatura cientifica, puesto que esta
primera especie presenta generalmente un mayor espectro resistente frente a
antimicrobianos.

Las mayores tasas de resistencia se encontraron para ampicilina y para
ciprofloxacina en los 3 grupos de carnes. Esto puede ser debido, por ejemplo en el caso
de la ciprofloxacina a que, a pesar de su mayor precio, estd siendo cada vez mas
utilizada en toda la UE en terapéutica aviar, maxime en el caso de los pavos, donde
efectivamente se corrobora en este trabajo que se encuentra un mayor grado de
resistencia (33.33 %) que en pollos (23.33 %) (ambos de produccidon convencional).

Sorprendentemente, hay que senalar el hallazgo de cepas resistentes a cloranfenicol,
mayor en pollos de produccion intensiva (5%) (que en pollos de produccion ecologica

(1.67%), ninguna en pavos). Puesto que el uso de esta sustancia estd prohibida desde
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hace afios, es dificil atribuir estas resistencias a la exposicion actual de los animales al
farmaco.

En conclusion, por una parte se puede indicar que la produccion de caracter
ecologico parece ser una estrategia eficaz para evitar la dispersion de la resistencia a los
agentes antimicrobianos en los alimentos. Por otra parte y considerando que los
alimentos ecologicos son mas costosos que los obtenidos de forma convencional, las
organizaciones que regulan este tipo de productos deberian ser capaces de asegurar la
verdadera naturaleza de los mismos; en este sentido, se propone que una monitorizacion
continua de la tasa de resistencias podria ser una herramienta eficaz para prevenir las

posibles practicas fraudulentas en el sector.
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3.6. Resistencia de cepas pertenecientes a la Fam. Enterobacteriaceae aisladas de

pollo y pavo de produccion convencional y pollo de produccion ecologica.

Antimicrobial resistance in Enterobacteriaceae strains isolated from organic
chicken, conventional chicken and conventional turkey meat: A comparative

survey

Miranda, J.M., Guarddon, M., Vazquez, B.l., Fente, C.A., Barros-Velazquez, J.,
Cepeda, A., Franco, C.M.

Food Control, Acepted 7-5-07, In Press.
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Antimicrobial resistance in Enterobacteriaceae strains isolated from organic
chicken, conventional chicken and conventional turkey meat: A comparative

survey

“Miranda, J.M., *“Guarddon, M., *Vazquez, B.I, “Fente, C.A., "Barros-Velazquez, J.,
*Cepeda, A. and “Franco, C.M.*

“Laboratorio de Higiene Inspeccion y Control de Alimentos. Dpto de Quimica Analitica,
Nutricion y Bromatologia. Facultad de Veterinaria. Universidad de Santiago de
Compostela. 27002-Lugo. Spain;

®Area de Tecnologia de los Alimentos. Dpto de Quimica Analitica, Nutricion y
Bromatologia. Facultad de Veterinaria. Universidad de Santiago de Compostela. 27002-

Lugo. Spain.

Abstract

Mean counts of Enterobacteriaceae were determined for 30 samples each of organic
chicken meat, conventional chicken meat and conventional turkey meat to assess
differences in contamination. Two strains from each sample were isolated to obtain a
total of 180 strains, which were examined for resistance to ampicillin, chloramphenicol,
cephalothin, doxycycline, ciprofloxacin, gentamicin, nitrofurantoin, and sulfisoxazole.
The average counts obtained showed that mean counts of Enterobacteriaceae from
organic chicken meat were significantly higher than those obtained from conventional
chicken (P<0.0001) or conventional turkey (P<0.0001) meat. However, the resistance
data obtained showed that isolates from organic chicken meat were less resistant than
isolates from conventional chicken meat to ampicillin (P=0.0001), chloramphenicol
(P=0.0004), doxycycline (P=0.0013), ciprofloxacin (P=0.0034), gentamicin (P=0.0295)
and sulfisoxazole (P=0.0442), and were less resistant than isolates from turkey meat to
doxycycline (P=0.0014) and sulfisoxazole (P=0.0442). Multidrug resistant isolates were
found in every group tested, but rates of multidrug resistant strains were higher in
conventional chicken (63.3%) and turkey (56.7%) than organic chicken (41.7%) meat.

The rates obtained for antimicrobial resistance support the theory that although organic
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chicken meat contains more Enterobacteriaceae contamination, organic farming

practices contribute to decreased dissemination of antibiotic resistance.

Keywords: poultry, organic, Enterobacteriaceae, antimicrobial, resistance.

1. Introduction

Organic and other non-conventional meat products are now readily available for
retail in developed countries, to satisfy consumers’ demand for high-quality products
that meet the following requirements: (i) guaranteed animal welfare during production;
(i1) absence of chemical agents during animal feeding; (iii) environmental-friendliness,
and (iv) better taste than conventional products (Dransfield et al., 2005). However, little
is known about the microbiological status of organic animal products and the potential
microbiological risks linked to organic meat production. Thus, raising of animals
outdoors, use of slow-growing breeds, strict restrictions in the therapeutic use of
antimicrobial agents and use of small slaughtering facilities may not guarantee strict
microbiological control of animals destined for human consumption (Dransfield et al.,
2005; Soonthornchaikul et al., 2006).

Currently, it is well known that several antimicrobial-resistant bacteria isolated from
humans originate primarily from animals raised for human consumption (Aarestrup,
2000) and that such resistant bacteria may contaminate the meat derived from those
animals (Sdenz et al. 2001). Although this contamination declines in the absence of
antimicrobial agents (Philips et al., 2004), the presence of antimicrobial-resistant
bacteria may persist in meat even after the withdrawal period (Van den Boogard et al.,
2001; Wiuff et al., 2003). Thus, the development of antibiotic resistance among
bacterial isolates from animal sources can also represent a potential hazard to consumers
via food-borne infections caused by antibiotic-resistant bacteria.

The Enterobacteriaceae family is commonly used as an indicator of faecal
contamination during food microbiological analyses, and includes important zoonotic
bacteria such as Salmonella spp., Yersinia spp. and Escherichia coli. Enterobacteriaceae
are significant causes of serious infection, and many of the most important members of

this family are becoming increasingly resistant to currently available antimicrobials
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(Paterson, 2006). This is an important phenomenon that requires vigilance and find
measures to control the further spread of resistance by pathogens included in this
family.

Recently, antimicrobial resistance has been reported in bacteria isolated from
organic dairy products (Sato et al., 2004a; Sato et al., 2004b; Tikofsky et al., 2003), and
in poultry products related to Salmonella and Campylobacter (Cui et al., 2005;
Soonthornchaikul et al., 2006). However, little information relative to commensal
bacteria isolated from organic poultry meat products is currently available.
Consequently, the main goal of the present study was to investigate the prevalence of
antimicrobial susceptibility found in Enterobacteriaceae isolates derived from organic
chicken meat as compared to conventional chicken and turkey meats. The potential
implications of these results in terms of microbiological safety, especially concerning
the development and spread of antimicrobial resistance to the food chain, are also

discussed.

2. Methods

2.1. Collection of poultry meat samples

A total of 90 fresh pre-packaged skin-on drumstick samples were taken during 2005
from supermarkets and butcher shops: 30  organic-reared chicken samples, 30
conventionally-reared chicken samples, and 30 conventionally-reared turkey samples.
All samples were taken on different days and in different supermarkets and butcher
shops for the case of conventional poultry. For the case of organic chickens, certified
products only were found in 5 supermarkets, so 6 organic samples were taken in each
supermarket, but all of them on different days. All supermarkets and butcher shops were
located in Galicia (North-Western Spain). All samples were processed between three

and four days before the expiration date indicated on the label.
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2.2. Microbiological analyses

All samples were processed following standard performance ISO 7402:1993 for
plate count of Enterobacteriaceae: Portions of 25 g were obtained from each meat
sample, placed in a sterile masticator bag with an appropriate volume (1/9) (w/v) of
sterile 0.1% peptone water (Merck, Darmstadt, Germany), and subsequently
homogenized for 1 min. with a masticator (Aes, Combourg, France). After
homogenization, samples were investigated for the presence of Enterobacteriaceae.
Thus, 107" to 10™ dilutions of meat extracts were tested on poured plates of Crystal-
violet neutral-red bile glucose agar (VRBG), which were prepared as specified by the
manufacturer (Merck). Once the agar had solidified, plates were overlaid with 3-4 ml of
melted VRBG and incubated at 35-37 °C for 24 h. After incubation, red colonies were

identified as Enterobacteriaceae and counted.

Once the bacterial counts were determined, two typical Enterobacteriaceae colonies
isolated from each meat sample were picked, transferred onto Columbia agar
supplemented with 5% sheep blood (BioMérieux, Marcy 1'Etoile, France), and
incubated at 35-37°C for 24 h in order to obtain a total of 180 pure cultures. Such pure
cultures were identified by colony and cell morphology, Gram stain, oxidase and
catalase activity. Positive strains initially identified as Enterobacteriaceae were

identified by API 20 E (BioM¢érieux) identification tests.

All 180 Enterobacteriaceae isolates were stored at -80'C in Maintenance Freeze

Medium units (Oxoid, Basingstoke, UK) until antimicrobial susceptibility testing.

2.3. Antimicrobial susceptibility testing of bacteria

Antimicrobial susceptibility testing was performed for a total of 180 isolates of
Enterobacteriaceae (60 from organic chicken meat, 60 from conventional chicken meat
and 60 from conventional turkey meat). Antimicrobial susceptibility testing was carried
out on Mueller-Hinton agar plates (Biomerieux) by the agar disk diffusion method

recommended by the Clinical and Laboratory Standards Institute (CLSI, Formerly
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NCCLS, 2002). Antimicrobial disks considered were: ampicillin (10 pg), cephalothin
(30 pg), chloramphenicol (30 pg), doxycycline (30 pg), ciprofloxacin (5 pg),
gentamicin (10 pg), nitrofurantoin (300 pg) and sulfisoxazole (300 pg) (Oxoid). The
antibiotic resistance breakpoints considered were the interpretative criteria for
Enterobacteriaceae recommended by the CLSI (2002). E. coli ATCC 25922 was used as
quality control.

Antimicrobials were chosen on the basis of their ability to provide a diverse
representation of different antimicrobial agent classes. Enterobacteriaceae isolates were
classified as sensitive, intermediate or resistant. Isolates exhibiting resistance to at least

two of the antimicrobial agents tested were considered to be multi-resistant strains.

2.4. Statistical analysis

The mean log CFU/g values in each meat sample analyzed were compared using a
Student’s t test. The distributions of resistant strains, multi-resistance patterns and
Enterobacteriaceae genera distribution were compared by X test and Fisher’s exact test.
Differences were considered significant when probabilities were less than 0.05. All
statistical analyses were carried out using Statgraphics version 5.0.1. (SAS Institute,

North Carolina, USA).

3. Results and Discussion

Our results indicate that the special characteristics of organic production give rise to
higher Enterobacteriaceae counts in meats than conventional farming. Thus, as expected
for organic chicken, in which antimicrobial use is more restricted, mean counts obtained
(3.81 log CFU/g) (SD=1.10) were significantly higher (P<0.0001) than those obtained
for conventional chicken (2.66 log CFU/g) (SD=1.3) and conventional turkey (1.44 log
CFU/g) (SD=0.661) (P<0.0001) meat. In addition, mean counts obtained for
conventional chicken were significantly higher than those obtained for conventional
turkey meat, in which farming procedures require greater antimicrobial usage than

chicken farming (Cornican et al., 2001; Van den Boogard et al., 2001).
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During recent years, several studies have reported the antimicrobial resistance of
some Enterobacteriaceae genera isolated from poultry, such as Escherichia and
Salmonella (Cornican et al., 2001; Saenz et al., 2001; Van den Boogard et al., 2001;
Antunes et al., 2003; Guerra et al.,2003; Kijima-Tanaka et al., 2003 ). The antimicrobial
resistance rates obtained in our study are in agreement with those described by these
authors, and also provide evidence supporting the fact that antimicrobial resistance of
Enterobacteriaceae isolates can change depending on the type of animal production
system considered. Different patterns were observed in strains isolated from organic
chicken meat compared to their counterparts isolated from conventional chicken and
turkey meat (Table 1). Antimicrobial resistance was significantly lower in
Enterobacteriaceae isolates from organic chicken samples for ampicillin (P=0.0001),
chloramphenicol (P=0.0004), doxycycline (P=0.0013), ciprofloxacin (P=0.0034),
gentamicin  (P=0.0295), and sulfisoxazole (P=0.0442), as compared to
Enterobacteriaceae isolated from conventional chicken samples. In addition, isolates
from organic chicken meat demonstrated a lower level of antimicrobial resistance than
their Enterobacteriaceae counterparts isolated from turkey meat for doxycycline
(P<0.0001) and sulfisoxazole (P=0.0442). The resistance rates obtained for
Enterobacteriaceae isolated from conventional chicken meat were significantly higher
than those obtained from turkey meat for chloramphenicol (P=0.0044), ciprofloxacin
(P=0.0199) and gentamicin (P=0.0067), and significantly lower for cephalothin
(P=0.0063).

