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RESUMEN

Setenta y seis serotipos de Escherichia coli ipaH+ fueron caracterizados. Mediante la
identificacién bioquimica se mostraron reacciones positivas a la lactosa (100% de las
cepas), lisina decarboxilasa (98.7% de las cepas), y motilidad (67.1% de las cepas),
propiedades que no corresponden las descritas para el grupo enteroinvasivo. Los serogrupos
mas frecuentes fueron O2 (n=20), OR (n=11) y el antigeno O no determinada (n= 10). El
serotipo O2:NM fue el mas comuin. Ei 66% (n= 50) de las cepas de E coli ipal+
produjeron colicinas; 26 (34%) produjeron Col V y otros tipos de colicinas, 13 (17%)
colicinas diferentes a la Col V y 11 (14.5%) Gnicamente Col V. La mayor resistencia
antimicrobiana fue a trimetroprina/sulfa (72%), ampicilina (64.5%), enrofloxacina (55.3%),
y ciprofloxacina (47.4%); con 25 patrones de resistencia multiple en 66 {86.8%) cepas. La
concentracion inhibitoria minima mostré que la mayoria de las cepas fueron sensibles a
concentraciones bajas de gentamicina y kanamicina y resistentes a la tetraciclina. En la
prueba de invasividad hubo cambios en la forma y la tincion de las células, vy
desprendimiento parcial de la monocapa en la mayoria de los aislamientos. Quince de las
cepas invadieron mas del 30% de la monocapa, con proyecciones de tipo filipoidal. La
ribotipificacién mostré cuatro grupos principales, donde el cuarto fue el mas homogéneo
compuesto bésicamente por cepas O2. Mediante PCR, utilizando iniciadores de la /5630,
anicamente ocho cepas fueron positivas. Los ensayos de letalidad en embridn de pollo
mostraron que la cepa 095785, representativa del cluster cuatro, produjo una mortalidad del
86.6%, y clasificada como virulenta. Adicionalmente, ésta presentd un crecimiento
aproximadamente dos logaritmos (8.25 + 0.39) arriba del testigo negativo (6.89 + (.92).
Los resultados sugieren la existencia de clones especificos de E. coli invasivos adaptadas al
hospedero aviar. De acuerdo con la informacion disponible, este es el primer estudio que
demuestra la presencia de cepas invasivas extraintestinales de £. col/i (EXIEC) en aves.

Palabras clave: Escherichia coli, infeccion del saco vitelino, invasividad, resistencia a

antibioticos, factores de virulencia, ribotipificacién, ensayo de letalidad embrionaria.
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SUMMARY

Seventy-six Escherichia coli ipaH+ were characterized. Biochemical identification of our
strains shows positive reactions for lactose fermentation (100% of strains), lysine
decarboxylase (98.7% of strains) and motility (67.1% of strains) properties that do not
correspond with those described to the EIEC group. Regarding the serotyping, the most
common O antigens were O2 (n= 20), OR (n= 11) and non-determined O? (n= 10). The
O2:NM serotype was the most common. Sixty-six percent (n = 50) of the ipal{+ E. coli
produced colicins, of them, 26 {34%) produced Col V and other colicins, 13 (17%)
produced colicins other than Col V, and 1! (14.5%) produced Col V only.
Trimethoprim/Sulfa (72%), ampicillin (64.5%), enrofloxacin (55.3%), and ciprofloxacin
(47.4%) were the major antimicrobial resistance frequencies observed. Twenty-five
different multiresistance patterns were observed, where sixty-six strains (86.8%) were
included. A MIC test showed that most of the strains were sensitive to low gentamicin and
kanamycin concentrations, whereas most of the strains were resistant to tetracycline. An
invasiveness assay showed that the predominant alterations were changes in shape and
staining, and in most of the specimens, a partial monolayer detachment was also seen.
Fifteen strains invaded more than 30% of the monolayer cells, causing the formation of
intercellular bridges or filipoidal-like protrusions. Ribotyping showed four main clusters,
being the last one the most homogeneous, basically formed by O2 strains. Using PCR with
the IS630 primers only eight isolates were positives. In the embryo lethality assay 095785
strain, a representative isolate of the fourth cluster, produced mortality in the 86.6%
embryos, consequently, was classified as a virulent strain. Additionally, it presented the
highest growth (8.25 + 0.39), almost twice more than negative control (6.89 + 0.92). The
results suggest the existence of specific clone complexes derived from EIEC strains adapted
to the avian host. To our knowiledge, this is the first study that demonstrates the presence of
extraintestinal invasive E. coli (EXIEC) strains.

Key words: Escherichia coli, yolk sac infection, invasiveness, antibiotic resistance,

virulence factors, rybotyping, embryo lethality essay.
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CAPITULO 1
INTRODUCCION

a. Escherichia coli
Escherichia coli, integrante de la familia Enterobacteriaceae, consid_erado el
microorganismo predominante de la biota intestinal (1, 2, 3, 4) puede permanecer por largo
tiempo sin causar efecto adverso alguno, sin embargo, algunas clonas han adquirido la
capacidad de producir una amplia gama de enfermedades, tanto en el hombre como en los

animales (1, 5).

b. E. coli en Aves

En las aves, E. coli tiene gran importancia; por ser uno de los patégenos bacterianos
que se aisla con mayor frecuencia (6), ademas de ser considerado como responsable de al
menos 5% de la mortalidad en las parvadas comerciales, por lo que ocasiona grandes
pérdidas economicas en la industria avicola (7, 8, 9, 10). En los Estados Unidos se calcula
que éstas pueden sobrepasar los cien millones de dolares anuales (7, 8, 11),

Actualmente las cepas patogenas aviares de E. coli se reunen dentro del grupo
APEC (por las siglas en inglés de Avian Pathogenic Escherichia coli) (6, 9, 12, 13, 14, 15).
Entre las propiedades relacionadas con la virulencia de las cepas APEC estan la produccion
de colicina 'V (Col V), expresion de la fimbria tipo F1, letalidad embrionaria, presencia de
la proteina Iss (increased serum survival), hemaglutinina termosensible Tsh, resistencia al
complemento, presencia de capsula, sistema quelante de hierro aerobactina, produccién de
toxinas y citotoxinas, asi como la pertenencia a serotipos especificos (9, 11, 12, 13, 15, 16,
17, 18, 19, 20). Por otra parte, se ha reportado que el grupo APEC se encuentra
basicamente compuesto por serotipos clasicos de los grupos diarreagénicos EPEC y ETEC
21)

Frecuentemente, las cepas patdgenas de E. coli se encuentran en las casetas donde
se crian las aves y son causantes de enfermedades tales como aerosaculitis, pericarditis,
peritonitis, salpingitis, sinovitis, osteomielitis, celulitis, orfalitis e infeccién del saco

vitelino (ISV) (9, 20, 22, 23, 24, 25, 26).



¢. Infeccion del Saco Vitelino (ISV)

Particularmente, la ISV afecta a todas las aves, aunque se observa con mayor
frecuencia en pollos y pavos debido a las condiciones intensivas de incubacion (24). Es
considerada una enfermedad de gran importancia econémica, ya que se presenta en todas
las parvadas y representa una de las principales causas de mortalidad en pollos durante la
primera semana de vida (27, 28, 29, 30). Asi mismo, también se ha relacionado con
disminucién de la incubabilidad, reduccion de los nacimientos en la incubadora, asi como
un incremento en el numero de pollos desechados por retraso en el crecimiento (31).

A pesar de que se han aislado una gran cantidad de géneros bacterianos a partir de
aves con ISV, la mas comin es £, coli (24, 27, 28, 29, 32). Harry (1957), aislo E. coli en el
82% de las aves con cambio en el saco vitelino, asi como en el 52% de los que no
mostraban cambios.

Aunque por muchos afios se habia considerado a las cepas asociadas a ISV como
ambientales apatogenas o de baja. virulencia (15, 22, 23), recientemente se demostré la
presencia de genes de virulencia tales como ipaH (caracteristico del grupo EIEC) en
aislamientos de aves con ISV; el cual fue encontrado en una elevada proporcion (30%)
(34); sin embargo, la mayoria de estas cepas no pertenecian a los serogrupos reportados

previamente dentro del grupo EIEC (34).

d. E. coli en Humanos

De manera similar en ¢l caso de los humanos, E. coli ocasiona una gran variedad de
padecimientos en el hombre (2), tales como diarrea, disenteria, sindrome urémico
hemolitico, infecciones renales y vesicales, septicemia, neumonia y meningitis (1). Esta
versatilidad esta relacionada principalmente con la habilidad de las cepas para adquirir
diversos genes de virulencia y no al hecho de pertenecer a un determinado género o
especie, como se postuld por largo tiempo (1, 2).

Al menos cinco grupos han sido descritos dentro de las cepas causantes de diarrea
en humanos; Enteropatdgena (Enteropathogenic Escherichia coli: EPEC), Enterotoxigénica
(Enterotoxigenic  Escherichia coli. ETEC), Enteroagregativa (Enteroaggregative
Escherichia coli: EAEC), Enterchemoragica (Enterohemorrhagic Escherichia coli: EHEC)



y Enteroinvasiva (Enteroinvasive Escherichia coli: EIEC) (1, 4, 5).

e. Escherichia coli Enteroinvasiva (EIEC)

Las cepas EIEC estan genética y bioquimicamente relacionadas con Shigella spp.,
ambas son lisina descarboxilasa negativas, no moéviles, y lactosa negativas, ademas de
invadir células epiteliales y elaborar enterotoxinas, las cuales juegan un papel muy
importante en la patogénesis de la diarrea (1, 2).

A pesar de que no se ha esclarecido totalmente la patogénesis de Shigella spp. vy
EIEC, se han propuesto cinco pasos fundamentales: (i) penetracién en la célula epitelial, (ii)
lisis de la vacuola endocitica, (iii) multiplicacién intracelular, (iv) movimiento direccional a
través del citoplasma, y (v) invasion a las células epiteliales adyacentes ().

La deteccion de Shigella spp. y EIEC se realiza a partir de muestras fecales de
pacientes infectados mediante el uso de medios selectivos, seguida de la identificacion por
medios bioquimicos y serolégicos. Sin embargo, estos métodos tradicionales no solo
requieren tiempo, sino personal experimentados para llevar a cabo el aislamiento e
identificacion bacteriana de modo preciso (35). Los avances recientes en biologia
molecular, han permitido el desarrollo de nuevos métodos de diagnOstico, rapidos y
sensibles, mediante la deteccion de ADN especifico del patogeno en los especimenes
clinicos sin la necesidad de realizar el aislamiento (36). Para la identificacion de Shigella y
EIEC han sido desarrolladas diversas sondas, las cuales son utilizadas en la hibridacion de
ADN o PCR (35). |

Uno de los ensayos mas populares de PCR se basa en la amplificacion de la
secuencia para el antigeno del plasmido de invasividad H (invasion plasmid antigen H,
ipaH). A pesar de que se desconoce su funcion, este gen ha sido encontrado en las cuatro
especies de Shigella, asi como en las cepas EIEC (37, 38) en multicopias, tanto en el
plamido de invasividad como en el cromosoma (39).

El antigeno O de Shigella y otras enterobacterias, esta codificado en genes
organizados dentro del operon #/b (35). En la mayoria de las enterobacterias este operon se
encuentra dentro del cromosoma; sin embargo, en el caso de S. sonnei se encuentra dentro

del plasmido de virulencia. En este aperén se ha determinado la presencia de una secuencia



de insercion denominada I1S630; a partir de la cual se desarrollaron los iniciadores HS61 y
HS62 los cuales han sido utilizados para la deteccion de cepas invasivas mediante la prueba

de PCR (40).

Determinacién de Virulencia en E. coli

Por otra parte, el control de la colibacilosis en las aves se ha dificultado, ya que no
se cuenta con una prueba para determinar si los aislamientos que se realizan a partir de las
muestras clinicas son patégenos primarios {cepas altamente virulentas), patbgenos
secundarios (medianamente virulentas) o bien apatdgenos (avirulentas) (18, 41). Con el
objetivo de determinar la virulencia de L. coli, se han descrito varios métodos de
inoculacion en aves de diferentes edades. Dias da Silveira et al., (2002-2), inocularon aves
de un dia de edad por via subcutanea en el cuello, mientras Chaffer ef al. (1999} utilizan la
inoculacidn por via subcutdnea, en aves de 21 dias. Otros trabajos han recurrido al empleo
de embriones de pollo con el mismo fin (18, 41, 43, 44). Wooley et al., (2000) llevaron a
cabo la inoculacion de embriones de pollo y lograron demostrar su utilidad para determinar

la virulencia de las cepas aviares de E. coli.

Ribotipificacion

Recientemente, algunas técnicas de biologia molecular han sido aplicadas en
investigaciones epidemioldgicas, mediante la deteccion directa de variaciones en las
secuencias de nucledtidos en el ADN cromosomal de los aislamientos bacterianos (45). Las
técnicas de referencia para el agrupamiento filogenético, incluyen la electroforesis de
multilocus enzimatico (MLEE) vy la ribotipificacion, ambas, técnicas complejas y laboriosas
(5).

Los patrones de restriccion de genes del ARNr, conocido como ribotipificacion, han
sido de gran utilidad para la identificacion de especies, asi como para la tipificacion
epidemiolégica. De hecho, la ribotipificacion ha sido usada por diversos investigadores
para determinar la relacion clonal existente entre algunas cepas bacterianas, asi como para
rastrear la fuente de contaminacion fecal en alimentos y agua (46).

La naturaleza conservada de los genes de ARNr permiten el uso de un solo juego de



sondas para la visualizacion de los patrones de restriccion de los genes del ARNr
(ribotipos) de bacterias con cualquier posicion filogenética (45, 47, 48). Esta técnica, se
basa en el analisis de fragmentos gendmicos generados por una digestion con enzimas de
restriccién de los operones de ARNr, Las regiones mas conservadas de los operones
permiten identificar el género y especie de una bacteria, mientras que las regiones variables
y de los flancos permiten discriminar entre cepas de la misma especie (47). Debido a la
estabilidad de los ribotipos a través del tiempo y ser marcadamente reproducibles, ha sido
posible el empleo de Ia ribotipificacion para la identificacion y caracterizacidn de bacterias.

A pesar de ser una técnica compleja, en la actualidad existen a escala comercial
equipos como el RiboPrinter® Microbial Characterization System de DuPont, capaces de
realizar el proceso completo en 8 horas. Al ser una técnica automatizada y estandarizada, el
sistema de caracterizacion microbiana RiboPrinter® es adecuado para llevar a cabo la
tipificacion rapida de un gran nimero de cepas bacterianas. El sistema puede producir 32
ribotipos en un dia a partir de colonias frescas (47, 48). Adicionalmente, debido a la amplia
distribucion e interconexion de los Riboprinters, es posible la comparacion inmediata de
ribotipos a través de la conexi6n de diferentes bases de datos (5). El sistema de
identificacion incluye en su base de datos alrededor de 4800 patrones, los cuales cubren
mas de 120 géneros y 1100 especies bacterianas. Dentro de ellas estan las especies de
mayor importancia dentro de la industria farmacéutica, salud piablica e inocuidad

alimentaria, ademaés de bacterias 4cido lacticas.

- Justificacion

Debido a la importancia de las colibacilosis en México, se han realizado algunos
trabajos en donde se identificaron cepas de E. coli, a partir de muestras obtenidas en granjas
de reproductoras, incubadora y pollo de engorda. Los resultados de este trabajo sugieren
que la contaminacion bacteriana causante de la ISV su origen no se presenta en las granjas
de reproductoras (32) (Anexo A). Adicionalmente, los serotipos predominantes en México
eran diferentes a los reportados en otros paises como patdgenos para las aves. Sin embargo,
el hallazgo mas importante fue el nimero elevado de cepas positivas al gen ipaH (72%),

caracteristico de las cepas EIEC, en un ensayo de hibridacion (34) (Anexo B). Este



hallazgo reviste una gran importancia pues las bacterias del grupo EIEC habian sido
aisladas Unicamente a partir de humanos y primates superiores;, por esta razon, fue
necesario llevar a cabo la demostracion de la capacidad invasiva de las cepas ipaH+. Por
otro lado, se determinaron las caracteristicas fenotipicas de las cepas ipafi+ aisladas a
partir de aves, asi como la relacion clonal de éstas; finalmente, se demostré que las cepas
estudiadas son capaces de producir lesiones similares a las observadas en el campo
utilizando un modelo de embridn de polio.

Objetivos

Determinar la capacidad invasiva de las cepas ipaH+ aisladas a partir de muestras
procedentes de aves.

Realizar la caracterizacion fenotipica de las cepas ipald+ aisladas a partir de aves con
infeccidon del saco vitelino.

Determinar la relacion clonal entre cepas de Fscherichia coli ipaH+ en aves.

Determinar la virulencia de una cepa /pafH+ representativa en un modelo de letalidad en

embriones de pollo.



CAPITULO 2
MATERIAL Y METODOS

Cepas Bacterianas. Las cepas fueron aisladas a partir diferentes muestras obtenidas
en granjas de reproductoras, incubadoras y pello de engorda, e identificadas como E. coli
(32). De un total de 267 cepas se seleccionaron 76, de las cuales 68 fueron jpaH+ en los
ensayos de hibridacion y 8 pertenecian a serogrupos reportados como enteroinvasivos (34).

Durante la realizacion de la prueba de PCR para /5630 se utilizaron las cepas de E.
coli 028ac EIEC vy S. sonnei 1 como testigos positivos; y una cepa de £. coli del grupo
EAEC como testigo negativo. Mientras que para llevar a cabo el ensayo del modelo de
letalidad en embriones de pollo se incluyeron la cepa HB101 (K-12) como testigo negativo,
y CR-000089 del cepario del DPA: Aves, FMVZ, UNAM, como testigo positivo
(perteneciente al serogrupo O1). Esta Oltima fue aislada a partir de un caso de ISV, donde
se present6 elevada mortalidad, a partir de pollitos de tres dias de edad de médula 6sea; esta
cepa pertenece al serogrupo O1 y es resistente a enrofloxacina.

Serotipificacion, Prueba de Sensibilidad Antimicrobiana, Ensayo de
Invasividad, Produccion de Colicinas. Las técnicas se describen en el articulo de Rosario
et al. (2005).

Ribotipificacion. La ribotipificacion se llevd a cabo utilizando el equipo
RiboPrinter® Microbial Characterization System y el equipo de preparacion estandar
EcoR1 DNA (Qualicon, Inc.) de acuerdo a lo descrito por las guias de operaciones y
analitica del fabricante. Brevemente, las bacterias fueron sembradas en agar sangre, e
incubadas a 37.5° C durante 24 h. A partir de la zona mas abundante de crecimiento en la
caja de agar; con un palillo incluido en el equipo se tomd la muestra y fue suspendida en
200 pl de solucidn amortiguada para muestras (sample buffer®) incluido en el equipo con
el objetivo de preparar una suspension, de la cual se depositaron 30 pl en un pozo del
dispositivo plastico (8 pozos) que se utiliza para procesar las muestras. Posteriormente se
realiz6 el tratamiento térmico a 80°C durante 10 min, después de lo cual se llevo a cabo un
enfriamiento rapido de la muestra. El cassette se coloco en el RiboPrinter®, para continuar

con la fase automatizada del proceso. Este inicia con la lisis de las células; el ADN



bacteriano es digerido con EcoRI y los fragmentos de restriccion son separados en
diferentes patrones usando electroforesis en gel. EIl ADN de los aislamientos con los
diferentes patrones es transferido a una membrana, en la cual, es hibridado con una sonda
de ARNr de E. coli marcada con digoxigenina, la cual genera quimioluminiscencia. La
emision de luz es captada por una camara digital como datos de imagen a partir de los que
se forma el patron del RiboPrinter®. El sistema de caracterizacién autqmética coloca el
patron de cada aislamiento dentro de un ribogrupo comun (grupos) de acuerdo con la
posicidn de las bandas, la similitud de la posicion de las ellas, y la intensidad de los
patrones en la base de datos del RiboPrinter®. Los ribogrupos son analizados visualmente
por el procedimiento estandar del fabricante. Finalmente, con la informacidn obtenida de
los ribogrupos, se construyé un dendograma para lo cual se utilizd el coeficiente de
correlaciéon de Pearson, con un coeficiente de optimizacion de 1.56%. Los coeficientes de
similitud fueron calculados con base en la posicién de las bandas y la intensidad relativa de
éstas.

