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MM Navia Introduccion

1.1 Breve historia de los agentes antimicrobianos

De manera inconsciente e indirecta, el ser humano ha utilizado sustancias con actividad
antimicrobiana desde épocas prehistéricas. Buscando la sanacién de heridas y enfermedades,
se utilizaban emplastes e infusiones de preparados con plantas y elementos que tenian a su
alcance, algunos de ellos con actividad antimicrobiana. El uso de las diferentes plantas con fines
terapéuticos, por parte de nuestros antepasados, se hacia de manera empirica, basandose en la

observacién y utilizando un método de ensayo y error.

El primero en buscar activa y cientificamente sustancias con actividad antibiética, fue el
médico aleman Paul Ehrlich, considerado el padre de la quimioterapia. Dedicd su vida a la
quimica, especificamente a la busqueda de colorantes con alguna actividad terapéutica. Sus
grandes aportaciones fueron dos: 1) la primera modificacion de un nicleo terapéutico mediante
substituciones quimicas (intentaba con ello eliminar la alta toxicidad del atoxil, derivado
arsenical) obteniendo moléculas sintéticas capaces de unirse selectivamente al microorganismo
patégeno y 2) el desarrollo de una experimentacion cientifica en terapéutica, probando sus

compuestos en animales previamente infectados.

Otro aleman seguidor de los trabajos de Ehrlich, el Dr. Gerhard Domagk, fue el
descubridor en 1932 de la primera molécula con actividad antibacteriana probada: el protonsil
(una sulfamida). En 1935 se introdujo en la clinica, inicidandose asi la era de las sulfamidas y
convirtiéndose en uno de los mayores avances de la medicina y del tratamiento de las
infecciones (Domagk, 1935). Gerhard Domagk recibié el premio nobel de medicina en 1947 por

su descubrimiento.

Previamente, Fleming habia descubierto la penicilina (Fleming, 1929). Su hallazgo fue
casual y solo un hombre metédico y de mente abierta como él supo ver la importancia en lo
que otros habrian descartado como un * molesto accidente ”. Tal vez por ello, Fleming no fue

plenamente consciente de la magnitud de su hallazgo, y el estudio de su uso terapéutico se
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Introduccién MM Navia

retrasé hasta 1939 cuando H.W Florey encontré la manera de purificar grandes cantidades y
empez6 a darsela a sus pacientes
Fleming y Florey recibieron en 1945 el Premio Nobel de Medicina, por el descubrimiento y
desarrollo clinico de la penicilina.

Un dltimo premio Nobel fue dado por el descubrimiento y desarrollo de un antibiético a
Selman Waksman, por el descubrimiento en los afios 40 de la estreptomicina y su aplicacién
como tratamiento de la tuberculosis. Desde entonces son muchas las moléculas que se han

descubierto (en la Tabla 1 se hace un resumen de los grupos de antibiéticos mas relevantes).

Tabla 1.- Introduccién en la practica clinica de los grupos de antibiéticos mas relevantes.
(Tomado de Ruiz, 1998)

Afios Moléculas
40 Estreptomicina
50 Primeros macrélidos, Tetracilclinas, Cloranfenicol
60 Cefalosporinas, aminoglicdsidos, quinolonas
70 Glicopéptidos
80 Fluroquinolonas, Carbapenems

1.2 Problematica de la multiresistencia.

Desde la introduccion en clinica de las sulfamidas en 1939, el uso de los
antimicrobianos ha significado un gran avance en la medicina moderna, siendo una de las
estrategias mas importantes en el control de las enfermedades infecciosas, otrora la mayor
causa de mortalidad y morbilidad en el mundo. Sin embargo, a lo que en un principio parecia
ser una solucién definitiva, pronto se le descubrié que tenia un talén de Aquiles. Al existir
sustancias bacteriostaticas y bactericidas en la naturaleza (el mejor ejemplo siendo tal vez la
penicilina), las bacterias poseian ya mecanismos mediante los cuales eran capaces de evadir o
inhibir su efecto. En otras palabras, tenian mecanismos naturales de resistencia, que en
presencia de nuevas sustancias antimicrobianas, han ido evolucionando hasta volverse eficaces

frente a las nuevas moléculas que se han ido desarrollando o descubriendo. A su vez, el mal

14



MM Navia Introduccion

uso y abuso de estas sustancias, ha ejercido una presion de seleccién que ha contribuido a que
dicha evolucion natural se desarrollase con mayor rapidez. Es asi como, por ejemplo, tan solo
cinco afos después de la introduccién de la penicilina en la practica clinica, ya se observaba un
14% de resistencia entre aislamientos nosocomiales de Staphylococcus aureus, que en su
introduccién eran 99% sensibles (Towner, 1995). Hoy en dia, més del 90% de los S.aureus son

resistentes a la penicilina, como resultado de la produccion de B-lactamasas (Sefton, 2002).

Aunque el problema de la resistencia es casi inherente al de las infecciones, lo cierto es
que la dimensién del problema y la velocidad a la cual la resistencia es desarrollada varia de un
microorganismo a otro, dependiendo también del nivel de transmision en un drea determinada
y del antimicrobiano en cuestién. De la misma manera, los diferentes esfuerzos para intentar
controlar y en Ultima instancia disminuir la resistencia, no siempre han alcanzado su objetivo
(Lipsitch, 2001). Los determinantes de la velocidad a la cual una poblacién bacteriana responde
a las reducciones en el uso a un antimicrobiano parecen estar directamente relacionados con el
coste que para la supervivencia (“fitness”) del microorganismo tiene el mantener los
determinantes de resistencia. Asi pues, si el ser resistente implica un coste sustancial en la
transmisibilidad del organismo, lo esperable es que una vez desaparezca la presién de
seleccion, la poblacion resistente sea reemplazada por una susceptible. En caso contrario, si no
supone un coste o si los determinantes de resistencia son adquiridos (en elementos
transponibles) por bacterias que ya de por si son altamente transmisibles, la reversion del

problema sera como minimo mas lenta y cada vez mas dificil (Lenski, 1998)

1.3 Factores que favorecen el desarrollo de la multirresistencia

Aunque el desarrollo de resistencias es un mecanismo evolutivo natural, existen
factores socio-econémicos que favorecen su aparicion y aceleran el proceso de seleccion natural
de cepas multirresistentes. Probablemente las dos factores principales que contribuyen en el
desarrollo de resistencias entre los microorganismos son el mal uso que se hace de los
antimicrobianos y la venta de productos de mala calidad. El mal uso se da tanto en paises

desarrollados como en paises de baja renta (PBR). En paises desarrollados es comtn la venta
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de antimicrobianos sin receta médica en farmacias que facilita el que los pacientes se
“autoreceten” con farmacos y posologias inadecuados. También se da, en todo el mundo, su
mal uso entre los mismos médicos, que los prescriben en casos innecesarios, como en el caso
de infecciones virales (Sefton, 2002) o que prescriben antibiéticos influenciados por sus habitos
y sin tener en cuenta los patrones de resistencia en la zona. En PBR, principalmente en zonas
rurales, también se da el caso de su mal uso en manos de sanadores o personal con
entrenamiento muy limitado. Es aqui también donde, debido a la falta de controles de calidad y
a la especulacién, es comin que se dé el segundo factor: la circulacion de productos de mala
calidad. Estos pueden ser productos degradados, adulterados o con una concentracién de

principio activo inadecuada (“diluidos”).

Existen otra serie de factores que favorecen ya no la aparicién sino la diseminacion de
los microorganismos resistentes. Las mas obvias son el hacinamiento y la falta de higiene,
normalmente asociadas a la pobreza. Situaciones tales como los conflictos armados que no solo
acaban con los sistemas de salud en una regidn sino que también propician los
desplazamientos, las concentraciones humanas en campos de refugiados y que empobrecen
aun mas a poblaciones ya de por si en un estado critico, favorecen también la aparicién de

epidemias de muy dificil control (Okeke et al, 1999).

1.4 Mecanismos responsables de la adquisicion de resistencia

La resistencia a los antimicrobianos puede ser natural o adquirida. La natural se da aln
en la ausencia de presién selectiva de antibidticos e implica que no todas las bacterias son
susceptibles a todos los antimicrobianos. Asi por ejemplo, las Enterobacterias, tienen una
resistencia intrinseca a la penicilina, puesto que la membrana externa de estos
microorganismos impide el paso del antibidtico al interior celular. Otro ejemplo de resistencia
intrinseca en las Enterobacterias es la que presentan algunas especies de Morganella morganii,
varias especies de Serratia y algunas de Proteus a las polimixinas.

La resistencia adquirida es la mds preocupante, pues a diferencia de la intrinseca,
puede llegar a ser transferida de un microorganismo a otro, generando un fendomeno de
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aumento de los niveles de resistencia por diseminacion de los mecanismos que generan la

misma.

A nivel bioquimico, los mecanismos pueden dividirse en cinco grupos principales,
resumidos con ejemplos en la Tabla 2, aunque hay que tener en cuenta que dichos mecanismos
pueden solaparse, es decir que la presencia de uno no es excluyente de los demas y de hecho

es comun encontrar varios de ellos presentes en una misma célula bacteriana.

Tabla 2.- Bases bioguimicas de los mecanismos de resistencia a los antimicrobianos

Tipo de mecanismo Ejemplos
Produccion de enzimas B-lactamasas (que inhiben los B-lactamicos)
modificadoras

Enzimas modificadoras de los aminoglicdsidos

Acetil-cloranfenicol transferasa

Modificacion de la diana Modificacion de las topoisomerasas (resistencia a las
quinclonas)

Adquisicién de un sistema de | Resistencia al trimetroprim
bypass . .
Resistencia a las sulfamida

Reduccion de la permeabilidad | Resistencia al imipenem en Pseudomonas aeruginosa
de la célula

Expulsién activa del Resistencia a la tetraciclina
antimicrobiano

1.4.1 Produccién de enzimas modificadoras / inactivantes del

antimicrobiano

La produccion de enzimas modificadoras confiere resistencia a una cepa, como su
nombre lo indica, por la modificacion y consecuente inactivacion del antimicrobiano en cuestion.
Es un mecanismo especifico, limitado por el rango de accién de la enzima. El ejemplo tipico de
adquisicion de resistencia por la produccién de enzimas modificadoras es la resistencia a los B-

lactamicos, mediada por las B-lactamasas.
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Tabla 3.- Ejemplos de Betalactamasas con especial relevancia en clinica.

‘|algunas cepas

mlnlmamente y nu afecta ceﬂazndlma}

s C!éslﬁcadén
Inhibicion |gagin Bush, Especies
Enzima Producccion Sustrato . por Jacob
Saviilind acoby y bacterianas
| clavuianico | Medeiros
- Crormsomminduuble : SRS R
|Mutaciones pueden : . Enterobacter spp
AmpC Topuiievir s tna Principalmente cefalosporinas, pero NO 1 M.morganii
ol |tambien penicilinas P.aeruginosa
{sobreexpresion ; Serratia y otras
constiutve | B
E co,-‘i y otfas
) 1Penicilinas y cefalosporinas de prlmara 2b Enterobacterias,
TEM1  [Plasmidica Joenemdén 8l H.influenzee,
1 N gononhoaaae
; Ee e ; E.coli
TEM-3..>100 | i {Penicilinas, cefalosporinas (incluidas
|Plasmidica i A SI 2be |Klebsielia
(BLEAS) : } cefotaxima, ceftazidima), aztreonam Iy Dtas Enterubaetenas
y i , E.coli
TEM-variantes " |Penicllinas, cefalosporins (incluidas
Plasmidica : ; NO 2br Klebsiella
(IRT) y :oefotaxlma. ceftazidima), aztreonam. \y otras enterobacterias
Penicilinas y cefalnsporinas de primera
SHVA Cromosomica lgeneracién. Monobactamicos | Si 2b K.pneumoniae
SHV-2...>50 . |Penicilinas, cefalosporinas (incluidas .
(ESBL) [Pasmidica lesfotaxima, cettazidima), aztreonam 8 20 |Kanenonies Eol
i E.coli
CTX-M1..>10 |Penicilinas, cefalosporinas (incluidas i
] Plasmidica : X Sl 2be Klebsiella
(BLEAS) . cefotaxima, oeﬂazldnna} aztreonam | 1y oiras Enterobacerias
; A | Peniciinas y cefafaspannas de E.colly otras '
OXA-1 Pla.Sfl.'Ifdl  |primeras generaciones NO 2 Enterobacterias
OXA-10...>30 . ’ |Penicilinas, cefalosporinas (incluidas ]
(ESBL)  |F'asmidica cefotaxima, ceftazidima), aztreonam NO 2de  |P.senginosa
X |Penicilinas cefalosporinas (en caso de
Cromosdmica ]
K1 ! |sobreexpresion afecta cefuroximay - '
(ESBL) |sobreexpresion en Jazireonam, cefotaxima solo i Sl {2be : K.oxytoca

Las B-lactamasas son enzimas capaces de hidrolizar el enlace amida del anillo

betalactamico de este grupo de antibidticos. Hasta la actualidad se han descrito alrededor de

trescientas enzimas diferentes, siendo catalogados como el mayor éxito estratégico-evolutivo de

los microorganismos en la lucha contra los antimicrobianos (Cantdn et al, 1999). No existe en la

actualidad ningln B-lactdmico que se escape a la accién de al menos una de estas enzimas.
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La clasificacion y nomenclatura de las B-lactamasas ha cambiado varias veces desde su
descubrimiento, habiendose propuesto varios esquemas para clasificar esta amplia familia de
enzimas. El primer acercamiento fue el de dividir las B-lactamasas en penicilinasas que
hidrolizaban las penicilinas y cefalosporinasas que hidrolizaban las cefalosporinas. Mas tarde se
tuvieron en cuenta la posicion de determinantes genéticos (si plasmidico o cromosdmico), asi
como puntos isoeléctricos o informacién sobre la cinética de las diferentes enzimas. Sin
embargo, en todas estas clasificaciones habfa anomalias, que con el desarrollo de técnicas de

biologia molecular — especificamente la secuenciacién - han podido ser finalmente resueltas.

La nomenclatura y el sistema de clasificacion que se utiliza actualmente es la
propuesta por Bush, Jacoby y Medeiros en 1995 y que de alguna manera logra aunar criterios
de clasificaciones anteriores, En él, se dividen las B-lactamasas en cuatro grupos. En el grupo 1
estan las betalactamasas de Gram negativos, que hidrolizan preferentemente las cefalosporinas
y no son inhibidas por el acido clavulanico. Incluye betalactamasas cromosdmicas constitutivas
(Amp C de E.coli), inducibles (de Citrobacter, Serratia, P.aeruginosa, Enterobactery Morganella)
asi como otras de caracter plasmidico resultado de la incorporacién de genes cromosémicos en

plasmidos (MIR-1, FOX-1).