It should be noted that resistance rates obtained for isolates from organic chicken
were significantly lower than those obtained from conventional chicken and turkey for
the antimicrobial agents more commonly used in poultry medicine, such as quinolones
(ciprofloxacin), tetracyclines (doxycycline) and sulphonamides (sulfisozaxole)
(Cornican et al., 2001; Van den Boogard et al., 2001; Antunes et al., 2003; Avrain et al.,
2003), with the exception of ciprofloxacin resistance in conventional turkey isolates.
Conversely, due to the more common use of antimicrobial agents in turkey farming than
chicken farming (Cornican et al., 2001; Van den Boogard et al., 2001), higher
antimicrobial resistance rates were expected for Enterobacteriaceae isolates obtained
from turkey meat than for those isolated from conventional or organic chicken meats.

Nevertheless, the antimicrobial resistance rates obtained in our study were higher for the
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strains isolated from conventional chicken meat in global terms. Remarkably, higher
chloramphenicol resistance was observed in isolates from conventional chicken
compared to organic chicken or conventional turkey. Since the use of this antimicrobial
is banned in poultry medicine, it is difficult to attribute this difference in resistance rates
to antimicrobial exposure.

In addition to individual resistance to tested antimicrobial agents, organic chicken
isolates showed a lower level of multi-resistant bacteria (Table 2). Multi-resistance rates
of Enterobacteriaceae isolated from organic chicken (41.7%) were lower than those
obtained from conventional chicken (63.3%), as well as turkey (56.7%). Statistical
analysis indicated a lower prevalence of multi-resistant Enterobacteriaceae in organic
chicken meat versus conventional chicken meat (P=0.0197).

Identification of Enterobacteriaceae isolates from organic chicken, conventional
chicken and turkey meat to the genus level is shown in Table 3. The most common
Enterobacteriaceae genus isolated from every tested group was Serratia (45% of
isolates from organic chicken, 28.3% of isolates from conventional chicken and 33.3%
of isolates from conventional turkey). Other commonly isolated genera were
Enterobacter (21.7% of isolates from organic chicken, 16.7% of isolates from
conventional chicken and 23.3% of isolates from conventional turkey) and Klebsiella
(6.7% of isolates from organic chicken, 6.7% of isolates from conventional chicken and
25% of isolates from conventional turkey). Enterobacteriaceae strains isolated from
conventional turkey meat demonstrated different distribution profiles compared to their
countherparts isolated from organic (P=0.0010) and conventional chicken meat
(P=0.0055). These differences in classification could distort analyses used to compare
resistance rates obtained from turkey isolates.

In summary, lower rates of antimicrobial resistance were observed in
Enterobacteriaceae isolated from organically farmed chicken compared to counterpart
strains derived from conventionally farmed chicken or turkey. This supports the idea
that organic farming may limit the development and spread of antimicrobial resistance
among food-borne bacteria. Taking into account that organic meats reach higher prices
in market than conventional meat, organic food regulation agencies must assure that
organic meat sold in markets is truly derived from organically farmed animals. In this

sense, although more microbiological studies are necessary, continuous antimicrobial
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resistance monitoring could be a useful tool to preclude fraudulent activities. Since
resistant bacteria that develop during antimicrobial treatment can survive after the time
than the persistence of antimicrobial residues in animal tissues, monitoring of this
resistance could help to detect antimicrobial treatments not allowed in organic animal

farming.
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Table 1. Percentages of Enterobacteriaceae isolated from conventional chicken, organic chicken and poultry susceptible (S), intermediate (I) and
resistant (R) to antimicrobial agents by disk diffusion methods

Organic chicken (n=60) Conventional chicken (n=60) Turkey (n=60)

Antimicrobial agent (pg) S I R S I R S I R
Ampicillin (10) 40 38.3 21.7 35 16.7 48.3 333 30 36.7
Cephalothin (30) 30 25 45 40 133 46.7 20 21.7 58.3
Chloramphenicol (30) 938.3 1.7 0 81.7 11.7 6.7 95 5 0
Doxycycline (30) 95 5 0 78.3 16.7 5 70 26.7 33
Ciprofloxacin (5) 61.7 35 33 41.7 45 13.3 61.7 31.7 6.7
Gentamicin (10) 98.3 1.7 0 95 0 5 95 5 0
Nitrofurantoin (300) 60 20 20 60 13.3 26.7 55 25 20

Sulfisoxazole (200) 40 17 58.3 26.7 0 73.3 26.7 0 73.3
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Table 2. Resistance patterns in Enterobacteriaceae isolated from organic chicken,

conventional chicken and turkey.

Number of antimicrobials Organic Conventional Conventional

resistant chicken chicken turkey
(n=60) (n=60) (n=60)

0 7(11.7) 5(8.3) 7(11.7)

1 28 (46.7) 17 (28.3) 19 (31.7)

2 12 (20) 13 (21.7) 14 (23.3)

3 12 (20) 12 (20) 12 (20)

4 1(1.7) 10 (16.7) 5(8.3)

>5 0 (0) 3(5) 3(5

Multi-resistant strains (%) 25 (41.7) 38 (63.3) 34 (56.7)

Table 3. Genera distribution of Enterobacteriaceae isolated from organic chicken,

conventional chicken and conventional turkey.

Organic chicken = Conventional chicken  Conventional turkey

(n=60) (n=60) (n=60)
Serratia spp.(%) 27 (45) 19 (31.7) 20 (33.3)
Enterobacter 12 (20) 11 (18.3) 14 (23.3)
spp-(%)
Klebsiella spp. 4 (6.7) 4(6.7) 15 (25)
(%)
Yersinia spp. (%) 4(6.7) 2(3.3) 0 (0)
Hafnia spp. (%) 4(6.7) 5(8.3) 0 (0)
Escherichia  spp. 4(6.7) 5(8.3) 0 (0)
(%)
Other genera (%) 3(5) 5(8.3) 2(3.3)
NI (%) 2 (3.3) 9 (15) 9 (15)

Other genera includes (N°): Erwinia spp. (3); Citrobacter spp. (3); Providencia spp. (2); Ewingella spp.
(1) and Rahnella spp (1). NI: Not identified.
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RESUMEN
En los analisis microbiologicos sobre alimentos, se recurre habitualmente a la familia
Enterobacteriaceae como indicador de la presencia de contaminacion fecal, siendo un
grupo bacteriano en el que se encuentran bacterias zoonoticas tales como Salmonella
spp., Yersinia spp o Escherichia coli. Precisamente muchas de ellas han sido
relacionadas con la aparicion de resistencias a agentes antimicrobianos, tanto los usados
en clinica veterinaria como los usados como promotores de crecimiento en produccion
animal. Cada vez mas, desde los estamentos de control de medicamentos se estad
prestando mas atencién a este fendmeno por las implicaciones tanto directas como
indirectas que supone sobre la salud publica.
Consecuentemente, el objetivo de este trabajo es investigar la prevalencia de la
susceptibilidad antimicrobiana en cepas de enterobacterias aisladas en aves de
produccion ecologica y compararlas con las encontradas en aves procedentes de la
produccion convencional.
Para ello, se ha determinado la contaminaciéon por bacterias de la Fam.
Enterobacteriaceae en 30 muestras de carne de pollo ecologica, 30 de carne de pollo
procedente de la cria convencional y otras 30 de pavo también procedentes de la cria
convencional, recogidas en distintos dias en varias carnicerias y supermercados de
Galicia. De cada una de estas muestras se aislaron 2 cepas de enterobacterias hasta
obtener un total de 180 cepas. Para todas se determind su susceptibilidad a 8 tipos
diferentes de agentes antimicrobianos, utilizados con asiduidad en terapéutica aviar
(ampilicina, cloranfenicol, cefalotina, doxiciclina, ciprofloxacina, gentamicina,
nitrofurantoina y sulfisoxazol), mediante el método de difusion en disco.
Los recuentos medios obtenidos revelaron que las muestras de carne de pollo ecologico
estaban significativamente (P < 0.0001) mas contaminadas por enterobacterias (3.81 log
UFC/g) que las muestras procedentes de aves de cria convencional (2.66 UFC/g en
pollos, 1.44 log UFC/g en pavos). Estos resultados parecen indicar que el mayor uso de
antimicrobianos en durante la produccion de pavos, y que es algo menor en pollos, tiene
un efecto evidente en comparacion con la no utilizacion de estos farmacos en durante la
produccion ecologica.
Sin embargo, las tasas de resistencia obtenidas entre las enterobacterias aisladas a partir

de pollo ecoldgico fueron significativamente menores que las obtenidas entre las
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enterobacterias aisladas a partir de pollo de produccidon convencional en el caso de 6
agentes antimicrobianos (ampilicina (P = 0.0001), cloranfenicol (P = 0.0004),
ciprofloxacina (P = 0.0034), doxiciclina (P = 0.0013), gentamicina (P = 0.0295) y
sulfisoxazol (P = 0.0442)). Asi mismo, también fueron significativamente menores que
las obtenidas para las enterobacterias aisladas a partir de pavo para el caso de la
doxiciclina (P = 0.0141) y del sulfisoxazol (P = 0.0442). El mayor grado de resistencias
resultaron encontrarse para el sulfisoxazol y a continuacion para la cefalotina y
ampicilina, en los tres grupos de muestras. También se puede sefalar que aunque debia
de esperarse una mayor aparicién de resistencias en las muestras de pavo debido a la
mayor exposicion a estos fdrmacos, en cambio, de forma general se encontraron mas
cepas resistentes en el caso de muestras procedentes de carne de pollo de cria
convencional, siendo unicamente en éstas donde aparecieron también casos (6.7 %) de
resistencia al cloranfenicol (prohibido desde hace afos).

Aparte hay que destacar que se encontraron cepas multirresistentes sobretodo en las
muestras de carne de pollo (63.3 %) y de pavo (56.7 %) de cria convencional que
resultaron ser mas abundantes que las encontradas en las muestras de carne de pollos de
cria ecologica (41.7 %).

El género perteneciente a la orden Enterobacteriaceae mas frecuentemente aislado a
partir de los tres tipos de muestras fue Serratia spp. (45 % en carnes ecoldgicas, 28.3 %
y 33.3 % en pollo y pavo no ecoldgicos). Otros géneros aislados con bastante frecuencia
fueron FEnterobacter y Klebsiella. Cabe destacar que se encontraron diferencias
estadisticamente significativas en la distribucién de estos géneros en los distintos
grupos, de muestras sobretodo para el caso de las carnes de pavo (P = 0.0010 y P =
0.0055 respecto a las carnes de pollo de produccion ecologica y no ecologica,
respectivamente) lo que podria tener alguna influencia en el aislamiento de cepas
resistentes en los distintos grupos de muestras.

En resumen, los resultados del presente trabajo establecen que aunque las carnes
procedentes de pollos de produccion ecologica se hallan mas contaminadas por
enterobactaerias, las cepas pertenecientes a este grupo presentan menos resistencia a los
antimicrobianos mas comunmente utilizados en la clinica aviar, de acuerdo a los

resultados obtenidos también por otros autores para casos similares. Asi, se podria
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indicar que la cria de aves de forma ecologica es un mecanismo que contribuye a

disminuir la seleccion y/o diseminacion de bacterias resistentes hacia el consumidor.
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3.7. Estudio sobre la resistencia a antimicrobianos de Escherichia coli,
Staphylococcus aureus y Listeria monocytogenes aislados de muestras de carne

procedentes de pollos de ecologicos y de pollos de produccion convencional

Comparison of antimicrobial resistance in Escherichia coli, Staphylococcus aureus
and Listeria monocytogenes strains isolated from organic and conventional poultry

meat

Miranda, J.M., Vazquez, B.I., Fente, C.A., Barros-Velazquez, J., Cepeda, A.,
Franco, C.M.

Enviada para su publicacion al Food Research Internacional.
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Abbreviated running head: Antimicrobial resistance in organic poultry

Abstract

The presence of Escherichia coli, Staphylococcus aureus and Listeria
monocytogenes was determined in 55 samples of organic poultry meat and in 61
samples of conventional poultry meat. A total of 220 E. coli, 192 S. aureus and 71 L.
monocytogenes strains were analyzed by an agar disk diffusion assay for their resistance
to ampicillin, chloramphenicol, cephalotin, ciprofloxacin, doxycycline, fosfomycin,
gentamicin, nitrofurantoin, sulfisoxazole and streptomycin (E. coli), chloramphenicol,
clindamycin, ciprofloxacin, doxycycline, erythromycin, gentamicin, oxacillin,
nitrofurantoin and sulfisoxazole (S. aureus) and ampicillin, chloramphenicol,
ciprofloxacin, doxycycline, erythromycin, gentamicin, streptomycin, sulfisoxazole and
vancomycin (L. monocytogenes). The results indicated a higher presence of E. coli
(P<0.0001) but not of S. aureus and L. monocytogenes in organic poultry meat as
compared to conventional poultry meat. E. coli isolated from organic poultry meat
exhibited lower levels of antimicrobial resistance against 7 of the antimicrobials tested

as compared to isolates recovered from conventional meat. In the case of S. aureus and
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L. monocytogenes, isolated from conventional poultry, antimicrobial resistance was
significantly higher only for doxycycline as compared to strains isolated from organic
poultry. Moreover, the presence of multi-resistant strains was significantly higher in
conventional poultry meat as compared to organic poultry meat (P<0.0001) only in the
case of E. coli. Organically-farmed poultry samples showed significantly lower
development of antimicrobial resistance in intestinal bacteria as E. coli, thus
contributing to a reduction in the development and spread of antimicrobial resistance

among these food-borne bacteria.