Reaccion en Cadena de la Polimerasa (PCR). Se realizé la prueba de PCR
utilizando los iniciadores HS61 (5’-GTA-CAG-AAC-TGC-TGG-CAA-T-3") y HS62 (5'-
CAA-CAT-GAT-TCA-TCC-ATG-G-3) descritos por Houng e al. (1997). Para realizar
esta prueba se hicieron algunas modificaciones a la técnica descrita originalmente. La
mezcla para PCR consistié en 1X de la solucién amortiguada de PCR, 1.0 mM de MgCl,,
0.1 mM de dNTP’s, 0. 1uM de cada uno de los iniciadores y 3ul del template (una colonia
bacteriana fue hervida en 25 ul de agua estéril), 0.5 unidades de ADN Tagq polimerasa y
H;0d para hacer un volumen final de 50 pl. Se utilizé un termociclador GeneAmp® PCR
System 9700 (Applied Biosystems) con las siguientes condiciones de amplificacion: 94°C,
3 min.; 35 ciclos a 95°C, 30 seg.; 54°C, 30 seg.; 72°C, 1 min.; finalizando con un ciclo a
72°C, 8 min. Los productos obtenidos mediante la PCR fueron analizados por electroforesis
usando un gel de agarosa al 2% en TBE (tris-borato-EDTA). Los productos amplificados
por la PCR fueron considerados positivos basados en la presencia de un producto de ADN
de aproximadamente 561pb tefiido con bromuro de etidio. Se utiliz6 como marcador
©X174/Hae U1 Finalmente, en cada corrida se incluyeron a los testigos positivos y

negativo.



Modelo de Letalidad en Embrién de Pollo. Para realizar el ensayo en embrién de
pollo, se selecciono la cepa FM-095785. Esta cepa fue seleccionada ya que posee las
caracteristicas del principal grupo asociado a la ISV. Esta cepa fue aislada de saco vitelino
a partir de la mortalidad del tercer dia en la granja de pollo de engorda, pertenece al
serotipo 02 NM, fue positiva en la hibridaciéon de ADN a los genes ipaH y cdl, resistente a
enrofloxacina, ciprofloxacina y trimetoprim y mayor 50 mg/ml de tetraciclina en la prueba
de Concentracién Minima Inhibitoria (CMI), también fue positiva en el ensayo de PCR
utilizando las sondas HS61 y HS62, y pertenece al ribogrupo mas comun en las cepas
causantes de mortalidad, ademas, fue positiva en el ensayo de invasividad en la jﬁrueba in

vilro.

Para la preparacion de los indculos bacterianos para el modelo de letalidad en
embrion de pollo (41, 43), las cepas fueron sembradas en tres tubos con caldo infusion
cerebro corazén {CICC) e incubadas a 37°C durante 18 h en una incubadora con agitacion
a 200 rpm. Cada uno de los tubos fue centrifugado a 3,000 rpm por 15 min, en una
centrifuga Sorvall® RT 6000D. Posteriormente, se eliminé el sobrenadante y la pastilla
obtenida fue resuspendida en 30 ml de PBS estéril (pH 7.2), este procedimiento de lavado
se repiti6 dos veces més bajo las mismas condiciones. El paquete bacteriano obtenido fue
resuspendido en 10 ml de PBS (pH 7.2) estéril a partir de lo cual se tomd I ml y se
resuspendié en 3 ml de PBS. La concentracién bacteriana fue ajustada con un
espectrofotdmetro Beckman® DU640B a una concentracion de 1 x 10° UFC/ ml. A partir
de este indculo se hicieron diluciones décuples seriadas, y fueron sembrados 100 pl de las
tres titimas diluciones en placas de Agar de Soya Tripticaseina (TSA) e incubadas durante
18 ha 37 °C, después de este tiempo se realizd el conteo de colonias en cada dilucion y se

llevé a cabo el calculo para determinar la concentracién bacteriana en cada dilucién.

Para determinar la edad idénea para la inoculacion de los embriones, fueron
seleccionados 205 huevos fértiles comerciales, procedentes del Centro de Ensefianza,
Investigacion y Extensidn en Produccion Avicola (CEIEPAvV), de la FMVZ de la UNAM.
Los huevos fueron divididos por la edad de los embriones al momento de la inoculacion:

60 de 9 dias, 35 de 10 dias, 55 de 11 dias y 55 de 12 dias. La manera en como fueron



distribuidos en los diferentes grupos de inoculacion se muestra en el Cuadro 1. Se
formaron 3 grupos de acuerdo a la cepa que se inocularia, ademas de un grupo testigo para
asegurar que los huevos se encontraban libres de contaminacién bacteriana previa a la
inoculacidn.

Los huevos fueron visualizados mediante un ovoscopio para determinar la
viabilidad, situar la cimara de aire y determinar el sitio de inoculacién y posteriormente
inoculados via cavidad alantoidea con una concentracion de 10° UFC/100 pl. El grupo
testigo de esterilidad fue inoculado con 100 pt de PBS estéril. Todos los grupos fueron
incubados bajo condiciones comerciales (37.7 °C y 60 % de humedad). Diariamente,
mediante el uso de un ovoscopio, la mortalidad embrionaria fue determinada y registrada
para su evaluacién posterior.

Los huevos que contenian embriones muertos fueron retirados de la incubadora; y
abiertos de manera aséptica para obtener 20 pl de liquido alantoideo, éstos fueron
resuspendidos en 180 ul de PBS estéril, y se realizaron 10 diluciones décuples seriadas. De
cada una de las diluciones, fueron sembradas 3 gotas de 20 pl cada una, en placas de agar
sangre, las cuales fueron incubadas durante 24 h a 37°C. Una vez transcurrido este tiempo,
se realizd el conteo de colonias de cada grupo y se calculd la cantidad de UFC/ ml. Una
vez que la muestra de liquido alantoideo fue obtenida, los embriones fueron retirados del
huevo para evaluar las lesiones producidas por los diferentes microorganismos inoculados.

Ensayo de Crecimiento Bacteriano en Embriones de Pollo. Se utilizaron 100
huevos fértiles comerciales de reproductoras Leghorn de 12 dias, procedentes del CEIEPA
de la UNAM, los cuales fueron observados mediante un ovoscopioc para determinar la
posicion de la camara de aire y el sitio de inoculacion. Se dividieron en cuatro grupos de
25 embriones cada uno, los cuales fueron inoculados como se indica en el Cuadro 2.

Los muestreos se llevaron a cabo cada 3 h; el primero se realizé inmediatamente
después de que fueron inoculados los embriones (hora cero), y el Gltimo 12 h post-
inoculacion. En total se realizaron 5 muestreos. En cada uno se seleccionaron 5 embriones
de cada grupo, éstos fueron abiertos de manera aséptica y se colectaron 20 pl cada uno de

liquido alantoideo, los cuales fueron resuspendidos en 180 ul de PBS estéril y se realizaron
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diluciones décuples seriadas. De cada dilucion se sembraron 3 gotas de 20 pl en cajas de
agar sangre. Las cajas fueron incubadas a 37°C por 24 h, y las colonias contadas para
determinar la concentracién bacteriana por ml de liquido alantoideo.

Los resultados de las cuentas bacterianas fueron sometidos a un analisis de varianza
y las diferencias entre los grupos fueron determinadas por la prueba de Tukey, con el

programa estadistico Statgraphics Plus para Windows 3.3.
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CAPITULO 3
RESULTADOS

Ribotipificacién. Se realizd la ribotipificacion de 52 cepas de las 76 incluidas en el
presente estudio, debido a la pérdida de muestras durante el transporte hacia el laboratorio
del Southern Plains Area Agricultural Research Center, Food and Feed Safety Research
Unit del United States Department of Agriculture (USDA) en la ciudad de Collage Station,
Texas de los Estados Unidos de América, lugar donde se llevo a cabo la prueba. En el
Cuadro 3 se muestran los ribotipos encontrados; donde el ribogrupo mas comun entre las
cepas analizadas fue 411-S-4, que se determiné en el 19.2%, el cual fue reconocido por el
equipo por primera vez en estas cepas. Es decir, cuando se lleva a cabo la ribotipificacion,
con el equipo Riboprinter se compara el patron del aislamiento con los que ya se
encuentran almacenados en su memoria; cuando el nuevo patron difiere de los ya
reconocidos, se crea un nuevo ribotipo, por este motivo, se considera que el Riboprinfer
posee una base de datos dinamica en cuanto a los patrones de ribogrupos. Los ribogrupos
97-8-1; 104-S-4; 108-S-4 y 111-S-2 ya habian sido identificados previamente a partir de
muestras procedentes de rios y sedimentos en canales de irrigacion en la frontera de México
y Texas entre las poblaciones de Weslaco y El Paso, Texas;, mientras el 226-5S-4 fue
identificado por primera vez a partir de muestras aisladas de cerdos en College Station,
Texas. En el caso de los ribogrupos 293-S-7 y 295-58-8 habian sido identificados a partir de
las cepas aisladas de pollitos seleccionados en la incubadora y aves con infeccion del saco
vitelino en Bryan, Texas.

La ribotipificacién produjo 17 ribotipos, distribuidos en cuatro grupos principales.
En el primero se encontraron tres cepas, dos de ellas aisladas en incubadora y una a partir
de pollo de engorda. Estas pertenecian a serotipos diversos; todas produjeron Col V y dos,
otras colicinas.

En el segundo grupo se encontraron seis cepas; todas ellas aisladas a partir del
quinto dia de vida del pollito, el cual fue junto con el dia tres, donde se observaron los
porcentajes mas altos de mortalidad y aislamiento de £. coli. Cuatro de ellas pertenecian al

serogrupo O78 y cinco poseian el antigeno flagelar H9. Este grupo mostrd un patron de
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resistencia muy homogéneo, ya que todas eran resistentes a ampicilina, enrofloxacina,
ciprofloxacina, sulfa/trimetoprim, kanamicina y tetraciclina; tres resistentes a piperacilina y
una a gentamicina. En el caso de la produccidn de colicinas se observo que tres produjeron
Col V y una, colicinas diferentes a la V, mientras que las tres restantes eran no
colicinogénicas.

El tercer grupo fue el mas diverso pues en €l se encontraron 29 cepas, aisladas de
reproductoras (n=2), incubadora a los 19 dias (n=9), pollo de engorda a los cinco (n=8),
seis (n=5) y siete dias (n=5). Dentro de este grupo se encontr0 un grupo pequefo
denominado 3a (Figura 1) donde se ubicaron las dos cepas aisladas de reproductoras junto
con aislamientos de huevo infértil a los 19 dias de incubadora. En el hubo una gran
diversidad tanto del antigeno soméatico como del flagelar; ademas de una amplia gama de
patrones de resistencia para los antimicrobianos evaluados y la produccion de colicinas.

El cuarto grupo fue uno de los mas homogéneos, en éste se ubicaron 14 cepas
aisladas a partir de incubadora a los 21 dias (n=3), pollo de engorda al dia tres (n=7), cuatro
(n=1), cinco (n=2) y seis (n=1). El serotipo prodominante fue el O2:NM con 11 cepas.
Diez cepas presentaron resistencia hacia enrofloxacina, ciprofloxacina, sulfa/trimetoprim y
tetraciclina, aunque se determind la presencia de otros patrones de resistencia. La
produccion de colicinas fue muy similar entre los aislamientos, donde once cepas eran
productoras de Col V y el mismo nimero produjeron otras colicinas diferentes a Col V,
mientras que solamente dos cepas fueron no colicinogénicas.

PCR. Unicamente ocho cepas produjeron una banda de 561 pb del producto de
amplificacion de I8630. En el caso de las cepas positivas, todas ellas pertenecieron al
serotipo O2 NM y habian sido positivas en la prueba de hibridacion del ADN para el gen
ipaH (Cuadro 4 y Figura 2). A excepcion de una de ellas, todas fueron positivas a cdf en
la misma prueba. Adicionalmente, todas fueron aisladas en pollo de engorda a partir de la
mortalidad del dia tres de vida del pollito, donde se presento la cantidad mas alta de cepas
positivas a ipaH en la prueba de hibridacion. Seis de las cepas positivas fueron aisladas de
diferentes aves y las dos restantes fueron del mismo pollo pero de diferentes 6rganos
(higado y saco vitelino). Las cepas positivas en la prueba de PCR se encontraron dentro del

cuarto grupo del esquema de ribotipificacién,
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Modelo de letalidad en embrién de pollo. El Cuadro 5 muestra los resultados de
la mortalidad embrionaria tras la inoculacién de tres cepas de . coli a diferentes edades de
incubacién. Se observé una menor mortalidad en todas las edades de inoculacion para la
cepa K-12. A los 9 dias esta cepa provocé una mortalidad elevada (65%), pero inferior a las
cepas CR-000089 (100%) y FM-095785 (96%). En los embriones inoculados el dia 10,
también se presentd una mortalidad alta en los inoculados con K-12 (80%) aunque,
nuevamente, inferior a la causada por las cepas CR-000089 y FM-095785. Para el dia 11 ya
hubo una mayor diferencia entre la cepa K-12 y la CR-000089 y FM-095785. El dia 12 se
encontro un contraste mas claro en la mortalidad causada por las tres cepas; ya que el grupo
K-12 produjo una mortalidad del 20% la cual fue similar a la apreciada en los embriones
inoculados con PBS estéril, mientras en los grupos de CR-00008% y FM-095785 la
mortalidad fue de 80 y 86.6% respectivamente. La Figura 3 muestra los porcentajes de
mortalidad en todos las dias de inoculacién, en ella la mortalidad provocada por la cepa O1
y 095785 es siempre mas alta que la que se encuentra en la cepa K-12; y ésta, a su vez, es
mas alta (a excepcian del dia 12) que los embriones inoculados con PBS esteéril.

Las lesiones macroscdpicas encontradas en los embriones consistieron en
hemorragias y congestidn generalizada; las cuales fueron més evidentes en las venas de
extremidades, parte posterior de la cabeza y yugular (Figura 5). Sin embargo, no fue
posible determinar diferencias entre los embriones inoculados con las tres cepas. En el
examen po&t mortem, los embriones estaban friables y la inspeccion de los 6rganos internos
fue dificil, aunque en algunas ocasiones estaban igualmente hemorragicos vy
congestionados. Adicionalmente, algunos embriones inoculados eran de menor tamafio
cuando se hacia la comparacién con embriones no inoculados de la misma edad.

Ensayo de crecimiento bacteriano en embrién de pollo. Los resultados del
ensayo de crecimiento bacteriano en embrion de pollo se muestran en el Cuadro 6. En los
embriones inoculados con PBS estéril no hubo crecimiento durante todo el periodo de
prueba. En el caso de las tres cepas se realizaron diluciones décuples seriadas para
establecer la concentracién bacteriana de los indculos originales y se determind que estos
contenian 1.6 UFC/ 200 uL log,o para K-12 y CR-000089, 1.8 UFC/ 200 uL logyo para la

cepa FM-095785. Desde las 3 h se detectd un crecimiento constante de las tres cepas, sin
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embargo, siempre se presentd un menor crecimiento en la cepa de K-12, seguido de la CR-
000089 y por ultimo, la FM-095785 con el mayor crecimiento. A las 12 h, en el grupo
testigo de esterilidad no hubo crecimiento bacteriano; el grupo K-12 alcanzd 6.9 UFC/mL
logyo, mientras CR-000089 y FM-095785 tuvieron un crecimiento de 8.3 y 8.6 UFC/mL
logio, respectivamente. Al realizar el anélisis estadistico se encontrd, tanto a las 9 como a
las 12 horas post-inoculacién, una diferencia estadistica altamente significativa (P <
0.0001), entre el testigo de esterilidad y el grupo de K-12, y de éste con respecto a CR-
000089 y FM-095785, sin embargo, no hubo diferencia estadistica (P > 0.05) entre los dos
altimos (Figura 4).
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CAPITULO 4
DISCUSION

Las infecciones bacterianas, causadas por E. co/i, tienen una gran importancia en las
aves de produccion alrededor del mundo; algunos autores estiman que su costo supera los
cien millones de dolares anualmente (7, 8, 11, 14, 16). Sin embargo, en algunas ocasiones
se subestima el papel de este microorganismo pues se consideran parte de las infecciones
secundarias normales presentes en las aves.

Actualmente la clasificacion de las cepas aviares reune a todas las cepas patogenas
para aves dentro del grupo APEC; lo cual ha dado como resultado la constitucién de un
grupo sumamente heterogéneo, pues los factores de virulencia identificados en estas cepas
no son comunes a todas ellas; por lo tanto, no se cuenta con bases para determinar la
inclusién de un aislamiento dentro del grupo, APEC. Recientemente, Rodriguez-Siek er al.
(2005) sustenta este planteamiento .al mencionar: “si E. coli es capas de producir
enfermedades en aves mediante el uso de un conjunto Gnico de factores de virulencia, estas
bacterias constituirian un grupo especifico de cepas comanmente conocido como patotipo.
Al tomar en cuenta las distintas manifestaciones en aves, incluidas colisepticemia,
peritonitis celulitis, salpingitis, sinovitis, onfalitis, aerosaculitis y coligranuloma es
razonable la existencia de multiples patotipos de E. coli asociadas a infecciones aviares”.

A pesar del amplio conocimiento de las cepas APEC generado en otros paises, los
datos sobre la importancia de las cepas de E. coli causantes de ISV es practicamente nulo,
al clasificarlas de baja o nula patogenicidad (15, 22, 23, 49); mas aUn, se considera a la
mortalidad causada por ellas, parte de las pérdidas normales durante las dos primeras
semanas de vida del pollito.

En México, en un estudio previo, se establecio que E. coli fue la principal causa de
ISV en una empresa integrada (32), ademas, los datos obtenidos sugerian que la principal
fuente de contaminacion del huevo fértil no era la granja de reproductoras, como se habia
sefialado por largo tiempo. Adicionalmente se logré identificar algunos genes de virulencia
descritos para los grupos diarreogénicos de humanos, como son ipaH (de las cepas EIEC),
eae (de los grupos EPEC y EHEC) y cdr (principalmente detectado en el grupo EPEC), los

cuales no habian sido referidos previamente en cepas aviares (34). Estos resultados apuntan
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hacia la posibilidad de que estos genes se encuentren involucrados en el proceso patolégico
observado, es decir, que sean cepas patdgenas contrariamente a lo que se creia
anteriormente (34).

En el presente trabajo se realizo la caracterizacion del grupo de cepas positivas al
gen ipafd. Dicho gen ha sido descrito en las cepas de Shigella spp. y EIEC, las cuales estan
relacionadas de manera muy cercana (1, 2, 4, 50, 51, 52, 53, 54), e incluso se ha
considerado incluirlas en la misma especie (51). Una de las caracteristicas predominantes
de estas cepas es la capacidad de invadir las células epiteliales del intestino (1). La invasién
se define como la transferencia de un agente de una célula a otra del mismo tejido; o el paso
a través de una barrera como una membrana para infectar a otro tejido. Durante largo
tiempo, se han diseflado diferentes ensayos para demostrar la capacidad invasiva de una
bacteria. Uno de los primeros intentos fue la prueba de Sereny la cual tiene como
fundamento la invasidn de la conjuntiva de cobayo (55, 56). Sin embargo, a partir de los
afos setentas se ha puesto mucho énfasis en el desarrollo de pruebas en cultivos celulares,
ya que estos representan un sistema experimental uniforme en el que se pueden estudiar con
condiciones definidas los complejos fendmenos biologicos tales como la irnvasividad (57).