En el grupo 2, el mds numeroso y heterogéneo, estan las betalactamasas que
presentan un residuo de serina en su centro activo. La mayoria de ellas son inhibidas por el
acido clavulanico. Incluyen las penicilinasas de Gram positivos, las betalactamasas plasmidicas
clasicas de Enterobacterias (TEM-1, TEM-2, SHV-1), betalactamasas de espectro ampliado
derivadas de las plasmidicas clasicas, oxacilinas clasicas (OXA-1, PSE-2etc) y de espectro
ampliado (derivadas de las clasicas) eﬁtre otras. En el grupo tres estan las metaloenzimas
cromosdmicas, que requieren zinc para ser funcionales, no son inhibidas por el acido
clavuldnico y tienen capacidad de hidrolizar los carbapenems. Finalmente el grupo 4 reune a
todas aquellas enzimas que no reunen caracteristicas para estar en ninguno de los otros tres
grupos y cuya caracterizacion estd aun por terminar. En la Tabla 3 se muestra un resumen de

las betalactamasas més relevantes desde el punto de vista clinico.
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Otro ejemplo de enzimas modificadoras son las que confieren resistencia a los
aminoglicésidos. Se trata del mecanismo mas importante y de mayor trascendencia clinica en
cepas resistentes a los aminoglicésidos, aunque dicha resistencia puede deberse también a
otros mecanismos tales como a alteraciones de la permeabilidad o modificaciones de la diana
(en este caso el ribosoma). Estas enzimas actlian sobre los grupos amino o hidroxilo de los
aminoglucésidos, generando compuestos inactivos incapaces de cumplir su funcién a nivel del

ribosoma. Se dividen en tres grupos dependiendo de su modo de accién (ver Tabla 4).

La cloranfenicol acetil transferasa, que inactiva el cloranfenicol por o-acetilacién (Shaw
et al, 1997) es también una enzima modificadora. En el caso del fenotipo resistente al
cloranfenicol también se ha descrito una implicacién de otros mecanismos, especificamente un
aumento de la expulsién activa o la disminucién de la permeabilidad (principalmente mediada
por la sobreexpresion del gen cmlA) (Bissonette et al., 1991; Cohen et al., 1989). Sin embargo,
al igual que con los aminoglucdsidos o las betalactamasas, es la resistencia por enzimas

modificadoras la mas importante y relevante desde el punto de vista clinico.
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Tabla 4. Enzimas modificantes de aminoglucdsidos mas frecuentes

(tomado de Canton et al., 1999)

Enzima modificante Perfil de Microorganismo
modificacién

Acetiltranferasas - acetilan grupos amino del
aminoglucosido. Proceso acetil-CoA dependiente

Gm, Tb, Nt, Nm,Pm Providencia stuartij, Proteus
Gm, Tb, Nt, Nm, Km, Ak | rettger

AAC(2) &
terobacteriaceae,
AAC(E) Gm, Tb, Nt Pseudomonas
AAC(3)1 Gm, Km, Tb, Nt Staphylococcus, Enterococcus
AAC(3)-II Gm, Km, Tb, Nt, Nm ?eaum _
nterobacteriaceae,
AN Pseudomonas
Enterobacteriaceae
Pseudomonas
1 iitransferasas (o adeniltransferasas) -
transfieren un nucledtido monosfostato desde un
nucledtido trifostato a un grupo hidroxilo del
antibidtico. Proceso ATP dependiente
ANT (3") Str 14111 Enterobacteriaceae,
ANT (6) Str Pseudomonas
ANT (2") Gm, Km, Tb 14.1.1.2 Staphylococcus,
ANT (4) (4 Km, Nm, Pm, Tb, Ak Enterococcus
faecium
Enterobacteriaceae,
Pseudomonas

14113 Staphylococcus

Fosf r - fosforilan grupos hidroxilo.

Proceso ATP dependiente

APH (37 Km, Nm, Pm, (Ak) Enterobacteriaceae,
Pseudomonas,

APH(2")-AAC(6") Gm ,Km, Tb, Nt, (Ak) Staphylococcus, Enterococcus

APH(3") Str faecalis
Staphylococcus, Enterococcus

APH(6) Str 14114 Enterobacteriaceae,

Pseudomonas

Staphylococcus, Enterococcus
Pseudomonas

Gm:gentamicina, Tb:tobramicina, Nt:netimicina, Nm:neomicina, Km:kanamicina, Ak:amikacina, Str:estreptomicina,
Pm:paramomicina ()aminoglucdsido no siempre modificado
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1.4.2 Modificacion de la diana

La resistencia por modificacién de la diana se da cuando, en la cepa resistente, se
modifica el receptor para el antimicrobiano de manera que este Ultimo ya no puede ejercer su
efecto. La resistencia a las quinolonas es un ejemplo de dicho mecanismo. Las quinolonas son
antimicrobianos que inhiben la acciéon de la ADN girasa y la Topoisomeras II, enzimas
esenciales involucradas en el control de la configuracién helicoidal del ADN. La unién entre la
quinolona y la ADN-girasa o la Topoisomerasa II se da con la ayuda de iones magnesio, en
puntos muy especificos. Las cepas que han desarrollado resistencia, presentan mutaciones en
uno o mas de estos puntos de “fijacién” de manera que el complejo Quinolona-Topoisomerasa
no puede darse y por lo tanto la enzima no es inactivada. Otro ejemplo de resistencia por
modificacién de la diana es el de la resistencia a las penicilinas por modificacién de las proteinas

fijadoras de penicilina ( "Penicillin Binding Proteins” o PBP).

1.4.3 Adquisicion de un sistema de bypass

Si en vez de mutar la diana, el microorganismo obtiene una enzima que sustituya en
funciones la que esta siendo bloqueada por la accién del antimicrobiano y que a su vez sea
resistente a la accién de este, logrard evadirse del efecto letal del antibidtico y sobrevivir. Los
genes para estas “enzimas alternativas” suelen ir a menudo codificados en elementos
transponibles, tipo plasmidos o transposones, de manera que se trata de un mecanismo de
resistencia de dispersion facil. Ejemplos de este tipo de mecanismo lo presentan los genes de
dihidrofolato reductasas codificados en plasmidos, trasposones e integrones, que confieren a las

bacterias que los reciben resistencia al trimetroprim.
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DHERVII

DHFRX

No asociados a un
DHFRIX integron

e DAFROL
—— S Famili3

Familia 1

L&)

Figura 1.- Arbol filogenético consensuado que compara la secuencia de 14 enzimas DHFR
. (Tomado de White et al., 2000.)

Hasta la fecha se han descrito al menos veinte clases diferentes de genes dfr (Amyes &
Towner, 1990; Thomson, 1993). Las enzimas codificadas difieren entre si y pueden ser
distinguidas por su diferentes propiedades bioquimicas y biofisicas. White y colaboradores
(2001) han construido un arbol filogenético basandose en la secuencia de 14 de los genes
(Figura 1), identificando dos tipos de DHFRs: aquellos que se encuentran como cassettes de

integrones (familias 1 y 3), y aquellos que no (familia 2).

1.4.4 Reduccién de la permeabilidad de la célula

La impermeabilidad de una célula puede deberse bien a una estructura especifica de la
membrana o a un cambio de la misma. En la Figura 2 vemos la diferencia entre la membrana
de un bacilo Gram positivo y otro Gram negativo. Los primeros estan rodeados de una pared
celular conformada por una sola capa de peptidoglicano. Aunque mecanicamente fuerte, esta
membrana no provee mucha proteccién contra los antibidticos pues estos en su mayorfa son

hidrofébicos y pueden difundirse a través de la misma (Nikaido 1994). Las bacterias Gram
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negativas en cambio poseen una pared celular compuesta por varias capas de peptidoglicano,
lipopolisacéridos y proteina. Poseen entonces una membrana exterior que provee una barrera
efectiva contra moléculas pequefias. Esta pared externa estd compuesta por lipopolisacéridos

(LPS) haciéndola menos fluida que la tradicional membrana de fosfolipidos.

Figura 2.- Imagen comparativa de la estructura de la pared celular de una bacteria Gram
negativa (izquierda) y una Gram positiva (derecha). Amarillo, peptidoglicano; violeta, proteina;
verde, acido teicdico; marrédn, fosfolipido; naranja, lipopolisacérido.

Tomado de www.apsnet.ora/education/K-12PlantPathways/TeachersGuide/Activities/DNA

La pared externa de los Gram negativos, posee porinas que permiten la entrada de
nutrientes a la célula. Como resultado de la pérdida de porinas, la membrana celular externa
suele tornarse aln mas impermeable al paso de moléculas hidrofilicas, confiriendo asi una
mayor resistencia a la bacteria. Se trata por lo tanto de un mecanismo que suele ser

relativamente inespecifico. Existen ademds especies bacterianas, como es el caso de
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Acinetobacter baumannii, que tienen constitutivamente una membrana mds impermeable, lo

cual les hace intrinsecamente resistentes a muchos antimicrobianos.

1.4.5 Expulsion activa del antimicrobiano

A diferencia de la impermeabilidad de la membrana, que es un mecanismo pasivo, la
expulsién del antimicrobiano es un proceso activo, es decir que requiere del consumo de
energia por parte de la célula. En él estan involucradas las llamadas bombas de expulsion. Estas
estructuras estdn compuestas por tres o0 mas unidades que, acopladas a la membrana celular,

expulsan el antimicrobiano a medida que va entrando.

Antibiético
Canal de expulsion

Membrana extemna

¥
1
I
|
_,-"'/ u Periplasma

Membrana citoplasmatica

Figura 3.- Sistema de expulsién activa. Esta formado por tres proteinas,
un transportador situado en la membrana citoplasmética, una estructura similar a una porina
situado en la membrana externa que acta como canal de expulsion
y una lipoproteina hidrofilica de unién entre las otras dos.
( Modificado de Nikaido 1994 )

El ejemplo més tipico de resistencia por expulsion activa es la de la resistencia a la

tetraciclina, aunque también se conocen bombas que expulsan antibiéticos tan diferentes como

el cloranfenicol, los betalactdmicos o la eritromicina. La Tabla 5 muestra los sistemas de
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expulsién méas conocidos, los microorganismos en los que han sido descritos y los antibiéticos

afectados.

Tabla 5.- Principales sistemas de expulsién activa descritos hasta el momento.
( Tomado de Cantén et al., 1999.)

Sistema Transportador | Microorganismo Fenotipo de resistencia
MFS (major facilitator Nor A Staphylococcus aureus Cloranfenicol, quinolonas,
i i
superfamily) Qac A Staphy —— puromicina
Tet L Bacillus subtilis Amonios cuaternarios
Bmr Bacillus subltilis TERddres
Cloranfenicol, quinolonas
Otrg Streptomyces rimosus puromicina, bromuro de etidio
Erm B Escherichia coli Oxitetraciclinas
Acido nalidixico
RND (resistance nodulation | Mex B Pseudomonas aeruginosa | Cloranfenicol, quinolonas,
division) AcrB Escherichia coll tetraciclinas, betalactamicos
Novobiocina, eritromicina, acido
fusidico
Smr (Small multidrug QacE Kilebsiella aerogenes Amonios cuaternarios
resistance)
ABC (ATP-binding cassette) |Msr A Estafilococos coagulasa (-) | Macrdlidos

1.4.6 Transferencia horizontal de los genes.

La resistencia permanente puede surgir, bien por la mutacién de un gen o por la
adquisicion de ADN del exterior. Existen tres formas mediante las cuales se puede dar el

intercambio genético entre bacterias: conjugacion transformacién, y/o transduccién.

La conjugacion es el paso del material genético entre dos bacterias, una donante y otra
receptora, por medio de un pili sexual que la primera genera (Cisterna Cancer, 1999). Fue
inicialmente descrita en E.colf por Joshﬁa Lederberg y Edward Tatum en 1946. De los tres
mecanismos de transferencia de material genético, este es tal vez el mas importante, al darse
directamente entre dos células vivas, y ha sido el mayor responsable de la dispersién de

plasmidos con genes de resistencia (Sefton, 2002).
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La transformacion observada por primera vez en 1928 en Streptococcus pneumoniae
por Frederick Griffith, se da cuando la bacteria receptora adquiere ADN exdgeno directamente
del medio ambiente después de que otra bacteria lo ha liberado al exterior. Una vez dentro de
la bacteria receptora, esta lo incorpora dentro de su genoma. Se ha demostrado el paso de
genes de resistencia mediante transformacion (ej. resistencia a la estreptomicina en
S.pneumoniae). Sin embargo, no todas las bacterias son competentes, es decir, no todas tienen

la capacidad de incorporar ADN exégeno mediante transformacion.

Finalmente la ¢ransduccion fue descubierta incialmente en Salmonella typhimurium en
1951 por Joshua Lederberg y Norton Zinder cuando intentaban reproducir el proceso de
conjugacion que se habia descrito recientemente para E.coli La transduccién se da mediada
por ciertos bacteriéfagos que se ocupan de transferir el material genético entre dos bacterias
compatibles. El proceso se da gracias a que de alguna manera, durante el ciclo litico, los fagos
se quedan con material genético de la bacteria que han lisado y posteriormente lo introducen

dentro de la siguiente célula que infectan.

Existen dos tipos de elementos conjugativos que pueden intercambiarse entre bacterias
no relacionadas (ej. Gram positivos y Gram negativos): se trata de los plasmidos y los
transposones conjugativos:

» Los plasmidos son moléculas de ADN extra cromosémico, de doble cadena,
helicoidal y circular. Suelen contener entre 5 y 100 genes y aunque no son
esenciales para el crecimiento bacteriano, pueden aportar una vexntaja afadida
a la bacteria. Es el caso de los plasmidos R, encontrados en bacterias Gram
negativas, que codifican para un pilus conjugativo y multiresistencia a los

antibidticos.

e Los transposones o “genes saltarines” se caracterizan por tener una serie de
genes - entre ellos es comdn encontrar genes de resistencia — flanqueados a

ambos lados por uno que codifica para una transposasa. La transposasa es
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una enzima que cataliza el corte y sellamiento del ADN, permitiéndole al
transposén moverse de un lugar a otro. Los transposones pueden encontrarse

bien dentro del nlicleo bacteriano o dentro de plasmidos.

Los plasmidos y transposones a menudo contienen un tercer elemento genético: el
integrén. Se trata de una estructura que contiene uno o mas genes — llamados cassetes -
flanqueados por regiones conservadas. En los integrones de Clase 1, los mas estudiados, en la
region conservada 5’ se codifica para un promotor que incrementa la expresion de los genes y
una integrasa (/nt ) responsable de la escision e integracién de los cassetes (Figura 4). De
esta manera, los cassetes se convierten en elementos transponibles, moviéndose en bloque, a

pesar de no codificar genes involucrados en su propia movilidad.

@ : attlsite . : attC site

Figura 4.- Estructura y ejemplos de integrones de Clase 1. In0: Integrén base: en el extremo 5’
de la regidn conservada se encuentran el promotor , la integrasa (/int 1)y el sitio de
recombinacién attl, mientras que el extremo 3’ alberga un gen de resistencia al bromuro de
etidio ( gacEA ), otro de resistencia a la sulfamidas sw/I asi como un ORF de funcién
desconocida. In7 e In1, dos ejemplos de integrones con cassettes correspondientes a genes de
resistencia. Un cassette estd compuesto por el gen sin promotor y un lugar de recombinacién
attC.
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1.5 Acinetobacter baumannii

1.5.1 Caracteristicas microbioldgicas

El género Acinetobacter esta compuesto por bacilos Gram negativos, no fermentadores
de la glucosa, catalasa positivos, oxidasa negativos y aerobios estrictos. Inmdviles, a menudo
se les encuentra dispuestos en parejas. Su historial taxondmico estd lleno de cambios,
habiéndoseles denominado con al menos quince nombres genéricos diferentes (Bergogne-
Berenzin & Towner, 1996). La taxonomia actual se debe a Bouvet y Grimont (1986) dentro de
la cual se distinguen hoy en dia 20 genoespecies. De ellas, Acinetobacter baumanii es la més
aislada y aquella con implicaciones clinicas mas relevantes. Sin embargo, existen otras especies
del género capaces de producir infeccion. De Acinetobacter baumannii se han definido 19

biotipos, de los cuales el 1,2,6 y el 9 son los mds aislados en los hospitales (Bouvet 1987)

En el laboratorio crecen en la mayoria de los medios de cultivo. Sin embargo para su
aislamiento a partir de muestras clinicas se recomienda el uso de medios selectivos. El medio
LAM (Leeds Acinetobacter Médium) suele dar buenos resultados, puesto que permite diferenciar
entre los tres tipos de microorganismos que crecen en él: Acinetobacter, Pseudomonas y
Stenotrophomonas (Jawad et al.,1994). Por otro lado, para el crecimiento rutinario y el

mantenimiento de las cepas en el laboratorio, el agar MacConkey es una buena opcion.