Keywords: E. coli, organic, antimicrobial, resistance, poultry, meat.

1. Introduction

In recent years the sales of organic foods have increased significantly. Thus, organic
and other non-conventional meat products are now available in the retail market of
developed countries with a view to satisfy the consumers’ demand for products that
meet specific requirements. Among them, the following can be highlighted: guaranteed
animal welfare during production, absence of chemical agents during animal feeding,
environmental friendliness, and better taste as compared to conventional products
(Dransfield et al., 2005). In addition, there is a perception on a part of consumers that,
due to the fact that conditions for growth are more natural for organic farming, such
products would harbour less pathogenic bacteria than conventional food products
(Bailey & Cosby, 2005). However, little is known about the microbiological status of
organic animal products and the potential microbiological risks linked to organic meat
production. Thus, it has been reported that the raising of animals outdoors and the use of
slow-growing breeds as well as the strict restrictions in therapeutic use of antimicrobial
agents, may not guarantee a strict microbiological control of animals destined for
human consumption (Dransfield et al., 2005; Soonthornchaikul, Garelick, Jones, Jacobs,
Ball & Choudhury, 2006).

Meat and meat products are the major source of food-borne infections and the most
important link between food-producing animals and humans (Mayrhofer, Paulsen,

Smulders & Hilbert, 2004). In this sense, it has been previously reported that several
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antimicrobial-resistant bacteria isolated from humans primarily originated from animals
raised for human consumption (Aarestrup, 2000; Philips et al., 2004) and that such
resistant bacteria may contaminate meat derived from those animals (Séenz, Zarazaga,
Brifias, Lantero, Ruiz-Larrea & Torres, 2001). Thus, antibiotic resistance of bacterial
isolates from animal origins can also represent a potential hazard to consumers via food-
borne infections caused by antibiotic-resistant bacteria.

Monitoring of the use of antimicrobial agents in veterinary medicine in animals
destined for human consumption is considered to be a risk-management option to
prevent the development and spread of antimicrobial resistance in microorganisms
present in food-producing animals (Philips et al., 2004). Recently, other authors have
reported antimicrobial resistance by bacteria isolated from organic animal products.
Data reported in such studies are specially referred to Campylobacter or Salmonella
genera in dairy and poultry products and to Staphylococcus aureus isolated from dairy
products (Bailey et al., 2005; Cui, Ge, Zheng & Jianghong, 2005, Sato, Barlett, Kaneene
& Downes, 2004; Sato, Bennedsgaard, Barlett, Erskine & Kaneene, 2004;
Soonthornchaikul et al., 2006; Tikofsky, Barlow, Santiesteban & Schukken, 2003).
However, little information relative to Escherichia coli, Staphylococcus aureus or
Listeria monocytogenes isolated from organic food products is currently available. As a
consequence of this, the main goal of this study was to investigate the prevalence of the
antimicrobial susceptibility of E. coli, S. aureus and L. monocytogenes strains isolated
from organic poultry as compared to strains isolated from conventional poultry. The
implications of these results in terms of microbiological safety, especially concerning
the development and spread of antimicrobial resistance to the food chain, are also

discussed.

2. Materials and Methods

2.1. Collection of poultry meat samples

A total of 116 fresh pre-packaged skin-on drumstick samples were taken during

2006 from supermarkets and butcher shops. Fifty-five samples corresponded to organic-

reared chicken samples and 61 samples corresponded to conventionally-reared chicken
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samples. All samples were taken on different days and from different lots in 12 different
supermarkets and butcheries. In the case of organic chickens, commercial products
certified by an official agency were found in only 5 supermarkets, so 11 organic
samples were taken in each supermarket, but all of them on different days. All
supermarkets and butcheries were located in Galicia (North-Western Spain). All
samples were processed between three and four days before the expiration date

indicated on the label.

2.2. Microbiological analyses and isolation procedure

Twenty-five g portions were obtained from each poultry meat sample, placed in a
sterile masticator bag together with an appropriate volume (1/9) (w/v) of sterile 0.1%
peptone water (Merck, Darmstadt, Germany), and homogenized in a masticator (AES,
Combourg, France) for 1 min. After homogenization, samples were investigated for the

presence of E. coli, S. aureus and L. monocytogenes.

2.2.1. E. coli

One ml of 10" to 10 dilutions of meat extracts were processed on plates of
Fluorocult® Agar prepared following the manufacturers’ instructions (Merck). Once the
agar had solidified, the plates were overlaid with 3-4 ml of melted Fluorocult® and
incubated at 44°C for 24 h. After incubation, pink to red colonies exhibiting blue
florescence after exposure to a 365 nm ultraviolet lamp (Vilbert Lourmat, Marne,
France) were identified as E. coli and counted. Once bacterial counts were determined,
one-to-three typical E. coli colonies isolated from each poultry sample were picked,
transferred onto Columbia agar supplemented with 5% sheep blood (BioMérieux,
Marcy |'Etoile, France), and incubated at 44°C for 24 h in order to obtain pure cultures.
Such pure cultures were preliminarily investigated by colony and cell morphology,
Gram stain, oxidase and catalase activity, methyl red stain and indole production.
Positive strains preliminarily identified as E. coli were confirmed by the API 20E

identification system (BioMérieux).
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2.2.2. 8. aureus

One ml of 10" to 107 dilutions of meat extracts were processed on plates of Baird
Parker Agar prepared following the manufacturers’ instructions (BioMérieux), and
incubated at 37°C for 48 h. Grey to black colonies with a white halo showing coagulase
activity were isolated. Once bacterial counts were determined, one-to-three typical S.
aureus colonies isolated from each poultry sample were picked, transferred onto
Columbia agar supplemented with 5% sheep blood (BioMérieux), and incubated at 37°C
for 48 h in order to obtain pure cultures. Such pure cultures were preliminarily
investigated for their colony and cell morphology, Gram stain, oxidase and catalase
activity. Positive strains preliminarily identified as S. aureus were confirmed by the API

ID 32 STAPH identification system (BioMérieux).

2.2.3. L. monocytogenes

Twenty-five g portions obtained from each poultry sample were analyzed according
to ISO-11290-1 and ISO-11290-2 procedures and differentiated by streaks onto ALOA
agar plates (AES) and incubated for 24 h at 37 °C. Blue/green colonies with an opaque
halo were considered as L. monocytogenes. Once bacterial counts were determined, one-
to-three typical L. monocytogenes colonies isolated from each poultry sample were
picked, transferred onto Columbia agar supplemented with 5% sheep blood
(BioM¢érieux), and incubated for 24 h at 37 °C in order to obtain pure cultures. Such
pure cultures were preliminarily investigated for their colony and cell morphology,
Gram stain, oxidase and catalase activity, tumbling motility at 25 °C and hemolysis on
sheep blood agar. Positive strains preliminarily identified as L. monocytogenes were

confirmed by the API listeria identification system (BioMérieux).

All isolates were stored at -80°C in Maintenance Freeze Medium units (Oxoid,
Basingstoke, UK) until antimicrobial susceptibility was tested. All meat samples were

processed in triplicate. Sampling and processing of poultry meat samples were always
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carried out by the same laboratory personnel. Agar media plates were prepared by the

same research assistant throughout the study.

2.3. Antimicrobial susceptibility testing of bacteria

Antimicrobial susceptibility testing was performed for a total of 220 isolates of E.
coli, 192 isolates of S. aureus and 71 isolates of L. monocytogenes. Antimicrobial
susceptibility testing was carried out by agar disk diffusion on Miieller-Hinton agar
plates (Oxoid) according to the Clinical and Laboratory Standards Institute (CLSI,
formerly NCCLS) guidelines (NCCLS, 2002). Antimicrobial disks considered for E.
coli testing were: ampicillin (10 pg), cephalotin (30 pg), chloramphenicol (30 pg),
doxycycline (30 pg), ciprofloxacin (5 pg), fosfomycin (200 pg), gentamicin (10 pg),
nitrofurantoin (300 pg), streptomycin (10 pg), and sulfisoxazole (300 pg) (Oxoid).
Antimicrobial disks considered for S. aureus testing were: chloramphenicol (30 pg),
clindamycin (2 pg), ciprofloxacin (5 pg), doxycycline (30 pg), erythromycin (15 pg),
gentamicin (10pg), oxacillin (1 pg), nitrofurantoin (300 pg) and sulfisoxazole (300 ug).
Antimicrobial disks considered for L. monocytogenes testing were: ampicillin (10 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), doxycycline (30 pg), erythromycin (15
ng), gentamicin (10png), streptomycin (10 pg), sulfisoxazole (300 pg) and vancomycin
(30 pg).

Antimicrobial agents were selected in terms of their different structure and
mechanism of action. Antibiotic resistance breakpoints considered were those
recommended by the CLSI (NCCLS, 2002; NCCLS, 1993). E. coli ATCC 25922 and S.
aureus ATCC 29213 were used as reference strains for this study. Isolates were
classified as sensitive, intermediate (moderately sensitive) or resistant. Isolates
exhibiting resistance to at least two of the antimicrobial agents tested were considered to

be multi-resistant strains.
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2.4. Statistical analysis

E. coli, S. aureus and L. monocytogenes counts were grouped into different
categories (<1 log CFU g'; 1-2 log CFU g and >2 log CFU g for E. coli; <2 log CFU
g and 2-3 log CFU g for S. aureus and absence; <2 log CFU g and 2-3 log CFU g
for L. monocytogenes) prior to the performance of statistical analyses. The distributions
of bacterial counts (log CFU g) as well as the distributions of resistant strains and
multi-resistance patterns were compared by means of the X” test. The differences were
considered to be significant when P was lower than 0.05. All statistical analyses were
performed by means of the Statgraphics version 5.0.1 software (SAS Institute, North
Carolina, USA).

3. Results

The results indicated that the special characteristics of organic production provided
a higher prevalence of E. coli but not of S. aureus and L. monocytogenes as compared to
conventionally farmed poultry. In organic poultry meat, E. coli was detected (>1 log
CFU g') in 45 of the 55 samples tested (81.8%). The counts determined were >2 log
CFU g'1 for 18 of the 55 samples tested (32.7%), while 27 samples (49.1%) harboured
E. coli in the 1-2 log CFU g™ range. In the case of poultry reared conventionally, E. coli
was detected in only 38 of the 61 samples investigated (62.3% of the total), in the 1-2
log CFU g™ range in all cases. According to these results, the E. coli counts obtained for
organic poultry samples were significantly higher (P<0.0001) than those obtained for
conventional poultry.

In the case of S. aureus in organic poultry meat, this food-borne pathogen was
detected at concentrations higher than 2 log CFU g in 37 of the 55 samples tested
(67.3%). The bacterial numbers indicated that in 32 of the samples S. aureus was
present at concentrations below 2 log CFU g (58.2% of the total), while 5 samples
reached counts above 2 log CFU g' (9.1%). In the case of poultry reared
conventionally, S. aureus was detected only in 35 of the 61 samples investigated (57.4
% of the total). 34 of the samples in which S. aureus was detected reached counts below

2 log CFU g (55.7%), while only one sample (1.6%) reached counts above 2 log CFU
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g range. According to these results, the recovery of S. aureus isolates from organic
poultry samples was significantly higher (P=0.1436) than in conventional poultry.

In the case of L. monocytogenes, this pathogen was recovered (presence in 25 g)
from organic poultry meat in 27 of the 55 samples tested (49.1%). The bacterial counts
indicated that 25 of the samples in which L. monocytogenes was detected exhibited
counts below 2 log CFU g (45.5 % of the total), while only 2 samples reached counts
above 2 log CFU g range (3.6%). In the case of poultry reared conventionally, L.
monocytogenes was detected in 25 of the 61 samples investigated (41% of the total). 24
of the samples in which L. monocytogenes were detected exhibited concentrations
below 2 log CFU g™ (39.3%), while only one sample reached counts higher than 2 log
CFU g (1.6%). According to these results, no statistically-significant differences were
obtained between the L. monocytogenes counts obtained for organic poultry samples
and those obtained for conventional poultry (P=0.4045).

With respect to the antimicrobial resistance of isolates, different patterns were
observed in the E. coli strains isolated from organic poultry samples as compared to
their counterparts isolated from conventional poultry (Table 1). Antimicrobial resistance
was significantly higher in E. coli isolates derived from conventional poultry samples
for the antibiotics ampicillin (P<0.0001), cephalotin (P<0.0001), doxycycline
(P<0.0001), ciprofloxacin (P=0.0026), gentamicin (P<0.0001), streptomycin
(P<0.0001) and sulfisoxazole (P<0.0001) as compared to their E. coli counterparts
isolated from organic poultry (Table 1). In the case of S. aureus (Table 2), antimicrobial
resistance was also significantly higher in isolates derived from conventional poultry
samples for doxycycline (P=0.0001) as compared to S. aureus isolated from organic
poultry. Nevertheless, in the case of clindamycin (P=0.0239), the resistance rates
observed in S. aureus isolates derived from conventional poultry were significantly
lower than those observed in the S. aureus counterparts isolated from organic poultry
(Table 2). In the case of L. monocytogenes (Table 3), antimicrobial resistance was
significantly higher in isolates derived from conventional poultry samples as compared
to L. monocytogenes isolates recovered from organic poultry samples only in the case of
doxycycline (P=0.0446).