Uno de los primeros reportes sobre los ensayos de invasividad subraya la necesidad
de un antigeno somatico liso en las bacterias para la presentacion del fenomeno de
invasividad (58); estudios posteriores, demuestran que los oligosacaridos de las cepas lisas
y rugosas del lipopolisacarido en Shigella spp. no afectan la habilidad de una cepa invasiva
para penetrar los cultivos celulares (59). Nuestros resultados fueron similares a los
observados por Okamura (59) pues a pesar de que algunas de las cepas evaluadas (n =11)
eran rugosas, fueron positivas al ensayo de invasividad (cepas clasificadas como OR).

En las preparaciones de los ensayos de invasividad, las cepas ipaH+ produjeron
cambios en la morfologia celular de los cultivos, modificaciones de la afinidad tintorial y
disrupcion de la membrana celular. En algunos casos se presentd el desprendimiento total
de la monocapa durante la fase de infeccidn, lo cual puede ser atribuido a la produccion de
citotoxinas (60).

En mis del 30% de las preparaciones celulares se observd la formacién de

proyecciones del citoplasma. Estas pueden ser inducidas por cepas de Skigella spp. y EIEC
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(61, 62, 63, 64, 65) durante la invasion a las células epiteliales. Una vez que la bacteria ha
penetrado en la célula, lisa rapidamente la membrana del fagosoma y se multiplica
libremente dentro del citosol; durante esta etapa la bacteria se mueve intracelularmente lo
que provoca la formacion de protrusiones celulares que impulsan a la bacteria dentro de las
células adyacentes (60, 61, 62, 63, 66, 65).

Las cepas estudiadas portadoras del gen JipaH y positivas en el ensayo de
invasividad, no poseian las caracteristicas bioquimicas y serologicas descritas para el grupo
EIEC. Generalmente, se considera a las cepas EIEC como lisina descarboxilasa negativas,
lactosa negativas y no moviles (1, 2, 50, 53, 55). Sin embargo, algunos autores han
reportado la existencia de cepas EIEC que no poseen las caracteristicas previamente
descritas (50, 53, 55, 67, 68). '

Los serotipos 028ac, 029, 042, Ol12ac, 0124, 0136, 0143, 0144, 0152, 0159,
0164 y 0167 son considerados como clasicos de las cepas EIEC (1, 4, 52, 53, 55,68, 69). A
pesar de ello, las cepas /paf{+ aisladas a partir de muestras de aves no pertenecen en su
mayoria a dichos serogrupos, y solo se encontraron dos cepas que pertenecian a estos
grupos, mientras que el 96% pertenecian a otros serotipos; entre los mas comunes 02
(n=20), OR (n=11) y O? (n=10). Particularmente O2 y OR han sido descritos junto con O]
y Q78 como los serogrupos que se encuentran de manera méas comun entre las cepas APEC
(16, 17, 23, 70, 71, 72, 73, 74). Por otra parte, Barnes e/ al. (2003) menciona que la
mayoria de los serotipos aislados a partir de aves solo son patdgenos de ellas, no obstante,
algunas cepas 02 han sido relacionadas con infecciones urinarias y meningitis en humanos.
Lo anterior ha llevado a establecer que la relacion clonal entre las cepas no esta
forzosamente ligada al hecho de pertenecer a un mismo serotipo (75, 76).

Por otro lado, se realizo6 la prueba de PCR utilizando los iniciadores HS61 y HS62
para confirmar la pertenencia de estos aislamientos al grupo EIEC. Los resultados
obtenidos mostraron solo ocho cepas positivas, a pesar de que todas las cepas habian sido
positivas cuando se realizo la hibridacion de ADN utilizando una sonda del gen ipaH.
Posiblemente, los resultados se relacionen a la variabilidad en la presencia de 1S630 entre
las cepas de Shigella y EIEC, a diferencia de ipaH Kong ef al. (2002) realizaron una PCR

multiplex, utilizando al gen virA, para detectar a las cepas invasivas, sin embargo, solo
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encontraron 50% de aislamientos positivos, por esta razon ellos eligieron utilizar los
iniciadores de ipaH por ser mas confiables que los de vird para la deteccion de Shigella
spp. En el presente estudio un hecho similar fue detectado en el caso de los iniciadores de
IS630, pues durante la estandarizacion de la prueba se analizaron varias especies de
Shigella, y Gnicamente §. sonnei y una cepas EIEC dieron un resultado positivo. Como ya
se menciond, a pesar de obtener solamente siete aislamientos positivas al utilizar estos
iniciadores, en los ensayos de invasividad in vitro todas las cepas produjeron los efectos
caracteristicos ya descritos para las cepas EIEC. '

Tradicionalmente, se considera a los humanos y otros primates subhumanos como
los hospederos naturales de las cepas EIEC (67, 78). Por este motivo, resulta interesante
que las cepas ipal{+ analizadas hayan sido aisladas a partir de muestras procedentes de
aves, especificamente de aves con infeccién del saco vitelino, es decir, cepas
extraintestinales y no de casos de diarrea en donde se aisla cominmente a las cepas EIEC.
Este hecho junto con las diferencias encontradas en las reacciones bioquimicas, serologicas
y PCR sugieren que estas cepas pertenecen a clonas invasivas extraintestinales de
Escherichia coli (EXIEC), capaces de provocar una condicidn patoldgica en las aves.

Algunas de las caracteristicas descritas para el grupo APEC fueron evaluadas en las
cepas EXIEC. La produccion de colicinas es una de las reportadas con mayor frecuencia
entre las cepas APEC, sin embargo, un estudio realizado por Faundez et al. (1988), mostro
la ausencia de colicinogenia en un grupo de cepas EIEC. En el presente estudio se encontré
que 66% de las cepas EXIEC fueron productoras de al menos un tipo de colicinas, mientras
48.7% produjo Col V. Esta es un polipéptido de 88 aminoacidos (80) y una de las colicinas
mas comunes ente las 20 conocidas actualmente (81); ademas, se ha encontrado
basicamente entre las cepas patdgenas extraintestinales tanto de animales como de humanos
(69, 81, 82). El porcentaje de produccién de Col V en el presente estudio es menor al
observado en otros estudios donde entre el 72% y 87% de las cepas son colicinogénicas
(16, 19, 26, 81). Sin embargo, nuestros resultados coinciden con otro estudio realizado en
México con cepas septicémicas (83). Estos datos pueden ser un indicio de una menor
distribucion del plasmido de Col V entre las cepas mexicanas, al compafarla a la

encontrada en otras regiones geograficas.
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En los afios recientes, una de las caracteristicas mas estudiadas es la resistencia a
antibidticos en las cepas aisladas de los animales de abasto. En las aves, desde 1950, una de
las principales medidas para controlar los problemas ocasionados por £. coli, es el uso
algunos antimicrobianos, tanto de manera profilactica como terapéutica. Esta practica tan
amplhamente difundida, ha ejercido una presién selectiva sobre las bacterias; en
consecuencia, se ha incrementado la incidencia en el aislamiento de cepas resistentes a
multiples agentes antimicrobianos (25, 84, 85, 86, 87). El interés a escala internacional
sobre el incremento en el aislamiento de cepas resistentes a antibidticos a partir de las aves
o productos avicolas ha crecido considerablemente (84, 86), pues representan una fuente
potencial de genes de virulencia que pueden transmitirse a la biota intestinal del humano (7,
76, 88).

En el presente estudio (90) se encontré6 una elevada resistencia a diversos
antibidticos, como en le caso de la ampicilina (64.5%). Bass ef al. (25), sugieren que esta
resistencia puede ser un reflejo de la observada hacia ceftiofur, cefalosporina de amplio
espectro resistente a las beta-lactamasas, usada cominmente en la industria avicola junto
con la vacuna de Marek. Esta teoria explicaria los resultados obtenidos en este estudio,
donde se observd una baja sensibilidad hacia algunas cefalosporinas no empleadas en la
avicultura.

Actualmente, se observa de manera rutinaria el aislamiento de microorganismos
resistentes a dos o mas antibioticos entre las cepas bacterianas de humanos (25) y animales
(89). Este fenomeno se debe al surgimiento de rutas eficientes de adquisicion vy
diseminacién, tanto horizontal como vertical, de elementos méviles como plasmidos,
transposones y cassettes de genes en integrones (91). Un hallazgo sobresaliente del presente
estudio (90) es la alta incidencia de cepas multirresistentes. Unicamente se lograron aislar
ocho cepas sensibles a todos los antibitticos probados, y solo dos fueron resistentes a un
solo antibidtico. Mientras el 87% de las cepas estudiadas fue resistente a dos o mas
compuestos. La alta incidencia de cepas multirresistentes aisladas a partir de animales de
abasto ha sido ampliamente documentada per diversos autores (25, 76, 92, 93)

Recientemente, se ha discutido la relacion de la resistencia a antibidticos y la

virulencia (94). Ambos se han definido como mecanismos adaptativos adquiridos para

20



incrementar la sobreviviencia de los microorganismos bajo condiciones estresantes (95),
por esta razon, la amplia distribucién de la resistencia entre las poblaciones bacterianas,
puede ser un mecanismo mediante el cual se mantiene, e incluso aumenta el nimero de
gérmenes patodgenos involucrados en infecciones.

La ribotipificacion ha sido considerada, junto con otras técnicas moleculares, una
promesa para discriminar entre un gran nimero de bacterias, tales como bacterias fecales de
humanos y de animales (26), pues otros métodos tradicionalmente usados como los perfiles
de resistencia a antibidticos son muy inestables, tanto genéticamente, como por cambios en
el uso de antibidticos (47, 96). La ribotipificacion ha sido utilizada para caracterizar
gencticamente  a algunos de los principales patégenos de los humanos, tales como
Salmonella enterica serovar Enteritidis, Campylobacter jejuni y Listeria monocytogenes
(97). En el presente estudio, la ribotipificacion permitié diferenciar basicamente cuatro
grupos de aislamientos relacionados a un problema de infeccion del saco vitelino. Uno de
los grupos mas representativos fue el cuarto donde se encontraban las cepas aisladas
durante los dias de mayor mortalidad.

Aunque también ha sido utilizada para estudios epidemiolégicos de infecciones
causadas por £. coli (48, 98, 99), algunos autores mencionan que la serotipificacién sigue
siendo el método de referencia para la caracterizacion de E. coli y otros organismos
relacionados, tales como Shigella (48).

El interés por los ribotipos para determinar la clonalidad de las bacterias utilizando
ARNr (45) ha crecido enormemente. Sin embargo, algunos autores reportan que la
ribotipificacién no debe ser utilizada como Unica herramienta para la identificacién de las
cepas patogenas de E. coli debido a la imposibilidad de diferenciar cepas pertenecientes al
mismo serotipo (97, 100). Los datos obtenidos en el presente estudio muestran cepas
pertenecientes al mismo serotipo pero ubicadas mediante la ribotipificacién en diferentes
grupos, es decir, no podian ser clasificadas como cepas con un mismo origen, por lo tanto
se confirma la necesidad de recurrir a diferentes técnicas para conocer la clonalidad de
microorganismos involucrados en procesos patologicos. Particularmente, en este caso, la
informacién obtenida es de gran ayuda para orientar al clinico a establecer la fuente de

contaminacién de las aves que sufren ISV, y en consecuencia, dirigir de una manera mas
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certera las medidas correctivas. El hecho de que en el grupo 3a se localizaron las cepas de
reproductoras e incubadora a los 19 dias, sugiere que las cepas de reproductoras no estan
relacionadas con las causantes de problemas en pollo de engorda, pues estas se localizaron
basicamente en los grupos 2 y 4; ya que en este ultimo se ubicaron las cepas aisladas el dia
de mayor mortalidad. Por esta razon es conveniente encaminar el control de la ISV a nivel
de la incubadora después de que se realiza la transferencia del huevo a la hacedora. No
obstante, en el caso de algunos microorganismos la ribotipificacion ha confirmado los datos
obtenidos por métodos mas sencillos; Andollina ef al. (2004) en su estudio sobre
Staphylococcus spp., reportaron que todas las cepas fueron ribotipificadas y agrupadas
exitosamente en algin grupo, ademas de que la identificacion correspondia a la que se
obtuvo mediante pruebas bioquimicas; a diferencia de lo observado en el presente trabajo,
donde hubo una gran heterogeneidad dentro de los grupos con respecto a los serotipos y
resistencias a antimicrobianos; a excepcion del cuarto grupo donde se puede observar que
hay predomina el serotipo O2:NM vy la resistencia a enrofloxacina, ciprofloxacina,
sulfa/trimetoprim y tetraciclina.

Una de las desventajas de esta técnica es el elevado costo. Se calcula que
tinicamente por concepto de los consumibles el costo asciende a 40 délares (USD) por cada
cepa; sin embargo, Andollina et al. (2004), predicen una disminucién paulatina en el precio
de la ribotipificacion automatica, dependiendo del nimero de cepas probadas. Esta
tendencia dard como resultado una técnica mas barata al compararla con el mismo
procedimiento hecho de forma manual. Aunado a este problema econémico, algunos
autores mencionan como otra desventaja de la ribotipificacién, la dificultad en el
procedimiento e interpretacion de los resultados, por ello sugieren el uso de otras técnicas
mas sencillas y con la misma capacidad para discriminar aislamientos como pruebas
bioguimicas o la prueba de electroforesis en gel con campos pulsados (101).

Durante el analisis de las cepas no se requirié del uso de otra enzima de restriccion
para lograr la identificacion plena e inclusion dentro de algun ribogrupo. Sin embargo, es
sabido que la eleccion de las enzimas de restriccion utilizadas en esta técnica es critica para
poder realizar una diferenciacion entre las bandas producidas, pues algunas cepas pueden

presentar un fragmento del mismo tamafio con diferentes origenes (102). Nuevamente, no
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se puede establecer un parametro general para todos los microorganismos, e incluso existen
divergencias entre diferentes autores, pues mientras Andollina e al. (2004) consideran a
EcoRI una buena eleccion para la discriminacién de diferentes genotipos, debido a que
produce mas bandas y ribotipos que Hind III; Machado et al. (1998), menciona que la
mejor endonucleasa es Mull pues genera resultados més satisfactorios en la identificacion
de los serotipos de E. coli mediante ribotipificacion.

El control de la colibacilosis se ha dificultado por la falta de una prueba diagnostica
para determinar la patogenicidad de los aislamientos (41). Recientemente se ha propuesto
utilizar la inoculacién de embriones para establecer la virulencia de los aislamientos aviares
de E. col, por ser una prueba sencilla y poc.o costosa (41, 103), ademas de correlacionar
con lo resultados obtenido en mediante los desafios de aves por via intravenosa_ y
subcutanea (43).

Una vez determinada la identidad de las bacterias ExIEC, asi como algunas
caracteristicas fenotipicas y la relacion clonal de ellas; fue seleccionado un aislamiento con
las caracteristicas predominantes del grupo cuatro y se empled para realizar los ensayos de
letalidad en embriones de pollo.

Gross (1994), reporté mortalidad embrionaria tras la inoculacién con una cepa
virulenta serotipo O1 a dosis de 10 bacterias. Por su parte Wooley ef al. (2000) utilizaron
en su ensayo de letalidad embrionaria entre 100 y 300 UFC para la inoculacion, y lograron
determinar [a patogenicidad de diferentes aislamientos. Sin embargo, Gibbs ef al. (2003-2)
afirman que no existe relacion entre el nimero de embriones muertos y las UFC
administradas a los embriones de pollo. En nuestro trabajo se utilizaron 100 UFC/100 pl, y
se observaron diferencias entre los grupos inoculados a partir de los once dias. Lo que
contrasta con Dias da Silveira, ef al. (2002) al reportar dosis letaless, superiores a 10'°
celulas /ml en E. coli aislada de casos de onfalitis o de la flora normal en pollitos de un dia
de edad por via subcuténea; y atribuyen sus hallazgos a la baja virulencia de los
aislamientos. Estos resultados sugieren que las cepas EXIEC son cepas virulentas, pues en
el presente estudio £. coli a dosis de 10> UFC fue capaz de matar al 80% de los embriones
inoculados.

En el experimento donde se inocularon embriones de varias edades por via cavidad
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alantoidea se presentd una mortalidad similar en los embriones inoculados con las tres
cepas a los 9 y 10 dias, sin embargo a partir de los 11 dias es mas notoria la diferencia entre
las cepas patogenas y la cepa K-12. La ISV puede provocar mortalidad embrionaria desde
la incubadora; después del nacimiento, el pico de mortalidad se alcanza entre los dias tres y
cinco. Posiblemente la mortalidad encontrada en los embriones menores de once dias
explique los hallazgos en el campo; es decir, cuando la infecciéon ocurre durante la
incubacion antes del dia once, la muerte de los pollitos puede presentarse antes del
nacimiento e incrementar el nimero de embriones muertos en el cascardn, como se
denomina a los embriones débiles capaces de abrir la ventana en el cascarén y mueren antes
de eclosionar. Por el contrario, si el crecimiento bacteriano es lento por ser una cepa de baja
virulencia o bien, la contaminacién ocurre después del dia once, el pollito nacers débil,
pero la muerte se presentara algunos dias después.

Adicionalmente, las lesiones observadas por Wooley ef al. (2000), al inocular cepas
virulentas y medianamente virulentas, coinciden con las encontradas en el presente estudio,
es decir, hemorragias en la piel y crineo de los embriones. De igual forma, estos autores
encontraron mayor numero de embriones muertos durante el segundo dia post-inoculacién
en el caso de las cepas més virulentas (18, 41), résultados semejantes a los vistos en el
presente estudio en embriones inoculados a los once v doce dias de incubacién. Estos
autores recomiendan hacer el analisis hasta los cuatro dias post-inoculacion para reducir la
variabilidad'y tener una mayor confiabilidad; ademas subrayan la importancia de tomar en
cuenta el porcentaje y fecha de mortalidad para determinar la virulencia de una cepa.

En algunos estudios se ha relacionado la presencia de algunos factores de virulencia
con una alta mortalidad en el ensayo de letalidad embrionaria (17), particularmente con la
produccién de colicinas. Esto hallazgos pueden estar relacionado a la presencia de otros
factores de virulencia en plasmido de Col V (pColV) (9, 18, 69, 81, 95), lo que explicaria
en cierta medida la mortalidad provocada al inocular la cepa FM-095785, la cual fue
productora de Col V y otras colicinas. Otros estudios también mencionan la existencia de
una fuerte relacion entre la virulencia y la presencia de iss o fsh; no obstante, ninguna de
estas caracteristicas han correlacionado al 100% con la virulencia (18).

En el ensayo de crecimiento bacteriano, se determiné el crecimiento de las tres
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diferentes cepas en los embriones de pollo durante un periodo de 12 horas. Se pudo
determinar que los embriones comerciales no estaban contaminados antes de la inoculacién
pues ningln embrién mostro crecimiento bacteriano durante toda la prueba. Aunque se
requieren estudios mas profundos, estos datos sugieren el uso de embriones comerciales
como una opcidn, siempre y cuando se incluya un grupo testigo de esterilidad de los
embriones. Principalmente, cuandc exista la limitante de contar con embriones libres de
patdgenos especificos para la realizacion de los ensayos de letalidad embrionaria de E. coli.