La diferenciacion entre la especie A.baumannii y las otras especies que conforman el
llamado complejo A.calcoaceticus- A.baumannii (A.calcoaceticus, A.baumannii y las
genoespecies 1 y 13) que comparten caracteristicas bioquimicas similares, puede ser dificil y
prestarse para confusiones en el laboratorio, Existen métodos comerciales, el mas conocido
siendo el API 20NE, pero no son totalmente confiables. Tal vez los métodos mas sensibles para
la diferenciacién de las genoespecies son los moleculares, principalmente la hibridacion DNA-
DNA en sus diferentes variantes (para una revision ver a Bergogne-Berenzin & Towner, 1996) o
mas recientemente una PCR-RFLP del gen 16S (Gerner-Smidt, 1992). Acinetobacter baumannii
crece bien a 37°C, pero se diferencia de la mayoria de las demas genoespecies (excepto de

A.calcoaceticus y A.lwoffii), en que también es capaz de crecer a 44°C. Recientemente se han
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descrito también cepas de Acinetobacter genoespecie 3 capaces de crecer a esta temperatura

(Ribera et al., 2004)

Figura 5.- .- Foto por microscopia de barrido (SEM — scanning electrén micrograph) de

Acinetobacter baumannii, Tomado de http://mic.sgmjournals.org/content/vol149/issuel12/cover.shtml

1.5.2 Patogenicidad

Se han descrito varios factores que predisponen o facilitan la infeccién por A.baumanni.
Entre ellos los mas relevantes son el haber sido sometido a wuna cirugia, el tener una
enfermedad grave de base (cancer, quemaduras, inmunosupresion) o edades extremas (se

consideran poblaciones de riesgo los ancianos y los neonatos — especialmente los prematuros).

Dada su alta capacidad de supervivencia y su multiresistencia, es de agradecer que la
virulencia de A.baumannii sea relativamente baja (Bergongne-Berenzin, 1997) Sin embargo, se
han determinado ciertas caracteristicas que incrementan la virulencia de aquellas cepas que las
poseen (Bergongne-Berenzin & Towner, 1996):

1) La presencia de un polisacarido capsular. Dicho polisacarido hace que la superficie de la
bacteria sea mas hidrofilica.

2) La capacidad de adhesion a las células epiteliales humanas, gracias a la presencia de
fimbrias o del mismo polisacarido capsular.

3) La produccion de ciertas enzimas que dafian los lipidos tisulares.

4) El papel potencialmente téxico del componente lipopolisacarido de la pared celular, asf

como la presencia del lipido A.
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Adicionalmente se ha demostrado en modelos animales, que en infecciones mixtas con
otras bacterias, Acinetobacter spp. se muestra mas virulento que en infecciones de especies del
género por si solas (Obana,1986). Otro factor de virulencia del género Acinetobacter parece
radicar en su capacidad para captar hierro de su huésped, especificamente por la produccidn de

sideroforos y proteinas de membrana externa receptoras del hierro.

1.5.3 Epidemiologia.

La informacion que se tiene sobre Acinetobacter baumannii no se remonta a mas de
dos décadas, debido a la complicada historia taxondmica de los Acinetobacter. Se trata de un
género ampliamente distribuido en la naturaleza encontrandose en el suelo o en el ambiente.
Diversas especies de Acinetobacter son ademés microbiota normal de la epidermis y mucosas
humanas. Sin embargo, en un estudio con pacientes y controles llevado a cabo en un hospital
aleman, (Seifert et at al) se encontrd que si bien un 75% de los pacientes y un 42,5% de los
controles estaban colonizados por Acinetobacter las especies prevalentes eran A./woffii,
A.johnsonii y el grupo 3. mientras que A.baumannii solo se aisld en tres sujetos. Esta
observacion parece contradecir la creencia comin de que la frecuencia de las infecciones
nosocomiales por A.baumannii son debidas simplemente a que se trata de un microorganismo

frecuente en el medio y habitante natural de la piel humana.

Aunque A.baumannii no se considera un habitante habitual del tracto digestivo de
sujetos sanos (Grehn et al. 1978), en pacientes graves la microbiota intestinal puede verse
modificada y bajo ciertas condiciones estar sujetos a la colonizacion de patégenos exdgenos
responsables de epidemias nosocomiales. En un estudio realizado en el Hospital de Bellvitge,
Corbella y colaboradores (1976) encontraron que tras 30 dias de ingreso en una UCI, la
probabilidad de tener heces limpias de A.baumannii era menor del 25%. Contraria a la alta
colonizacién intestinal de los pacientes, se halldé una baja prevalencia de A.baumannii en
cultivos ambientales, apuntando a los pacientes como el principal reservorio epidemioldgico.

Observaron también que la colonizacién de los pacientes se daba en etapas muy tempranas,
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con un 25% de los pacientes con cultivo positivo tras 48 horas de ingreso y un 75% después de
una semana. La relevancia de la contaminacién cruzada con el personal médico como vehiculo

también fue demostrada con los cultivos positivos de los guantes de latex.

A. baumannii es un patégeno oportunista, y gracias a su capacidad para crecer en
medios muy pobres, por ser capaz de utilizar una gran variedad de fuentes de carbono a través
de vias metabdlicas diferentes, se le puede encontrar creciendo en los mas diversos medios,
animados o inanimados. Asi pues se ha aislado A.baumannii de objetos tan dispares como
sabanas, ventiladores, colchones o pomos de puertas. Si a ello se le suma el hecho de que se
trata de microorganismos con una habilidad asombrosa para desarrollar resistencias a los
antimicrobianos mas potentes (Towner,1997) no es de extrafiar que se hayan convertido en
una de las principales especies involucradas en epidemias nosocomiales. El uso extensivo de
antimicrobianos de espectro ampliado en los hospitales, ademas, ha terminado por eliminar
otras bacterias que competian por el mismo nicho ecoldgico, favoreciendo el establecimiento de
los Acinetobacter multirresistentes. También ha contribuido a su establecimiento como
patégeno nosocomial, y especialmente de UCIs, el uso de técnicas diagnésticas y terapéuticas

cada vez mas invasivas.

Se ha aislado A.baumannii de diversos tipos de muestras clinicas. En general, se puede
decir que su distribucién no varia de las de otras infecciones nosocomiales por bacterias Gram
negativas (Towner,1997). El principal lugar de infeccidn suelen ser las vias respiratorias bajas,
especialmente como causante de neumonias asociadas al uso de ventiladores. También tienen
una alta incidencia en las infecciones de vias urinarias. Otros patologias incluyen meningitis,
infecciones de heridas o quemaduras, abscesos, septicemias, endocarditis y peritonitis. La
transmision de un paciente colonizado o infectado a otro suele darse facilmente y por los
medios mds diversos, incluyendo la dispersién a través del personal sanitario o por uso de
material (clinico o no) contaminado. Por su alta resistencia, se trata de bacterias capaces de

sobrevivir en el ambiente durante muchos dias sin apenas alimento.

32



MM Navia Introduccion

En el hemisferio norte se ha observado una estacionalidad en las infecciones por
Acinetobacter, siendo méas comunes en los meses de verano (MacDonald et al. 1999). Se ha
sugerido que este hecho puede deberse a que la humedad estacional favorece, no solo el
crecimiento de las bacterias, sino su diseminacién, que se ha probado puede darse, entre
pacientes de un mismo cuarto via aerosoles o incluso a través de sistemas de aire

acondicionado de donde ya ha sido aislado (MacDonald et al. 1998).

La incidencia de infecciones nosocomiales por Acinetobacter spp. se ha calculado,
segun estudios recientes, en un 0,3% de las infecciones nosocomiales endémicas en pacientes
graves y en un 1% del total de las bacteriemias hospitalarias (Struelens et al., 1993) Estas
cifras, por supuesto, pueden ser mayores en centros en los que existen problemas serios de

contaminacién y de control de la trasmision entre enfermos.

1.5.4 Tratamiento

La rapida aparicion de resistencias entre las cepas clinicas de Acinetobacter ha
hecho que su tratamiento sea complicado. La mayoria de las cepas son hoy en dia altamente
resistentes a los antimicrobianos mas tradicionalmente utilizados en clinica, incluyendo las
amino y ureidopenicilinas, las cefalosporinas (incluso las de espectro ampliado), la mayoria de
los aminoglicésidos, el cloranfenicol y las tetraciclinas.

Las cefalosporinas de tercera generacién, y las fluoroquinolonas aln muestran
actividad. Heinemann y colobaradores hicieron un estudio comparativo de la acividad de siete
fluoroquinolonas diferentes (seis nuevas vs. Ciprofloxacino) en cepas epidemioldgicamente
estudiadas de A.baumannii . Encontraron que las nuevas fluroquinolonas presentan una buena
actividad, siendo la mayor la del clinafloxacino y la menor la de la ciprofloxacina. En el trabajo
se encuentran niveles de resistencia a las fluroquinolonas mucho menores a los reportados por
otros grupos y se concluye que probablemente se debe a que las cepas utilizadas eran en su
mayoria epidemiolégicamente no relacionadas y que en trabajos que analizan brotes, la

inclusién de cepas epidémicas sobreestima los niveles de resistencia. Sin embargo, tratandose
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de una bacteria que normalmente se presenta en forma de brotes multirresistentes, el que visto

desde esta perspectiva parezca menos grave no es en si ningtin consuelo.

La mejor actividad contra A.baumannii la tienen los carbapenems. Sin embargo ya en
1985 se report6 un primer caso de infeccion por una cepa imipenem resistente aislado de un
hemocultivo en el Royal Infirmary de Edinburgo (Bergogne-Berenzin, 1996). Desde entonces se
han detectado otras cepas resistentes, aunque afortunadamente aln continlan siendo
relativamente raras y por lo tanto el imipenem contindia siendo tratamiento de primera linea en
la infeccion por A.baumannil. La resistencia al carbapenem puede deberse entre otras cosas a la
presencia de una carbapenemasa. Puesto que se ha demostrado que dichas carbapenemasas
estan codificadas en plasmidos (Paton et al., 1993), tal vez sea solo cuestién de tiempo que la
resistencia se propague. Se sabe, ademas, que las cepas imipenem R parecen presentar
resistencia cruzada con las penicilinas, las cefalosporinas, los aminoglicésidos y las quinolonas

(Afzal-Shah & Livermore, 1998).

Con el aumento de resistencias a moléculas especificas, el uso de terapias combinadas
también ha dado buenos resultados en el tratamiento de infecciones multirresistentes. En un
estudio piloto se evaluaron nueve combinaciones diferentes frente a 69 cepas nosocomiales de
A.baumannij, (Marques et al., 1997) y se halld que en los casos en los que imipenem no
puede utilizarse o esta contraindicado, la mejor opcién es la de ampicilina+sulbactam, bien sea
solo o en combiﬁacién con aminoglicdsidos. Acinetobacter es uno de los pocos patdgenos frente
a los cuales el inhibidor de B-lactamasas, sulbactam, tiene actividad bactericida. Esto parece
deberse a la actividad intrinseca del sulbactam, el cual no solo es inhibidor suicida (que inactiva
la enzima modificandola covalentemente y en el proceso el inhibidor se autodestruye) sino que
en el caso especifico del complejo A.calcoaceticus-A.baumannii tiene la capacidad de unirse a

sus PBP (Douboyas et al.,1994).
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1.5.5 Mecanismos de resistencia a los agentes antimicrobianos

Si analizamos el caso de A.baumannii desde los diferentes factores que determinan la

adquisicion de la multirresistencia, hayamos que todos ellos, en mayor o menor medida,

influyen.

La resistencia intrinseca de la bacteria. A.baumannii es un microorganismo con
altos niveles de resistencia intrinseca, por diferentes razones. Tanto en nimero
como en tamafo, sus porinas son mucho menores que las de otras bacterias. Como
resultado se ha observado por ejemplo, que para las penicilinas y cefalosporinas, la
permeabilidad en este microorganismo es solo el 1% de la observada en E.coli e
incluso un poco menor que para P.aeruginosa (J.Vila, 1998). Microorganismos con
una altisima resistencia intrinseca se la deben en parte a la presencia de bombas
de expulsién. Aunque en A.baumannii no se ha descrito aiin ninguna, es probable

que las tenga y que juegue un papel importante.

La adquisicion de elementos genéticos méviles que codifican para genes de
resistencia. Tanto los plasmidos, como los transposones (y los integrones
movilizados por los dos anteriores) han sido ampliamente descritos en A.baumannii.
Se conoce ademas que es un microorganismo con facilidad para adquirir plésmidos
por conjugacién (aunque con dificultad para cederlos). Mas aln, una de sus
caracteristicas es la de la transformacion natural, es decir, la capacidad para
adquirir material genético que se encuentra libre en el medio externo, sin necesidad

de ser sometido a ningun tipo de estrés fisico-quimico.

La capacidad de sobrevivir en reservorios humanos y ambienta les en los que los
genes de resistencia se puedan transferir. El reservorio es el nicho ecoldgico en el
que persiste un agente infeccioso, en el caso A.baumannii serian la piel, la cavidad

oral, el tracto respiratorio y el tracto intestinal. Este Ultimo suele ser el reservorio
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de las cepas mas multirresistentes. En todos los nichos estd compartiendo con

otros microorganismos con quienes puede compartir material genético.

A nivel de mecanismos moleculares especificos para los diferentes antibiéticos, es

importante recalcar aquellos para los B-lactdmicos, los aminoglucdsidos y las quinolonas.

En la actualidad, A.baumannii es resistente a la mayoria de los betalactdmicos y en
especial a las penicilinas y las cefalosporinas (J.Vila et al.1999), habiéndose descrito en este
microorganismo todos los mecanismos de resistencia hasta ahora conocidos para este grupo de
antimicrobianos: produccién de betalactamasas, modificacion de las proteinas fijadoras de la
penicilina y disminucién de la penetracion del antibidtico (Towner, 1997). Asi pues, la
resistencia a la ampicilina, las carboxipenicilinas y las uridopenicilinas normalmente estan
relacionadas con la presencia de betalactamasas tipo TEM-1, TEM-2 o del tipo OXA. Sin
embargo, la resistencia no siempre es atribuible a la sola presencia de una de estas enzimas,
describiéndose a menudo la presencia de mas de una de ellas. En cuanto a la resistencia a
imipenem, se han descrito diversos mecanismos:

¢ disminucion de la permeabilidad de la membrana y por lo tanto menor acumulacién

del antibidtico intracelularmente

s alteracion de una proteina fijadora de manera que disminuye la afinidad de esta

por el imipenem

» produccién de carbapenemasas

El fenotipo de resistencia a las cefalosporinas parece ser el resultado de la presencia de
mas de un mecanismo. En el caso de A.calcoaceticus, la resistencia a las cefalosporinas es
intrinseca y atribuible a la presencia de un nimero reducido de porinas que ademas son mas
pequefias de lo habitual. Aunque bien podria ser este el caso para A.baumannij, también es
cierto que se ha observado la presencia de betalactamasas cromosémicas no inducibles (tipo

ACE) con actividad cefalosporinasa. Aunque algunas tienen poca actividad contra las penicilinas,
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ninguna la tiene contra el aztreonam o las cefalosporinas de tercera generacion (Towner,

1997).