In addition, it should be highlighted that organic poultry meat showed lower

isolation rates of multi-resistant E. coli strains than conventional poultry samples (Table
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4). The percentage of E. coli isolates that exhibited resistance to at least two
antimicrobial agents was significantly lower (P<0.0001) in organic poultry samples
(34.3%) than in the conventional poultry counterparts (76.5%). Nevertheless, although
the percentages of recovery of multiresistant strains were always higher in isolates from
conventional poultry, no statistically-significant differences were obtained between the
percentage of multi-resistant S. aureus (Table 5) or L. monocytogenes (Table 6) strains

isolated from organic and conventional poultry meat, respectively.

4. Discussion

The results obtained in our study support the hypothesis that the prevalence of E.
coli isolates differs depending on the type of poultry production system (conventionally
raised versus organically raised) considered. Thus, as expected for conventional poultry,
in which rearing procedures require more intensive antimicrobial consumption than
organic poultry farming, the average counts of E. coli and S. aureus were significantly
lower than in the organic poultry samples, in which the use of antimicrobial agents is
seriously restricted. Nevertheless, for the case of S. aureus and L. monocytogenes, no
significant differences were obtained in their recovery rates between both types of
poultry production systems. These results suggest that contamination derived from
handling in processing plants is more important for these bacteria than for the case of E.
coli. In this sense, other authors have reported that food handlers may be important
sources of S. aureus or L. monocytogenes contamination (Gundogan, Citak, Yucel &
Devren, 2005; Loura, Almeida & Almeida, 2004).

Recently, widely variable rates of antimicrobial resistance were reported for E. coli,
S. aureus and L. monocytogenes strains isolated from conventionally-farmed food
products (Aureli, Ferrini, Mannoni, Hodzic, Wedell-Weergaard & Oliva, 2003; Bywater
et al., 2004; Cornican, Buckley, Corbett-Feeney & Sheridan, 2001; Franco et al., 1994;
Gundogan et al., 2005; Mayrhofer et al., 2004; Saenz et al., 2001; Van den Bogaard,
London, Driessen & Stobberingh, 2001). The antimicrobial resistance rates determined
in our study for conventionally-farmed poultry are, in global terms, compatible with the

results reported by these authors.
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Other authors have described a correlation between the percentages of antimicrobial
resistant isolates and the use of antimicrobial agents in animal farming (Aarestrup,
1999; Asai, Kojima, Harada, Ishihara, Takahashi & Tamura, 2005). The results obtained
in our study indicated a relationship between the levels of antimicrobial resistance in E.
coli and the tolerance in the use of antimicrobial agents employed in the poultry
production systems considered in this work. Thus, while organic poultry meat proved to
be more contaminated with E. coli, these isolates were more sensitive to certain
antimicrobial agents than their counterpart E. coli strains isolated from conventionally-
farmed animals. In this sense, the differences for antimicrobial agents commonly used
in poultry medicine, such as tetracyclines, quinolones, aminoglycosides, B-lactams or
sulphonamides (Asai et al., 2005; Emborg & Heuer, 2003) should be noted. Moreover,
the fact that no significant differences were observed for the antimicrobial agents
banned from poultry medicine in the European Union, such as chloranphenicol and
nitrofurantoin, provides additional support for the hypothesis that the development of
antimicrobial resistance may be a direct consequence of the use of certain antimicrobial
agents in veterinary medicine.

In addition, the statistically-significant higher rates of multi-resistant E. coli isolates
in conventional poultry underlines the possibility that stable resistance elements may
exist and that different resistance mechanisms may be linked. Thus, drug application
may not only select for resistance against the applied drug, but for multiresistance
phenotypes having a selection advantage. Nowadays, a variety of genetic elements
involved in cross-resistance events have been described. In the case of E. coli it is
frequent that strains that can produce Extended Spectrum Beta-Lactamase enzymes
(ESLBs) also exhibit cross-resistance to other antimicrobial families such as
tetracyclines or sulphonamides (Meunier, Jouy, Lazizzera, Kobisch & Madec, 2006,
Von Baum & Marre, 2005]

The relationship between the levels of antimicrobial resistance in S. aureus or L.
monocytogenes and the tolerance of antimicrobial agents used in the poultry production
systems considered in this study is less evident than for the case of E. coli. Thus, S.
aureus and L. monocytogenes isolates derived from organic poultry were more sensitive
to doxycycline than their counterpart strains isolated from conventionally-farmed

animals. Remarkably, S. aureus strains isolated from organic poultry meat were more
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resistant to clindamycin than their counterpart S. aureus isolates from conventional
poultry meat. These differences might be caused by differences in the primary habitat of
the bacteria. E. coli are intestinal while S. aureus live on the skin and mucous
membranes and L. monocytogenes is found in the environment. Thus, antimicrobials
that are usually administrated orally to whole flocks in poultry medicine seem to exert
selection pressure of resistant phenotypes in poultry faecal flora (Van den Bogaard et
al., 2001). The high frequency of mutation exhibited by E. coli and leading to the
development of antimicrobial resistance should also be considered, as compared to other
microorganisms frequently found in animals and foods (Vom Baum & Matrre, 2005).
Although organic meat sells for higher prices in the market than conventional meat,
the sale of organic foods has increased in recent years (Walshe, Sheeman, Delahunty,
Morrisey & Kerry, 2005). For this reason, the regulations concerning organic food
production should ensure that meat derived from organic farming present in the markets
truly originated from organically-reared animals. In this sense, the investigation of
antimicrobial resistance could be a useful tool to detect fraudulent practices, since the
detection of bacterial resistance to the antimicrobial agents most commonly used in
poultry farming might point to the fraudulent substitution of organic poultry meat with
meat derived from conventional farming. The results obtained in the present work
clearly indicate that the study of intestinal bacteria such as E. coli, a bacterial species
exhibiting an unique ability to develop resistance after antimicrobial treatments, is more
accurate than other bacteria such as S. aureus or L. monocytogenes. The statistically-
significant lower percentages of antimicrobial resistant E. coli isolates found in
organically-raised poultry support that the organic rearing of poultry may limit the

presence of antibiotic-resistant intestinal bacteria in such animal foods.
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Table 1. Percentages of Escherichia coli strains isolated from conventional and organic poultry meat that exhibited a sensitive (S),

intermediate (I) or resistant (R) phenotype with respect to antimicrobial agents, as determined by the agar disk diffusion method.

Conventional poultry meat Organic poultry meat
\‘ (a=115) (1=105)

Antimicrobial agent (pg) S | R S I R P
Ampicillin (10) 33.9 12.2 53.9 74.3 3.8 21.9 <0.0001
Cephalotin (30) 47 18.3 34.8 92.4 2.9 4.8 <0.0001
Chloranphenicol (30) 90.4 4.4 52 95.2 1.9 29 0.3841
Doxycycline (30) 4.3 47.8 47.8 57.1 17.1 237 <0.0001
Ciprofloxacin (5) 60 12.2 27.8 152 152 9.5 0.0026
Fosfomycin (200) 98.3 1 0 96.2 1 2.9 0.1687
Gentamicin (10) 77.4 13 9.6 98.1 1 1 <0.0001
Nitrofurantoin (300) 84.3 122 35 93.3 4.8 1.9 0.1059
Sulfisoxazole (300) 56.6 7 36.5 didl 1 21.9 0.0021

Streptomycin (10) 7 47 46.1 44.8 31.4 23.8 <0.0001
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Table 2. Percentages of Staphylococcus aureus strains isolated from conventional and organic poultry meat that exhibited a sensitive (S),

intermediate (I) or resistant (R) phenotype with respect to antimicrobial agents, as determined by the agar disk diffusion method.

Conventional poultry meat Organic poultry meat
- (n=101) (n=91)

Antimicrobial agent (p1g) S I R S I R P
Chloranphenicol (30) 76.2 21.8 2 89 9.9 1.1 0.0679
Clindamycin (2) 27T 5 67.3 12.1 4.4 83.5 0.0239
Doxycycline (30) 23.8 17.8 584 53.8 12.1 34.1 0.0001
Ciprofloxacin (5) 56.4 25.7 17.8 64.8 23.1 12.1 0.4401
Erythromycin (15) 70.3 8.9 20.8 F2.5 11 16.5 0.699
Gentamicin (10) 100 0 0 100 0 0 ND#*
Oxacillin (1) 29.7 0 70.3 38.5 0 61.5 0.2003
Nitrofurantoin (300) 515 19.8 28.7 62.6 22 154 0.0840
Sulfisoxazole (300) 68.3 6.9 24.8 70.3 4.4 253 0.7519

*Not Determined
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Table 3. Percentages of Listeria monocytogenes strains isolated from conventional and organic poultry that exhibited a sensitive (S),

intermediate (I) or resistant (R) phenotype with respect to antimicrobial agents, as determined by the agar disk diffusion method.

Conventional poultry meat Organic poultry meat
‘ (1=32) (n=39)

Antimicrobial agent (pLg) S I R S I R P

Ampicillin (10) 100 0 0 100 0 0 ND*
Chloranphenicol (30) 84.4 12.5 3.1 79.5 20.5 0 0.3795
Ciprofloxacin (5) 100 0 0 97.4 2.6 0 0.3616
Doxycycline (30) 62.5 18.8 18.8 84.6 12.8 2.0 0.0446
Erythromycin (15) 84.4 94 6.3 97.4 2.6 0 0.1217
Gentamicin (10) 100 0 0 100 0 0 ND*
Streptomycin (10) 93.8 6.3 0 100 0 0 0.3882
Sulfisoxazole (300) 87.5 0 15.6 79.5 0 20.5 0.7781
Vancomycin (30) 100 0 0 100 0 0 ND*

*Not Determined
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Table 4. Resistance patterns in Escherichia coli strains isolated from conventional and

organic poultry meat.

Number of antimicrobials* Conventional poultry Organic poultry
(n=115) (n=105)
No.(%) of isolates No.(%) of isolates
0 12 (10.4) 35(33.3)
1 15 (13) 34 (32.4)
2 32(27.8) 22 (21)
3 22 (19.1) 9 (8.6)
4 16 (13.9) 3(2.9)
>5 18 (15.7) 2(1.9)
Multi-resistant strains (%) 88 (76.5) 36 (34.3)

*The percentage of multi-resistant strains is expressed between brackets. Differences
between conventional and organic poultry were estimated by means of the X° test

(P<0.0001).
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Table 5. Resistance patterns in Staphylococcus aureus strains isolated from

conventional and organic poultry.

Number of antimicrobials* Conventional poultry Organic poultry
(n=101) (n=91)
No.(%) of isolates No.(%) of isolates

0 5(5) 9(9.9

1 10 (9.9) 14 (15.4)

2 16 (15.8) 17 (18.7)

3 33 (32.7) 21 (23.1)

4 23 (22.8) 26 (28.6)
>5 14 (13.9) 4 (4.4)

Multi-resistant strains (%) 86 (85.1) 68 (74.4)

*The percentage of multi-resistant strains is expressed between brackets. Differences
between conventional and organic poultry were estimated by means of the X° test

(P=0.0826).
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Table 6. Resistance patterns in Listeria monocytogenes strains isolated from

conventional and organic poultry.

Number of antimicrobials* Conventional poultry Organic poultry
(n=32) (n=39)
No.(%) of isolates No.(%) of isolates
0 23 (71.9) 31(79.5)
1 5(15.6) 7(17.9)
2 3(9.4) 1(2.6)
3 1(3.1) 0(0)
4 0(0) 0(0)
>5 0(0) 0(0)
Multi-resistant strains (%) 4 (12.5) 1(2.6)

*The percentage of multi-resistant strains is expressed between brackets. Differences

between conventional and organic poultry were estimated by means of the X° test

(P=0.4143).
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RESUMEN

El consumo de productos ecoldgicos ha experimentado un verdadero auge estos
ultimos afios en los paises desarrollados, debido a que los consumidores los perciben
como algo de mayor calidad, concepto en el que supuestamente se incluye una mayor
seguridad sanitaria. Sin embargo, actualmente no hay demasiados estudios cientificos
sobre el estatus microbiano real de estos productos y aunque entre las condiciones de
produccion se contempla una higiene lo mas cuidada posible, no garantiza en absoluto
que éstos se hallen exentos de patogenos.

Por otra parte, aunque hay muy pocos trabajos al respecto, algunos autores ya han
demostrado recientemente la presencia de cepas resistentes a antimicrobianos en
alimentos ecologicos, en concreto en productos lacteos, y para el caso de los géneros
Campylobacter, Salmonella o Staphylococcus.

Por eso, el motivo de este trabajo es investigar la prevalencia de la susceptibilidad a
determinados agentes microbianos en cepas pertenecientes a los géneros E. coli, S.
aureus y L. monocytogenes, aisladas en carnes de pollo procedentes de la produccion
ecoldgica y compararlos con carnes igualmente de pollo pero procedentes de la
produccion industrial, actualmente de caracter intensivo.