Por otro lado, se establecid un mayor crecimiento de casi dos logaritmos en las
cepas patogenas al compararlas con el testigo negativo (K-12) (Cuadro 6 y Figura 4).
Estos hallazgos podrian estar relacionados con la capacidad de sobrevivir, multiplicarse y
por consiguiente incrementar la mortalidad provocada por las cepas CR-000089 y FM-
095785 en los embriones. El huevo posee mecanismos para evitar la contaminacién
bacteriana como la cuticula, cascarén, membranas del huevo, asi como la ovotranferrina
presente en la albumina;, considerada el principal mecanismo de defensa contra el
crecimiento bacteriano, ya que captura el hierro y evita que las bacterias lo utilicen (104).
Aunque en el presente estudio no se determiné la presencia de elementos de captura de
hierro en los aislamientos, se sabe que pColV también codifica para el sistema de captacion
de hierro aerobactina (16, 69), por este motivo, la produccién de Col V podria ser un
indicativo de la presencia este tipo de mecanismos secuestrantes. Inclusive, en cepas
patdgenas de E. coli se ha detectado la presencia de multiples sistemas de captacion de
hierro, lo que subraya la importancia de este elemento en la patogénesis de la colibacilosis
(16, 30).
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CAPITULO 5
CONCLUSIONES

El presente estudio define las caracteristicas de un grupo virulento de cepas de £.
coli asociadas a la ISV y sugiere fuertemente la existencia de un nimero limitado de clones
que poseen ciertos factores que les confieren la capacidad de provocar enfermedad en aves.
Ademas, debido a que la mayoria de estos aislamientos no pertenecen a los serotipos
reportados previamente como clasicos de las cepas EIEC, el presente estudio ofrece la
oportunidad de estudiar el papel que desempefian clones especialmente adaptados de cepas
invasivas extraintestinales de £. coli (EXIEC) en las infecciones que se presentan en aves.
En nuestro conocimiento, este es el primero trabajo que demuestra la existencia de cepas
ExIEC relacionadas a las cepas EIEC en un hospedero diferente a los primates, incluidos
los humanos. Esta informacidn puede ser de utilidad en el entendimiento de la patogénesis
de las infecciones por ExIEC.

Perspectivas

Al ser este el primer trabajo donde se reportan cepas ExIEC en aves, aun deben
realizarse otros estudios mas amplios. Uno de los puntos importantes es que estas cepas
fueron aisladas a partir de una empresa, sin embargo, seria importante la realizacién de una
investigacion mas extensa para conocer la prevalencia de estas cepas en México y
determinar su papel en las colibacilosis de las aves.

Por otra parte, dentro del estudio de crecimiento bacteriano, se encuentra en proceso
el analisis de las lesiones microscopicas provocadas por estas cepas en los embriones de
pollo.

De igual manera, seria conveniente poder determinar el tipo de colicinas producidas
por las cepas de este estudio para complementar los datos con los que se cuentan hasta el
momento y determinar si en verdad estas colicinas participan en la patogénesis de la ISV,

Finalmente, en algunas de estas cepas se detectaron previamente otros dos genes
como son eae y cdt, por lo que se requiere analizar cual es el papel de ellos, asi como
determinar una posible interaccion con los mecanismos de invasividad en la presentacion

de la enfermedad clinica en las aves,
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Cuadro 1, Distribucién de los embriones de pollo de diferentes edades para

determinar la edad de inoculacion.

Grupo EDAD (dias de incubacion)
9 10 11 12
PBS Estéril * 5 5 15 10
K-12" 20 10 15 15
CR-000089°" 10 10 15 15
FM-095785" 25 10 10 15
Total 60 35 55 55

* El grupo fue incculado con 100 ul de PBS estéril

* Los grupos fueron inoculados con 10° UFC/100 ui de la cepa correspondiente.
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Cuadro 2. Esquema de inoculacién en el ensayo de letalidad en embridén de pollo.

Grupo* Indculo
Cepa (UFC/100 pb)
Testigo Negativo PBS Estéril --
Testigo Negativo K-12 1x 10?
Testigo Positivo CR-000089 1x 10
Prueba FM-095785 1x10°

* Cada grupo constd de 25 embriones de 12 dias de edad
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Cuadro 3. Ribogrupos identificados en 52 cepas de Escherichia coli ipaH+ aislados a

partir de aves con infeccion del saco vitelino

Ribogrupo® Nimero de Cepas (%) Serotipo (Nimero de cepas)”
97-8-1 4(71.7) 07:H8 (3), 0115:H10 (1)
104-S-4 8 (15.4) 081:H31 (1), 012:H31 (1), 07:H31 (3) O7:H7 (1),
OR:H31 (1), O?:H4 (1)
108-S-4 1(1.9) 06:H16 (1)
111-S-2 3(5.8) O19;NM (2), OR:NM (1)
226-S-4 3(5.8) 0146:H19 (1), O112:H19 (2)
293-8-7 1(1.9) 0103:H11 (1)
295-S-8 3(5.9) O167:H4 (1), OR:H9 (1), OR:H4 (1)
357-8-3 1(1.9) OR:H31 (1)
411-S-1 1(1.9) 09:H11 (1)
411-S-4 10 (19.2) O2:NM (10)
412-S-6 3(5.8) 02:H? (1), OR:NM (1), O168:NM (1)
414-S-3 6 (11.5) OR:H9 (2), O78:H? (1), O78:H9 (3)
414-S-4 1(1.9) O84:H8 (1)
418-8-7 3(5.3) 0O84:H8 (2), O84:NM (1)
421-8-1 1(1.9) 08:H21 (1)
421-8-4 1(1.9) O2:NM (1)
425-8.-1 2(3.8) 022:H4 (2)

* Numero de identificacién que asigna la maquina Riboprinter

¥ Rosario CC, Lépez CC, Téllez IG, Navarro OA, Anderson RC, Eslava CC. Serotyping and virulence genes detection in
Escherichia coli isolated from fertile and infertile eggs, dead in shell embryos and chicken with yolk sac infection. Avian
Dis 2004; 48: 791-802.
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Figura 1. Dendograma de los ribogrupos encontrados en cepas de E. coli aisladas de

aves con Infeccion del saco vitelino
30 40 S0 60 70 80 90 100

oo oo b il No. ID Ribotipo
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Cuadro 4. Cepas de E. coli aisladas a partir de aves con infeccion del saco vitelino

positivas a la prueba de PCR para 1S630

Cepa Origen” Serotipo Ribotipo
085783 PE18 3° diaH O2NM 411-5-4
095785 PE18 3° dia SV 0O2NM 411-8-4
095784 PE19 3° diaH O2NM 411-5-4
095786 PE20 3° diaH O2NM 411-S-4
095787 PE21 3°diaH O2NM 411-S-4
095788 PE21 3° dia 8V O2NM 411-S-4
095789 PE23 3° dia H O2NM ND®
095791 PE25 3° diaH O2NM ND

A PE = Pollo de Engorda, # = Ntimero de identificacion del ave, 3° dia = dia de muerte del ave, H = Higado,
SV = Saco Vitelino
® ND = No determinado
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1,353 bp
1,078 bp

872 bp

603 bp

Figura 2. Productos de PCR para los iniciadores obtenidos de 15630 .
En gel de agarosa al 1% . En el carril M se encuentra el marcador Hae 111 digerido de
@ X 174. En las lineas 10 y 11 se encuentran las cepas de E. coli 028ac EIEC y S,

sonnei I (testigos positivos). En las lineas 2, 3,4, 6, 7,8 y 12 se observan cepas
positivas.
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Cuadro 5. Porcentaje de mortalidad durante el ensayo de letalidad en embriones de
pollo, inoculados a 4 diferentes edades de incubacién con tres cepas de Escherichia
coli

Dias Post-Inoculacion

Inédculo 1 2 3 4 Total % Mortalidad
Dia 9
PBS 0 0 0 0 0/5 0
K12 3 10 0 0 13/20 65
CR-000089 4 5 1 0 10/10 100
FM-095785 10 12 2 0 24/25 06
Dia 10
PBS 0 0 0 0 0/5 0
K 12 4 3 1 0 8/10 80
CR-000089 6 3 1 0 10/10 100
FM-095785 8 2 0 0 10/10 100
Dia 11
PBS 0 1 0 0 1/15 6.6
K12 3 2 2 0 7/15 46.6
CR-000089 2 5 3 2 12/15 80
FM-095785 3 4 2 0 9/10 0
Dia 12
PBS 2 a 0 0 2/10 20
K12 0 1 0 2 3/15 20
CR-000089 2 7 1 2 12/15 80
FM-095785 3 7 2 1 13/15 86.06
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Figura 3. Porcentaje de mortalidad durante el ensayo de letalidad en embriones de

pollo, inoculados a 4 diferentes edades de incubacion con las cepas CR-000089 (testigo

positivo), 'K-12 (testigo negativo) y FM-095785 de Escherichia coli; asi como con PBS

esteril.
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Cuadro 6. Modelo de Crecimiento Bacteriano en embriones de 12 dias de edad
inoculados con tres cepas de Escherichia coli (K-12, CR-000089 y FM-095785).

GRUPO UFC/ml log;¢ (Promedio +DS*)

oH' 3H 6H 9H 12 H
PBS 0.0+00a* 0.0£0.0a 00+00a 00+00a 00%+00a
K-12 00+00a 239+14lb 454+075b 577+09lb 689+092b
CR-000089 3.66:+087b 351+059bc 3553+060c 7.63+052¢ §25+039¢
FM-095785 1.99+1.13¢ 417+037c 7.03+052d 820+025¢ 857+022¢

* Desviacion estandar

I . . ..
Tiempo expresado en horas después de la inoculacién.

2 . . . . . r .
Grupos con diferente literal en la misma columna son diferentes estadisticamente (P <

0.0001)
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Figura 4. Modelo de Crecimiento Bacteriano en embriones de pollo a los 12 dias de

edad inoculados con tres cepas de Escherichia coli (K-12, CR-000089, FM-095785).
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Figura 5. Embriones inoculados con diferentes cepas de E. coli a los 12 dias de

incubacién. A, Congestién de la vena yugular en un embrién de inoculade. B,
Embrién no inoculado (izq.)y congestion de la parte posterior del crineo en un

embrién inoculado con la cepa FM-09578S de E. coli (der.).
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Bacterial isolation rate from fertile eggs, hatching
eggs, and neonatal broilers with yoik sac infection
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ABSTRACT. Yolk sac infection (YSI} is a major cause of moriality
of broilers during the first week post-hatching. The aim of the
present-study was (o analyze the possible sources of fertile egg con-
tamination and to establish the etioiogy of YSI. Sixuty fertile eggs,
sixty sawdust samples from the nest, sixty nonfertile 19 to 21 day
old incubation eggs and liver and yolk sac samples from 216 dead, 1
to 7 day old chicks, were cultured. Five hundred and eighty eight
colonies were isolated and further characterized using biochemical
tests. Escherichia coli was the most common bacterium recovered
from all samples except the sawdust and fertile eggs collected from
the nest. Fertile egg contamination at breeder farm level was found
to be minimai. In broilers, both mortality and the raie of E. coli isc-
lation were increased with the time, These results suggest that egg
contamination does not occur at the breeders farm, as previousiy has
been reported. Bacterial contamination causing Y S in vertically in-
tegrated operations can occur at 2 laiter stage. It can be considered
that the main etiologic agent of YSI is £, coli, since YSI mortality
was highly correlated with E. celi 1solation.

Key words: Escherichia coli, yolk sac infection, poultry.

INTRODUCTION

In Mexico, poultry meat is the most important source of
animal protein ingested by the general population. Accord-
ing to the Unién Nacionat de Avicuitores, the per capita
consumption of pouliry meat will increase from 21.68 kg
in 2002 to 22.36 kg in 2003 (http://www.una.com.mx).

Yolk sac infection (YSI) is a major cause of mortality in
broilers during their first week of life.>!1° YSI occurs in all
flocks resulting in decreased hatchability, increased mortality
and increased cull raie due to retarded growth.>!17 YST oc-
curs mainly due to bacterial contamination of the eggshell ai
the broiler breeder farm, shortly afier the egg is laid, while the
cuticle is still moistened. Contamination-promoting factors in-
clude lack of hygiene in the nests, presence of eggs on the
floor, incubation of dirty eggs or eggs with eggsheli defects,
and collection of dirty and clean eggs at the same time. 1017

* Deparlamenic de Produccion Animal: Aves, FMVZ, UNAM. Cicuite Exterio:
04510 Ciudad Universitaria, México D.F. México
" USDA/ARS, Southemn Plains Agricultura! Rasearch Center, 2881 F&B Rd., Col-
lege Station, TX 77845 USA.
*** Departamento de Salud Publica, FM, UNAM. Circuito Extericr 04510, Ciudad Uni-
versitana, México, D.F. México

RESUMEN. La infeccidn del saco vitelino (ISV) es la principal
causa de morta’idad en pollo durante la primera semana. El objetivo
del presente estudic fue identificar 1a posible fuente de contamina-
cién del huevo fértil, para determinar la etiologia de la ISV. Se se-
leccionaron sesenta muestras de cama de nido, huevo de nido, huevo
alos 19y 21 dias de incubacidn, y muestras de saco vitelino e higa-
do de 216 pollitos muertos durante la primera semana. Se obtuvie-
ron 588 aislados; la identificacion bioquimica mostré que Escheri-
chia coli era el microorganismo mas comin en todas 1as muestras,
excepto en las de nido y el huevo de nido. La contaminacién del
huevo fértil en la granja de reproductoras fue minima. En pollo de
engorda, ¢l aislamiento de £. coli se incremeni$ en relacidn con la
mortalidad observada. Los resultados cbtenidos sugieren que la ¢con-
taminacién del huevo no ocurre en la granja de reproductoras, como
ha sido propuesto, y2 gue €sta puede OCusrir en elapas posieriorss.
Con respecte a la euclogia de 1a ISV, E. cofi fue el principal agente
etoldgico identificado.

Palabras clave: Escherichin coli, infeccion del saco vitelino, aves.

Alternatively, poor fertile egg storage conditions, poor
egp disinfection, and high humidity levels during incuba-
tion may also promote YSI.! Another important route of
contamination of the volk sac is the bacterial penetration
through a poorly healed navel.™!”

Proteus spp., Enterobacter spp., Pseudomonas spp
Klebsiella spp., Staphylococcus spp., Streptecoccus spp.,
Clostridium spp., Bacillus cereus, and Enterococcus, are
some bacteria that have been isolated from YSI-posiiive
birds. Nevertheless the most common isolated bacterium is
E. coli.1->10.17

Escherichia coli is an ubiquitous pathogen distributed
throughout the world that causes significant economic loss-
es to commercially produced poultry. #2631

In the present study, potential sources of fertile egg con-
tamination were investigated to establish the etiology of YSI
in a vertically integrated operation located at Central Mexico.

MATERIAL AND METHODS

All samples were obtained from a vertically integrated
poultry operation iocated at Guanajuato Siate, Mexico.
Nest management and fertile egg collection. At the onset

floy. sawdust was placed in the nosis snd fammaidenyde
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(10 g) was added. Dirty material was removed and replaced
with clean sawdust. Egg collection was performed 4 times
per day. Prior to egg collection, workers washed and disin-
fected their hands using a quaternary ammonium-based
product. Once collected in plastic flats, eggs were disinfect-
ed by fumigation with formaldehyde gas and then stored at
18°C for 1-2 days until transferred to the hatchery.

Fertile egg/nest samples. Sixty non-disinfected eggs and
sixty sawdust samples (10 g) collected from the same nest
were analyzed.

Hatchery. At 19 days of incubation, (at the time of incu-
bator-to-hatcher transfer) sixty infertile eggs were obtained
from the same breeder flock. On hatch day, at sorting time,
60 piped, dead-in-shell eggs were taken.

Broilers. The offspring from the same breeder flock was
followed up. Samples of liver and yolk sac were obtained
from 216 birds that died during the first week of life. These
samples were individually placed in sterile plastic bags for
transportation. Samples were kept in refrigeration until they
were analyzed within the two hours following collection.

Bacterial isolation. McConkey Agar (McC) and Trypti-
caseine Soy Agar (TSA) (DIFCO Laboratories, Detroit MI,
USA) were used to culture all the samples. Eggs from the
broiler breeder farm and eggs from the hatchery were rinsed
with PBS (10 ml). One ml of this solution was inoculated
onto the above-mentioned culture media. The egg content
was sampled with a loop and plated onto McC and TSA.

Yolk sac samples from 21 day old eggs were grown in
both McC and TSA. Liver and yolk sac samples were also

obtained from birds that had died during the first week

post-hatch and these were plated onto McC and TSA. All
inoculated media were incubated at 37.5°C for 24 hours.
Based on morphology, all different bacterial colonies were
selected from each sample. These colonies were isolated in
pure culture for further identification.
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Bacterial identification. The identification of the isolat-
ed colonies was performed using standard bactericlogical
and biochemical procedures as described by Ewing® and
Barrow & Feltham.?

RESULTS AND DISCUSSION

YSI is an economically important disease since it in-
creases 8-day mortality and causes poor weight gain. In ad-
dition, birds that survive to a YSI outbreak show poor car-
cass quality.?” Isolation frequency of the microorganisms
found in the different samples from breeder farm, hatchery
and broiler farm is summarized in Table 1. A total of five
hundred and eighty eight strains were isolated. Even
though isolates representing a great diversity of genera
were recovered, E. coli (45.5%) and Enterobacter aero-
genes (17.9%) were the most common. These results are
similar to those obtained by Harry!? who pointed out that
E. coli was one of the microorganisms most frequently as-
sociated with YSIL.

In the present study, fertile egg contamination at the
broiler breeder farm level was found to be minimal. Only
22 isolates (22/588; 3.7%) were obtained from nest saw-
dust samples. Several authors had reported earlier that
contamination of fertile eggs in the nest at the broiler
breeder farm is the main cause of YSL.1917.24 However, in
the present study Staphylococcus aureus was the most
common bacterium isolated at the breeder farm (17
strains) and these had no significant impact in the mortal-
ity of broilers, since only one strain of this microorgan-
ism was isolated from dead chicks (Table 1). It is known
that micrococci (Staphylococcus spp. and Streptococcus
spp.) can be the predominant contaminants on the shell of
clean eggs in the nest, however these organisms do not
appear to be pathogenic for newly hatched chickens.?

Table 1. More common microorganisms isolated from different samples collected from the breeder farm, hatchery and broiier farm.

Breeders Farm Hatchery Broilers

Strain Nest material Fertile eggs 19" day 21% day Mortality Total
Escherichia coli 4(0.7) 28 (4.8) 47 (8) 188 (32) 267 (45.5)
Enterobacler aerogenes 2(0.3) 6(1) 97 (16.5) 105 (17.9)
Klebsiella pneumoniae 56 (9.5) 56 (9.5)
Staphylococcus aureus 17 (2.9 2(0.9) 12 (2) 20 (3.4) 1(0.2) 52 (8.8)
Yeast 14 (2.4) 13(2.2) 27 (4.8)
Streptococeus spp. 3(0.5) 2(0.3) 16 (2.7) 5(0.8) 26 (4.4)
Others 2(0.3) 2(0.3) 14 (2.4) 2(03) 35 (8) 55 {9.3)
Total 22 (3.7) 8(1.3) 58 (9.9) 105 (17.9) 395 (67.2) 588

* Number inside the parenthesis represent the percentage with respect to the total of isolates (588)
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From non-disinfected eggs collected at breeder farm, only
8 strains were isolated (8/588; 1.3%), and 4 of them were
identified as E. coli. These results suggest that egg con-
tamination does not always occur at the broiler breeder
farm, as previously reported.'® Other bacteria such as
Pseudomonas aeruginosa have been reported as a poten-
tial pathogens able to contaminate fertile eggs at the
breeder farm,*® but in our study the rate of contamination
of eggs at the breeder farm was extremely low compared
with later stages and most of the contamination was by
gram positive bacteria (S. aureus and Streptococcus
Spp-), whereas Pseudomonas spp. was only isolated at
broilers farm.