La resistencia a aminoglicdsidos en bacterias se debe a uno de tres mecanismos: i)
alteracién de la diana ribosomal ii) reduccién de la entrada del antibi6tico y/o iii) modificacién
enzimatica del antimicrobiano. La primera de ellas no tiene significancia en terapéutica, pues
solo afecta la estreptomicina y la espectomicina. La segunda confiere resistencia a todos los
aminoglicdsidos y es comun en A.baumannii. Sin embargo es la tercera la mas importante para
esta especie y la responsable de la mayoria de los fenotipos resistentes. Existen tres clases de
enzimas modificadoras de aminoglicdsidos: las O-fosfotransferasas (APH), las O-
nucleotidiltransferasas (ANT) y las N-acetiltransferasas (AAC). Un nimero denota la posicidn en
que se realiza la modificacion del sustrato y existe una subclasificacién de las enzimas
dependiendo de los aminoglicésidos que modifiquen (Fluit et al. 2001). Hay una cierta
especificidad en la distribucion de estas enzimas entre bacterias Gram positivos y Gram
negativos. Y aln dentro de una misma especie, parece haber diferencias geogréficas que
impiden extrapolar los resultados de un estudio a otras situaciones (Ploy et al., 1994; Seward et
al., 1998; Tran Van Nieu, 1992). Este es el caso para A.baumannii , habiéndose realizado varios
estudios con resultados contrastantes. Se puede decir que se han encontrado genes que
codifican para enzimas de las tres clases, y que se suelen encontrar en diferentes
combinaciones, aunque en términos generales es mas comun la fosforilacion que la acetilacion
(Towner, 1997). Este tipo de resistencia puede estar mediada por plasmidos o transposones,
los cuales juegan un papel esencial en su diseminacion. Este es normalmente el caso dentro del
género que nos ocupa, siendo mas comln en Acinetobacter la resistencia a amtnoglitésidos

mediada por plasmidos que la cromosémica.
Hasta hace menos de quince afios las fluroquinolonas eran una excelente eleccion

frente a Acinetobacter. Sin embargo, el aumento de resistencias ha sido rapido en los ultimos

anos. El mecanismo responsable para dicho fenotipo es principalmente la mutacién de los
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genes diana: gyrA y parC, y A.baumannii no es una excepcion (Vila et al., 1995 ; Vila et al.,

1997).

1.6 Shigella spp.

1.6.1 Caracteristicas microbioldgicas

El género Shigella pertenece a la familia de Enterobacteriaceae. Se trata de bacilos
Gram negativos, anaerobios facultativos, no mdviles. Toman su nombre del cientifico japonés,
llamado Shiga, que las descubrié hace poco mas de un siglo. Estan intimamente relacionadas
con Escherichia coli en lo que respecta a la patogenicidad, a la fisiologia y la serologia. De
hecho, es motivo de discusion constante desde mediados del siglo pasado, el si ambos géneros
deberian agruparse bajo uno solo (Rolland et al., 1998 Pupo et al., 2000, Pupo et al., 1997,
Karaolis et al.,, 1994, Johnsons, 2000, Ochman et al. 1983). El género contiene cuatro
serogrupos o especies, que a su vez tienen multiples serotipos. S.flexneri (con quince serotipos,
de entre los cuales el 2a es reconocido como el mas virulento); S.sonne/ (serotipo Unico);

S.dysenteriae (12 serotipos) y S.boydii (18 serotipos).

Su aislamiento a partir de muestras bioldgicas se realiza sembrando estas en medio
MacConkey. En el crecen como colonias lactosa negativas y se facilita el crecimiento de cepas
que en medios mas selectivos pueden ser inhibidas. Este mismo medio se utiliza para el
mantenimiento de las cepas en el laboratorio. Para su identificacion, pueden utlilizarse, bien
métodos comerciales (tipo API) o una serie que incluya indol, glucosa, lactosa, urea, citrato,
kliger y fenilalanina. El serogrupo se determina por medio de aglutinacion con antisueros

especificos.
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Figura 6.- Foto por microscopia de barrido (SEM — scanning electrén micrograph) que muestra
una Shigella flexneri entrando en una célula Hela. La bacteria interactlia con la superficie
celular de la célula huésped, inyectando una invasina que actta orquestrando un re-arreglo de
la actina de la célula huésped que resulta en la formacion de seudépodos que “engullen” la
bacteria.

( Tomado de http://users.path.ox.ac.uk )

1.6.2 Patogenicidad

Las Shigellas son microorganismos altamente infectivos. Un indculo de tan solo 10
células bacterianas es suficiente para causar infeccion (Sansoneti et al.,, 1999). Ello explica
porqué el contagio puede darse no solo a través del consumo de aguas contaminadas con
heces o comida lavada con dichas aguas sino de persona a persona. En general, pues, la ruta
infectiva comienza en la boca (via fecal-oral). A diferencia de otros patdgenos intestinales, las
Shigellas suelen sobrevivir facilmente al pH bajo del estémago, de manera que la mayor parte

de las bacterias ingeridas llegan alin siendo viables hasta el intestino.

El proceso de invasion celular de las Shigellas ha sido ampliamente estudiado
especialmente utilizando el modelo de las células HelLa (ver Figura 6). Las cepas virulentas de
Shigella, mas que realizar un proceso activo de ‘“invasion” de las células huésped,

desencadenan otro por medio del cual inducen su fagocitosis. Dicha fagocitosis inducida esta
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relacionada con una reorganizacién de la actina de la célula hospedadora, inducida por la
bacteria al adherirse a esta, y que resulta en la formacién de seuddpodos que engullen la
bacteria dentro de una vesicula fagocitica. Una vez dentro, la Shigella lisa la vacuola y es asi

liberada al citoplasma celular.

Una vez dentro del citoplasma, la bacteria utiliza diferentes proteinas del citoesqueleto
de la célula huésped, principalmente la actina, para generar una cola. La continua
polimerizacién de la actina da suficiente impulso a la bacteria para moverse a través del
citoplasma celular y hasta las células vecinas (Goldberg, 2001). El paso de una célula a otra se
realiza cuando la bacteria induce de nuevo la fagocitosis al empujar la membrana plasmatica de
su proxima huésped. A partir de este momento comienza de nuevo todo el proceso. La Figura 7

resume el proceso de invasion y dispersion celular de Shigelia.

-
i € EhA ?ﬁlél

Figura 7.- Patogénesis de Shigella spp.

(1) La bacteria entra en la célula del mamifero por fagocitosis inducida. Una vez dentro (2), lisa
la vacuola de fagocitosis (3) quedando libre en el citoplasma de la célula huésped (4)- La
Shigella ensambla una cola de actina desde un polo (5). Este ensamblaje la impulsa a través del
citoplasma y también le permite formar una protuberancia a partir de la superficie celular (6).
Cuando dicha protuberancia hace contacto con la membrana de la célula adyacente, es
incorporada junto con la bacteria (7). La bacteria esta entonces en una vacuola de doble
membrana, que procede a lisar (8) para quedar nuevamente libre en el citoplasma de la célula
adyacente. El proceso comienza de nuevo al generar una nueva cola de actina que la ayude a
moverse a través del mismo(10)

(Tomado de Goldberg, 2001)
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La movilidad basada en la actina que presentan las Shigellas, son parte importante de
su virulencia. Diferentes factores de virulencia, la mayoria de ellos codificados en pldsmidos de
gran tamafo, son los responsables de articular todo el proceso de adherencia e invasion de la

célula huésped. Los mas importantes estan resumidos en la Tabla 6.

Son dos las enterotoxinas que parecen ser las responsables de la presentacién liquida
de la diarrea en infecciones por Shigella o algunos tipos de E.coli. Se trata de ShET1 y ShET2,
ambas asociadas con la acumulacién de liquido en el fleo de conejos. Mientras que ShET2 es
plasmidica y se detecta en el 80% de las cuatro especies de Shigella asi como en algunos tipos
de E.colj, ShET1 estd codificada a nivel cromosdmico y se encuentra basicamente en S.flexneri
2a. Sin embargo, en un estudio sobre factores de virulencia de E.coli enteroagregativa (ECEA)
realizado por Vila y colaboradores (2000), se observé la presencia del gen set (que codifica para
ShET-1) tanto en cepas de casos como de controles, aunque su expresion solo se demostrd en

el grupo de los casos.

Tabla 6.- Principales factores de virulencia de Shigella spp. involucrados en la invasion celular

Factor de Localizacién Posible papel en la invasién
virulencia
IpaD 1 Plasmido Adherencia
lpaB,C Plasmido Invasion / lisis de la vesicula fagocitica
Proteinas Mxi? Excrecion de IpaA-D
lesA3 Plasmido Polimerizacion de la actina
lcsB Plasmido Lisis de membrana plasmatica / dispersién intercelular
Olm Movimiento a lo largo de los filamentos de actina
VacC Cromosoma Regulador expresion ipa
VacB Cromosoma Contral post-transcripcional de ipa e icsA
KcpA Cromosoma Regulador expresién icsA

1.-Ipa : Invasion plasmid antigens 2.- Mxi :membrane expression of invasion 3.- Ics :intercellular spread
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Una tercera toxina, expresada por S.dysenteriae serotipo 1, es la extremadamente
potente Shiga-toxina. Esta citotoxina inhibe la expresion protéica de la célula huésped y
experimentalmente se ha demostrado que tiene efecto enterotoxigénico. Su papel exacto en la
virulencia de Shigella no esté clarificado, pero se asocia su presencia con el sindrome urémico-

hemolitico.

Figura 8. — Movimiento de una célula de Shigella a lo largo de un minuto,
impulsada por la generacion de una cola de actina.
( Tomado de Goldberg, 2001 )

1.6.3 Cuadro clinico

El conjunto de sintomas causados por una shigellosis se conoce como disenteria. Hasta
mediados del siglo pasado, se atribuia solamente a la infeccion por especies de Shigella, pero
desde entonces se sabe también que hay especies virulentas de Escherichia coli capaces de

producir los mismos sintomas.

La infeccién por Shigella tiene dos presentaciones clinicas basicas: 1) bien una diarrea
acuosa acompafiada de vomitos que resultan en una deshidratacion de leve a moderada o 2)
una diarrea acompanada de sangre y moco, causante de dolores abdominales y tenesmo. La
presencia de fiebre en los primeros dias de sintomatologia no es infrecuente, mientras que en

un 25% de los pacientes menores de 4 afios, se reportan convulsiones.
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En general, se puede afirmar que la shigelosis es una infeccion aguda, y que la
sintomatologia suele aparecer entre 24 y 48 horas después del contagio. Aparentemente, el
tamanio del indculo esta directamente relacionado con el tiempo que tardan en aparecer los
primeros sintoma. La sintomatologia suele tener una duracién, en adultos sanos no tratados,
de alrededor de 7 dias, aunque puede variar entre 1 - 30, pudiéndose aislar bacterias de las
heces de pacientes hasta 3 — 4 semanas post infeccién (Carroll et al., 2000) En nifios o adultos
malnutridos o inmunocomprometidos, la infeccién puede llegar a ser fatal. En un porcentaje
que varia entre un 3%-50% (dependiendo de la virulencia de la cepa infectante y del estado
nutricional e inmune del paciente), la infeccién Inicial puede evolucionar en bacteremias,

complicaciones neuroldgicas o afectacion renal (sindrome urémico-hemolitico).

Tabla 3.- Caracteristicas clinicas de infeccion por Shigella spp. Basado en datos del hospital de
Dacca, Bangladesh !

Sintoma Porcentaje aproximado de pacientes
S.sonnei S.flexneri S.dysenteriae

Diarrea acuosa 75 30 30
Heces mucosas 50 75 95
Heces sanguinolentas 10 50 80
Dolor abdominal 50 70 85
Vomito 60 30 40
Fiebre 5 10 10

Tomado del capitulo sobre Shigella spp. por Tomas L. Hale y Gerald T.Keusch en
http://gsbs.utmb.edu/microbook/ch022.htm

1.6.4 Epidemiologia.

Los humanos son el principal reservorio de las Shigellas, aunque algunos primates en
cautiverio pueden también llegar a infectarse. La shigellosis es endémica en los PBR, en los
cuales las condiciones higiénicas y sanitarias son inadecuadas, facilitando el mantenimiento y la
dispersion de estos bacilos. S.flexneri es la especie mas prevalente en paises en areas

endémicas, en donde se le atribuyen alrededor del 60% de los aislamientos positivos (Kottlof et
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al.). S.sonnei (serotipo Unico) es la especie mas comlnmente aislada en paises desarrollados
(aprox. 77% de los aislamientos) (Kottlof, 1999) y suele infectar sobretodo a lactantes y nifios
en guarderias o ancianos viviendo en residencias. S.dysenteriae es la especie mas cominmente
encontrada en areas con sobrepoblacion y bajos niveles de higiene. El serotipo 1 (aprox. 30%
de los aislamientos de S.dysenteriae) suele ser el responsable de grandes brotes epidémicos de
disenteria, muy virulentos y multirresistentes, con altos indices de mortalidad. Finalmente,
S.boydii, es el serogrupo mas infrecuente de los cuatro. S.flexneriy S.dysenteriae son las dos

especies de Shigella mas virulentas.

Se calcula que anualmente se dan unos 164.7 millones de episodios de Shigellosis, de
los cuales 163.2 millones ocurrren en PBR. Un 69% de todos los episodios de Shigella y un 61%
de todas las muertes (estimadas en aproximadamente 1,1 millones al afio) son en nifos

menores de cinco afios (Kotloff et al., 1999).

El aumento de viajes internacionales, y el que cada vez mas frecuentemente se escojan
como destino lugares exoticos en paises tropicales, ha contribuido también a que la infeccion
por Shigella se convierta en una causa relativamente comin de la diarrea del viajero (DV), que
a su vez suele afectar aproximadamente a un 50% de los turistas a PBR (RE.Black,1990 ).
Aunque no se trata del agente etiolégico por excelencia en dicha patologia, si es el que produce
sintomas mas agudos e invalidantes. En un estudio que se realizd en el Hospital Clinico hace
diez afos, se aislé un patdgeno en el 39% de los viajeros que consultaron por diarreas, y entre

estos se aislé Shigella spp. en el 9% de los afectados (Gascon et al., 1993).

Mas recientemente, desde el inicio de la epidemia del VIH/SIDA, se ha identificado un
nuevo grupo de riesgo: los pacientes seropositivos. La interseccion entre la infeccién por
Shigella en pacientes ya infectados con VIH ha tenido consecuencias graves. Se ha demostrado
que el estar infectado por VIH es un factor de riesgo importante para la shigelosis (Baer et al.,
1999). Por otro lado, en pacientes seropositivos, la intensidad de los sintomas es mayor.

Adicionalmente, es comun que estos pacientes desarrollen una diarrea persistente o recurrente
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por Shigella, aliin estando bajo tratamiento antimicrobiano adecuado, y estdn expuestos a un
mayor riesgo de bacteriemia por Shigella que puede ser recurrente, grave o incluso mortal

(Dougherty et al. 1996 ; 1988, Clerinx et al. 1995, Hueber et al., 1993).

En un estudio reciente se ha demostrado que el 75% de los contactos asintomaticos de
pacientes con una Shigella, daban positivos en una prueba por PCR, evidenciando que la
inmunidad del huésped juega un papel importante en la determinacion de cuales de las
personas expuestas realmente desarrollaran una infeccion clinica (Gaudio et al, 1997). Esto

explicaria en parte la mayor susceptibilidad de personas inmunocomprometidas por VIH.