Para ello, se determiné la presencia de Escherichia coli, Staphylococcus aureus y
Listeria monocytogenes en 55 muestras de carne de pollo de cria ecologica y de 61
muestras de carne de pollo de cria convencional, todas ellas adquiridas en 12 carnicerias
y supermercados diferentes localizados en Galicia.

Se determind, por el método de difusiéon en disco, la resistencia de 220 cepas de
E.coli, 192 de S. aureus y 71 de L. monocytogenes, a varios agentes antimicrobianos:
cloranfenicol, doxiciclina, ciprofloxacina, gentamicina, sulfisoxazol (E.coli, S. aureus,
L. monocytogenes), ampilicina y estreptomicina (E.coli, L. monocytogenes),
nitrofurantoina (E.coli, S. aureus), eritromicina (S. aureus, L. monocytogenes),
cefalotina y fosfomicina (E.coli), clindamicina y oxacillina (S. aureus), vancomicina (L.
monocytogenes).

Los resultados obtenidos pusieron de manifiesto que la carne de pollo ecologico esta
significativamente mas contaminada por E. coli (P < 0.0001) que la carne de pollo

convencional, pero no se encontraron diferencias en lo referente a la contaminacion por
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S. aureus o L. monocytogenes. Presumiblemente estas diferencias sean debidas a las
especiales caracteristicas de crecimiento de los animales en las producciones ecologicas,
en las que no se pueden utilizar determinados farmacos que pueden afectar de forma
diferente a las distintas poblaciones bacterianas. Incluso la contaminacion por S. aureus
y/o L. monocytogenes en carnes ecologicas podria ser debida a unas deficientes
practicas de manipulacion durante el procesado de las carnes ecoldgicas y por tanto
tratarse de una contaminacioén posterior a la produccion, tal y como apuntan algunos
autores.

Respecto a la resistencia a antimicrobianos, en el caso de E.coli, las cepas aisladas a
partir de carne de pollo ecoldgica mostraron tasas de resistencia significativamente
menores a las aisladas en carne de pollo convencional para 7 de los 10 antimicrobianos
ensayados. En el caso de S. aureus y L. monocytogenes solo se observé este hecho para
el caso de la doxiciclina. Las diferencias en los porcentajes de cepas resistentes parecen
estan influenciadas por el tipo de agente antibacteriano y el principal origen de los
microorganismos, y asi como ejemplo, E.coli se encuentra principalmente en intestino
de los animales, mientras que S. aureus predomina en la piel y en las mucosas y L.
monocytogenes en el ambiente, por lo que el efecto de los farmacos seria capaz de
ejercer una seleccion distinta en estos grupos bacterianos.

Los datos obtenidos en este trabajo para carnes de cria convencional coinciden con
los encontrados recientemente en la literatura cientifica para otros productos animales
también procedentes de la cria convencional. Ademads algunos autores han demostrado
una relacion entre los aislamientos de cepas resistentes y el uso de antimicrobianos
durante este tipo de cria. En este trabajo, probablemente la mayor prevalencia de E. coli
en los pollos ecoldgicos esté también relacionada con el no uso de estos farmacos, tal y
como hemos indicado, pero es que ademés este hecho seria la causa del menor
aislamiento de cepas resistentes.

A mayores, es posible que el uso de agentes antimicrobianos sea también la causa de
la presencia de una mayor proporciéon de cepas multiresistentes (resistentes a 2
antimicrobianos o mas) en las carnes de cria convencional, sobretodo para el caso de
cepas de E. coli procedentes de carne ecoldgica (menores aislamientos 34.3 %,
estadisticamente significativo con P < 0.0001). Aunque este efecto también se observo

para el caso de S. aureus o L. monocytogenes , no se pudo demostrar estadisticamente.
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En funcion de los resultados obtenidos en esta parte del trabajo, se deduce que
aunque la carne de pollo que procede de una produccion de tipo ecoldgico presenta una
mayor contaminaciéon por E. coli, presenta al mismo tiempo un menor nivel de
resistencia a los antimicrobianos ensayados, que son los mas habitualmente utilizados
en la produccion aviar general. La ausencia de diferencias significativas tanto en lo
referente al grado de contaminacion debido a S. aureus y L. monocytogenes entre los
dos tipos de carne de diferente origen, asi como en lo referente a la resistencia a
antimicrobianos de estas cepas, sugiere que la contaminacion por estos dos géneros
bacterianos no depende especialmente de la forma de produccion de dichas carnes. Por
tanto, otros factores tales como la higiene durante los procesos de sacrificio, despiece o
envasado, asi como del personal encargado de realizarlos, posiblemente jueguen un

papel mas importante en la presencia de estos microorganismos en el producto final.
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3.8. Estudio sobre cepas de Escherichia coli resistentes a antimicrobianos, aisladas

de carne de cerdo procedente de produccion ecoldgica y produccion convencional

Antimicrobial resistance in Escherichia coli strains isolated from organic and

conventional pork meat: A comparative survey

Miranda, J.M., Vazquez, B.1., Fente, C.A., Barros-Velazquez, J., Cepeda, A.,
Franco, C.M.
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Abstract Mean counts of Escherichia coli were deter-
mined for 54 samples of organic pork meat, and in 67
samples of conventional pork meat. Up to three E. coli
strains from each sample were analysed by an agar disk
diffusion assay for their resistance to ampicillin, chl-
oramphenicol, cephalotin, doxycycline, enrofloxacin,
gentamicin, nitrofurantoin, sulfisoxazole and streptomy-
cin by the agar disk diffusion method. Results indicated
that the presence of E. coli was significantly (P < 0.05)
higher in organic pork meat as compared to conventional
pork meat. Isolates from organic pork meat exhibited
lower levels of antimicrobial resistance against ampicillin
(P < 0.0001), doxycycline (P < 0.0001) and sulfisoxazole
(P < 0.0001), as compared to isolates from conventional
meat. Moreover, presence of multi-resistant E. coli
strains was significantly (P < 0.0001) higher in conven-
tional pork meat as compared to organic pork meat, the
largest differences being observed for isolates resistant to
combinations of ampicillin, sulfisoxazol and/or doxycy-
cline. Organically-farmed pork samples showed signifi-
cantly lower development of antimicrobial resistance in
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E. coli, thus contributing to reduce the development and
spread of antimicrobial resistance among these food-
borne bacteria.

Keywords E. coli - Organic - Antimicrobial -
Resistance - Pork - Meat '

Introduction ; :
Organic and other non-conventional meat products are
now readily available for retail in developed countries,
to satisfy consumers’ demand of high-quality products
that meet the following requirements: (1) guaranteeing
animal welfare during production; (2) absence of
chemical agents during animal feeding; (3) environ-
mental consideration and (4) better taste than con-
ventional products [7]. In addition, there is a
perception on a part of consumers that due to the fact
that conditions for growth are more natural for organic
farming than for the other one meat produts will have
less pathogenic bacteria [5]. However, little is known
about microbiological status of organic animal prod-
ucts and the potential microbiological risks linked to
organic meat production. Thus, raising of animals
outdoors, use of slow-growing breeds, the strict
restrictions in therapeutic use of antimicrobial agents
and use of very small slaughtering facilities may not
guarantee a strict microbiological control of animals
destined to human consumption [7, 19].

It has been previously reported that several anti-
microbial-resistant bacteria isolated from humans pri-
marily originated from animals raised for human
consumption [1, 4] and that such resistant bacteria may
contaminate meat derived from those animals [15].
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Although this populations of resistant bacteria declines
in-the absence of the antimicrobial agent [14], antimi-
crobial-resistant bacteria may persist in meat even
after the withdrawal period [24, 28]. Thus, antibiotic
resistance of bacterial isolates from animal origin can
also represent a potential hazard to consumers via
food-borne infections caused by antibiotic-resistant
bacteria.

Monitoring of the use of antimicrobial agents in
veterinary medicine in animals destined for human
consumption is considered to be a risk-management
option to prevent development and spread of antimi-
crobial resistance in microorganisms present in food-
producing animals [26]. In this sense, Escherichia coli
has been described to be a very useful biomarker to
evaluate the development of antimicrobial resistance
[25]. This is due to the high frequency of mutation
exhibited by E. coli leading to the development of
antimicrobial resistance, as compared to other micro-
organisms frequently found in animals and foods
[10, 15, 25].

Recently, other authors have reported of antimi-
crobial resistance by bacteria isolated from organic
animal products. The data reported in such studies are
referred to poultry and dairy products [5, 6, 16, 17, 19,
21]. However, little information relative to organic
pork meat products is currently available. As a con-
sequence of this, the main goal of this study was to
investigate the prevalence of antimicrobial suscepti-
bility of E. coli strains derived from organic pork
as compared to conventional pork. The implications
of these results in terms of microbiological safety,
especially concerning the development and spread of
antimicrobial resistance to the food chain, are also
discussed.

Materials and methods
Collection of pork meat samples

A total of 121 loin boneless samples were taken during
2005 from supermarkets and butcher shops: 54 fresh
pre-packaged organic-reared pork samples, and 67
fresh pre-packaged conventionally-reared pork sam-
ples. For the case of conventional pork, 4-5 samples of
14 commercial brands were used. All samples were
taken from different lots in different supermarkets and
butcher shops. For the case of organic pork, only three
commercial brands certified as organic by a official
agency were found. Thus, 18 samples were taken from
each brand, all of them in different days. Samples were
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taken to the laboratory in an ice chest in less than an
hour for immediate processing. All supermarkets and
butcher shops were located in Galicia (north-western
Spain).

Microbiological analyses

A total of 25 g portions was obtained from each pork
meat sample, placed in a sterile masticator bag to-
gether with an appropriate volume (1/9) (w/v) of sterile
0.1% peptone water (Merck, Darmstadt, Germany),
and homogenized in a masticator (AES, Combourg,
France) for 1 min. After homogenization, samples
were cultured for the presence of E. coli. About 1 ml of
107! to 107 dilutions of meat extracts were processed
on plates of Fluorocult® Agar prepared following the
manufacturers’ instructions (Merck). Once the agar
had solidified, the plates were overlaid with 3—4 ml of
melted Fluorocult® and incubated at 44°C for 24 h.
After incubation, pink to red colonies exhibiting blue
florescence after exposure to a 365 nm ultraviolet
lamp (Vilbert Lourmat, Marne, France) were identi-
fied as E. coli and counted.

Once bacterial counts were determined; one-to-
three typical E. coli colonies isolated from each pork
sample were picked, transferred onto Columbia agar
supplemented with 5% sheep blood (BioMériéux,
Marcy I’Etoile, France) and incubated at 44°C fof‘_ 241,
in order to obtain pure cultures. Such pure cultures
were identified by colony and cell morphology, Gram
stain, methyl red stain, oxidase and catalase activity
and indole production. Positive strains preliminary
identified as E. coli were confirmed by the API 20E -
miniaturized identification tests (BioMérieux). All 180
E. coli isolates (90 derived from organic pork meat and
90 from conventional pork meat) were stored at —-80°C
in maintenance freeze medium units (Oxoid, Basing-
stoke, UK) until antimicrobial susceptibility was
tested.

All meat samples were processed in triplicate.
Sampling and processing of pork meat samples were
always carried out by the same laboratory personnel.
Agar media plates were prepared by the same research
assistant throughout the study.

Antimicrobial susceptibility testing of bacteria

Antimicrobial susceptibility testing was performed for
a total of 180 isolates of E. cofi. Antimicrobial sus-
ceptibility testing was carried out by agar disk diffusion
on Miieller-Hinton agar plates (Oxoid) according to
Clinical and Laboratory Standards Institute (CLSI,
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formerly NCCLS) guidelines [13]. Antimicrobial disks
considered were ampicillin (10 ug), cephalotin (30 pg),
chloramphenicol (30 pg), doxycycline (30 pg), enro-
floxacin (5 pg), gentamicin (10 pg), nitrofurantoin
(300 pg), streptomycin (10 pg) and sulfisoxazole
(300 pg) (Oxoid). Antibiotic resistance breakpoints
considered were those recommended by CLSI for
veterinary pathogens [12], except for the case of
nitrofurantoin and streptomycin, in which the CLSI
interpretative criteria for Enterobacteriaceae were
followed [13]. E. coli ATCC 25922 was used as a ref-
erence strain for this study.

Antimicrobial agents were selected in terms of their
different structure and mechanism of action. E. coli
isolates were classified as senmsitive, intermediate
(moderately sensitive) or resistant according to the
criteria of the inhibition diameter zones established by
the CLSI. Isolates exhibiting resistance to at least two
of the antimicrobial agents tested were considered to
be multi-resistant strains.

Statistical analysis

E. coli counts were grouped into three categories (<1
log CFU g™'; 1-2 log CFU g! and >2 log CFU g™)
prior to the performance of statistical analyses. The
distributions of E. coli counts (log CFU g™), as well as
distributions of resistant strains were compared by
means of the X? test and Fisher’s exact test. The dif-
ferences were considered to be significant when P was
lower than 0.05. All statistical analyses were performed
by means of the Statgraphics version 5.0.1. software
(SAS Institute, North Carolina, USA).