It seems to be more likely that contamination occurs
after the fertile eggs have been transported to the hatch-
ery. In a study where eggs from large poultry breeding
plants and other from family breeders were analyzed re-
sults showed that eggs from the family breeders were al-
most free of pathogens.?! Moreover, the incidence of YSI
increased after 1930 with the advent of commercial
hatcheries'# showing that a higher rate of fertile egg con-
tamination occurs outside the breeder farm. This observa-
tion is supported by the increase of isolates at the hatch-
ery compared with those obtained in the same batch at the
breeder farm in our study.

Fifty-eight (58/588; 9.9%) bacteria were isolated from
eggs collected at 19 days of incubation (Table 1). Several
researchers> 3173 have emphasized the importance of YSI
as a cause of mortality even in the hatchery, which could
increase the number of so-called “dead-in-shell” eggs,
where our samples were collected. Forty-two percent of
dead-in-shell ostrich embryos contained bacteria, where
the most common isolate was E. coli.® Other isolates from
dead-in-shell ostrich eggs and chicks included Pseudono-
nas mesophilia, P. pneumoniae, Serratia liguifaciens, Al-
caligenes xylosopsid, Aeromonas hydrophilia and Entero-
bacter cloacae. We also isolated Alcaligenes spp and
Enterobacter aerogenes from the broiler embryos but the
isolation frequency was low.

A total of 105 isolates (105/588; 17.9%) were obtained
from 21 day old eggs (hatch day). £. coli (47 strains) was
the most common bacteria isolated, followed by 8. aureus
(20 strains). At this stage, the presence of Streprococcus
spp. (16 strains) and yeast (14 strains) was also observed.
The high prevalence of gram negative bacteria, mainly E.
coli, is likely due to the relatively simple nutritional re-
quirements of E. coli and their ability to grow in the pres-
ence of the iron chelating agents like ovotransferrin.2’
More than one bacteria were isolated from 21 of the sam-
ples. In most cases E. coli or 5. aureus were isolated with
yeast and/or Streptococcus spp. (data not show), however,
most of the later microorganisms were recovered from the
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eggshell and thus are probably not important because they
had not crossed the eggshell barrier. Yeast have not been
reported as pathogens in chickens, but they have been iso-
lated from the air and soil of poultry brooding and rearing
houses, old litter, wet feed and birds droppings. Most of the
reports of yeast in poultry are related with spoilage of fresh
and processed carcasses.!>?® However it is known that
yeast colonies possess proteolytic and lipolytic activity.!’
This ability may play a role in the YSI by breaking down
yolk sac constituents, and making nutrients more readily
available for bacterial growth. Bacteria like Staphylococ-
cus spp and Streptococcus spp have been reported as major
contaminants at the hatchery and in a few cases they were
more prevalent than E. coli.?’ ,

In the present study, a positive bacterial isolation was ob-
tained from one hundred and eighty eight (87%) of the dead
chicks at the broiler farm. A total of 395 different strains be-
long to different genera were isolated: E. coli (188/588;
32%), E. aerogenes (97/588; 16.5%) and K. pneumoniae
(56/588: 9.5%) were the most common. Of these E. coli has
been previously reported as one of the most prevalent organ-
isms involved in the development of YSI.5-823.25

Other bacteria like Aeromonas salmonicida, Alcaligenes
Jaecalis, Bacillus spp., Chromobacterium spp. Citrobacter
Jreundii, Enterobacter cloacae, Klebsiella oxytoca, Klebsiel-
la spp. Proteus mirabilis, Providencia retgerii, Pseudomo-
nas fluorescens, Serratia spp., Streptocaccus spp., and non-
identified yeasts were isolated out of several samples but in
a lower proportion than with those described above. In a
limited number of reports it has been mentioned that micro-
organisms other than E. coli may cause mortality during the
first week .30 Additionally, it has been reported that §. au-
reus is an important cause of disease in poultry'>1% and as a
common isolate from the yolk sac and liver of broilers and
turkeys.'3=2 Moreover, S. aureus is principally associated
with bone and joints infections, abscesses and dermati-
tis.22 On the other hand, a study using pulsed-field gel
electrophoresis (PFGE) to determine the origin of S. au-
reus strains from several hatcheries and broiler farms, re-
vealed that the patterns of PFGE were related in both plac-
es, indicating an association between the presence of the
strains in the hatchery and subsequent broiler flock infec-
tion.'® However in our study this relationship could not
be established because, despite the large amount of §. au-
reus strains recovered in breeders farm and haichery,
only one strain was found among the 216 examined
chicks. Pseudomonas aeruginosa has been isolated from
the hatchery and from chicks with omphalitis. Pseudomo-
nas aeruginosa is mentioned as an opportunistic patho-
gen that is able to invade fertile eggs, causing death of
embryos and creating a localized or systemic disease in
newly hatched chicks.’® However we did not find this
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species but rather we isolated P. fluorescens. The ability
of Pseudomonas spp. to cause infection of yolk sac of a
chick is enhanced by its ability to degrade the proteins
found in the yolk, creating the opportunity for other bac-
teria to multiply.30

The frequency of isolating E. coli from the different
samples is summarized in Table 2. Escherichia coli was
not found in sawdust samples which supports the hy-
pothesis that nest is not the main source of contamina-
tion for fertile eggs. Four strains of E. coli were isolated
from fertile eggs at the broiler breeder farm (4/267;
1.5%), 2 of them were isolated from the internal egg
sample, whereas 2 were isolated from eggshell surface.
Strains isolated from the egpshell could play an impor-
tant reole in the contamination of the embryo because it
is know that pathogenic bacteria present in the faeces of
breeders may contaminate the eggshell and penetrate the
egg through shell pores.? Alternatively, if disinfection is
performed inadequately, bacteria could remain in the
surface of the egg and infect the chicks when they piped
the eggshell at hatching. Sixteen of the 28 strains isolat-
ed at 19 days of incubation were obtained from inside
the egg and 12 from the eggshell. Many of the strains
isolated in the present study were found in the eggshell.
This means that they had not crossed the eggshell barri-
er. A more extensive characterization of our strains is
required; in order to establish the relationship between
these strains and to look for possible pathogenic mark-
ers previously described in E. coli strains.18-20:22,26.31 [,
formation obtained from such work could determine
possible mechanisms involved in the pathogenesis of the
YSI.

In broilers, one hundred and eighty eight E. coli strains
were obtained, 102 of these were obtained from the liver
and 86 (86/267,; 32%) were from the yolk sac. Dzoma re-
ported similar results when they analyzed yolk sac from
ostriches samples with 22% of 80 yolk sacs being infected
with different bacteria.® Generally, many of these same
strains were isolated from liver as well as the yolk sac.

A correlation between the chick mortality and the fre-
quency of isolation of E. coli was observed in the first week
of life (Table 3). The mortality peak” (25%) and E. coli iso-
lation (37%) were observed at day 5. Mortality rate declined
thereafter until 7 days post hatch which was the last day of
our evaluation (Table 3). Our results show a similar pattern
with those reported by Mosqueda & Lucio who indicated
that the YSI mortality curve lasts 7-10 days, it peaks at 4-5
days and decreases during the following 3 to 5 days.!” How-

*  This percentage was obtained taking the amount of birds dead during week one as
100%.
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Table 2. Frequency of isolation of E. coli from different sources.

Sample Escherichia coli Total (%)
Nest

Sawdust (Nest) ] ]
Fertile egg

Eggshell 2

Inner sampling 2 4(1.5)
19" day

Eggshell 12

Inner sampling 16 28 (10.5)
21% day

Eggshell 29

Yolk sac (Embryo) 18 47 (17.6)
Mortality

Yolk sac 86

Liver 102 188 (70.4)
Tota! 267 267

Table 3. Association between mortality and E. coii isolation in broilers
during the first week of life.

Number (%)

Day Dead chicks E. coli

1 9{4.17) 5 {2.66)

2 22 (10.19) 1{0.53)

3 46 (21.30} 21 (11.17)
4 24 (11.11) 20 (10.64)
5 54 {25) 70 (37.23)
6 37 (17.13) 39 (20.74)
7 24 (11.11) 32(17.02)
Total 216 188

ever, as mentioned above, mortality may not be the most im-
portant impact in this disease, as economic losses due to
subsequent complications and condemnations at the slaugh-
terhouse could seriously impact poultry production.

The results from this study indicate that bacterial contam-
ination resulting in YSI in vertically integrated operations
does not necessarily occur in the broiler breeder farm, but
can occur at a latter stage. Despite the great diversity of bac-
teria isolated from yolk sac, E. coli appears to have been
main cause of YSI. However, the mechanism that this mi-
croorganism use to cause the signs and lesions observed in
this disease remains unknown. A mare detailed study is
needed in order to determine the relationship between differ-
ent strains isolated here and to establish the pathogenic char-
acteristics possessed by those strains. Ultimately, identifica-
tion of potential virulence traits may allow for their use as
specific markers for the diagnosis of pathogenic strains.
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SUMMARY. FAicherichia coli s a common avian pathogen mainly associared wich
extraintestinal infections such as yolk sac infection (YS1). The aim of this study was to
determine the serorypes and the presence of some virulence genes of £ coli strains isolated from
different samples in a verrically inzegrated poultry eperation in Mexico. Two hundred sixry-seven
£ coli isolates from different samples were serotyped using rabbit serum against the 175 somatic
{O) and 56 fagellar (H) antigens of the ryping schema. Virulence genes were determined by
colony blot hybridizarion, using DNA probes for s, eac. aggl, age2 bfp, It cdr, sbt, and ipaH
diarrhea-associated virulence factors, The serogroup of 85% of the strains was determined; 019
(12%), O84 (9%), O8 (6%), and O78 (5%} were the most common. Using the complete
antigenic formula (O and H), O19:NM (1= 31} was the serotype most frequently isolated from
dead-in-shell embryos and in broilers thar had died on the fourth, fifth, sixth, and sevench days
after harch. One hundred ten strains (41.2%) hybridized with one ar more of the used probes.
Of these, ipaff (72%), eae (30%), and et (27%) were the most common. Considering the origin
of the respective isolates, 40% of the broiler farm strains were pasitive for at least one probe.
Results show that some avian £ coli strains isolaced in Mexico are included in avian pathogenic
E. coli serotypes not previously reported, suggesting thar they could be specific for this geographic
area, The wide disuribution of the ipef gene among nonmotile strains suggests thar chis
invasiveness trait could be important in YSI pathogenesis. On the other hand, some other genes
could contribute to £ rofi virulence during YSI,

RESUMEN. Seroripificacién y deteccion de genes de virulencia de aislamientos de Escherichia
coli obtenidos a parir de huevos fériles e infértiles, embriones muertos y pollos can infeccién del
saco vitelino.

Escherichia coli es un patdgeno aviar comin asociado principalmente con infecciones
extraintestinales tales como la infeccion del saco virelino. Se determing el serodipo y la presencia
de algunos genes de virulencia de cepas de £ colf aisladas a parcir de diferentes muesteas
obrenidas en una empresa avicola integrada de México. Se seroripificaron 267 aislamiencos de £
coli obtenidos a partir de las diferentes muestras empleando suero de conejo contra los antigenos
somdtico (Q) 175 y Nagelar (H) 56 del csquema de tpificacion. Se determinaron los genes de
virulencia en las colonias de £ coli mediante hibridacién de punto con sondas de ADN dirigidas
contra los facrores de virulencia asociados con diarrea st, eae, aggl, agg2, bfp, it, cdv, it e paf. Se
determiné el serogrupo del 85% de las muestras, siendo los serogrupos mas comunes el O19
{129), O84 (9%), O8 (6%) y e} Q78 (5%). Mediante ¢l uso de la férmula antigénica complera
(O y H). se determing que el serotipo aislado con mayor frecuencia a partir de embriones
muertos y de pollitos de engorde muertos a los 4, 5, G v 7 dias posteriores al nacimiento fue ¢l
O19 (31 aislamientos). Un rotal de 110 cepas (41.2%) hibridizaron con una o mas de las sondas
empleadas. De estas, ipal (72%), eae (30%) v cdr (27%) fueron las mas comunes. Considerando
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el origen de los aislamientos respectivos, el 40% de las cepas aisladas a partir de los pollos de
engorde fueron positivas por lo menos a una sonda. Los resultados muestran que algunas cepas
aviares de E. ¢coff aisladas en México se encuentran incluidas en los serotipos patogenaes aviares de
E coli no reporados con anterioridad, sugiriendo que estos aislamientos podrian ser especificos
de esta zona geogrifica. l.a amplia distribucion del gen ipaH entre las cepas no méviles sugiere
que esta caracteristica de invasividad podria ser importante en la patopgénesis de la infeccion del
saco vitelina, Sin embargo, otros genes podrian contribuir a la virulencia de £ coli durante la
infeccién del saco virelino.

Key words: Escherichia coli, yolk sac infection, seroryping, DNA hybridization, virulence genes

Abbreviations: A/E = arraching and effacing; APEC = avian pathogenic Escherichia coli; BIP =
bundle-forming pilus; CDT = cyrolethal distending roxin; EAEC = enteroaggregarive Escherichia
colii EAF = entero adherent factor; EHEC = enterohemorrhagic Eicherichia coli; EIEC =
enteroinvasive Escherichia colf; EPEC = cenrcropathogenic Escherichia coli; ETEC = enrer-
ortoxigenic Escherichia colt; H = flagellar antigen; H? = H nonrypeable; HUS = hemolytic uremic
syndrome; IpaH = invasion plasmid antigen Hi LT = hear-labile roxin; O ='somatic antigen; O?
= O nontypeable; OR = O rough; SL.T = Shiga-like roxin; ST = heat-stable toxin; YSI = yolk sac

infecrion

Bacterial infections are of worldwide imporrance
in commercially produced poultry, and their costs
exceed $100 million annually (4,17,44). Escherichia
coli that cause disease in chickens are collecrively
known as avian pathogenic Eicherichia cali (APEC)
{29) and have been mainly associated with extra-
intestinal infections such as air sacculitis, pericardi-
tis, peritonits, snlpingitis, synovitis, ostcomyelitis,
cellulitis, and yolk sac infection (YSI} (13,21,
29,44),

Before the use of E. coli serologic typing, the
isolation of these bacteria from avian products was
considered as external contamination. However,
with the use of typing and some other procedures,
the ctiologic significance of E. colf in avian diseases
has been assessed (19). Sctudies (2,21,27,41) have
shown thatr O1, 02, 078, and O nontypeable (O?)
are the serogroups most frequently associared with
poulrry.

Characreristics such as specific serotypes, colicin
v pmduction, fimbriae F1 type expressian, Cmbryn
lethality, iss genetic element, remperature-sensitive
hemagglutinin Tsh, host complement resistance,
polysaccharide capsule, aerobactin iron-sequestering
systems, and toxin or cyroroxin producrian are
common features of APEC strains (12,13,17,18,28).

Escherichia coli is the most predominant faculta-
tive anacrobe of the colonic Aora. However, several
clones have evolved the ability to cause a broad
specrrum of human diseases (36). Diarrheagenic £
coli strains include five major groups: enteropacho-
genic E. coli (EPEC), enterotoxigenic £ cofi
(ETEC), enteroaggregative £. coli (EAEC), enter-
ohemorrhagic E. coli (EHEC), and enteroinvasive £,

colf (EIEC) (31,36). The versatility of £ colf is due
to the fact thar different strains have horizontally
acquired different virulence genes (45).

EPEC strains have been associated with acure and
persistent diarrhea in the developing world among
infants younger than 2 years, Although EPEC-iike
organisms associated with disease have been isolared
from animals such as rabbits, pigs, and dogs, the
serotypes found in these animals are usually not
human serotypes (36). The hallmark of the infection
due to EPEC is che arraching and effacing (A71)
histopathologic condition, which is characterized by
effacement of microvilli and intimate adherence
berween the bacterium and the epithelial cell
membrane. Intimin, an outer membrane progein,
is an adhesin encoded by the eae gene (for £ colf
A/E), and it is present in all EPEC and EHEC
strains thar produce the A/E lesion. The eae gene is
essential for the virulence of EPEC strains, although
additicnal virulence factors such as the bundle-
forming pilus (BFP) are important in the virulence
of these strains. The BFP is encoded by the
structural gene 4pA (encoded on the entero
adherent factor [EAF] plasmid) and is responsible
for the localized adherence to HEp-2 cells (36,45).

First recognized as a cause of diarrheal disease in
piglers, ETEC strains are now considered as a major
cause of disease in children in developing countries
and in adults craveling to ETEC-endemic (traveler’s
diarrhea) areas (45). The ETEC group is defined as
E. coli scrains that elaborate art least one of a defined
group of enterotoxins, including hear-stable toxin
(5TY and heat-labile toxin (LY in boch, he

encoding genes are on plasmids (36,45).
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The EAEC strains have been associated with
persistent  and  bloody diarrhea in developing
countries and some developed countries (45). The
characteristic aggregarive adherence pattern  of
EAEC is associated with the presence of large
plasmids. In addition to their role in the pathogen-
esis of diarrheal disease, DNA probes that hybridize
against fragments frem chose plasmids have been
used as a rapid and sensitive genotypic screening
technique for EAEC derection and diagnoesis of
EAEC infecrions (45,47).

EHEC were recognized as an emerging pathogen
in 1982 in the United Sctates (31). At thar rime, the
rarely isolated serotype O157:H7 was identified in
two ourhreaks of hemorrhagic colitis associated with
the ingestion of undercooked hamburgers at a fast-
food restaurant chain, EHEC strains cause A/E
lesions on epithelial cells and possess a 60-MDa
plasmid (31,36}, However, the major virulence
factors and defining characreristics of EHEC are the
Shiga-like toxins 1 and 2 (SLT! and SLT2)
associated wich the hemolyric uremic syndrome
(HUS) in developed countries (36). Although SLT-
preducing £, cofi can be found in the fecal flora of
a variety of animals, carcle are considered the most
important reservoir in terms of human infection
because most cases have been caused by ingestion of
foods of bovine origin (36).

EIEC strains are closely related to Shigefia specics
in biachemical, genetic, and pathogenic properties.
Organisms have been shown to invade the colonic
epithelium, a phenotype mediated by plasmid and
chromosomal loci. The genes for invasiveness are
carried on a 120-MDa plasmid in Shigella serotypes
and in EIEC strains {36). ipaH is an invasion
plasmid antigen chat, unlike others such as virA
(30), is present in multiple copies (in the invasion
plasmid and the chromosome) (50).

Cyrolethal distending toxin (CDT) was first
described in certain £ cofi strains (56); however, it
is present in a large spectrum of gram-negative
bacrerial species such as Campylobacrer species,
Shigella  dysenteriae, and  Haemophilus  ducreyi
(1,11,36,42). This toxin induces characteristic elon-
gation of eukaryotic cells followed by progressive
cellular distension and death. Because this toxin is
produced by several bacterial pathogens, it can be
hypothesized thar CDT is a virulence factor that
enhances the ability of a specific strain o cause
damage (36). CDT acrivity isencoded by three closely
linked genes termed cdtA, cdeB, and cdtC; these genes
are adjacent on a large virulence plasmid (42).