1.6.5 Tratamiento

El tratamiento estd indicado en todos los casos confirmados o sospechosos de
shigelosis infantil asi como en pacientes con diarrea invasiva, severa o prolongada, asi como en
aquellos que tienen alto riesgo de complicaciones (personas mayores, diabéticos, cirréticos,
imnunocomprometidos) (Olidfield & Wallace, 2001). En adultos sanos se recomienda

generalmente para disminuir el tiempo y la severidad de los sintomas.

El tratamiento tradicional infantil ha sido bien con ampicilina o con cotrimoxazol
(trimetoprima-sulfametoxazol). Sin embargo, los altos niveles de resistencia desarrollados en las
Gltimas décadas a ambos antimicrobianos han hecho que se haya limitado su empleo en la
actualidad. El acido nalidixico (55mg/kg/dia) ha pasado a ser el tratamiento de primera linea
en PBR. A pesar de su probada toxicidad sobre el cartilago en modelos animales (Burkhardt et
al., 1997), cuando se ha administrado quinolonas como uso compasivo en nifios, los efectos
adversos observados no son superirores a los de los adultos, siendo ademas la mayoria
reversibles (A. Black et al., 1990). Otra opcién bastante extendida en PBR, especificamente
Africa, es el uso de cloranfenicol. Asi por ejemplo, en Ifakara, el cloranfenicol es la cuarta droga
mas utilizada mientras que suele ser el antibiético de primera o segunda linea para tratar la

mayorfa de infecciones y la primera opcién para diarreas en nifios (Dr. David Schellemberg,
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comunicacién personal). En adultos, el tratamiento se basa en el uso de las fluoroquinolonas

(normalmente norfloxacino o ciprofloxacino).

Un grupo de antimicrobianos bastante prometedor es el de las cefalosporinas de tercera
generacion, actualmente utilizadas en pediatria (en paises desarrollados) y para tratar cepas de
Shigella multiresistentes. Su mayor problema es el de un elevado precio, que hace que no
puedan ser considerados como alternativa para el tratamiento de infecciones en PBR, donde el
impacto en cuanto a mortalidad y morbilidad es mayor. Es por lo tanto necesario encontrar

nuevos tratamientos, eficaces pero también asequibles a las poblaciones mas necesitadas.

Actualmente no existe vacuna alguna que proteja de la infeccién por Shigella, aunque
se estan realizando pruebas de seguridad y eficacia de algunas que parecen ser prometedoras
(Coster et al., 1999; Noriega et al., 1996; Cohen et al., 1997). La principal limitacion en el
desarrollo de una vacuna contra Shigella spp. es la variedad no solo de serogrupos, sino de
serotipos, que en total suman 47 presentaciones antigénicas diferentes! Segin Kotloff y
colaboradores, en un analisis detallado de la epidemiologia de Shigella con miras a desarrollar
una estrategia vacunal, el producto idéneo tendria que proteger contra S.sonnei (serotipo tinico
y el mas prevalente en paises desarrollados), contra el serotipo 1 de S.dysenteriae
(extremadamente virulento y causante de pandemias) y el 100% de S.flexneri. En este (ltimo
caso se ha demostrado que existe una reactividad seroldgica cruzada en humanos frente a los
15 serotipos de la especie flexneri de manera que no seria descabellado pensar el poder
desarrollar un vacuna polivalente con estas caracteristicas utilizando tecnologias punta (Kotloff
et al., 1999). Por el momento, sin embargo, la mejor opcién de control continGa siendo la
prevencion, tanto mediante la mejora de las medidas de higiene como mediante la educacién

de la poblacidn en riesgo.
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1.6.6 Mecanismos moleculares de resistencia a los agentes
antimicrobianos

Trabajando con cepas de Shigella multiresistentes, ya en 1959 Ochiai y colaboradores
encontraron que dicha multiresistencia podia transferirse a otras cepas susceptibles, incluso de
E.colj, y que durante la transferencia no habia intercambio de ADN cromosémico ni segregacion
de las resistencias. Dos afios méas tarde, Watanabe y Fukusawa hacian la primera descripcién de
los “factores de resistencia” o R-factors, aunque pasarian mas de 20 afios antes de que se
demostrara que la transferencia de estos factores R era mediada por plasmidos (Tanaka y col.

1983).

El género Shigella es ampliamente reconocido por su habilidad para ganar y transferir
pldsmidos. Suelen albergar poblaciones heterogéneas de plasmidos, hébiéndose descrito hasta
10 diferentes en una misma cepa (Jamieson y col., 1979). Dado que un gran nimero de
determinantes de resistencia se encuentran codificados en elementos transponibles como los
plasmidos, no es de extrafar que las Shigellas hayan adquirido rdpidamente resistencia a
practicamente todos los antibi6ticos utilizados en los PBR. En un estudio realizado en 1994 en el
Hospital Clinico con cepas ailsladas del viajeros internacionales con diarrea (Vila y col. 1994), se
observaron niveles de multiresistencia del 72% para S.sonne/ 'y el 63% para S.flexneri. Los
primeros eran especialmente resistentes frente al cotrimoxazol y la tetraciclina mientras que los
segundos lo eran frente a ampicilina y cloranfenicol. La resistencia a las quinolonas empieza a
aparecer en paises donde su uso es extensivo, como en el caso de India, pero aln es

incipiente.

Frente a tres de estos cinco antibidticos (ampicilina, tetraciclina y trimetroprim-
sulfametoxazol ) el fenotipo resistente se explica por la presencia de genes normalmente
encontrados en elmentos transponibles tales como plasmidos, integrones o transposones. Asf
pues, la resistencia a la ampicilina ha estado tradicionalmente mediada en Shigella por genes
tipo TEM (Schumacher y col.,1992) aunque mas recientemente la presencia de genes tipo OXA

comienza a ser comlnmente reportada (Siu y col., 2000). Por supuesto, también pueden estar
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involucrados otros mecanismos, tales como la modificacién de las PBP, pero no son los méas

frecuentes.

La forma mas comin de resistencia al trimetroprim es la mediada por la adquisicién de
variantes de la enzima dihidrofolato reductasa (DHFR) codificada en un plasmido, y el género
Shigella no es la excepcion. Al igual que en otras Enterobacterias, es el gen dffia, que codifica
para la variante DHFR I, generalmente asociada al transposon Tn7, es el que se identifica con

mayor frecuencia (Heikkila y col., 1990).

La resistencia a la tetraciclina, muy comtn hoy en dia entre microorganismos Gram
negativos, fue descrita por primera vez en Shigella, donde también fue por primera vez
relacionada con la presencia de plasmidos-R y demostrada su transferencia a otras especies por
conjugacion (Roberts, 1996). Se conoce que varios genes que codifican proteinas de membrana
involucrados en la expulsion activa de la tetraciclina se encuentran en plasmidos y
transposones. Sin embargo, el fenémeno de la resistencia a tetraciclina en Shigella ha sido poco

estudiado.

La resistencia a las quinolonas entre cepas de Shigella alin es incipiente a nivel global,
pero comienza a ser notoria en paises en los que el uso de este grupo de antibidticos estd
extendido, como en el caso de la India. Al igual que en otras Enterobacterias, el fenotipo
resistente en Shigella es debido a la mutacion de los genes diana, principalmente gyA y parC
(Ruiz, J., 2003). Aunque se trata de una resistencia mediada a nivel cromosémico, se ha
observado en cepas de S.dysenteriae que la presencia de algunos plasmidos en concreto, en los
que se codifican ciertas moléculas involucradas en el sistema de reparacion del ADN, tal y como
el sistema SOS de E£.colj, puede contribuir a la resistencia a quinolonas aumentando la tasa de

mutacion espontanea (Ambler et al. 1993, Ashraf et al., 1991).
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2 JUSTIFICACION Y OBJETIVOS
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La adquisicion de resistencias a diferentes antimicrobianos, bien sea mediante
mutaciones o por transferencia de material genético, se ve facilitada por la presion de seleccién
que ejercen los mismos antibidticos. Debido a diferencias en el uso y manejo de los
antimicrobianos, la presién de seleccién y por lo tanto el nivel de resistencia difiere entre los
paises desarrollados y los PBR. Sin embargo, se puede decir que en ambos casos existen tres
ambientes en los que se promueve o al menos se facilita dicha adquisicién y que son los

siguientes:

1.- El mundo de la Medicina Veterinaria, en el que se usan los antibiéticos no solo
como tratamiento o profilaxis sino como promotores de crecimiento. No solo se induce a la
seleccion de bacterias resistentes, sino que quedan residuos de antibidticos en la comida que
posteriormente son ingeridos por los humanos en concentraciones subinhibitorias que

favorecen la seleccion de cepas resistentes a nivel de tracto intestinal.

2.- El mundo hospitalario. Aproximadamente entre 20-40% de los pacientes
ingresados en un hospital espaiol reciben tratamiento con antimicrobianos (Barrio et al., 1999).
Sumado a esta altisima presién de seleccién, esta la ejercida por la utilizacién de numerosos
desinfectantes y medidas para reducir la dispersion de bacterias resistentes, que elimina una
buena parte de la microbiota bacteriana dejando el nicho libre para las mas virulentas y

resistentes.

En los PBR suele darse la situacion de que, bien por falta de medicamentos y/o por falta
de apoyo del laboratorio microbiolégico, se utilizan como profilaxis antibidticos para los cuales
existen altos niveles de resistencia. Por otro lado suele darse un mal uso de los antibiéticos en
manos de personal no cualificado que suple las necesidades de la poblacion ante la falta de

sistemas de salud bien constituidos.

3.- La comunidad. La libre venta de productos antimicrobianos en farmacias, resulta

en un mal uso y abuso de estos mismos que ejerce a su vez una presion de seleccién. Es un
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ambiente en donde, bajo condiciones de higiene deficientes, puede darse facilmente la
dispersién de cepas entre individuos, incluso a través de alimentos o agua contaminada. Otro
factor a tener en cuenta es el de la importacién de bacterias resistentes de otros paises, traidas

por viajeros a lugares exdticos.

En el caso de los PBR, sumado al hecho de que son lugares en los que por las
condiciones higiénicas se dan a menudo y se propagan con facilidad cepas epidémicas, se
conjugan ademas una serie de factores de alto riesgo para la adquisicién y diseminacién de
factores de resistencia. Ademas del mal uso que se da en general a los antimicrobianos a nivel
mundial, es comin que en estos paises debido a una falta de control, se consuman
medicamentos de mala calidad o caducados, y por lo tanto con cantidades subinhibitorias de

producto

Dentro de los principales patologias comunitarias, causadas por patdgenos que
presentan altos niveles de resistencia, esta el del sindrome diarréico. Se trata de una problema
especialmente grave en paises de baja renta, en los cuales la infeccidn por algunos
microorganismos suele ser endémica. Uno de los patégenos responsables es el género Shigella,
que se caracteriza entre otras cosas por tener una gran facilidad para ganar plasmidos y con

ellos, adquirir nuevas resistencias.

En cuanto al ambiente hospitalario y primordialmente en los paises desarrollados,
la persistencia de cepas multirresistentes de Acinetobacter es una preocupacion constante. Se
trata de un microorganimo con una elevada resistencia intrinseca, capaz de crecer bajo
condiciones extremas, con lo cual ocupa nichos en los cuales tiene poca competencia. Suele ser

responsables de brotes de dificil manejo entre pacientes delicados.

Teniendo en cuenta el escenario anterior, nos planteamos el ver en estos dos
microorganismos con epidemiologia y microhabitat muy diferente (casi opuesto), con

resistencias intrinsecas no comparables pero ambos con altos niveles de multiresistencia:
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a.- Como se da la adquisicion de la multiresistencia

b.- Como se realiza su diseminacién clonal

Para responder a estas preguntas, se delinearon los siguientes objetivos:

2.1 Objetivo general

Estudiar el patron de resistencias y conocer los mecanismos moleculares implicados en
el fenotipo resistente en dos patdgenos con epidemiologia y microhabitat muy diferente:

Shigella spp. patégeno comunitario y A. baumannii, patégeno nosocomial.

2.2 Objetivos especificos

1.- Analizar la epidemiologia de un patdgeno nosocomial (A.baumanni) y de un
patdgeno comunitario (Shigella spp.)

2.- Estudiar los niveles de resistencia encontrados en cepas de Shigella spp. aisladas en
una zona endémica o provenientes de pacientes con DV y por lo tanto con diversos origenes
geograficos.

3.- Estudiar los perfiles de resistencia de cepas clinicas de A.baumannii y analizar los
mecanismos de resistencia implicados en los fenotipos resistentes.

4.- Analizar los diferentes mecanismos de resistencia de las cepas de Shigella spp.
multirresistentes.

5.- Estudiar la prevalencia y composicion de los integrones en las cepas de Shigella spp
y en las cepas de A.baumannii,

6.- Buscar tratamientos alternativos para la Shigellosis.
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3.1 Acinetobacter baumanii

3.1.1 Articulo 1.- “Spread of Amikacin resistance in Acinetobacter
baumannii strains isolated in Spain due to an Epidemic Strain.”

Journal of Clinical Microbiology, 1999; 37: 758 — 761

Se estudiaron 16 cepas de A.baumannii provenientes de nueve hospitals espafioles, con
el fin de determinar si la alta incidencia de resistencia a la amikacina entre esto
microorganismos se debia a la dispersion de un solo clon (cepa epidémica), asi como
determinar cual era el mecanismo de resistencia responsable de dicho fenotipo. La relacion
epidemioldgica se determind mediante dos métodos diferentes: REP-PCR y analisis del ADN
genomico mediante digestion con enzimas de baja frecuencia de corte y electroforesis de
campo pulsante (PFGE). Se hallaron cinco patrones diferentes por REP-PCR, uno de los cuales
agrupaba 9 de las 16 cepas, provenientes de 7 hospitales diferentes. Por PFGE se repitieron los
resultados, excepto que una cepa proveniente de un octavo hospital, y que por REP-PCR
presentaba un patrén Gnico y diferente, por PFGE presentaba el mismo bandeo que el clon
epidémico. Todas las cepas presentaban una CMI a la amikacina >32 pg/ml. Al buscar el
mecanismo de resistencia responsable mediante PCR con cebadores especificos para los genes
aph(3)-VIa, aad6"y~Iby aac(6")-Ih, se observd que las 16 cepas daban el amplicén esperado

de 234pb con los cebadores para api(3")-VIa pero no amplificaban con los otros dos.
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Sixteen amikacin-resistant clinical Acinefobacter baumannii isolates from nine different hospitals in Spain
were investigated to determine whether the high incidence of amikacin-resistant A. baurnannii was due to the
dissemination of an amikacin-resistant strain or to the spread of an amikacin resistance gene. The epidemi-
ological relationship studied by repetitive extragenic palindromic PCR and low-frequency restriction analysis
of chromosomal DNA showed that the same clone was isolated in eight of nine hospitals, although other clones
were also found. The strains were studied for the presence of the aph(3')-VIa and aac(6')-I genes, which encode
enzymes which inactivate amikacin, by PCR. All 16 clinical isolates had positive PCRs with primers specific for
the amplification of the aph(3')-VIa gene, whereas none had a positive reaction for the amplification of the
aac(6')-1 gene. Therefore, the high incidence of amikacin resistance among clinical 4. baumannii isolates in
Spain was mainly due to an epidemic strain, although the spread of the aph(3’)-VT gene cannot be ruled out.