Results

The results indicated that the special characteristics of
organic production provided a higher prevalence of
E. coli than conventional farming. Thus, for organic

pork meat, E. coli was detected (>1 log CFU g™') in 35 of
the 54 samples tested (64.8% of the total). The counts
determined were >2 log CFU g! for 9 of the 54 samples
tested (16.7%), while 26 samples (48.1%) harboured
E. coli in the 1-2 log CFU g™ range. In the case of pork
reared conventionally, E. coli was detected in only 33 of
the 67 samples investigated (47.8% of the total). The
counts determined in such samples were >2 log CFU g!
in 2 of the 67 samples tested (3%), while 32 samples
(47.8%) reached counts in the 1-2 log CFU g~ range.
According to these results, the E. coli counts obtained
for organic pork samples were significantly higher
(P = 0.0231) than those obtained for conventional pork.

With respect to antimicrobial resistance of E. coli
isolates, different patterns were observed in the strains
isolated from organic pork samples as compared to their
counterparts isolated from conventional pork (Table 1).
Antimicrobial resistance was significantly higher in
E. coli isolates derived from conventional pork samples
for the antibiotics ampicillin (P < 0.0001), doxycycline
(P < 0.0001), and sulfisoxazole (P < 0.0001), as com-
pared to E. coli counterparts isolated from organic pork
(Table 1). In addition, althought significant differences
between batches were observed with respect to cepha-
lotin-resistance (P = 0.0046), the results obtained for
this antimicrobial agent were ambiguous. Thus,
although a higher percentage of cephalotin-resistant
microorganisms were isolated from conventional zbork -
meat as compared to organic pork meat (14.4 vs. 6.7%),
the latter products exhibited a lower presence of
cephalotin-sensitive bacteria than the former (47.8 vs.
61.1%). .

Similarly, organic pork meat showed a lower isola-
tion rate of multi-resistant E. coli strains than con-
ventional pork samples (Table 2). The percentage of
E. coli isolates that exhibited resistance to at least two
antimicrobial agents was lower (P < 0.0001) in organic
pork (41.1%) than in strains isolated from conven-
tional pork (90%).

Table 1 Percentages of

Esehorichic ol shasing Antimicrobial Conventional pork meat (n = 90) Organic pork meat (n = 90) P
isolated from conventional agent (ug) S 1 R S 1 R
and organic pork that
exhibited a sensitive (S), Ampicillin (10) 10 8.9 81.1 60 16.7 233 <0.0001
intermediate (I) or resistant Cephalotin (30} 61.1 244 14.4 47.8 45.6 6.7 0.0046
(R) phenotype with respect to Chloranphenicol (30) 94.4 33 22 933 1.1 5.6 0.2231
antimicrobial agents, as Doxycycline (30) 111 189 70 30 38.9 311 <0.0001
determined by agar disk Enrofloxacin (5) 96.7 33 0 91.1 8.9 0 0.1366
diffusion method Gentamicin (10) 91.1 8.9 0 91.1 7.8 1.1 0.5890
. Nitrofurantoin (300) 93.3 5.6 11 91.1 6.7 22 0.8057
Sulfisoxazole (300) 289 11 70 722 7.8 20 <0.0001
Streptomycin (10) 44 68.9 26.7 3.3 53.3 433 0.0525
@ Springer
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Table 2 Resistance patterns in Escherichia coli strains isolated
fram conventional and organic pork

Number of
antimicrobials*

Conventional pork
(n =90)
No. (%) of isolates

Organic pork
(n=90)
No. (%) of isolates

0 2(22) 26 (28.9)
1 7(7.8) 27 (30)
2 28 (31.1) 21 (23.3)
3 39 (43.3) 12 (13.3)
4 11 (12.2) 2(22)
>5 3(33) 2(22)
Multi-resistant 81 (90) 37 (41.1)

strains (%)

*The percentage of multi-resistant strains is expressed between
brackets. Differences between conventional and organic pork
were considered significant (P < 0.0001)

Discussion

Results obtained in the present work indicated a rela-
tionship between the levels of antimicrobial resistance
in E. coli and the tolerance of antimicrobial agents use
in the pork production systems considered in this
study. Thus, as expected for conventional pork, in
which rearing procedures require more intensive anti-
microbial consumption than organic pork farming, the
average counts of E. coli were significantly lower than
in the organic pork samples, in which the use of anti-
microbial agents is seriously restricted. Recently, in
function of the country of origin, widely variable rates
of antimicrobial resistance were reported in E. coli
isolated from pigs and pork meat conventionally
farmed [3, 8, 9, 15, 18, 20]. The antimicrobial resistance
rates determined in our study referred to convention-
ally-farmed pork are compatible with the results re-
ported by these authors.

Other authors have described a correlation between
percentages of antimicrobial resistant isolates and the
use of antimicrobial agents in pork farming [1, 3]. The
results obtained in our study provide evidence sup-
porting the idea that prevalence and antimicrobial
resistance of E. coli isolates differ depending on the
type of animal production system (conventionally
raised vs. organically raised) considered. Thus, while
organic pork meat resulted to be more contaminated
with E. coli, these isolates were more sensitive to cer-
tain antimicrobial agents than the counterpart E. coli
strains isolated from conventionally-farmed animals. In
this sense, the differences for the antimicrobial agents
more commonly used in pork medicine, such as f-lac-
tams (ampicillin), tetracyclines (doxycycline) and sul-
phonamides (sulfisozaxol) [3, 9, 20, 22, 23] should be
noted. Moreover, the fact that no significant differ-
ences were observed for the antimicrobial agents

@ Springer

banned for pork medicine in the EC such as chloran-
phenicol and nitrofurantoin provides additional sup-
port to the hypothesis that the development of
antimicrobial resistance may be a direct consequence
of clinical usage of certain antimricrobial agents.

Cross-resistance between f-lactams and tetracy-
clines or sulphonamides has been previously described
[11, 25]. In the present work, the most frequent multi-
resistance patterns found corresponded to combina-
tions of ampicillin, sulfisozaxol and/or doxycycline.

Organic meat can demand higher prices in the
market than conventional meat, and the sales of
organic foods has increased in the recent years [27].
For this reason, the regulations concerning organic
food production should ensure that meat derived from
organic farming present in the markets are truly orig-
inated from organically reared animals. In this sense,
the investigation of antimicrobial resistance could be a
useful tool to detect fraudulent practices, since the
detection of bacterial resistance to antimicrobial agents
such as ampicillin, sulfisoxazol or doxycycline might
point to the fraudulent substitution of organic pork
meat with meat derived from conventional farming,

In summary, this work investigated the presence of
antimicrobial resistance in microbial isolates obtained
from pork meat derived from organic farming and
conventional practices. The lower percentage of anti-
microbial resistant E. coli isolates in organically r%ised ”
pork supports organic pork rearing as a method to limit
the presence of antibiotic resistance bacteria in food
animals.

Acknowledgements The authors wish to thank the Xunta de
Galicia for granting two research projects (PGIDITOSTALO17E
PGIDITOSTALO19E). The authors also thank Carmen Carreira
for her expert technical assistance.

References

—_

. Aarestrup FM (1999) Association between the consumption
of antimicrobial agents in animal husbandry and the occur-
rence of resistant bacteria among food animals. Int J Anti-
microb Agents 12:279-285

2. Aarestrup FM (2000) Occurrence, selection and spread of
resistance to antimicrobial agents used for growth promotion
for food animals in Denmark. APMIS 108(Suppl 101):5-48

. Asai T, Kojima A, Harada K, Ishihara K, Takahashi T,
Tamura Y (2005) Correlation betweeen the usage volume of
veterinary therapeutic antimicrobials and resistance in Esc-
herichia coli isolated from the feces of food-producing ani-
mals in Japan. Jpn J Infect Dis 58:369-372

. Bager F, Helmuth R (2000) Epidemiology of resistance to
quinolones in Salmonelia. Vet Res 32:285-290

. Bailey JS, Cosby DE (2005) Salmonella prevalence in free-
range and certified organic chikens. J Food Prot 68:2451-
2453

()

£

w

-216 -



Resultados y discusion

Eur Food Res Technol

6.

Cui S, Ge B, Zheng J, Jianghong M (2005) Prevalence and

- antimicrobial resistance of Campylobacter spp. and Salmo-

o

10.

11.

12.

13.

14.

15.

16.

17.

nella serovars in organic chickens in Maryland retail stores.
Appl Environ Microbiol 71:4108-4111

. Dransfield E, Ngapo TM, Nielsen NA, Bredahl L, Sjodén

PO, Magnusson M, Campo MM, Nute GR (2005) Consumer
choice and suggested price for pork as influenced by its
appearance, taste and information concerning country of
origin and organic pig production. Meat Sci 69:61-70

. El-Shibiny A, Connerton PL, Connerton IF (2005) Enu-

meration and diversity of Campylobacters and bacterio-
phages isolated during the farming cycles of free-range and
organic chickens. Appl Environ Microbiol 71:1259-1266

. Emborg HD, Heuer OE (2003) DANMAP 2002—use of

antimicrobial agents and occurence of antimicrobial resis-
tance in bacteria from food producing animals, foods and
humans in Demmark. Statens Serum Institut, Danish
Veterinary and Food Administration, Danish Medicines
Agency, Danish Veterinary Institute, Copenhagen, Dem-
mark

Kijima-Tanaka M, Ishihara K, Morioka A, Kojima A, Ozono
T, Ogikubo K, Takahashi T, Tamura Y (2003) A national
surveillance of antimicrobial resistance in Escherichia coli
isolated from food-producing animals in Japan. J Antimicrob
Chemother 51:447-451

Meunier D, Jouy E, Lazizzera C, Kobisch M, Madec JY
(2006) CTX-M-1- and CTX-M-15-type f-lactamases in
clinical Escherichia coli isolates recovered from food-pro-
ducing animals in France. Int J Antimicrob Agents 28:402-
407

National Committee for Clinical Laboratory: Standards
(NCCLS) (2002) Performance standards for antimicrobial
disk and dilution susceptibility test for bacteria isolated from
animals: Approved Standard M31-A2, 2nd edn. NCCLS,
Wayne

National Committee for Clinical Laboratory Standards
(NCCLS) (2002) Performance standards for antimicrobial
susceptibility testing, 12th informational supplement. M100-
$12. NCCLS, Wayne

Phillips 1, Casewell M, Cox T, De Groot B, Friis C, Jones R,
Nightingale C, Preston R, Waddell J (2004) Does the use of
antimicrobials in food animals pose a risk to human health?
A critical review of published data. J Antimicrob Chemother
53:28-52

Sdenz Y, Zarazaga M, Brifias L, Lantero M, Ruiz-Larrea F,
Torres C (2001) Antibiotic resistance in Escherichia coli
isolates obtained from animals, foods and humans in Spain.
Int J Antimicrob Agents 18:353-358

Sato K, Barlett PC, Kaneene JB, Downes FP (2004) Preva-
lence and antimicrobial susceptibilities of Campylobacter
spp. Isolates from organic and conventional dairy hens in
Wisconsin. Appl Environ Microbiol 70:1442-1447

Sato K, Bennedsgaard TW, Barlett PC, Erskine RJ, Kaneene
JB (2004) Comparison of antimicrobial susceptibility of

18.

19,

20.

21.

22,

23.

24,

25.

26.

27.

28.

Sthapylococcus aureus isolated from bulk tank milk in or-
ganic and conventional dairy herds in the Midwestern United
States and Denmark. J Food Prot 67:1104-1110

Schroeder CM, White DG, Ge B, Zhang Y, McDermott PF,
Ayvers §, Zhao S, Meng J (2003) Isolation of antimicrobial-
resistant E. coli from retail meats purchased in greater
Washinton, DC, USA. Int J Food Microbiol 85:197-202
Soonthornchaikul N, Garelick H, Jones H, Jacobs J, Ball D,
Choudhury M (2006) Resistance to three antimicrobial
agents of Campylobacter isolated from organically- and
intensively-reared chickens purchased from retail outlets. Int
1 Antimicrob Agents 27:125-130

Teshager T, Herrero IA, Porrero MC, Garde J, Moreno MA,
Dominguez L (2000) Surveillance of antimicrobials resis-
tance in Escherichia coli strains from pigs at Spanish
slaughterhouses. Int J Antimicrob Agents 15:137-142
Tikofsky LL, Barlow JW, Santiesteban C, Schukken YH
(2003) A comparison of antimicrobial susceptibility patterns
for Staphylococcus aureus in organic and conventional dairy
herds. Microb Drug Resist 9:39-45

Timmerman T, Dewulf J, Catry B, Feyen B, Opsomer G, de
Kruif A, Maes D (2006) Quantification and evaluation of
antimicrobial drug use in group treatments for fattening pigs
in Belgium. Prev Vet Med 74:251-263

Ungemach FR, Miiller-Brahrdt D, Abraham G (2006)
Guidelines for prudent use of antimicrobials and their
implications on antibiotic usage in veterinary medicine. Int J
Med Microbiol 296:33-38

Van den Bogaard AE, London N, Driessen C, Stobberingh
EE (2001) Antibiotic resistance of faecal Escherichia colf in
poultry, poultry farmers and poultry slaughterers. J Anti-
microb Chemother 47:763-771

Von Baum H, Marre R (2005) Antimicrobial resistance of
Escherichia coli and therapeutic implications. Int Jy Med
Microbiol 295:503-511 ! o
Vose D, Acar J, Anthony F, Franklin A, Gupta R, Nicholls
T, Tamura Y, Thompson S, Threlfall EJ, Van Vuuren M,
White DG, Wegener HC, Costarrica ML, Office Interna-
tional des Epizooties Ad hoc Group (2001) Antimicrobial
resistance: risk analysis methodology for the potential impact
on public health of antimicrobial resistant bacteria of animal
origin. Rev Sci Tech 20:811-827

Walshe BE, Sheeman EM, Delahunty CM, Morrisey PA,
Kerry JP (2005) Composition, sensoty and shelf life stability
analyses of Longissimus dorsi muscle from strees reared
under organic and conventional production systems. Meat
Sci 73:319-325

Wiuff C, Lykkesfeldt J, Svendsen O, Aarestrup FM (2003)
The effects of oral and intramuscular administration and
dose escalation of enrofloxacin on the selection of quinolone
resistance among Salmonella and coliforms in pigs. Res Vet
Sci 75:185-193

@ Springer

-217 -



Resultados y discusion

RESUMEN

Se ha demostrado que el uso de antimicrobianos durante la produccién animal,
puede ser una causa de aparicion de cepas resistentes a estos farmacos, y que esta
resistencia puede ser diseminada a cepas bacterianas que afectan a los humanos,
haciendo que poco a poco los tratamientos terapéuticos con estos medicamentos lleguen
a ser ineficaces en su lucha contra las enfermedades. Debido a esta preocupacion, por
parte de las autoridades sanitarias por una parte se han establecido reglas estrictas sobre
el uso de estos farmacos y por otra parte se considera fundamental el realizar estudios
sobre la evolucion actual de las tasas de resistencias.