Different virulence factors have been derected
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within APEC strains, inc|uding several virulence
markers of human diarrheagenic groups. Despire the
enermous amount of knowledpe regarding avian f
coli in some countries, the incidence of serotypes
and the distribution of virulence genes among
APEC strains in Mexico are unknown. This is one
of the fitst attempts to determine che predominanc
serogroups of APEC strains in Mexico. Results from
a previous investigation on the role of £ cali in YSI
showed that this bacterium was the most frequently
isclated from different samples (43). The aim of this
study was to determine the most cemmon serotypes
and identifying virulence genes associated with
diarrheagenic groups among E. cof strains isolared
from cases of YSI in a vertically integrated poulrry
operation.

MATERIALS AND METHODS

Bacterial identification and selection. To
identify the origin of YS!, 2 barch of fertile eggs was
followed from the breeder farm rthrough the harchery
and to che broiler farm in a vertically integrated poulrry
operarion located at Guanajuato State (43). Briefly,
samples from sawdust of the nest (v = 60), non-
disinfected fernile eggs at the breeder farm (2 = 60),
infertile eggs (n = 60), dead-in-shell embryos ar the
hatchery (n = 60}, and frsc-week martality associated
with Y81 (n = 216) were analyzed (5,14,43). From
these, 267 E. coli isolates were identified (Table 1), Tn
the presenc article, those £ colf strains were analyzed o
determine ctheir serologic identity and the presence of
virulence genes associated with YSI,

Serotyping, Rabbir sera prepared against 175
somatic (Q) and 56 Aagellar (H) E. coli ancigens
(SERUNAM, Mexico Ciry, Mexico}, were used for
scroryping as previously described by Orskov and
Orskov (37). Forty-seven specific rabbit sera prepared
against the different Shigella serogroups and thres more
prepared against Mexican £ caff strains thar do nor
react with che recognized antiserum scheme were used.

DNA hybridization. The 267 £. coli strains were
analyzed by colony dot hybridization using nine DNA
probes designed for £ colf diarcheal-associared viru-
ience facrors (Table 2). All the probes were syncheric
oligonucleatides (custom primers; GIBCO BRL,
Gaithersburg, MD}. The probes were labeled ar the
5" end by the enzymatically catalyzed transfer of *2P
from [y-"*P] ATP (ICN Pharmaceuticals, Irvine, CA)
with T4 polynucleotide kinase (Bethesda Research
Laboratories, Gaithersburg, MD), according to the
precedure described by Sambroak ef 4l (46). The
strains were cultured overnight in brain heart infusion
at 37 C and spor-inoculated onto MacConkey agar
plates (CM7B; Oxoid Inc.,, New York). Positive and

negative conwrols were inoculated in each plate
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Table 1. Isolation source of £ coli strains and positive DNA hybridization against different virulence probes.

Probes (No. of positive strains)
Origin No. of strains ipaH eae cdt ipaH-eae ipaH-cd car-cet tpaH-eae-cdl

Breeder farm

Ferdile epps 4 2
Harchery

Infertle eggs 28 8 1 L 4 ]

Dead in shell 47 3 b]
Broiler farm

Liver® 102 21 7 5 3 2 I 6

Yolk sac” 86 17 7 2 7 3 t 3
Toral 267 51 15 13 14 6 2

A . . .
Organs were obtained from first-week moruality at broiler farm.

according to the corresponding rested probe {Table 3).
Afrer avernight incubation ar 37 C, the colonies were
replicated by colony lift onto circular membranes (No.
541, Whatman, Clifron, NJ) and then lysed using che
procedure described by Hill er a/ {25).

A 50-m! hybridization mixture was prepared in
a plastic rube just before use {23). One milliliter of
salmon sperm was boiled for 10 min and added 1o the
hybridizacion mixcure. Five to 10 m! were dispensed
into a plastic Petri dish conmaining the paper filters with
the lysed bacterial colonies. The volume of the DNA-
tabeled probe solution was adjusted to contain 1 X 10°
counts per minute, and this was added ro the
hybridization solution containing the filters, mixed
briefly, and incubated overnight at 41 C. The filers
were removed from the hybridization mixture and
rinsed for 5 1o 10 sec in plastic Petri dishes containing
10 ml of 6 X S5C at 54 C and washed o eliminate the

Table 2.

free *P-labeled DNA probe, which was not specifically
bound to the DNA of the lysed colonies, Filters were
drained and covered agatn with 6 X 85C and incubared
for 1 mare hour ar 50 C, ac which time the Aleers were
again drained, covered with 6 % 85C, and incubated for
I more hour. Finally, the filters were rinsed for 5 to 10
sec in 2 X S8C and dried ar room temperature. Results
were visualized by autoradiography on film (XAR-2in §
X 10-inch size; Eastman Kodak, Rachester, NY) with
intensifying screen cassertes and exposing during 48 hr
at =70 C and developing according ro the manufac-
turer’s inscructions,

RESULTS

Serotyping. Forry-two different serogroups
were idendified among the 267 £ cofr isolares

Oligadeoxyribonucleotide probes used ro identify £. coli virulence genes.

Virulence factor

Probe sequences

Source

et 5 -GCTGTGAATTGTGTTGTAATCC-3

eael® 5 -ACGTTGCAGCATGGGTAACTC-3
aggl© 5 .CTGGCGAAAGACTGTATCAT-3

agg2© 5 -CAATGTATAGAAATCCGCTGTT-3
" 5 .GCTACGGTGTTAATATCTCTGGCG-3
A" 5 .GCGAGAGGAACACAAACCGG-3

cdd” 5 -CACGTCTGCAAGGCACTAC-3

ipaH" 5 -CTGGAGGACATTGCCCGGG-3

st 5 - GATGATCTCAGTGGGCGTTC -3

Murray et al, (35)
Blanco er al (6)
Schmidr ef af. (47)
Schmidr et al (47)
Nataro and Kaper (36)
Schultsz ¢r 2l (48)
Scort and Kaper (49)
Venkatesan er al (37)
Gunzer ¢t af, {22)

AHeat-stable enterotoxin gene,

B_me Intimin gene.

©60-65-kDa plasmid.

o . -
Bundle-forming pilus gene.

E . X

“Heat-labile eénterotoxin gene.

I'_Cymlerhal distending roxin gene.

“Invasion plasmid antigen H gene.

" Shiga-like toxin gene.
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studied. The serogroups 019 (12%), 084 (9%),
08 (6%), and O78 (5%) were the most common
{Tabie 4). The serogroup was not determined in
15% of the isolates; of these, 11% were rough (OR)
and 4% were O2.

The association between source of isolation and
serogroup shows that 06, 09, and O152 £ cali
strains were commeon in the breeder and broiler
farms; 0125 was identified only at the breeder farm
and hatchery, whereas 03, 024, and G146 were
isolated only at the hatchery (Table 5). In infertile
eggs, the identified serogroups were 069, G70,
0153, and 0167, whereas O41 and Q83 were found
in dead-in-shell embryos. Twenty different sero-
groups were determined in strains recovered from
the Arst-week broiler martality (Table 5). The most
frequently identified serogroups associated with Y§]
in broilers were OR, 019, 078, and 084, strains; of
these, the latrer two were isolated only ar the broiler
farm, whereas serogroups OR and O19 were isolated
from broiler farm and hatchery samples.

During the identification of the Aagellar antigens,
it was observed chat 30% of the strains were
nenmotile. OF the mouile strains, the most common
were identified as possessing H:8 (12%), H non-
typeable (H?) (9%), H:10 (8%), H:31 (6%), and
H:11 (6%). The characterization of the strains using
the complete antigenic formula showed that
O19:NM (n = 31) was the most commen serotype
isolated from dead-in-shell embryos and from
brailers chat died on the fourth, Afth, sixch, and
seventh days after hatch. Another common serotype
was OR:NM (n = 16), isolated from infertile egps
and during the third mortality day of broilers.

DNA hybridization. One hundred ten strains
(41.296) hybridized with one or more of the follow
probes: ipaH, cdt, and eze (Table G). Of these, 80
strains were ipaH positive (729%), 40 were eae
positive (30%), and 30 were o4t positive (27%).
Some of these strains hybridized with more than one
gene, showing different profiles; che most frequently
observed was fpafi-eae {13%). Positive strains to stf,
agel, age2, bfp. lr-A, and slt probes were not found.

The cerrelation between serogroup and gene
hybridization shows that O78 (#n = 6) and Q84
{n=0) serogroups and OR strains (n=19) were most
frequently associated with the ipaH gene (Table 4);
similarly, those serorypes showed a high correlation
with the eze gene (4, 8, and 11 strains, respectively).
On the other hand, the cdt gene was identified mainly
on OR (n=13), 019 (n = 4), and O2 (n = 3).

The correlation berween origin of the strains and
DNA hybridization shows that four strains were
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Table 3. Positive and negative controls of £ coff
strains used in the DNA hyhridizarion assay.
Strain Serotype Group Genes
E3787 O26:H11 EHEC i
E32511 Q157:H- EHEC  eae/
E2347 O127:H6 EPEC eael, bfp, cde
E60725  092:H33 EAEC aggl
E66438 075:H- EAEC age?
E7476 Q166:H27  ETEC st]
E5798 O7:H18 ETEC A
E35990 Ol43:H- EIEC ipat
14R519 K12 ~ None Negative control

isolated from the breeder farm, but only two of
them were positive for the ipaff probe (Table 1).
Regarding samples from the hatchery, many of the
strains isolated from infertile eggs and from dead-in-
shell embryos were also pasitive in the hybridization
test. For the samples from the broiler farm, more
than 40% of the strains were positive for at least
one probe. The gene association paf-eae-cdt was
tdentified in the scrains isolated from the liver and
y()lk sac; h()W’CVCr, [hC same gC|1C C()mk)il1ali()l1 Was
not abserved in previous stages of proaduction.
Considering the association berween the accurrence
of the genes and mortality, the fifth day was when
most of the strains carrying the ipzH gene were
isolated (Table 6), although the ipaH-positive
strains were isolated from the third until the seventh
days of mortality. The /paf gene was not observed
befare the third day of morality (Table 6). The cdt
gene was identified in the soraing isolated during che
last incubation stage {dead-in-shell embryos) and in
the first 4 days in the broiler house, but not later.

DISCUSSION

YSI is considered the major cause of first-weck
mortality in broilers (3,10,20). YSI occurs when
fertile eggs are contaminated, mainly by £ coli
(3,10,23,33). One of the more common diffculties
in diagnosing and controlling avian colibacillosis is
that specific virulence markers have not been found
in APEC srrains (15,26).

Although more than 50,000 different £ coli
serotypes exist, only a few are associated with disease
{38). For this reason, the use of seroryping could
continue to help ro derermine the epidemiologic
importance of APEC strains in different avian
diseases.

Nontypeable strains of APEC are common;
studies (2,7,9,19,24,27,41) have shown that be-
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Table 4. Serotypes and virulence genes of £ cofi strains isolated from different samples.”

Toral No. Toral No.
of analyzed of analyzed

Seratype  Serogroup straings paH  eae cdr Serotype Serogroup steaing ipaH  eac  cdl
O2:H!1 6 (2.25) 1 + - = O85:NM 2{0.79) 2 - - -
O2:H8 1 - + - QO91:H7 4 (1.50) 2
O2:NM 2 + -+ Q91:H7 1 - -+
O2Z:NM 1 + + 4+ O91:H7 1 + - -
O2:NM 1 + - - O103:H11 10 (3.75) 6 - - -
0O3:H1 2 (0.7%) 1 + - - Ol103:HN 1 + - -
03:NM 1 + - - OI03:NM 3 - - -
04:H11 1{0.37) 1 - - —= OI08:HI9 3(1.12) 1 - - -
Q6:H16 2 (0.75) 1 + - - 0Il10&HRH? i - -
O6:H? ! + - - OIl0&NM l - - -
O7:H18 2{075) 2 ~ - ~ OnzHp 6 (2.25) | - + -
OB8:H9 17 (6.37) ! - - = QhZHI9 1 - -
QO8:H19 4 - - - 0O112:Hs5] 2 - - -
08:H49 3 - - - 0OnaHsN 2 + - -
O8:H? 3 - - = Oli8:H3! 7 {2.62) 4 + - -
O8:H? ] + - - O118:H31 3 - - =
O8:NM 1 - -+ OI120:H10 11 (4.12) 8 - - -
OB8:NM 4 - - — OI120:H25 ) + - -
O9%HI! 6 (2.25) 3 - - - O120:H25 i - - -
O9:HI11 ! + - = O120:NM |

O%HI11 1 - + - OQ124HI0 1 (0.37) ! + - =
Q4:H25 ! - - O125:H8 3(1.12) 2 + - -
OrzzH31 30.12) 2 - - O125:H8 1 s

O12:H3q | - + - O132:H42 1 (0.37) | - - -
O15:H9 6 (2.23) 1 - - = Ql46:H19 S (1.87) 3 - -
O15:H10 3 - - Ql46:HI192 1 + - -
O15:H44 1 - - = O146:H28 1 - - -
O15:H45 | -~ - - Ql14%H23 2 (0.75) 1 - +
O19:H8 33 (12.36) 1 - - = CQl49:H23 1 - - -
O19:H8 1 + - — OI52:H6 4 (1.50) 2 - + o+
O19NM 24 - - OI52:He 1 - - =
O19:NM 4 - - 4+ QOl52:H11 ] - - -
O19:NM 2 + - - OI53:NM 1 (0.37) i - - -
O19:NM 1 -+ - O15%HI0 10 (3.75} 7 - -
O21:NM 2 (0.75) 1 - - — 0O155:H10 2 + - =
O21:NM 1 + + -~ 0155:H3! 1 + - -
022:H4 5(1.87) 3 + - - 0167:H4 3(.12) 1 - - -
022:H4 2 - - = Ql67:H4 1 + - -
Q23:Hi16 1037 1 - - -~ QI67:H4 1 + + -
O24:H? 3(1.12) 1 - - —- O168H? 6 (2.25) 2 - - -
024:H? 1 + + - QlI68H? 1 + - -
024:NM 1 - - O168:NM 1 + - -
OC41:H45 3 (1.12) 3 - - = OIl68:NM 1 + + =
O44:NM 5 (1.87) 3 - - = OI68NM 1 - S
044:NM 2 - - + ORHl 29 (10.86) 2 - -
0353:H25 3 (1.12) 2 - = - O0ORH2 1 + - =
053:NM 1 + + + ORH4 ! + o+ -
O62H38 2 (0.75) 1 + + -~ ORH3 l + - -
069:H38 1 - - = ORHS8 2 - + -
Q70:H? 1 (0.37) ! - — ORHS I + - -
Q73:H55 3 (1.12) 1 - - — ORH9 1 + + -
0O73:NM 2 - - — ORHII 1 - - =
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Table 4. Continued.
Total No. Toral No.
of analyzed of analyzed

Serotype  Serogroup strains ipafl  eae ¢dr Serotype  Serogroup strains paH  eae  cdt
Q77:H? 1{0.37) | - - -  ORH3I 2 - - -
O78:H9 13 (4.87) 4 - - ORH? 1 + -
078:H9 3 + + — ORNM 2 + - -
O78:H9 3 + - - ORNM 7 + + o+
Q78:H9 1 - + -  ORNM 4 + -+
0O78:H33 ! - - -  ORNM 2 - -+
O78:H? 1 - - - ORNM 1 - -
O81:H31 2{0.75) 1 - - - O:H5 10 (3.75) 3 + - -
O81:H31 1 + - OXHS5 1 + + -
OB83:H4 3012 3 - - - 0OnH3i 1 + - -
O84:H8 24 (899) 12 - - - Onk 1 - - -
084:H8 6 - + - OXNM 2 - + -
(084:H8 4 + - - OxNM 2 - - -
0O84:H8 | + + -
084:H31 1 + + -

ASamplcs were nondisinfected fertile eggs, infertile eggs, dead-in-shell embryos, and maralicy during the first
week. Dara are given as number (percentage) among 267 strains unless otherwise indicared,

tween 61% and 7% of the strains are nontypeable.
In the present study, the serotype of 85% of the
isolates was determined. A possible explanation for
the high percentage of serogroups identified in our
study could be the use of a complete scheme of
recognized O antigens and the short period berween
the isolation and typing, as the identification was
performed a few days after the isolation.

The existence of certain specific serotypes de-
pends on conditions such as geographic area,
country, and time of isolation (27,41). In a study
(53) performed in Hokkaido, Japan, the researchers
initially determined thar OG0, 0353, and O1 were
the most frequently isolared serogroups, whereas in
a subsequent study, the predominant serogroups
were O1, 02, O8, and O78 (53). Surveys in other
countries have revealed
serogroups isolated from sick chickens were O1,
02, and O78 (9,12,13,19,44,58,59). In Mexico,
this is on¢ of the first artempts to derermine the
predominant serogroups of APEC strains. Although
019 (12%) was the mast common, O78 and O2
serogroups were also identified in our study. These
results are consistent with the variability of
serogroups and scrotypes of APEC strains identified
around the world (9,12.13,19.44,58,59).

The Ol serogroup has been related principally
with septicemic processes (53). In our study, the O1
serogroup was nor identificd, possibly becausc none

that the most comman

of the strains of chis study were isolated from
septicemic chickens.

QOur data show that the serogroups isolated from
infertile and dead-in-shell embryos at the hatchery
were the same as those associated with mertality at
the broiler farm. These observations agree wirh
carlier reports that mention thar, while the harchery
and the breeder farm
hacrerial contaminarion, the breeder farm is the
main source for YS1 (10,20,33).

EIEC causes a disease in humans thar resembles
bacillary dysentery. A common characreristic of
these strains is that, like Shigella species, they have
the ability to invade the epithelial cells of the colon
(34). In fact, EIEC and Shigella strains are
nonmotile bacteria that are bicchemically and
genedically related (36). Cloud et al (9) reported
that 41.6% of the £ ¢ali strains isolated from the
hatchery and from broilers were nonmotile. Simi-
larly, a high percentage (71%) of £ colt isolates in
the present study were nonmetile, suggesting that
these could be related to E1EC strains.

ipaH is an invasion plasmid andgen thar, unlike
others such as virA (30}, is present in muliple

coutd acr as sources of

copies {in the invasion plasmid and the chromo-
some) (50); cherefore, ipaH is often used as
a diagnostic wol for EIEC detection. A high
incidence (30%) of sirains carrying the ipafd gene
was observed in our study. This percentage is even
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Table 5.
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Most common serograups identified in £ eali serains isolated from difterent sources.
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0167 3
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higher than in another study performed in human
populadons (40). The wide distriburion of the ipaH
gene among our straing, especially among nonmodtile
strains, suggests that invasiveness could play an
important role in YSI pachogenesis.

The serotypes O28ac, 029, 042, O112 ac,
0124, 0136, 0143, 0144, 0152, 0159, O164,
and O167 have rraditionally been considered as
EIEC strains (31,32,36,51,54). Studies (40,52) have
demonstrared that the serotype identification alone
is nac sufficient to determine an £ colf strain as
diarrheagenic. Although we recovered some sero-
types traditionally belonging to EIEC, O112 (» =
6}, 0124 (n=1), 0152 (n=4), and 0167 (n=13),
only five of these strains were positive for the ipaff
gene in the DNA hybridization. Conversely,
numerous isolares belonging to serotypes not pre-

viously reported as EIEC were found to harbor the
ipaH gene. However, as previously mentioned, the
existence of specific seratypes depends on different
conditions (27,41), and we acknowledge thar these
strains were isolated from a hast different from
those in which EIEC has been traditionally isalared
(34).

Formal and Hornick (16) mention thar a smooth
lipopolysaccharide is required for penetration into
and multiplication within epithelial cells. However,
in our study, many rough strains were genorypically
ipaH positive and positive in an in vitro invasiveness
assay (data not shown).