Several outbreaks of nosocomial infections caused by ami-
kacin-resistant Acinetobacter baumannii have been docu-
mented (3, 4, 11, 20). The most frequent cause of resistance to
aminoglycosides in A. bawmannii is the modification of hy-
droxyl or amino groups of the antibiotic by aminoglycoside-
modifying enzymes (1, 5-7, 14, 15, 21), although other mech-
anisms such as diminished permeability or alteration of the
binding sites have been suggested (21). Until recently, amika-
cin remained the most active aminoglycoside in the treatment
of infections caused by Acinetobacter spp. The 6'-aminoglyco-
side-acetylating enzyme found in Acinetobacter spp. inactivates
amikacin (13); however, the most frequently found amikacin-
modifying enzyme in A. baumnannii is aminoglycoside-3'-phos-
photransferase VI [APH(3’)-VI], a type of 3'-O-phosphotrans-
ferase which also inactivates amikacin (8). Buisson et al. (3)
found a significant correlation between amikacin consumption
and the emergence of amikacin resistance mediated by
APH(3')-VI in Acinetobacter species. The main purpose of this
study was to develop a PCR method for the detection of the
aph(3')-Vla gene and to determine if the spread of amikacin
resistance in A. baumannii strains isolated in nine Spanish
hospitals was due to an epidemic strain carrying the aph(3')-
VIa or aac(6')-I gene.

MATERIALS AND METHODS

Bacterial strains. Sixteen amikacin-resistant clinical isolates of A. baumannii
were collected from nine Spanish hospitals (Hospital Clinic, Barcelona; Hospital
Valle Hebrén, Barcelona; Hospital de Sant Joan de Reus, Reus, Tarragona;

* Corresponding author. Mailing address: Laboratori de Microbio-
logia, Hospital Clinic, Facultat de Medicina, Universitat de Barcelona,
Villarroel, 170, 08036 Barcelona, Spain, Phone: 34-3-2275522. Fax:
34-3-2275454. E-mail: vila@medicina.ub.es.

758

Hospital Virgen del Roclo, Seville; Hospital Clinico, Seville; Hospital de La
Princesa, Madrid; Hospital 12 de Octubre, Madrid; Hospital Ramén y Cajal,
Madrid; and Hospital Nuestra Sefiora [Ntra. Sra.] del Pino, Las Palmas, Grand
Canary Islands). The identification of A. baumannii was performed by standard
biochemical reactions by following the criteria of Bouvet and Grimont (2).
Moreaver, all the strains analyzed in this study were causing pneumonia in
patients in the intensive care units of each hospital.

Susceptibility testing. Susceptibility testing was performed by using an agar
dilution method in accordance with the guidelines established by the National
Committee for Clinical Laboratory Standards (16). Approximately 10 CFU of
each isolate was inoculated onto freshly prepared media containing serial dilu-
tions of amikacin (Bristol-Myers Laboratories, Hounslow, United Kingdom)
with a multipoint replicator.

REP-PCR and low-frequency restriction analysis of chromosomal DNA
(PFGE). The repetitive extragenic palindromic PCR. (REP-PCR) was performed
with the primers and under the conditions described previously (22). Samples (5
pl) of each PCR end product were analyzed by polyacrylamide gel electrophore-
sis with Genephor precast 12.5% polyacrylamide gels run at 600 V and 25 mA.
After that, the gel was stained with silver. The analysis of chromosomal DNA by
digestion with low-frequency-of-cleavage restriction and separation of
the fragments by pulsed-field gel electrophoresis (PFGE) was performed with
the Apal enzyme under the conditions mentioned elsewhere (12).

PCR amplification of the aph(3’)-Vla and aac(6’)-I genes. Two oligonucleo-
tide primers were designed on the basis of the nucleotide sequence of the
aph(3')-VIa gene in comparison with the sequences of different phosphotrans-
ferases in an attempt to find specific sequences of this gene which do not anneal
with the other genes, These primers were 5’-ATACAGAGACCACCATACAG
T-3' (from nucleatides 140 to 159) and 5'-GGACAATCAATAATAGCAAT-3'
(from nucleotides 355 to 374) (Genosys Biotechnologies, Cambridge, United
Kingdom). The PCR was performed as follows. One colony grown on MacCo-
nkey agar was resuspended in 25 pl of sterile distilled water and boiled for 10
min. After a centrifugation step at 15,000 X g for 1 min, 25 ! of the reaction
mixture containing 20 mM Tris-HCl (pH 8.8), 100 mM potassium chloride, 3.0
mM magnesium chloride, 0.1% (wt/vol) gelatin, 400 uM deoxynucleoside
triphosphates, and 1 uM (each) primer was added, together with 2.5 U of Tag
polymerase (BRL, Life Technologies Inc., Gaithersburg, Md.). Each reaction
mixture was overlaid with mineral oil and amplified with the following temper-
ature profiles: 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min.
Amplification was performed in a DNA thermal cycler (model 480; Perkin-Elmer
Cetus). The amplified DNA products were resolved by electrophoresis in 1.5%
NuSieve and 1% agarose gels. In order to confirm that the amplified product
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FIG. 1. Patterns obtained by REP-PCR (A) and PFGE (B). The numbers above the lanes indicate the strains, Lane M, DNA molecular size marker (100-bp DNA

Ladder; Life Technologies Inc.).

belongs to the aph(3')-Via gene, the fragment was recovered from the reaction
mixture with the QlAquick Spin PCR purification kit (Qiagen, Chatsworth,
Calif.) and processed with a DNA sequencing kit (Tag DyeDeoxy Terminator
Cycle Sequencing Kit; Applied Biosystems, Foster City, Calif.) and analyzed in
an automatic DNA sequencer (model 373A; Applied Biosystems).

Eight clinical isolates carrying the genes for other aminoglycoside phospho-
transferases were used as controls; they were Escherichia coli carrying the gene
for APH(3')-1, E. coli carrying the gene for AFH(3")-11, Enterobacter cloacae
carrying the gene for APH(3")-11, Staphylococcus epidermidis carrying the gene
for APH(3')-11, E. cloacae carrying the gene for APH(3')-111, Staphylococcus
aureus carrying the gene for APH(3')-1V, and Enterococcus faecalis carrying the
gene for APH(3')-IV.

Detection of the aac(6')-Ib and aac(6')-Ih genes was performed by PCR. by
following the procedure described by Ploy et al. (17).

RESULTS

The 16 amikacin-resistant clinical A. bawmannii isolates
were epidemiologically analyzed by REP-PCR and by low-
frequency-of-cleavage restriction enzyme analysis of chromo-
somal DNA and PFGE. The analysis by REP-PCR allowed the
distribution of the strains into five different groups with DNA
bands ranging from 200 to 2,000 bp (Fig. 1A). Nine of the 16
strains belonged to the same type (type 1) and came from
seven different hospitals, whereas two strains each were of
types 2, 3, and 4 and one strain was of type 5. The strains
belonging to type 2 were isolated in a Madrid hospital and in
another hospital in Seville, whereas strains belonging to type 4
were isolated in two different hospitals in Seville (Table 1). The
analysis of chromosomal DNA by PFGE confirmed the results
obtained by REP-PCR (Table 1 and Fig. 1B) with one excep-
tion. The PFGE pattern of the strain determined to be of type
5 by REP-PCR had the same PFGE pattern as the strains
determined to be of type 1 by REP-PCR,; therefore, all these
strains must be considered the same type (type A by PFGE).
The results were analyzed by following the criteria described by
Tenover et al. (19).

For all amikacin-resistant clinical A. baumannii isolates
tested in this study, the amikacin MIC was >32 pg/ml (Table
1). To investigate whether the resistance was due to the syn-
thesis of the aminoglycoside-modifying enzyme APH(3')-VIa,
a PCR for the amplification of the aph(3')-Via gene was used.
A DNA fragment of the expected size of 234 bp, from nucle-
otides 140 to 374 of the aph(3')-V1a gene, was obtained (Fig.
2A). Its nucleotide sequence showed 100% homology with that
described by Martin et al. (13). This DNA fragment was not
obtained from the other strains which carried the genes cor-
responding to four different phosphotransferases (Fig. 2A),

showing that the primers were specific for aph(3')-VIa. All the
strains analyzed in our study were positive for the aph(3’)-Via
gene by PCR (Fig. 2B), whereas when primers specific for the
amplification of the aac(6')-Ib and aac(6')-Ih genes were used,
the genes were not amplified from any of the strains.

The number of beds in the hospitals from which the strains
included in this study were obtained ranged from 274 to 1,150.
All hospitals but one (Hospital San Joan de Reus, Reus, Tar-
ragona, Spain) have both oncology and transplant patients.
The distribution of the A. baumannii isolates by clinical source
was quite similar in all hospitals, with respiratory specimens
being the most common clinical specimens containing A. bau-
mannii, followed by wound and urine specimens.

DISCUSSION

We studied whether the high incidence of amikacin resis-
tance in A. baumannii strains isolated in Spain was due to the
dissemination of the amikacin resistance gene aph(3')-Vla or

TABLE 1. Epidemiological characteristics of amikacin-resistant
A. baumannii strains

Strain — PFGE REPPCR AK*MIC PCR

no. pattern  pattern  (pg/ml) aph(3')-Via
Fl4 VH, Barcelona A 1 256 +
014-46R VH, Barcelona A 1 256 +
5985 HC, Barcelona A 1 64 +
41 HC, Barcelona A 1 64 +
113321 HNSP, Canarias A 1 128 -
6R 120, Madrid A 1 128 b
67384 RC, Madrid A 5 256 +
13714 VR, Seville A 1 64 +
215 HLP, Madrid A 1 64 +
709 Re, Tarragona A 1 64 +
203 HLP, Madrid B 2 32 B
84 HLP, Madrid C 3 32 +
45 HLP, Madrid C 3 64 +
14 HCP, Seville B 2 256 +
104 HCP, Seville D 4 128 -
33167 VR, Seville D 4 64 o

“ VR, Hospital Virgen del Rocio; RC, Hospital Ramén y Cajal; HNSP, Hos-
pital Ntra, Sra. del Pino; VH, Hospital del Valle Hebrén; Re, Hospital San Joan
de Reus; HC, Hospital Clinic; HLP, Hospital La Princesa; HCP, Hospital Clinico
Provincial; 120, Hospital 12 de Octubre.

b AKX, amikacin,
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FIG. 2. (A) Analysis of PCR-amplified DNA with primers specific for amplification of aph(3’)-Va, Lanes: 1, E, coli carrying the gene for APH(3')-I; 2, E. coli
carrying the gene for APH(3')-11; 3, E. cloacae carrying the gene for APH(3')-I1; 4, S. epidermidis carrying the pene for APH(3")-11; 5, E. cloacae carrying the gene for
APH(3")-111; 6, S. aureus carrying the pene for APH(3')-1V; 7, E. faecalis carrying the gene for APH(3')-1V, 8, A. baumannii carrying the gene for APH(3')-Vla; and
M, DNA molecular mass marker VI (Boehringer Mannheim, Mannheim, Germany). (B) PCR analysis of the aph(3')-Va gene of the amikacin-resistant clinical A.
baumannii isolates studied. Control indicates an amikacin-susceptible A. baumannii strain used as a negative control. Lane M, DNA molecular size marker (100-bp

DNA Ladder; Life Technologies Inc.).

aac(6')-I or to the spread of an amikacin-resistant strain of A.
baumannii. The epidemiological relationship among the 16
selected clinical isolates of A. baumannii studied by REP-PCR
and PFGE showed that clone A (as determined by PFGE) was
isolated from patients in eight of nine hospitals, Therefore, the
same clone has spread throughout Spain, even to the Canary
Islands, which are far from the Spanish peninsula. Moreover,
one clone (clone D4) spread between two hospitals in Seville.
Another clone (clone B2) spread from a hospital in Seville to
a hospital in Madrid or vice versa. Overall, four different clones
of A. baumannii were identified.

Of the aminoglycoside-modifying enzymes detected in A.
baumannii, so far, only APH(3')-VI and AAC(6")-I confer
resistance to amikacin. APH(3')-VI is primarily associated
with Acinetobacter spp. and is less frequently observed in other
gram-negative bacteria (18). The aph(3')-VIa gene, which en-
codes APH(3')-VI, has been cloned from A. baumannii (13).
APH(3')-VI production is characterized by resistance to kana-
mycin, neomycin, paromomycin, ribostamycin, butirosin, and
gentamicin B, as well as to amikacin and isepamicin (9).
AAC(6)-I production confers resistance to amikacin, netilmi-
cin, sisomicin, and tobramycin. Ten genes, named aac(6')-Ia to
aac(6')-Ij, encoding AAC(6')-1 enzymes have been described
(18). Of these genes, aac(6')-Ib and Aac(6')-Ih have frequently
been found in A. baumannii (17). The resistance determinant
of AAC(6') was apparently chromosomally located (15), al-
though recently it has been described to be plasmid mediated
(10), and it has been suggested that the aph(3')-VIa gene could
reside on a transposon (9). These genes can therefore be easily
transferred among strains carried on these genetic elements,
contributing to the spread of amikacin resistance. In this study,
we have developed a PCR for the specific detection of the
aph(3')-Vla gene, and we have detected this gene in 100% of
the amikacin-resistant clinical A. baumannii isolates from dif-
ferent hospitals in different geographic areas in Spain, whereas
these strains did not have a positive PCR result when primers
specific for the aac(6')-Ib and aac(6')-Ih genes were used. Our
data are consistent with the results of previous studies in which
dot blot hybridization was used (9, 18). In those studies 82.7
and 95% of amikacin-resistant Acinetobacter strains hybridized
with an aph(3')-Vla probe (9, 18). In part, our results agree
with those of Lambert et al. (9), who showed that in France the
dissemination of amikacin resistance in Acinetobacter spp. was

due to a gene, although the dissemination of an amikacin-
resistant clone is also true in Spain.

PCR for the detection of aminoglycoside-modifying en-
zymes may play a major role in delineating the types of genes
involved in epidemics, may help define their modes of trans-
mission, and may make large studies of the movement of spe-
cific resistance determinants during outbreaks of nosocomial
and community-acquired infections possible. In the outbreaks
caused by A. baumannii, the use of antibiotics can contribute to
the persistence and spread of the outbreak. Sometimes the
patients are only colonized with this microorganism and do not
require antimicrobial therapy; therefore, it is important to dif-
ferentiate between colonization and infection before therapy is
begun. In conclusion, our study has shown the contribution of
the aph(3')-VIa gene to the incidence of amikacin resistance in
A. baumannii studied by PCR. This, together with the molec-
ular epidemiological analysis of strains isolated from different
hospitals in Spain, has shown that the dissemination of amika-
cin resistance was due to an epidemic strain carrying the
aph(3')-VIa gene and demonstrates how easily this microor-
ganism is spread from hospital to hospital.

ACKNOWLEDGMENTS

This work was supported in part by grant SAF97-0091 from Plan
Nacional I+D, Madrid, Spain, and grant FIS 98/0526.

We thank R. Gémez-Lus for supplying us with the strains used as
controls.

REFERENCES

. Bergogne-Berezin, E., M. L. Joly-Guillou, N. Moreau, and F. LeGoffic. 1980.
Aminoglycosides modifying enzymes in clinical isolates of Acinetobacter cal-
coaceticus, Curr. Microbiol. 4:361-364.

. Bouvet, P, J. M., and P. A. D. Grimont. 1986, Taxonomy of the genus
Acinetobacter with the recognition of Acinetobacter baumannii sp. nov., Acin-
elobacter haemlyticus sp. nov., Acinetobacter joh i sp. nov., and Acineto-
bacter junii sp. nov., emended description of Acinetobacter calcoaceticus and
Acinetobacter Iwoffii. Int. J, Syst. Bacteriol. 36:228-240.