En este sentido, se ha descrito a Escherichia coli como un biomarcador muy util
para el control de resistencias debido a la alta frecuencia de mutacion que manifiesta, en
comparacion con otros microorganismos.

Como consecuencia de lo expuesto, el objetivo de este trabajo es determinar la
presencia de cepas de E. coli resistentes a antimicrobianos habitualmente utilizados
durante la produccion de carne de cerdo y compararla con la presencia encontrada en
carnes de produccion ecologica, en las que supuestamente no se utilizan estos
medicamentos.

Se determinaron las medias de los recuentos microbianos de Escherichia coli en 54
muestras de carne de cerdo ecologica y en 67 muestras de carne de cerdo de cria
convencional. Las muestras pertenecian a diferentes lotes y fueron recogidas en distintas
carnicerias y supermercados de Galicia; aunque cabe sefnalar que s6lo se encontraron 3
marcas diferentes certificadas como carnes ecoldgicas (de las cuales se recogieron
muestras en diferentes dias y comercios).

De cada una de estas muestras se aislaron 3 cepas hasta obtener un total de 180
cepas (90 de cada tipo de produccion).

De todas las cepas, mediante el método de difusion en disco, se determind la
susceptibilidad a 9 agentes microbianos muy usados actualmente en terapéutica porcina.
Los resultados pusieron de manifiesto que la carne de cerdo ecoldgica estd
significativamente (P = 0.0231) mas contaminada por E. coli (mayor numerode

muestras contaminadas y en mayor grado) que la carne procedente de cerdos de cria
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convencional, posiblemente debido a que sufren una menor presion puesto que el uso de
medicamentos estd estrictamente restringido en las producciones de tipo ecoldgico.

Cuando se estudid la presencia de cepas resistentes a los agentes antimicrobianos
ensayados, se observd que para 3 (ampicilina, doxyciclina y sulfisoxazol) de los 9
antimicrobianos, las tasas entre las aisladas de carne ecoldgica eran significativamente
menores (P < 0.0001) que las aisladas de carnes de produccion convencional.

Ademas se detectdé una mayor presencia (P < 0.001) de cepas multiresistentes
(resistentes a combinaciones de ampicilina, doxyciclina y/o sulfisoxazol) entre los
aislamientos de carnes procedentes de la produccion convencional (90 % frente a 41.1
% en carne ecologica), este hecho coincide con que en la literatura cientifica ya se habia
descrito la posibilidad de trasmitir la resistencia de forma cruzada entre los
antimicrobianos -lactamicos y tetraciclinas o sulfamidas.

En funcion de los resultados obtenidos en el presente trabajo se puede concluir que,
aunque la carne de cerdo ecoldgica presenta una mayor contaminacion por E. coli
(puesto que efectivamente no han sufrido los efectos del uso de antimicrobianos), las
cepas aisladas presentan un menor nivel de resistencia a los antimicrobianos ensayados
como los mas habituales en clinica porcina. Los datos sobre resistencias antimicrobianas
determinados para carnes de cerdo de cria convencional coinciden con los de otros
autores, que indican que efectivamente el uso y/o abuso de estos farmacos favorece la
seleccion de cepas de E. coli resistentes. Por tanto, la produccion ecoldgica porcina
pudiera decirse que es un mecanismo que contribuye de forma efectiva a disminuir la
diseminacion de bacterias resistentes a antimicrobianos hacia el consumidor final. En
este sentido, la investigacion de las resistencias de E. coli a antimicrobianos como la
ampicilina, doxyciclina y/o sulfisoxazol, podria utilizarse como herramienta eficaz para

detectar las sustituciones fraudulentas de carnes de cerdo ecoldgicas.
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3.9. Evaluacion de Chromocult® enterococci agar para el aislamiento y recuento

selectivo de Enterococcus spp.

Evaluation of Chromocult® enterococci agar for the isolation and selective

enumeration of Enterococcus spp. in broilers

Miranda, J.M., Franco, C.M., Vazquez, B.1., Fente, C.A., Barros-Velazquez, J.,
Cepeda A.

Letters in Applied Microbiology, 41 (2005) 153-156.
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ABSTRACT

J.M. MIRANDA, C.M. FRANCO, B.|. VAZQUEZ, C.A. FENTE, J. BARROS-VELAZQUEZ AND A. CEPEDA. 2005.

Aims: To investigate the productivity and specificity of a new chromogenic enterococci selective medium
(Chromocult® enterococci agar) recently developed by Merck.

Methods and Results: The study was carried out comparing Chromocult® enterococci agar with MRS agar
(Merck), a basal lactic acid bacteria medium in current use. A total of 216 faecal samples from poultry were collected
and enterococci populations were counted. Likewise, 100 randomly selected strains were identified for each
medium. The differences found between the two media were analysed and discussed.

Conclusions: A good sensitivity of 98% was obtained for Chromocult® agar and all false-positive isolates obtained
were identified as Leuconostoc spp. However significant differences (P < 0-01) were obtained between the
enterococci species isolation rates identified from these two media, suggesting the poor growth of some species in
Chromocult® enterococei agar. Viable counts of Enterococcus spp. obtained with MRS agar were significantly higher
than those obtained with Chromocult® enterococci agar.

Significance and Impact of the Study: The use of chromogenic media for microbiological analysis is increasing.

Independent studies are important to evaluate newly developed chromogenic media.

Keywords: Chromocu[t®, chromogenic media, enterococci, evaluation, poultry.

INTRODUCTION

Enterococci are found in a variety of environments. They
frequently occur in large numbers in dairy and food
products (Giraffa and Sisto 1997) and they are very resistant
1o adverse environmental conditions and heat treatment.
Therefore, they are good indicators of the degree of faccal
contamination of foods (Stiles and Holzapfel 1997). From
the metabolic point of view, Enteracoccus spp. produce lactic
acid as the main product of carbohydrate fermentation.
Thus, they may be considered to be lactic bacteria (Doming
et al. 2003). Some strains are enterotoxigenic, especially
those belonging to the species Enterococcus faeciwm and

Correspondence to: C.M. Franco, Laboratorio de Higiene Inspeccion y Control de
Alimentos, Facultad de Veterinaria pabellin 4 p.b., Campus Universitario,
27002-Lugo, Spain (e-mail: cmfranco@lugo.usc.es).

© 2005 The Sociely for Applied Microbiology

Euteracoccus faecalis (Batish et al. 1984), and several authors
have included this genus as a food-borne agent of disease
(Grag and Mital 1991). Among all the enterococcal species,
E. faccalis and E. faeciumn are the most important in human
infection (Facklam er af. 2002).

The ability to detect the presence of a specific and
exclusive enzyme using suitable substrates, in particular
fluorogenic and chromogenic enzyme substrates, has led to
the development of many methods for the presumptive
identification of micro-organisms in their primary isolation
media. The incorporation of such substrates into a selective
medium may dispense with the need for subculture and
further biochemical tests to establish the identity of certain
micro-organisms.

The recent introduction of many of these media has led to
improved accuracy and faster detection of target micro-
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organisms (Manafi 1996). In this sense, a new selective and
differential medium (Chromocult® enterococci agar; Merck,
Darmstadt, Germany) has been designed by Merck for the
isolation and enumeration of Euterococcus spp., using a
chromogenic mix in a selective agar. Enterococci cleave
chromogenic substrates in this medium. Owing to the -D-
glucosidase activity present in enterococci, the chromogenic
mix is cleaved and the red colour of the colonies indicates
the presence of enterococci. Other f-D-glucosidase-produ-
cing organisms are suppressed by the sodium azide content
of the media (Manafi 2000), sodium azide being an inhibitor
of enzyme systems (catalase, cytochrome c oxidase) in
electron transport (Hartman et @/, 1966). Although many
studies designed to test different chromogenic media have
been carried out in recent years (Manafi 2000; Finney et al.
2003; Cardenes et al. 2004), to our knowledge little work has
been done concerning the evaluation and comparison of
Chromocult® enterococci agar in highly contaminated
samples. The purpose of the present work was to test the
use of Chromocult® enterococci agar medium as compared
with MRS medium, a nonspecific lactic bacteria medium in
current use (De Man et al. 1960; Doming et al. 2003), using
faecal samples in order to evaluate its use as an appropriate
alternative medium in the processing of highly contaminated
samples.

MATERIAL AND METHODS
Culture media

Chromocult® enterococci agar was prepared by suspending
33:0 g of medium in 11 of distilled water and heating in a
boiling water bath. The contents were stirred to aid
dissolution for about 45 min, after which the medium was
allowed to cool to 45-50°C and was then poured into plates,
following the manufacturer’s instructions. Chromacult®
enterococei agar is composed of (g I"!): peptones 10-0;
sodium chloride 5-0; sodium azide 0-2; dipotassium hydro-
genphosphate 3-4; potassium dihydrogenphosphate 1-6; ox
bile 0-5; Tween®-80 1-0; chomogenic mixture 0-25; Agar-
agar 110,

The MRS agar was prepared by suspending 662 gin 11
of distilled water and autoclaving for 15 min at 118°C. The
medium was allowed to cool to 45-50°C, and used before
the surface of the plates had dried, following the manu-
facturer’s instructions. MRS agar is composed of (g I™'):
peptone from casein 10-0; meat extract 8:0; yeast extract
4-0; D(+)-glucose 20-0; dipotassium hydrogen phosphate
2:0; Tween®-80 1:0; diammonium hydrogen citrate 2-0;
sodium acetate 5-0; magnesium sulfate 0-2; manganese
sulfate 0-04; Agar-agar 14:0. Agar medium types were
prepared by the same research assistant throughout the
study.

Sample preparation and processing

A total of 216 faecal samples were obta\ined from 18 different
batches of six broilers aged 6-10 weeks, using the same feed
for all birds. Faecal samples were obtained by swabbing the
cloacae of the birds with sterile swabs. A minimum of 1 g of
faeces was obtained from each bird and placed aseptically in a
sterile tube. Samples were carried to the laboratory in an ice
chest in less than half an hour after collection for immediate
processing. Samples from three animals were placed in a
sterile masticator bag with an appropriate volume (1 : 10) in
sterile buffered peptone water (Merck) and subsequently
homogenized with a masticator (Aes, Combourg, France) for
a maximum of 1 min. After homogenization, 0-1 ml of
appropriate dilutions of the homogenates from the mastica-
tor bags were surface-plated in triplicate onto Chromocult®
enterococci agar and MRS agar plates. Chromocult® plates
were incubated at 37 &+ 1°C for 48 + 2 h and MRS agar
plates were incubated at 35 £ 1°C for 72 * 2 h, as specified
by the manufacturer, The sampling and processing proce-
dures of poultry faeces described in this paper were always
carried out by the same laboratory personnel.

Enterococcus enumeration and identification

Red colonies in Chromocult® enterococci agar with a
diameter of 0-5-2 mm were considered to belong to
Enterococcus spp. The occasional non-enterococcal strains
developing on the medium were colourless, blue, violet,
turquoise or green. Circular white colonies with varying
diameters were considered to be Enterococcns spp. in MRS
agar. Enterococcus faecalis ATCC 29212 was used as control
of colony merphology in both media. Only plates containing
20 to 250 colonies were counted. The numbers of Entero-
coccus spp. were converted to logyy values and expressed as
logig CFU g™ faeces, after calculating the enterococci
population obtained from triplicate assays for each culture
media. After incubation, presumptive enterococci colonies
were harvested, transferred onto Columbia agar with 5%
sheep blood (Biomerieux, Marcy L’Etoile, France), and
incubated inverted at 37 = 1°C for 48 * 2 h to obtain pure
cultures.