The diarrheagenic EPEC group has been associ-
ated with infant diarrhea in the developing world
(36). The presence of the eae gene, along with the
absence of s, is sufficient to define EPEC, because
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Table 6. Maortality and virulence genes in £ calf strains isolated from firse-week moreality on broiler faemn,®
Day Mortaliry ipaH cdt eqr ipatt-cdt ipaH-eae cdi-ene tpatl-cdr-car

1 417 3.53

2 10.19

3 21.30 1.18 3.53 5.88 10.59

4 11.11 1.18 1.18 2.35 235

5 25.00 20.00 14.12 11.76

6 17.13 10.59

7 1111 11.76

*Data are given as percentages.

possession of rhis sequence correlates with the
existence of the locus of enterocyte effacement
pathogenicity island (36). Some other virulence
markers are not conserved in all EPEC strains, such
as EAF plasmid; for example, several strains in
which &/pA is absent have been isolated (53). On the
other hand, EPEC strains are included in certain
recognized O:H serotypes (36). Nararo and Kaper
(36) reporred that, although EPEC-like organisms
have been implicated in animal diseases, the
serorypes found in those cases are usually not
human serorypes. Similar results were seen in the
present work, as only one iselate was identified as
eae positive from 14 strains belonging to EPEC
serogroups (044 [n= 5], O112 (#n=6]. and O125
[n=3]).

EPEC and EHEC srrains harbor eae genes;
however, only EHEC strains carry sx genes
{8.36). Forry isolates of this study were positive
for the eae gene, but all were negative for the six
gene. This observation suggests that our scrains are
rypical EPEC strains. However, because two types of
SLTs have been described (36), it 15 necessary 1o
analyze both genes to demonstrate that our strains
do not belong to the EHEC group. In a study by
Kariuki er 2/ (29), it was mentioned that the APEC
group mainly consists of EPEC and ETEC serovars.
Qur resules are consistent with those observations,
because 50 strains included within the reporred
ETEC serovars were identified. Of these Q6 (n=2),
O8i(n=17), 09 (n=0), OI5 (n=0), O78 (n =
13}, 085 (n=2), 0153 (n=1), and Q167 (n=3)
were the more common serogroups. ETEC srrainsg
elaborate ac least one member of the owo defined
groups of enterotoxins: ST and LT. However, in our
study, all the isolated strains were negative for sr and
It genes in the DNA hybridization assay (36).

The frequency of cdt-positive strains was low
{(109%; in this study, compared with the number of
strains harboring the {paH and eze genes. However,

these data are consistent with anocher repart (42). A
correlation berween serorype and CDT production
has nor been established, Pandrey ez 4/ (39) recently
reported that CDT  production seemed to be
a common feature of O86a and Q1272 £ coli
strains, Qur results show thar cdr-positive strains
were associated principally with 019 and OR
strains (Table 4). Several investigations have been
carried out ro establish the pathogenic porential of
this toxin, bur scatistically significant differences
between healthy and diseased patients have not been
found {1). In contrast ta earlier results indicating
that CDT-expressing £. coli strains belong to classic
EPEC (39), we did not observe a preferential
associarion of CD'T with EPEC strains, because only
2 (both Q44 strains) of our |1 strains belonging to
the classic EPEC serogroups (044, O112, and
O12) carried the cdr gene (Table 4), although the
production of CDT has been reported nor to be
limited to EPEC strains (56). Recently, Téth et «/,
(56) derermined that OR strains are able to produce
CDT; this finding is similar o our observations,
because one of the most important CI)XT-producing
groups was OR. These authars identified a novel
variant of CD'T" among intestinal and extraintestinal
strains of human, avian, and porcine origin. At least
four different types of CDT are known (56), and
because a given strain is able ro harbor only one of
them; the prevalence of cdt-positive strains could be
underestimared (56).

In the present work, the application of conven-
rional and molecular appreaches to the screening
and characrerization of £ coli srrains was dane, To
our knowledge, this is the firse systematic repart that
presents the prevalence of serorypes in the Mexican
poultry industry. The scrogroups identified among
YSl-related strains have not been previously re-
ported as pathogens in chickens, and some strains
carried virulence genes that had been exclusively
observed in humans. Moreover, our results suggesc
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thar the strains identified as causative agents of YSI
in Mexico are endemic ro this region. Although
most of our strains carried the ipaff gene characrer-
istic of invasive strains, suggesting that invasiveness
could play a role in YSI, further characterization of
these strains is needed to determine if the invasive
phenatype is expressed and to dlarify cheir specific
participation in the parhogenesis of YSI.
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SUMMARY. Seventy-six Escherichia coli serorypes possessing the ipal{ gene typical of enteroinvasive £, coli (EIEC) serains were
characterized. Biochemical identification of our strains shows positive reactions for lactose fermentation (100% of scrains), lysine
decarboxylase (38.7% af strains) and motility (67.1% af strains), properties thar do not correspond with those described to the
EIEC group. The scrarypes agree with an initial classificarion. [n this, same common O ancigens identified among jpaff strains
were O2 (7 = 20), OR (1= 11} and non-derermined O? (7= 10}, The O2:NM scrotype was the most common, Sixry-six percent
(=50} of the ipatH+ E. coli strains were colicin producers, of them, 26 (34%) produced Col V and ather colicing, 13 {17%)
praduced colicins other than Col V, and 11 (14.5%) produced Col V only. Trimechoprim/Sulfa (72%). ampiciilin {64.3%),
cnroflaxacin (55.3%), and ciproflaxacin (47.4%) were the major antimicralvial resistanee frequencies observed, Fwenty-five
different muldresistance patterns were abserved, where sixry-six strains (86.8%) were included. A MIC resr showed thar most of the
strains were sensitive to low gentamicin and kanamycin concentrarions, whereas most of the strains were resistant to retracycline. An
invasiveness assay showed that the predominant alrerarions caused to HEp-2 cells were changes in shape and staining, and in most
of the specimens, 4 partial monolayer detachment was ulso seen. Fifreen strains invaded more than 30% of che monolayer cells,
causing the formarion of intercellutar bridges ar filipoidal-like protrusions. The results suggest the existence of specific clone
complexes derived from EIEC strains adapted to the avian host. To our knowledge, chis is rthe first scudy rhar demanserares che
presence af extraintestinal invisive £ coli (ExJEC) strains.,

RESUMEN. Caracrerizacién fenotipica de cepas [paH+ de Escherichia coli asaciadas can Iy infeccion del saco vitelino,

Se caracterizaron sctenra y scis seratipos de Escherichia coli porwadoras del gen ipaH, caracteristico de las cepas de £ coli invasoras
del intestino. La identificacion bioquimica de esras cepas mostrd reacciones positivas a la fermenracidn de la lacrosa (100% de las
cepas), lisina decarboxilasa (98.7% de las cepas), y motilidad (67.1% de las cepas), propicdades que no correspanden con aquellas
descritas para &l grupo de cepas de £ coli invasoras del intestino. Los serotipos concardaron con una clasificacion inicial en la cual se
identificaron algunos antigenos comunes entre las cepas ZpalH+ tales como el antigeno O2 (n=20), OR (n=11) y el antigeno O no
dererminado (n = 10). El serotipo Q2:NM fue el serotipo mds comun. El 66% {# = 50) de las cepas de E. ool ipaf+ fueran
preducroras de colicinas, de las cuales 26 (34%) produjeron Col V y atros tipos de colicinas, 13 (17%) produjeron colicinas
diferentes a la Col V, y 11 (14.5%) produjeron inicamente Cal V. La resistencia microbiana observada con mayor frecuencia fue
contra trimecroprina/sulfa (72%). ampicilina (64.5%), enrofloxacina {55.3%), y ciprofloxacina (47.4%)_ Se observaron 25 patrones
de resistencia multiple en 66 (86.8%) de las cepas de £. coli. La prueba de concentracion inhibitaria minima maserd que la mayoria
de fas cepas fueron sensibles a concentraciones bajas de gentamicina y kanamicina mientras que la mayeria de las cepas fueron
resistentes a la retraciclina, La prueba de invasividad mostrd que las alreraciones predominantes acasionadas a las células HEp-2
fueron cambios en la forma v la tincién, y en la mayoria de los especimenes se observé un desprendimiento parcial de la monacapa
de células. Quince de las cepas invadicron més del 30% de Ia monocapa de células, ocasionando la formacidn de puentes
intercelulares o proyecciones de tipo flipoidal. Los resultados sugieren la existencia de complejos clonales especificos de cepas de £
colr invasoras del intestino adaptadas al huésped aviar. De acuerde con la infarmacién que tenemos, este es ¢l primer estudio que
demuestra |a presencia de cepas invasivas extraintestinales de £, coli,

Key words: Escherichia enli, yalk sac infection, invasiveness, antbioric resistance, virulence factors

Abbreviations: APEC = avian pathogenic Escherichia eoli; Col V = Colicin V) EIEC = enteroinvasive Ercherichin coli,
EPEC = entcrapathogenic Escherichia colii ETEC = enterotoxigenic Eecherichia coli ExIEC = extraintestinal invasive Escherichia
coliy IpaH = invasion plasmid antigen I1; LPS = lipopolysaccharide; MEM = Lagle’s minimal essential medium; MIC = minimal
inhibitory concentratian; PBS = phosphate-buffered saline; YS! = yolk sac infection

Escherichia coli is a common and imporant bacrerial pathogen synavitis, asteamyelitis, cellulitis, or yolk sac infections (YSI)
thar caunses ar least 5% of the mortality in poultry Aocks (13,21). (5,19,29,63,65.81).
Consequently, these bacteria are respansible for significant economic Recently, £ coli strains pathogenic o avian species have begun o
losses ro the poultry industry (4,72,81). Pathogenic serogroups  be grouped as avian pathogenic £, coli (APEC) (9,13,15,17,18,81),
of £ coli are ubiquitous in environments in which poultry are raised  Aside from causing embryo mortality (25,26,35), some features of
and can cause air sacculivis, pericarditis, periteniris, salpingitis, APEC strains include the production of colicin vV (15,25,26,
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Table 1. Origin and scrotypes of the £ coli strains included in
the study.
O group ipaH+ Source™ (H antigen-number) Total
02 20 Hai9 (H1-1; H?-1), Ha2l 20
(NM-2}, Bro (NM-16)
Q6 1 Bre (H16-1) 1
08 ! Ha2l (H21-1} 1
09 1 Bre (H11-1) 1
012 1 Bra (H31-1) 1
019 2 Bro (NM-2} 2
022 2 Bro (H4-2} 2
069 1 Hal9 (FH38-1) |
078 4 Bro (119-3; [B2-1) 4
08 | Bro (H31-1) 1
084 5 Bro (H8-4, NM-1) 5
0103 1 Hal9 (H11-1) t
o112 _ Hal9 (H19-2) 2
Q146 ) Hal9 (H19-1) L
Q152 — Bro (H6-2} 2
0153 1 Bro (H10-1) 1
Qlaz 2 Hal9 (H4-3) 3
0168 6 Hal9 (NM-1), Bro 6
(NM-1, Hs-3, H?-1)
OR 10 Bro (H4-1, H5-2, HG-1, H9-3, 11
H31-2, NM-2)
Q2 8 Hal9 (I14-1), Bro (H4-1, H7-1, 10

HB8-3, H31-3, H51-1)

MBre = breeder farm; Hal9 = harchery 19th day; Ha2l = hatchery
21st day; Bro = broiler farm.

27.35,49,63,81), a polysaccharide capsule (17,18,49.81), toxins and
cytotoxing (15,17,18,49), Fl-type Ambriac (15,17,18,25,27.35,
49,63,81), possession of #ss generic elemenr (15,25,26,33), emper-
ature-sensitive hemagglutinin (Tsh) (15,17,18.25,26.49,63), aero-
bactin iron-sequestering  systems  (15,17,18,27,49,63,81), and
resistance to the host complement (15,17,18,25,27,35,49,63).
Antibiotic resistance profiles and specific serotypes have also been
identificd in £ coli strains that cause colibacillosis (17,18,27.35,
49,81}, Kariuki et #/. (40) mentioned that the APEC group mainly
consists of EPEC (enteropathogenic £ colr) and ETEC (entero-
toxigenic E. colt) serovars.

For many years, it was thought thar £ co/i strains associated with
YSI cases were avirulent or of low virulence {18,19.29). However,
a recent study performed in our laborarory showed thar 30% of the
E. coli isolates recovered from breeder farm, hatchery, and broiler
farm samples carried the tpal gene, which has been associated with
enteroinvasive £, cofi (EIEC) strains (70). This obscrvation suggests
that invasiveness cauld play an important role in the development of
YSI. EIEC strains are principally associated with human and primate
infections, and their participation in the avian diseases is unknown.
In this study, different properties of ipaH-+ strains, such as scrotype,
colicin producrion, antimicrobial suscepribility, and abiliry 1o in-
vade cell culture were analyzed in order ro determine the charac-
teristics thar the strains implicated in the developmenr of yolk sac
infection possess.

MATERIAL AND METHODS

Strains. Sevenry-six strains previously isolated from purarive YS!
cases (71} were analyzed. In a previous study (70), the strains were
seraryped and analyzed for virulence factors. The ipaH. gene-positive
strains (n = 68) and cight more belonging ro reporeed LIEC serogroups
(43,44,52,76,83) were analyzed in this study {Table 1).

C. C. Rosario et al.

Strains were recovered from Darser media (where they had been
stored) and cultured onte McConkey and  blood agar  (IYifco
Laboratories, Derroic, MI), The abuined culrures were rested in the
VITEK® AuroMicrebic System (Vicek AMS; bioMérieux Vitek, Marcy-
I'Eroile, France) to confirm their identity,

Serotyping. The /pa/f+ strains were newly typed 1o confirm their
seratypes. Rabbic sera prepared against 175 somatic (O) and 56 Ragellar
(H) E. coli antigens {SERUNAM. Mexico Ciry, Mexico), were used for
typing as previously described by Orskav and Orskov (61). Additinnally,
47 specific sera against Shigefla strains and rthree more prepared in our
laboratory against Mexican £ coli serains thar do nor reace with the
recognized antiserum scheme were used.

Colicin production. One of the most common characreristics of
APLC strains is the productian of colicin V. Consequentdy, a test lor this
trait was petformed using the agar overlay merhod as previously
described by Ramirez ez 2l (G7). Briefly, strains were cultured avernighe
in tryptic soy broch ar 37 C and plated in duplicate onto LTC agar,
supplemented with yeast extract, tryprone, and calcium {1000 ml: 10 g
tryprone, 5 g yeast extract, 10 g NaCl; pH 7.6 adjusted with 1M Tris;
added with 50 mM CaCl; and 1% agar). Then the £ cofi colonies were
lysed by chloroform vapor exposure for 15 min. Thereafter, che places
were overlayed wich 4.5 mil wop soft LTC media (0.6% agar) containing
100 pl of an overnighe growth of £. cali K12 711, a4 colicin indicator
strain (sensitive to all colicins) or its isogenic mutang sensitive only to
colicin V. The overlaid plates were allowed to grow overnight ar 37 C
and were then abserved for the presence of an inhibidion halo around
colicin-producing colonies. Colicin V, colicin V and’ orher colicins,
colicins different from colicin V., and na-calicins producers are the faur
phenatypes thar could be observed (45.67).

Antimicrobial susceptibility test. Antimicrobial suscepribiliry
of the serains was determined using the automared VITEK® Syscem for
Ancibioric Suscepribiliry wich GNS-100 No. V 4500 (bioMericux Vitek)
cards. "The rested antimicrobials included in the card were amikacin,
ampicillin, azueonam, cefazolin, ceforaxime, ccfoxinin, ceftazidime,
cefrizoxime, ciproflaxacin, gentamicin, imipenem. nicrofurantotn, piper-
acillin, rcarcillin/clavulanic acid, rabramyein, and trimechopim/sulfa.

The minimal inhibitory concenrrations (MICs) of gentamicin,
tetracycline, and kanamycin were determined because these anribiarics
are commonly used in local poultry farms and are not included in the
VITEK® cards. Test concentrations of gentamicin were 100, 50, 25,
12,5, 6.25, 312, and 1.6 pefmlb; and 50, 25, 12,5, 625, 3.12, and 1.6
ug/ml for tetracycline and kanamycin, An inaculum of 3 % 107 CHU/
ml, according to National Commirree for Clinical Labaratary Standards
(NCCLS) (53) was utilized in the assay. MICs were determined by rhe
microdilution agar method using microtiter plates. Performance and
evaluarion of the MIC determinations followed the recommendarions of
the NCCLS (54). Ranges of suscepribility were noted along with the
MIC rhar inhibited 90% (MIC90)} of the isolates. Two reference strains
(£ coli ATCC 25922 and £ faecalis ATCC 29212) were used for
quality control in each set of plates. MIC breakpoints were >16 pg/ml,
64 pgiml, and 216 pg/ml for genramicin, kanamycin, and
teracycline, respectively. Determinarions were made in wriplicate.

Although enrofloxacin is one of the most common quinelones used in
the Mexican poultry industry, it is nor included in the VITEK® system
card. Therefore, sensitivicy of the strains o this antimicrobial was
determined by the standard disk procedure deseribed by Baver er 2l (6).
The sclection of disk concentrations (5 Hg) and zone diameter
interpretation was done as recommended by the manufacrurer (Difeo
Laboratories, Derroir, M1Y and by the NCCLS (53).

Invasiveness assay. The HEp-2 cell invasiveness rest was
perfarmed as was deseribed by Melhman o ol (48). Briefly, 2.5 X
10%/ml of HEp-2 cells previously grown ro conflluence in Lagle's minimal
essential medium (MEM) (GIBCO-BRL, Gaithersburg, MD), supple-
mented with 10% fetal culf serum, were plated onta coverslips on 24-well
plates (Costar, Cambridge, MA)} with fresh MEM, and incubated
overnight at 37 C under a 5% CO, armosphere. Simultancously, £, coli
strains were grown overnight in $ ml of pepronc water with D-mannaose
(3%). The bacrerial culrures were cenerifuged, washed, and resuspended
in MEM wichout anribiotics. [1Ep-2 cells on plares were washed and
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Table 3. Antimicrobial suscepribility of ipalfv- E coli serains
associated with yolk sac infecrion.

Colicin-producing strains

No Cal V Toral

O group  producers  Toral  Cal V' and others  Orhers  straing
(6)] 20 4 15 1 20
Q9 1 | 1
o19 2 2 2
022 2 1 1 2
069 | ] 1
078 1 3 1 2 4
084 5 5 5
0103 1 ! 1
0112 2 — 2
Q152 2 2 2
0167 3 3 3
0168 4 2 2 6
O various® 6 — 1
OR 6 5 2 1 2 I
O 7 3 2 } 10
Toral {%) 26 50 I 26 13 76

(65.8) (14.5) (34.2) (17.1)  (100)

*06, 08, 012, 081, 0146, and O155, onc sreain per cach

scragroup.

each well was refilled with 1 ml of fresh MEM withour calf serum or
anubiotics, bur with 0.9% (wtfvol) of D-mannose. One hundred
microliters of overnight-grown bacterial suspension containing 1,5 X 108
CFU were added 10 each well with HEp-2 cells. The plares were
incubated for 3 hr in 3% CO, ar 37 C. Afrer this incubarion, the cell
cultures were washed chree times with seerile phosphate-buffered saline
(PBS). The wells were newly refilled with 1 ml of MEM conmining
gentamicin (100 pg/ml) and lysozyme (300 pg/ml) and incubated 3 hr
mare. After this incubation, the medium was pulled off and the cell
preparations washed threc times with sterile PBS, fixed with merhanol far
10 min and Giemsa stained. The coverslips conraining the swined HEp-
2 cells were washed three more times with deionized water and dried with
acerone, xylene—acetone, and xylene, The cells were fixed down with
tesin on the slips. The preparations were observed in a light microscope
with the 100X objective. Positive (EIEC 28 ac) and negative (HB101
K-12) control strains were included in each assay.