. Buisson, Y., G. Tran Van Nhieu, L. Ginot, P, Bouvet, H. Schill, L. Driot, and
M. Meyran. 1990. Nosocomial outbreaks due to amikacin-resistant tobramy-
cin-sensitive Acinetobacter species: correlation with amikacin usage. J. Hosp.
Infect. 15:83-93,

4. Cefai, C,, J. Richards, F. K. Gould, and P. McPeake. 1990. An outbreak of
Acinetobacter respiratory tract infection resulting from incomplete disinfec-
tion of ventilatory equipment. J, Hosp. Infect. 15:177-182.

. Devaud, M., F. H. Kayser, and B. Bachi. 1982, Transposon-mediated mul-
tiple antibiotic resistance in Acinetobacter strains. Antimicrob. Agents Che-
mother. 22:323-329,

—

13

w

i

60



MM Navia

Resultados

VoL. 37, 1999

had

10.

11,

12.

Goldstein, G. W., A. Labigne-Rousell, G. Gerbaud, C. Carlier, E. Collatz,
and P, Courvalin. 1983. Transferable plasmid mediated antibiotic resistance
in Acinetobacter. Plasmid 10:138-147,

. Gémez-Lus, R, L. Larrad, M. C. Rubio-Calve, M. Navarro, and M. P.

Lasierra. 1980, AAC(3) and AAC(6') enzymes produced by R plasmids
isolated in general hospital, p, 295~303. /n S, Mitsushashi, L. Rosival, and V.
Kremery (ed.), Antibiotic resistance, Springer-Verlag, Berlin, Germany.
Lambert, T., G. Gerbaud, and P. Courvalin. 1988, Transferable amikacin
resistance in Acinetobacter spp. due to a new type of 3"-aminoglycoside
phosphotransferase. Antimicrob. Agents Chemother. 32:15-19.

Lambert, T,, G. Gerbaud, P. Bouvet, J. F. Vieu, and P. Courvalin. 1990,
Dissemination of amikacin resistance gene aphA6 in Acinetobacter spp. An-
timicrob, Agents Chemother. 34:1244-1248.

Lambert, T., G, Gerbaud, and P, Courvalin. 1994, Characterization of the
dzromnuemal aac(6')-Ij gene 0! Acm::obacrcr sp. 13 and the aac(6')-Th
plasmid gene of Acinetobacter i. Antimicrob, Agents Chemother.
38:1883-1889.

Marcos, M., A., S, Abdalla, F, Pedraza, A. Andreu, F. Fernandez, R, Gomez-
Lus, M. T. Jimenez de Anta, and J. Vila, 1994, Epidemiological markers of
Acinetabacter b nii clinical isol from a spinal cord injury unit. J.
Hosp. Infect. 28:39-48.

Marcos, M. A., M. T. Jimenez de Anta, and J. Vila. 1995. Correlation of six
methods for ryping nosocomial isolates of Acinetobacter baumannii. 1. Med,
Microbiol. 42:328-335.

13, Martin, P., E. Jullien, and P, Courvalin. 1988, Nucleotide sequence of

14,

Acinetobacter baunannii aphA-6 gene: evolutionary and functional implica-
tions of sequence homologies with nucleotide-binding proteins, kinases and
other aminoglycoside-modifying enzymes. Mol. Microbiol. 2:615-625.

Murray, B. E., and R. C. Moellerlng. Jr. 1979 Ammnglywmdn-mndzfymg
enzymes among clinical isolates of Aci eficuis subsp, anitra-
tus (Herella vaginicola): explanation for high-level aminoglycoside resistance.

61

16.

17.

19.

21

AMIKACIN RESISTANCE IN A. BAUMANNII 761

Antimicrob, Agents Chemother. 15:190-199.

. Murray, B. E, and R. C. Moellering, Jr. 1980. Evidence of plasmid-mediated

production of aminoglycoside-modifying enzymes not previously described
in Acinetobacter. Antimicrob. Agents Chemother, 17:30-36.

National Committee for Clinical Laboratory Standards. 1997, Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
4th ed. Approved standard M7-A4. National Committee for Clinical Labo-
ratory Standards, Wayne, Pa.

Ploy, M. C,, H. Giamarellon, P. Bourlioux, P. Courvalin, and T, Lambert.
1994, Detection of aac(6')-I genes in amikacin-resistant Acinerobacter spp. by
PCR. Antimicrob, Agents Chemother, 38:2925-2928.

. Shaw, K. ], P. N. Rather, R. 8. Hare, and G. H. Miller. 1993, Molecular

genetics of aminoglycoside resistance genes and familial relationships of the
aminogly odifying enzy Microbiol. Rev. 57:138-163.

Tenover, F. C,, R D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray,
D. H. Persing, and B. Swaminathan, 1995. Interpreting chromosomal DNA
restriction patterns produced by pulsed-field gel electrophoresis: criteria for
bacterial strain typing, J. Clin. Microbiol, 33:2233-2239,

, Vila, J.,, M. Almela, and M. T. Jimenez de Anta. 1989. Laboratory investi-

gation of hospital outbreak caused by two different multiresistant Acinefo-
bacter calcoaceticus subsp, anitratus strains. J. Clin. Microbiol. 27:1086-1089.
Vila, J., M. A. Marcos, F. Marco, S. Abdalla, Y. Vergara, R. Reig, R. Gomez-
Lus, and M. T. Jimenez de Anta. 1993. In vitro antimicrobial production of
B-lactamases, aminoglycoside-modifying enzymes, and chloramphenicol
acetyltransferase by and susceptibility of clinical isolates of Acinetobacter
bawmannii, Antimicrob, Agents Chemother. 37:138-141.

. Vila, J., M. A. Marcos, and M. T. Yimenez de Anta. 1996. A comparative

study uf dlﬂ'crnut PCR-bnmi DNA fingerprinting techniques for typing of
the Ac icus-A. b ii complex. J. Med. Microbiol.
44:482-489.




MM Navia Resultados

3.1.2 Articulo 2.- “Distribution of B-lactamases in Acinetobacter
baumannii clinical isolates and the effect of Syn 2190 (AmpC
inhibitor) on the MIC of different B-lactam antibiotics”

Journal of Antimicrobial Chemotherapy, 2000; 50: 261-264

Se estudiaron 20 cepas de A.baumannii aisladas de diferentes hospitals espafioles y con
resistencia a B-lactdmicos, con el fin de analizar su distribucién de B-lactamasas asi como la

actividad del Syn 2190, un inhibidor de la betalactamasa cromosdémica AmpC.

Todas las cepas eran resistentes a la ampicilina, once de ellas con una CMI >256
pg/ml. En nueve de las once, se pudo correlacionar el valor de la CMI con la presencia y
expresion de una OXA y/o una TEM. En las once cepas restantes (con CMIs entre 32 y
256pg/ml) se observé una disminucién de la CMI a ampicilina en presencia del Syn 2190. 90%
de las cepas eran resistentes a la cefotaxima, 60% al cefepime, 55% a la ceftazidima , 35% a
la piperacilina y 15% al imipenem. La presencia del Syn 2190 no modificé la CMI a este Ultimo,
mientras que frente a la ceftazidima se observé una disminucion de la CMI en el 82% de las
cepas resistentes. Frente a la piperacilina, la afectacion del inhibidor fue diferente incluso entre

cepas que presentaban las mismas B-lactamasas.
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The distribution of §-lactamases in a group of 20 epidemiologically well defined Acinetobacter
baumannii clinical isolates and the in viiro activity of Syn 2190, a novel B-lactamase AmpC
inhibitor, were determined. Twenty-five per cent of the strains carried and expressed a TEM-type
B-lactamase, whereas 35% had an OXA-type f-lactamase. In nine out of 11 (82%) ceftazidime-
resistant and four out of 13 (30.7%) cefepime-resistant strains, the MIC of these B-lactam anti-
biotics decreased when determined in the presence of Syn 2190. Thus, our results suggest that
in a high percentage of A. baumannii clinical isolates the increased production of AmpC, in
combination or not with other resistance mechanisms, contributes to the resistance patternin

A. baumanniito B-lactams.

Introduction

Acinetobacter baumannii is an emergent opportunistic noso-
comial pathogen, which very often causes nosocomial out-
breaks that are difficult to control due to the ease with which
this microorganism disseminates and its persistence in the
hospital environment. Successive surveys have reported
increased resistance inA. baumannii clinical isolates, !

A. baumannii is currently resistant to most $-lactam anti-
biotics, particularly penicillins and cephalosporins, and lately
to carbapenems.!” Ceftazidime, piperacillin and imipenem are
among the most active 3-lactam antibiotics against A. bauman-
nii, Several authors have studied the presence of B-lactamases
as a mechanism of resistance to these antibiotics.'? Some of
these reports were performed using Acinetobacter calcoaceti-
cus, since they were carried out before the studies that defined
13 genospecies, including one species for A. calcoaceticus
and another for A. baumannii.! This study aimed to investi-
gate the distribution of B-lactamases in a group of epidemio-
logically well defined A. baumannii clinical isolates.
Moreover, the in vifro activity of Syn 2190, a novel AmpC

inhibitor,** in combination with various penicillins and
cephalosporins was also determined.

Materials and methods

Bacterial strains

The 20 A. baumannii clinical isolates analysed during this
study are part of a collection from the Hospital Clinic, and
were isolated in Spanish hospitals during a 10 year period.5

Susceptibility testing

All susceptibility testing was by Etest (AB Biobisk, Sélna,
Sweden) following the manufacturer’s recommendations.
The MICs of ampicillin, piperacillin, ceftazidime, imipenem
and cefepime were determined in both the presence and
absence of 4 mg/L Syn 2190%5 (Naeja Pharmaceutical Inc.,
Edmonton, Canada). In addition, the MICs of ticarcillin, cefo-
taxime and cefoxitin were determined. The MIC of imipenem
was also determined in the presence of 25 mg/L reserpine.

© 2002 The British Society for Antimicrobial Chemotherapy
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Staphylococcus aureus ATCC 29213 and Escherichia coli
ATCC 25922 were used as quality controls.

Characterization of B-lactamase

Determination of isoelectric points was performed as
described previously.? The presence of tem, oxa 2-like, o.xa 3-
like and shv-type genes was determined by PCR with primers
and conditions described previously.>* Determination of the
presence of oxa 20 and oxa 37 genes was carried out under the
same conditions as the other oxa genes, but using the following
primers: 5-CACATCGGTTTATAATGAAT-3' and 5-TTG-
GGTGGCAAAGCATTGACG-3".

Results and discussion

Twenty A. baumannii clinical isolates were studied. These
isolates were identified as A. banumannii based on biochemi-
cal criteria and by amplified ribosomal DNA restriction
analysis. Previous studies have shown that, with the exception
of strains 6R and 67384, the isolates were epidemiologically
unrelated.57 Susceptibility to different B-lactam antibiotics is
shown in Table 1. All strains were resistant to ampicillin.
Eleven out of 20 A. bawnannii strains had an MIC of ampicil-
lin >256 mg/L, and in nine, this high level of resistance was
correlated with the presence of an OXA and/or TEM (-lactam-
ase (Table 2). Twenty-five per cent of the strains carried and

expressed a TEM-type PB-lactamase, whereas 35% of the
strains had an OXA-type B-lactamase (Table 2). Plasmid-
mediated TEM-1- and TEM-2-type B-lactamases have been
described previously.!® In a previous study, Joly-Guillou ef
al.? established a prevalence of TEM-1-type fB-lactamase in
Acinetobacter spp. of ¢. 34%. Several OXA-type B-lactam-
ases have been described in A. baumannii, with most being
located in an integron.2”? The remaining 11 strains not present-
ing an OXA- or TEM-type B-lactamase had a MIC range of
ampicillin between 32 and >256 mg/L, and a decrease in the
MIC of ampicillin was observed for all when it was detennined
in the presence of 4 mg/L Syn 2190, an AmpC inhibitor.
These results suggest that at least 50% of the strains present an
overexpressed chromosomal AmpC B-lactamase, with differ-
ent levels of expression depending on the strain. Syn 2190 is
an inhibitor of AmpC B-lactamases but does not affect other
types of these enzymes.*S Although a CARB-type B-lactam-
ase has been found in an A. calcoaceticus subsp. anitratus
strain,! in our study this type of B-lactamase was not detected.
Susceptibility to piperacillin was also low, with 35% (seven
out of 20) of the strains being resistant and 45% (nine out of
20) being intermediately resistant. Strains carrying the same
set of B-lactamases, for instance strains 6R, 661 and 704R
producing TEM and OXA B-lactamases, or 67384, 875 and
741 producing an OXA pB-lactamase, showed different
susceptibility to the piperacillin plus Syn 2190 combination.
In strains 6R, 67384 and 875, the MIC of piperacillin was

Table 1. MICs of different B-lactam antibiotics, some plus Syn 2190, for 20 A, baumannii clinical isolates

MIC (mg/L)
Strain AMP AMP+1 TIC PIP PIP+I CTX CAZ CAZ+]1 FOX FEP FEP+I IPM IPM+I IPM+R
6R >256 >256 >256 >256 >256 >32 >256 32 3256 >32 >32 >32 >32 >32
67384 >256 >256 >256 >256 >256 >32 >256 32 3256 >32 >32 >32 >32 >32
875 >256 >256 >256 256 =256 >32 3256 16 5256 >32 12 >32 >32 >32
46Y >256 >256 5256 256 5256 32 >256 »256 >256 >32 >32 4 4 4
36 >256 24 >256 64 16 32 16 3 >256 4 15 0.25 025 025
65 128 64 >256 64 48 >32 >256 16 >256 >32 >32 0.25 0.25 0.25
661 >256 >256 5256 >256 32 32 32 24 >256 »32 >32 1 1 0.19
Fl4 96 64 96 24 24  >32 >256 16 >256 >32 >32 0.25 0.25 0.25
198 48 24 64 48 24 >3 B 8 >256 24 6 0.12 0.12 0.25
92 48 B 24 24 12 >32 8 16 96 4 6 1 1 0.38
7 >256 16 12 48 12 >32 B 8 >256 >32 >32 05 0.5 0.5
78 >256 B 12 24 8 >32 >256 16 5256 >32 >32 0.25 0.25 0.25
31 >256 >256 256 64 64 8 4 4 5256 >32 >32 0.25 0.25 0.25
83 32 4 8 8 3 >32 >256 16 48 1.5 1 0.12 012 0.12
183 32 4 8 4 4 8 8 8 24 1 0.5 0.06 0.06 0.06
61 32 6 16 12 6 >32 4 2 >256 2 15 0.19 0.12 0.12
86 48 8 24 16 12 >32 4 3 256 4 3 0.094 0.12 0.12
60 64 8 32 32 16 >32 8 8 >256 4 3 012 0.12 0.12
741 >256 >256 >256 >256 64 >32 >256 32 3256 >32 16 1 1 0.19
TO4R  >256 >256 >256 >256 32 >32 >256 64 5256 >32 32 1 1 0.19

L Syn 2190; AMP, ampicillin; TIC, ticarcillin; PIP, piperacillin; CTX, cefotaxime; CAZ, ceftazidime; FOX, cefoxitin; FEP, cefepime; IPM, imipenem;

R. reserpine,
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Table 2. Distribution of B-lactamases in the 20 A. bawnannii clinical isolates

PCR Resistance phenotype
Strain  Isoclectricfocusing (pI)  blamy blagg," AMPE PIP CTX CAZ FEP IPM TIC FOX
31 54 + - R I S S R S R R
36 >8,54 + - R 1 R 1 S s R R
6R >8,7.0-7.5,54 + +(21-like) R R R R R R R R
661 >8,7.0-7.5,54 + +(21-like) R R R R R S R R
704R >8,7.0-7.5,54 + +(21-like) R R R R R S R R
67384 >8,7.0-7.5 - + (21-like) R R R R R R R R
875 >8,7.0-7.5 - + (21-like) R R R R R R R R
46Y >8,7.0-7.5 - +(21-like) R R R R R S R R
741 >8,7.0-7.5 - +(37) R R R R R S R R
65 >8 - - R 1 R R R S R R
Fl4 >8 - - R I R R R S 1 R
198 >8 - - R 1 R S I S I R
92 >8 - - R I R S S S 1 R
77 >8 - - R 1 R S R S S R
78 >8 - - R I R R R S S R
83 >8 - - R S R R S S S R
183 >8 - - R S ) S 8 S S 1
61 >8 - - R S R 8 S S S R
60 >8 - - R I R S ) S 1 R
86 >8 - - R S R S S S 1 R

pL isoelectric point; S, susceptible; 1, intennediate; R, resistant.