One hundred pure cultures of presumptive enterococcus
colonies from each medium were characterized by colony
and cell morphology, their haemolytic character, Gram
stain, and oxidase and catalase activity. Following this
preliminary identification, pure cultures were subcultured in
Columbia agar with 5% sheep blood, harvested, and used to
inoculate galleries of API 20 Strep (Biomerieux) (Appleman
et al. 2004) for identification purposes. Readings were taken
after 4 and 24 h, as specified by the manufacturer. In the
identifications with a reliability of <95%, API 50 CH
(Biomerieux) was also used to complete bacterial identifica-

2005 The Saciety for Applied Microbiology, Letters in Applied Microbiology, 41, 153—158, doi:10.1111/.1472-765X.2005.01728.x
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tion. Readings were taken after 24 and 48 h, as specified by
the manufacturer. Data for the API galleries were collected
using the Apilab Plus software® (Biomerieux).

Statistical analysis

A paired Student’s i-test was used to compare the overall
mean values in both media. The chi-square test was used to
compare the different percentages of appearance of the
enterococci species in each medium. Differences were
considered significant when probabilities were lower than
0-01. All statistical analyses were carried out using Statview

version 5.0.1 (SAS Institute, Cary, NC, USA).

RESULTS

Enterococcus spp. colonies appearing on Chromocult®
enterococci agar were small (1-1'5 mm diameter), their
diameters being slightly larger than those specified by the
manufacturer and bright red in colour. These colonies could
be readily distinguished from other apparent contaminants.
No contaminating colonies with colours related to red were
detected, and only in two or three cases were some small
pink colonies observed.

One hundred red colonies were randomly selected as
described above from Chromocult® agar, as well as another
100 white colonies with varying diameters for the case of
MRS agar. The results (Table 1) revealed that 98% (98/
100) of the isolates from Chromocult® were Enierococcus
spp., and 2% (2/100) were false-positive red colonies on
Chromocult™ enterococci agar and were always identified as
belonging to the genus Leuconostoc. Of all the colonies
isolated from MRS agar, 49% (49/100) were Euterococcus
spp. There were significant differences between the isolation
rates found for each species of Enterococcus in both media
(P < 001).

From the above results, if it is considered that 98% of the
red colonies obtained on Chromocult® enterococci agar were
indeed enterococci as well as 49% of the colonies counted in

Table 1 Distribution and species identities of Enterococcus spp.
isolates in Chromocult® agar and MRS agar

Species type Chromocult®, » (%) MRS agar, n (%)

Euterococcus faecalis 65 (66-33) 21 (42-86)
Enterocaccus faecium 3 (3:06) 18 (36:74)
Enterococeus durans/hirae 26 (26:53) 2 (408)
Enterococcus gallinarum 2 (2:04) 0 (0)
Ewterococcus casseliflavus 1(102) 4 (8:16)
Enterococeus avium 1(1402) 4 (8-16)
Total enterococci 98 49

Other genera 2 51

Total strains 100 100

Table 2 Estimation of Enterscoccus populations in bird faeces
abtained with Chromocult® enterococci agar and MRS agar from the
specificity determined for each of the two culture media

Chromocult® MRS
No. samples 216 216
Max value (log CFU g 80 88
Min value (log CFU g™") 4-87 517
Median 652 736
Standard deviation 6146 0-6479

MRS agar, these percentages can be applied to the counts
obtained with the 216 bird faecal samples, the results
concerning the enterococci populations being shown in
Table 2. Thus, the true enterococci recovery values
obtained using this correction were significantly greater in
MRS agar than the values obtained in Chromocult®
enterococci agar (P < 0:01).

DISCUSSION

Target bacterial colonies obtained from Chromocult®
enterococci agar are more easily distinguished than those
obtained from other chromogenic media used, mainly those
used for the isolation of Salmonella, which shows a higher
number of contaminating colonies with colours similar to
those produced by the bacteria for which the medium was
designed (Dush and Altwegg 1995). This is probably due to
the presence in Chromocult® enterococci agar of sodium
azide, a powerful inhibitory agent for Gram-negative
bacteria as well as for catalase-positive organisms, while in
the case of Sa/monella, most current chromogenic media do
not have such potent selective agents in their formulation.

The results of this study indicate that the specificity of
Chromocult® enterococi agar (98%) is good and similar to
the best chromogenic media (Manafi 2000). However, the
isolation rate for E. faecium was significantly higher for MRS
agar than that obtained with Chromocult® enteracocci agar.
This is important because Enterococces spp. are the third
most common cause of hospital-acquired bacteraemia (Gar-
nier ¢t al. 2000) and E. faecium is the species that has the
broadest spectrum of natural and acquired antibiotic resist-
ance (Klare et al. 2003). Therefore, this must be taken into
consideration when using this medium for clinical purposes
or when performing specific research on E. faecium.
Nevertheless, E. faecalis and Enierococcus durans/ hirae
isolation rates were significantly (P < 0-01) higher in
Chromocult® enterococci agar than in MRS,

According to the literature consulted, although the species
distribution of the genus Enferococcus in faecal samples from
poultry shows important differences, depending on the
country where the study was performed or on the authors of
the individual work, the species distribution found for MRS

© 2005 The Saciety for Applied Microbiclogy, Letters in Applied Microbiology, 41, 153-156, doi:10.1111/].1472-765X.2005.01728.x
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in the present work can be said to be more related to the data
reported in the literature (Devriese et al. 1991; Butaye et al.
1999; Kiihn er a/. 2003) than in the case of Chromocult®
enterococci agar. Careful scrutny of these data from the
literature reveals that E. faecium isolation rates among
enterococci must probably be higher than the 3-06% found
for Chromocult® enterococci agar in the present study.
Thus, the latter authors reported E. faecium isolation rates in
chicken faeces of 37-6, 42 and 15% respectively.

Total enterococci counts obtained from MRS were more
in accordance with the reports of other authors such as
Netherwood et al. (1999) than those obtained from Chro-
mocult® enterococc agar. To date, there are no data
available concerning the use of Chromocult® enterococci
agar to process highly contaminated samples, although
Manafi and Windhager (1997) have reported that the use of
this medium could be a good alternative for the enumeration
of enterocacci in water samples. According to the present
findings, although Chromocult® enterococci agar is an
interesting alternative for routine purposes owing to the fact
that 98% of the red colonies were finally identified as
enterococci, it is necessary to consider that perhaps the
whole of the Enterococcus spp. population might not be
estimated in very contaminated samples. The lower Entero-
coceus counts obtained in Chromocult® enterocoeci agar in
comparison with the counts obtained with MRS could
derive from the more reduced development of E. faecium
observed in Chromocult® enterococci agar.
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RESUMEN

Teniendo en cuenta que el uso de medios cromogénicos para los andlisis
microbiologicos va cada vez mas en aumento, se considera muy importante el realizar
estudios independientes que evaltien la efectividad real de estos medios de cultivo que
estan saliendo al mercado.

Por eso, se ha estudiado la especificidad y eficiencia de un nuevo medio de cultivo
cromogénico para el aislamiento y recuento selectivo de Enterococcus spp:
Chromocult® enterocci agar en muestras altamente contaminadas.

Para llevar a cabo los ensayos, se recogieron un total de 216 muestras de heces de
pollo que se cultivaron tanto en el medio de cultivo objeto de estudio, como
simultdneamente en otro medio cromogénico que habitualmente se usa para bacterias
lacticas, el agar Man Rogase and Sharpe (MRS). A continuacion se seleccionaron
aleatoriamente 100 cepas crecidas en cada uno de los 2 medios de cultivo, que fueron
aisladas y posteriormente identificadas mediante kits bioquimicos. Se analiz6 y discutio
las diferencias en los recuentos y en la identificacion de las cepas encontradas en ambos
medios.

Se obtuvo una excelente especificidad del 98% para el medio Chromocult®
enterocci agar y todos los falsos positivos asilados (2%), que presentaban en este medio
una tonalidad rosa y una morfologia similar a los enterococos, fueron identificados
como Leuconostoc spp.

Sin embargo, se encontraron diferencias estadisticamente significativas (P < 0.01)
entre los recuentos obtenidos en los dos medios de cultivo comparados, siendo éstos
mayores en MRS (7.36 log UFC/g) que en el nuevo medio evaluado (6.52 log UFC/g).

Ademas se encontr6 que una de las especies mas representativa del grupo
enterococos, E. faecium, se aislaba en una menor proporcion en Chromocult® enterocci
agar (3.06 %) frente a MRS (36.74 %).

Por tanto se puede indicar que el medio de cultivo Chromocult® enterocci agar es
una herramienta bastante eficaz, excepto para muestras en las que se espere una

contaminacion predominante por E. faecium.
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1.- Los principales antimicrobianos objeto de estudio en el presente trabajo,
enrofloxacina, sulfamidas y doxiciclina van a provocar una alteracion significativa de la
poblacién bacteriana intestinal de las aves durante su tratamiento via oral con estas
sustancias, siendo las poblaciones de microorganismos gram negativos los que sufren un

mayor incremento de las tasas de resistencia frente a los antimicrobianos ensayados.

2.- El periodo de tiempo indicado en las especialidades farmacoldgicas probadas como
periodo de supresion se muestra claramente insuficiente para permitir la recuperacion de
las poblaciones bacterianas sensibles a los antimicrobianos probados y previamente

mayoritarias en la microbiota intestinal.

3.- Las carnes frescas procedentes de pollo y cerdo etiquetadas como ecoldgicas
presentan una contaminacion por bacterias fecales significativamente mas alta que la

presente en carne procedente de animales criados de forma convencional.

4.- Las tasas de resistencia, de bacterias aisladas de carnes frescas de pollo y cerdo
etiquetadas como ecoldgicas, frente a antimicrobianos frecuentemente empleados en los
tratamientos clinicos de dichos animales son significativamente menores que las
obtenidas de bacterias aisladas de carnes procedentes de las mimas especies obtenidas

de forma convencional.

5.- La incidencia de Listeria monocytogenes y Staphylococcus aureus en carnes no
parece estar influenciada por el sistema de cria empleado en los animales de

procedencia de dichas carnes, ya sea convencional o ecologico.

6.- La determinacion de los patrones de resistencia de cepas de Escherichia coli
presentes en las carnes puede ser una herramienta para el control de tratamientos

antimicrobianos no permitidos en los métodos de produccion ecoldgica.

7.-El Chromocult® enterococci agar presenta un nivel de especificidad similar al de los
mejores medios cromogénicos presentes en el mercado. No obstante, los recuentos

medios obtenidos de poblaciones de enterococcos determinadas mediante este medio
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selectivo asi como la proporcion de Enterococcus faecium identificados son
significativamente inferiores a los obtenidos en agar MRS, por lo cual este medio
cromogénico podria no ser la mejor opcion para realizar estudios en muestras en las

cuales la determinacion de esta especie bacteriana sea muy importante.
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Resumen

Nos derradeiros anos, o uso de antimicrobianos como promotores do crecemento foi
obxecto dun arduo debate a nivel mundial. Dunha parte, moitos cientificos consideraban
excesivo o risco para a saude publica por mor da posible aparicion de cepas resistentes a
estes medicamentos. Pero doutra parte, outros especialistas afirmaban que dito risco non
estaba o suficientemente demostrado e defendian este uso polos beneficios que xera
tanto dende o punto de vista de rendibilidade na produccion gandeira como na satde
publica, xa que a sua utilizacion tamén provoca a eliminacion dos microrganismos
patoxenos contaminantes dos alimentos de orixe animal. Finalmente, as autoridades
comunitarias da Union Europea dentro dos principios de precaucion, optaron por
prohibir dende o 1 de Xaneiro de 2006, o uso de calquera tipo de antimicrobiano como
promotor do crecemento.

Nembargantes esta prohibicion trouxo como consecuencia un notable aumento
do uso dos antimicrobianos madis frecuentemente usados con finalidade terapéutica, o
cal sospeitase que pode carrexar un aumento nas tasas de aparicion de cepas bacterianas
resistentes 0s antimicrobianos.

No traballo que aqui se presenta, abérdase o estudio da presencia de resistencias
bacterianas a determinados grupos de antimicrobianos. Para abordar este problema,
primeiro procedeuse & administracion dun tratamento terapéutico en animais de granxa
(polos, dado que o seu consumo vai cada vez mais en aumento). Os antimicrobianos
elixidos pertencen a cada unha das tres familias mais utilizadas en avicultura:
enrofloxacina (quinolonas), doxiciclina (tetraciclinas) e unha mestura de sulfamidas
(sulfamidas).

Complementariamente, realizouse unha mostraxe de alimentos de orixe animal
(carne de polo e de porco) procedentes de sistemas de produccion “ecoloxica” e
“convencional” (en intensivo, principalmente) en diferentes establecementos de venta 6
publico. Estas mostras foron analizadas no referente 6 grado de contaminacion por
diversas poblacions bacterianas. Paralelamente estudiouse o grado de resistencia das
bacterias illadas, a un amplo grupo de antimicrobianos.

Como parte de este traballo de investigacion, levouse a cabo unha evaluacion
independente dun novo medio cromoxénico selectivo para o cultivo de Enterococcus
spp. (Chromocult® enterococci agar) usando para elo mostras de feces de polo cunha

contaminacion presuntamente elevada.
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