Criteria for cytophatic effect include abnarmal size or shape of

mammalian cells, disruption of membrane, vacuolation, nuclear damage,
and aitered staining properties of nucleus and cytoplasm (48).

Two independent tnvestigarars, who were unaware of the origin of the
isolates, examined all coverslips. The inspection of 10 ficlds rourinely
distributed in che prepararion, each one conraining between 15 and 30
cells, was carried our. A strain was considered invasive when at least 1%
of the HEp-2 cells contained ar least five bacteria in the cytoplasm (48).

RESULTS

Biochemical characterization. The 76 strains analyzed
exhibited a positive lactase fermentation reaction, 98.7% were lysine
decarboxylase pasitive through the VITEK® system, and 67.1%
exhibited motility in semisolid medium.

Scrotyping. The scrotypes obtained in the previous study (70)
were conhiemed in o this, although 12 of the strains previously
identified as OR:NM in this study were serotyped as O2:NM. The
relationship between the O antigens identdified and ipaH+ strains
showed O2 (# = 20), OR (# = 11), and nontypable O (n = 10) as
the most common serogroups (Table 1), Considering the complete
formula (O and H antigens), O2:NM was the predominant serorype
isolated fram specimens collected both from 21-day-old eggs ar the

Antimicrobial agent® Resistance number (%)

Cefoxirin 1(1.3)
Genramicin 4 (5.3)
Ceftazidime 5 (6.6)
Nitrofuranroin 8 (10.6)
Cefazolin 11 (14,5)
Piperacillin 30 (39.5)
Ciprofloxacin 36 (47.4)
Ampicillin 49 (64.5)
Trimethoprim/Sulla 55 (72.4)

*All the strains were sensitive to amikacin, aztreanam, ceforaxime,
ceftizoxime, imipenem, tobramycin, Ticarcillin/Clavulanic Ac.

hatchery and at the broiler farm. None of the serotypes isolated lrom
specimens from the breeder farm were isolated from specimens
collected during a later producrion stage (Table 1). Although
nonmaotile strains were the predominant group (7 = 23), the most
comman identificd flagellar andgens were Ha (7 = 8), H8 (n =7),
and H31 (n = 7).

Some serogroups are radidionally associated with disease caused
by the EIEC group; in this study, only Q112 (4 =2}, O167 (r=13),
and 0152 (# = 2} were identified,

Colicin production. The colicin production assay showed four
different patterns thar were used ro classify the analyeed straing. Fifty
(66%) of the ipaH+ E. cofi strains were colicin producers (Table 2),
OFf these, 34% (26/76) were Col V and ocher colicins posirives, 13
(17%) produced colicins other than Col V oand 11 (14.5%)
produced only Caol V.

No relationship berween serogroup and colicin production was
observed. However, all isolates of the O2 serogroup produced at least
one type of colicin and maost of these produced Col V and other
colicins. Conversely, the O84 strains (= 3) anly produced colicins
other than Col V (Table 2).

Antibiotic susceptibility. The VITEK® system revealed thar
all strains were sensitive to
ceftizoxime, imipenem, tobramycin, and ticarcillin/cdavulanic acid.
However, 89.5% (= 68) of the strains were resistant to at least one

amikacin, azrrconam, ccforaxime,

antiblotic. The major resistance frequencies were against trimetho-
prim/sulfa (72%), ampicillin (64.5%), and ciprofloxacin (47.4%)
(Table 3). Conversely, a high number of enrofloxacin-resistant
strains {55.3%) were identified.

Twenty-five different multiresistance  patterns were  observed
among 66 of the 76 strains tested (86.8%) (Table 4). Only wwo
isolates showed resistance against one antibiotic (one to ampicillin
and the other against enrofloxacin); despite both belonging 1o the
O2 serogroup, they were isolared from different sources (hatchery at
19th day and ar broiler farm). Whereas resistance was observed in
bacteria recovered from all the different stages of production, in only
rwo cases were the same multiresistance pacrerns exhibited by
a particular serotype isolated from morce rhan one source. In these
cases, resistance to enrofloxacin, ciprofloxacin, and trimethoprim/
sulfa was shared by O2:NM isolated from both the harchery at the
21st day and the brotler farm, and resistance 1o ampicillin,
enrofloxacin, ciprofloxacin,  piperacillin, and  vimethoprim/sulfa
was shared by OL68:NM isolared from the hatchery ar the 19th
day and the broiler farm. Several serotypes collecred from the broiler
farm exhibited numerous multiresistance parrerns and the widest
multi—drug-resistant group (13 straing) was exclusively formed by
O2:NM strains, which exhibited resistance re enrofloxacin, cipro-
floxacin, and trimethoprim/sulfa. Serorype OH4 exhibired the
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Table 4. Resistance pawerns determined in ipaff+ E calf strains
associated with yolk sac infecrion.

Resistance paterns™ Number of strains

None

AM

ENO

AM, ENO

AM, PIP

AM, STX

ENQ, CIP

ENQ, §TX

AM, ENO, CI?’

AM, PIP, §TX

AM, CZ, PIP

ENQ, CIP, STX !
AM, PIP, STX

AM, ENO, CIP, §TX

AM, CZ, F/M, §TX

AM, CZ, PIP, STX

AM, CZ, CAZ, FIM, STX

AM, CZ, CAZ, PIP, STX

AM, CZ, GM, PIP, §TX

AM, CZ, F/M, PIP, STX

AM, ENQ, CIP, GM, STX

AM, ENOQ, CIP, F/IM, §TX

AM, ENO, CIP, PIP, §TX

AM, ENQO, GM, F/M, §TX

AM, CZ, CAZ, ENQ, PIP, §TX

AM, ENO, CIP, F/M, PIP, §TX

AM, CZ, FOX, CAZ, ENQ, GM, F/M, 5TX
Torli 76

DD e D e e B — B — D e () o S P D WA L = o — oo

MM = ampicilling ENO = cnrofioxacing PIP = piperacilling
STX = trimethoprim/sulfa; CIP = ciprofloxacin, CZ = cefazolin;
F/M = nitrofuranrein, CAZ = ceftazidime; GM = gentamicin; FOX =
cefoxirin,

highest multiresistance partern (eight antibiotics) and was isolared
from the hatchery at the 19th day.

The gentamicin MIC test showed that 70 strains (92.2%) were
sensitive to the lowest concentration of gentamicin, whereas only
three of the strains were sensitive ta 12,5 pg/ml. Sevenry-fve percent
of the strains were sensitive o <1.6 pg/m! of kanamycin/ml and
23.7% (n = 18) sensitive to 250 pg/ml. In contrast, most of the

C. C. Rosario et al,

strains were resistant o wiracycline: only 9.2% (v = 7} were
inhibired with 3.12 jig/ml and 88.2% (» = 67) of the isolates were
resistant 1o 250 pg/ml.

In vitro invasiveness assay. Cyrotoxic cffects, including
distortion of size or shape, disruption of membrane, vacuolation,
nuclear damage, altered stining properties of nucleus and
cyoplasm, and/or detachment of monolayer were seen in the
HEp-2 cell preparations. The predominant alterations were the
changes of shape and saining (Fig. la) compared with the negative
control (Fig. 2). The percentage of cells infecred by the different
suains s presented in Table 5. A common feature in all the
prepacations was that the size of the bacteria observed in the HEp-2
cells was smaller than the positive conrrol (Fig. 1a,b), Although in
most of the specimens, a parrial detachment was scen, 15 strains
invaded more than 30% of the cells, causing the farmation of
intercellular bridges or flipoidal-like prorrusions (Fig. 1b). In 10%
of the preparations, the monolayer was completely derached.

DISCUSSION

EIEC and Shigella species are considered to be closely related
{43,47,52,66,73,79,83.84) and, for seme time, it has been clear thar
they could be placed in the same species (66). Both are generally
fysine decarboxylase negative, nonmorile, and lactose negative
(7,47,52,73,83). Our results showed that, despire carrying the ipafH
gene characreristic of the EIEC group, our strains do ot share the
characteristics mentioned above.

Although only a few authors report EIEC strains able 1o
decarboxylate lysine (30,47,76,83), our resulis showed thay 98.6%
(n = 75) of the studied straing were lysine decarboxylase positive.
Regarding marility, 67.1% (43/51) of the fpafH+ strains were motile;
this finding has been previously detected by some authors, who
idenrificd motile strains belonging to the EIEC group (7). In a study
performed in Thailand (83), EIEC strains isclated from children
with diarrhea were analyzed for lactosc fermentation and the
percentage of positive strains was higher (65%) than lacrosc-negative
EIEC strains (35%); similarly, in the present work, all ipaFH strains
analyzed exhibited a positive lactase reaction. Therefore, the
analyzed strains in the present study seem o belong to a different
group than EIEC because they do nor share these biachemical
characreristics, Serotypes such as O28ac; 029, 042, O112ac; O124,

Fig. 1. {a) HEp-2 mammalian culture infecred with £ ¢off, Host cells exhibic incracellutar bacreria. (b) Filipoidal-like pratrusions in HEp-2 cells in
an in virro invasiveness assay. Specimens were stained wich Giemsa dye, Magnification 100x.
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Fig. 2. Negative control of HEp-2 mammalian culture infected with £ cofi (HB 101 K-12). Specimens were stained with Giemsa dye.

Magnification 100X,

0136, 0143, Ol144, 0152, Q159, Q164, and O167 are considered
as classical EIEC strains (7,43,44,52,76,79.83). However, in this
study, only two af our ipaf+ strains were included in chose groups,
and 96% belonged ro orher serotypes,

In poultry diseases, the serogroups most frequently identified are
01, 02, O78, and O unrypeable (2,27,29,31,38,63,64). In the
present study, Q2 (# = 20} was the mast common serogroup
followed by OR (# = 11) and O (n = 10). Barnes et al, (4)
mentioned that most serotypes isolated from poultry are pathogenic
only for birds; conversely, some O2 sirains have been associated with
urinary tract infections and meningitis in humans. Thus, the clonal
relationship among E. ¢ofi strains is nat necessarily reflected by their
serotype (1,12).

It has been reported thar humans and subhuman primates are the
only natural hosts for EIEC strains (30,51). However, the ipal+
strains analyzed in the present study were isolated from pouliry
samples. This fact, along with the differences found in the
biochemical and seroryping tests, suggests thar our strains belong
to specific clones that possess particular traits that make them able o
cause disease in poultry,

Avian pathogenic £ coli strains have been grouped as APEC
(9.13,15,17,18,81). However, omphalitis and valk sac infection
isolates frequently are nor included in this group because some
authors have mentioned that these strains are just opportunistic and
nonpathogenic agents (18,19).

Several scudies have shown thar pathogenic avian E. coli strains
produce colicins, which could be implicated in in vive pathagenicity
(8,16,20,21.25,27,35,63); bur this trait is not shared by EIEC strains
(22), whereas 66% of the ipatt+ strains analyzed in this study were
colicinagenic. Col V., an 88-amino-acid polypepride (87), is onc of

the most common among 20 known colicins (86). 11 is found
primarily among virulent bacteria implicated in extraintestinal
infections in bath humans and animals (44.78.86) and is relared
to the high morality abserved in the embryo lethality assay (27),
This colicin could be considered as a virulence trir hecause i
contributes 1o the elimination of competing  microorganisms
(3,11,65). Moreover, Col V was able to inhibit the growth of
several Shiga-like-roxin-producing strains (37). Therefore, calicing-
genic bacteria have an overall comperitive advantage over colicin-
susceptible wild-type baceria, even if the colicinogenic bacteria are
initially rare (3,25,34,42,62). On the other hand, the presence of
Cal V could indicate the presence of other virulence factors because
Col V plasmids encade for other traits (36,44,81,86). In this study,
48.7% of the strains produced Col V, which is lower than che
percentage  of colicinogenic  strains  found in  other reports
(35.49.65,86), where colicin praducers arc berween 72% and

Table 5. HEp-2 invasiveness assay in ipaff+ £. colf scrains isolared
fram yolk sac infection.

% Hosr cell infecred Neo. of seraing (%)

15-20 15 {1}.7)
21-25 20 (26.3)
26-30 18 (23.7)
31-35 5 (6.6)
36-40 3(4)
>40 7 (9.2)
MDA 8 (10.5)

A
Monolayer decachment,
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87%. However, our results agree with a similar study performed in
Mexica {67).

Lior (44) mentioned that there is no correlation berween serotype
and colicin production because colicins are plasmid-encoded and
potentially any strain could gain or lose these plasmids (44). In the
present study, it was observed that most of the strains belenging
to the O2 serogroup produced at least one colicin type, whereas
OB4 strains only produced colicins diffecent from Col V.

Since 1950, control measures for £. csfi-associated discases have
depended mostly an the prophylaciic and therapeutic use of cerwain
antibictics, However, this practice has provided a selective pressure
for antimicrobial resistance gencs and, as a consequence, many
bacteria associated with chickens and poultry meat are resistant o
antimicrobial agents (5,14,24,40,55). The increasing resistance
observed among avian strains has received considerable incernational
attention (14,40) because they arc a porential source of virulence
genes that could be ransmitted (4,12,58),

In the present study, 64.5% of the strains were ampicillin
resistane. Besides the common and widespread use of ampicillin in
the poultry industry, Bass er al. (5) presumed that the resistance
against this antibictic could be a reflection of cross-resistance w
ceftiofur, a rthird-generation cephalosparin currently available as
a therapeuric for poultry, In fact, we found resistant swrains against
other cephalosporins hot currently used as therapeutic agents in
avian medicine, such as cefazolin, cefrazidime, and cefoxirin.
Resistance to two or more classes of antibiotics is now commonplace
in both vererinary (33) and human medicine (8). An efficient roure
of acquisition and vertical and horizontal dissemination of resistance
dererminants is through mabile elements, including plasmids, trans-
posons, and gene cassettes in integrons (68). Johnson e #f (36)
analyzed the relationship berween virulence and resistance in plas-
mids, finding that a 30-kb region contains genes encoding for ampi-
cillin resistance; thus, these mobile components could be impaortant
in the pathogenesis and evolution of APEC strains.

Enrofloxacin, a fluorinated quinolone, was developed exclusively
for use in animals, whereas ciproffoxacin is a porent ancimicrobial
agent used in human therapy (32,69). In the presenc study, high
rates of resistance to- borth antimicrobials (55.3% and 47.4%,
respectively} were observed. This finding could be due to a cross-
resistance amaong these Auoroquinolones or because enrofloxacin is
partially merabolized in the chicken liver to ciprofloxacin (32).
Several studies have reported an increase in the resistance ro
quinolones; however, the percentages in those cases are generally low
compared with the percentages cbserved in this study (12,55).

Several studies have shown that most of the isalated strains from
avian colibacillosis are resistant to retracycline and to different sulfon-
amides (5.12,14,40,58,63,81). Qur resules show a high number of
resistant serains against tegracycline (BB 2%). Moreover, several
STraIngs were resistant against andmicrobials not eurrentdy used in the
poultry industry; similar indings have been reported previously and
could be associated with cransferable plasmids (14,36).

Tt has been decumented that gentamicin resistance may be due w0
the inclusion of this antibtotic with the Marck’s vaccine, admin-
istered to almost all poultry /n ovo in other countries (5). In our
study, most of the isolates (93.4%) were sensitive to this antibioric.
This result was important because this antibiotic is used in the
invasiveness assay ro climinace bacteria that remain outside the cells,
that is, noninvasive bacteria (50,57,82),

A relationship berween virulence and resistance to antibiatics has
been discussed recently (46}, The development of resistance and
virulence are bath adaptive mechanisms acquired to enhance survival
under stressful conditions {36). Therefore, the widespread dissem-
ination of antibiotic resistance among bacterial populations could
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maintain or even increase the number of harmful hacteria involved
in infections,

Of particular interest in our study wus the high incidence of
multiple-drug-resistant strains. Whereas only eight strains were
sensitive to all the wested antibiodcs (Table 4) and two were resistant
o one antimicrobial, 87% (»# = G6) were resistant ta more than two
antibiatics. The recovery of the muldiple-drug-resistant strains from
food animals has been widely documenced (53,12,41,60). In partic-
ular, E coli isolated from rerail meas have been found resistant
to frontline therapeutic antimicrobials, such as trimethoprim-
sulphameroxazole, third-generation cephalasporins, and ﬂouroqui-
nolones (75).

Invasion ts defined as a transfer of the agene from one celi
another of the same tissuc or passage across a membrane basrier
to infect another tissue. Shigella spp. and EIEC have the ability w©
invade guinea pig conjuncriva {Sereny tesy) (7,80). However, since
the carly 1970s, increasing attention has been focused on the use of
cell culeure assays (48,50) because they represent a uniform experi-
mental system under which complex biological phenomena can be
studicd with defined conditions (57).

An initial report stated that it is necessary that a smooth sematic
antigen be expressed for invasivencss to occur (23); however,
Okamura ¢ al (59) concluded that oligosaccharides of both O
antigens and rough cores of lipopelysaccharides (LPS) in Shigella
spp. strains do not affect the ability of an invasive strain 1o penerrate
tissue culture cells. Our observations support Okamura's work
because all of our strains were paositive for the invasiveness assay
despite some of them (n = 1) expressing a rough LPS (OR strains).

Most of the expected cytopathic characreristics were seen in the
evaluated preparations. A common feature among ipald+ strains was
the change of shape of the mammalian cells and alrered staining
properties, as well as disruption of the cell membrane (Fig. 1.b).
Sometimes data could not be obtained because the monolayer
detached from the slide during the infection phase (n = 8).
Detachment produced by invasive suains may be ateributed 1o
cytotoxin production (48).

A remarkable result was thar bacreria inside rhe cells were smaller
than EIEC human strains; in fact, when a Gram-stained preparation
was made frem fresh cultures, the size of the bacteria was similar to
those observed within mammalian cells. It is known that invasicn
phenotype is temperature regulated, requiring 37 C for growth
{79,80). In fact, culrure conditions, such as bacterial growth media,
temperature, oxygen, growth state, can aler the assay (82). A
pessible explanation for the reduced size of the bacteria could be the
source of isclation because our strains were recovered from poulrry,
for which body temperature is around 40 C. Obviously, APEC
strains are adapred o cause damage under this condition, and the
change of the environment could affecr their size,

An important finding was thar most of the analyzed strains
produced extensions of the cyroplasm (Fig. 1h). These surface
extensions are induced by Shigeltz spp. and EIEC {10,56,74,77.85).
After the enuy, the bacterium rapidly lyses the phagosomal
membrane, multiplies freely in the cytosol, and, during this
multiplication step, the bacteria can move intracellularly, teading
to the formation of celtular prowusions thar are driven by the
bacrerium and propel it into adjacent cells {10.28,48,56,74,85).

The current study has defined seme characreristics of virulent
E. coli strains assaciated with yolk sac infection and strongly suggest
the existence of a limited number of clone complexes that possess
particular traits that make them able (o cause discase in poultry.
Moreover, because maost of our strains belonged to serorypes not
previously reporred as EIEC, this study provided the opportunity w
study the role of specially adapred clones of extraintestinal-invasive
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E. coli (ExIEC) strains able to be implicated in poultry diseases. To
our knowledge, this is the firsc study char demonstrates the presence
of ExIEC related to EIEC strains in a host different from primates,
including humans. This information may be useful in improving our
understanding of the pathogenesis of ExIEC infections. Further
study is needed in order to establish the clanal relationship berween
avian ExIEC strains and classic EIEC and APEC strains,
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