“The type of oxa gene is given in parentheses,

PBreakpoints for the different B-lactams: AMP <8 S, 232 R; TIC <16 S, 2128 R;
FEP <8 §,232R;IPM =4 5,216 R.

>256 mg/L., in both the presence and absence of Syn 2190,
whereas strains 661, 704R and 741 showed a decrease in the
MIC of piperacillin from >256 to 32-64 mg/L. when it was
determined in the presence of the AmpC inhibitor. Three
possible explanations could be posed for this phenomenon:
(1) there may be a decrease in Syn 2190 penetration in strains
6R, 67384 or 875 so that it would not inhibit AmpC; (ii) a com-
plementary mechanism of resistance to piperacillin besides
the expression of (-lactamases in these strains, such as a
decrease in permeability, increased efflux or modifications in
the penicillin-binding proteins; or (iii) various chromosomal
cephalosporinases with different levels of inhibition by Syn
2190 could be synthesized by each strain. In fact, several
cephalosporinases, which are very heterogeneous from a
functional point of view, have been described. 10

The proportion of cefotaxime-resistant strains (90%) was
higher than that of ceftazidime-resistant strains (55%), whereas
in general cefepime showed low activity, with 60% of the
strains being resistant. For nine out of 11 (82%) ceftazidime-
resistant strains, the MIC of this B-lactam antibiotic decreased
at least four-fold when determined in the presence of Syn
2190, whereas this was the case for only three of the 12
(25%) cefepime-resistant or intermediate strains. Recently,

PIP<16 S, 2128 R; CAZ <B S, 232 R, CTX <8 5, 232 R, FOX <8 §, 232 R,

Bou & Martinez-Beltrén'® cloned an AmpC B-lactamase from
A. baimannii with a typical cephalosporinase profile that
slightly affected cefepime. However, in Pseri:domonas aeru-
ginosa, o total de-repression of the AmpC enzyme compro-
mises cefepime.!! This could be the case in the above-
mentioned strains, whereas in those strains showing no
change in the MIC of cefepime (>32 mg/L) in the presence of
Syn 2190, the resistance conld be related to decreased perme-
ability or increased efflux. This is further supported by the fact
that strains such as 77 or 31 are highly resistant to cefepime
but susceptible to ceftazidime, whereas neither MIC is
affected by Syn 2190.

Three out of 20 (15%) A. baronannii strains showed a MIC
of imipenem >32 mg/L, indicating the presence of a carba-
penemase. Several B-lactamases affecting imipenem have
been described,!2 some of which have been located in a plas-
mid that can be transferred, such as ARI-1, which is now
OXA-23.! The combination of imipenem plus Syn 2190 did
not modify the activity of this carbapenem, suggesting that
AmpC has no effect on this antimicrobial agent. A set of oxa-
cillinases with activity against carbapenems has recently been
described.? The imipenem-susceptible strains presented a
range of imipenem MICs between 0.06 and 4 mg/L. All four
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strains with a MIC of imipenem of 1 mg/L had an MIC 0f0.19
(three strains) and 0.38 mg/L (one strain) in the presence of
reserpine (25 mg/L). Reserpine is an efflux pump inhibitor, in
both Gram-positive and -negative bacteria., These results
suggest that an efflux pump, inhibited by reserpine, could be
involved in the moderate increase in resistance to imipenem.

In summary, despite the fact that other mechanisms of
resistance to §-lactam antibiotics, such as decreased perme-
ability or increased efflux, may contribute to the final MIC,
our results indicate that a high percentage of A. baumannii
clinical isolates show increased production of AmpC, and that
other mechanisms, such as OXA- and TEM-type B-lactam-
ases, play an important role in resistance to -lactam anti-
biotics.
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3.1.3 Articulo 3.- “Cloning and Nucleotide Sequence Analysis of a
Gene encoding an OXA-derived B-lactamase in Acinetobacter
baumannii’

Antimicrobial Agents and Chemotherapy, 1997; 41: 2557-2559

La cepa de A.baumannij, Ab41, fué aislada durante un brote epidémico en una unidad
de cuidados intensivos del Hospital Clinico de Barcelona. Presentaba resistencia a todos los B-
lactamicos testados, excepto ceftazidima, ceftriaxone, ceftizoxima e imipenem. Asi, presentaba
una MIC >256pg/ml para ampicilina, amoxicilina, y ticarcilina; 256pg/ml para piperacilina y
ticarcilina més acido clavulanico, 64pg/ml para aztreonam; 16pg/ml para cefotaxima; 16/8ug/ml
para amoxicilina mas acido clavulanico; 8ug/ml para ceftazidima, ceftizoxima, ceftriaxone y
ampicilina mas sulbactam y 0,5pg/ml frente a imipenem. Utilizando técnicas moleculares se
estudiaron los mecanismos responsables para dicho fenotipo multirresistente. Mediante
isoelectroenfoque se observd la presencia de tres B-lactamasas con pI de >8.0 (B-lactamasa
cromosomica), 5.4 (tipo TEM) y 7.0. Esta Ultima resulté ser una B-lactamasa tipo OXA muy
similar a la OXA-3 de la cual diferia a nivel de secuencia de ADN en tres nucledtidos, dos de los
cuales eran silenciosos. El tercero, sin embargo, generaba una sustitucion en la Ile-217 a Met, a

cuatro aminodcidos de la triada conservada. La nueva enzima fue designada como OXA-21
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A clinical strain of Acinetobacter baumannii (strain Ab41) that was resistant to all B-lactam antibiotics tested
except ceftazidime, ceftriaxone, ceftizoxime, and imipenem produced three pf-lactamases: a presumptive chro-
mosomal cephalosporinase, a TEM-1-like B-lactamase (pI 5.4), and a novel OXA-derived B-lactamase named
0XA-21 (pI 7.0). The gene encoding OXA-21 was located in an integron. The nucleotide sequence showed three
mutations compared with the sequence of OXA-3, with two being silent; the nonsilent mutation generated a

substitution of Ile-217 to Met.

Acinetobacter baumannii is recognized as an important op-
portunistic pathogen which mainly causes pneumonia, bacte-
remia, and meningitis in immunocompromised patients (2, 13,
14). Currently, it is resistant to a wide variety of antibiotics, and
this complicates the treatment of serious infections (11, 12, 15,
17). The low level of susceptibility of this microorganism to
B-lactam antibiotics is linked to either an intrinsic or an ac-
quired resistance. Sato and Nakae (10) showed that the outer
membrane permeability of Acinetobacter to B-lactam antibiot-
ics was 1 to 3% of that observed in Escherichia coli, suggesting
that one of the causes for the high level of antibiotic resistance
of Acinetobacter calcoaceticus is attributable to the presence of
a small number of small porins. However, the most common
mechanism of resistance to B-lactam antibiotics is due to the
inactivation of these antibacterial agents by B-lactamases en-
coded either by the chromosome or by plasmids (3, 17). The
plasmid-encoded B-lactamases TEM-1 and CARB-5 are the
B-lactamases most frequently found in Acinetobacter (3, 17).
Chromosomally encoded enzymes in Acinetobacter have also
been extensively studied (3). In a previous study (17), B-lacta-
mase detection was performed with 54 epidemiologically un-
related clinical isolates of A. baumannii, yielding a TEM-type
B-lactamase in 16% of the clinical isolates analyzed and an
unknown B-lactamase with a pl of 7.0 in 11% of the clinical
isolates analyzed, The main purpose of the present work was to
clone and sequence the gene encoding this unknown B-lacta-
mase.

A strain of A baumannii (strain Ab41) that was isolated
during an outbreak in an intensive care unit in our hospital
(16) and that has been epidemiologically and biochemically
analyzed (16, 19) was studied. The susceptibility testing of this
strain was performed by an agar dilution method in accordance
with the guidelines established by the National Committee for
Clinical Laboratory Standards (8). Approximately 10° CFU of
the isolate was inoculated onto freshly prepared medium con-
taining serial dilutions of the following antimicrobial agents:
ampicillin (Antibioticos, S.A., Ledn, Spain); amoxicillin,
amoxicillin plus clavulanic acid, ticarcillin, and ticarcillin plus
clavulanic acid (Beecham Laboratories, Brentford, United
Kingdom); ceftazidime (Glaxo Wellcome, Greenford, United

* Corresponding author. Mailing address: Departament de Micro-
biologia, Hospital Clinic, Facultat de Medicina, Universitat de Barce-
lona, Villarroel, 170, 08036 Barcelona, Spain. Phone: 34.3.2275522.
Fax: 34.3.2275454. E-mail; vila@microclinic.med.ub.es.
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Kingdom); cefotaxime (Hoechst, Frankfurt, Germany); ceftri-
axone (Roche, Basel, Switzerland); piperacillin (Lederle Lab-
oratories, Pearl River, N.Y.); imipenem (Merck Research
Laboratories, Rahway, N.J.); ampicillin plus sulbactam (Pfizer,
Inc., New York, N.Y.); ceftizoxime (Smith Kline & French,
Philadelphia, Pa.); and aztreonam (Squibb, Princeton, N.I.).
Ampicillin plus clavulanic acid and ampicillin plus sulbactam
were tested at ratios of 2:1, whereas ticarcillin plus clavulanic
acid was tested at 2 pg of clavulanic acid per ml.

A. baumannii Ab41 was resistant to all B-lactam antibiotics
except ceftazidime, ceftriaxone, ceftizoxime, and imipenem.
The MICs were >256 pg/ml for ampicillin, amoxicillin and
ticarcillin 256 wg/ml for piperacillin and ticarcillin plus clavu-
lanic acid; 64 pg/ml for aztreonam; 16 pg/ml for cefotaxime;
16/8 pg/ml for amoxicillin plus clavulanic acid; 8 pg/ml for
ceftazidime, ceftizoxime, ceftriaxone, and ampicillin plus sul-
bactam; 0.5 pg/ml for imipenem; and 4 pg/ml for sulbactam.

B-Lactamases were analyzed by isoelectric focusing as de-
scribed by Matthew et al. (7). The pls were determined by
comparison with those of enzymes with known pls. The extract
of the strain contained three B-lactamases: one gave a band
with a pI above 8.0, likely corresponding to a chromosomal
cephalosporinase, the other focused at pl 5.4 (TEM-1 type),
and the third focused at pI 7.0. By using PCR, the presence of
an integron was detected in this strain. PCR was carried out
with a 50-ul volume containing 25 ul of a suspension of the
strain which was prepared as described previously (18) and 25
pl of a reaction mixture containing 20 mM Tris-HCI (pH 8.8),
100 mM potassium chloride, 3.0 mM magnesium chloride,
0.1% (wt/vol) gelatin, 400 pM deoxynucleoside triphosphates,
1 uM primers, and 2.5 U of Tag polymerase (GIBCO-BRL).
The primers 5'-AAGCAGACTTGACCTGA3' (upper primer)
and 5S'GGCATCCAAGCAGCAAG3' (lower primer) were
used (6). The reaction mixture was overlaid with sterile min-
eral oil and was submitted to the following program of ampli-
fication: 1 min at 94°C, 1 min at 55°C, and 5 min at 72°C, with
a final extension of 16 min at 72°C. The amplified DNA prod-
uct was resolved by electrophoresis in a 1% (wt/vol) agarose
gel containing ethidium bromide. This strain yielded a PCR
product of approximately 1.5 kb, and this product was ex-
tracted from the agarose gel by using the Gene-Clean kit (Bio
101, Inc., La Jolla, Calif.) and was cloned by using the TA
cloning kit (Invitrogen BV, Leek, The Netherlands). Sequenc-
ing was done with the Tag DyeDeoxiTerminator Cycle Se-
quencing Kit, and the sequence was analyzed in an automatic
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CGGAAAAGGT TGAGUTCTTG CUTGCCGCTT TCAGGTOGOG ATATGOGEOC TANCAATTCS & TABLE 1. Nucleotide and amino acid changes between OXA-3
TCCANGECGA CORCGCTIOS COGCGCNACT TAACTEAGIT GTTGORCTIC AMGGANC 19 and OXA-21
M A I R I * A I L Fr S5 T r Vv Fr a 16 Nucleotide Nucleotide change Amino acid change
TTA ATG GCA NTC COA ATC TTC GCA ATA CTT TTC TOC ACT TTT GTT TTT GGC 170 PO!lll(m (oxa_z‘__,ox}\_n) {OXA-S-*OMZI)
AL MALLASAL LA & 18 T-C No change
¥ * 8 B F Q A XK 6 T I V ¥V A D E R % 651 T-G I-M
TIT TIC AGC GAA TTT CAA GCC AAA GGC ACGLATA OTT OTG GCA GAC GAR ©GC 212 696 C-T No change
2 T p R ¥ I L VvV F D @ V R § E K R &
CAR ACA GAT COT GTC ATA TTG GTT TTT GAT CAG GTG OGG TCA GAG AMA CoC 323
Y 58 P A 8 *X I P H T L F A L D 8 . . . —
TAC TCG CCG GCC TCG ACA TTC AAG ATT CCA CAT ACA CTT TTT OCA CTT GAC 374 duced amino acid sequence is presented in Fig. 1. The enzyme
A @ A AR DEPFP OV F R WD A4 I K 101 was 275 amino acids long and began with about 21 hydropho-
Geh Goc GCT GCA COT GAT GAS T CAR QI TIC CGA OG0 GAC COC MTC MR 435 bjc residues suitable for a signal peptide. The Ser-Thr-Phe-Lys
L rArirrrobs D LR 8oan o (positions 72 to 74) and Lys-Thr-Gly (positions 210 to 212)
conserved regions corresponding to the enzyme active site and
AT ToT ACT GIC THG AIT TAT GAG CTR TIT GRA ARA GAG ATC Oar A i 533 the conserved triad, similar to that found in class A B-lacta-
¥ A UE N T T e R TR e Ak e E i mases, were observed. The amino acid sequence homology
ARG GCT CGA OGC TAT TTG AAG CAA ATC GAC TAT GGC AAC GCC GAT COT T¢G 578 between this B-lactamase and the OXA-3 B-lactamase was
T 8§ W 6 D Y W I D @ N L A I A A @ 16 99,6%. In comparison with the OXA-3 sequence (9), the non-
22 20n Jae S G TC 301 A QAT G ANP COE GOT MAK OCBACK 2M: 640 silent mutation generated a substitution of Ile-217 to Met,
E 0 I A ¥ L R K L ¥ E N E L P F R 18 which is located four amino acids from the conserved triad
GAA CAG ATT GCA TIT CTC AGG AMG CTC TAT CAT AAC GAG TIG OOC TTT OGO 680 (\.I.ablel}.
P4 e L LR B R RS N LS T The oxacillinases are often plasmid-mediated enzymes
WOk E & N KRR B W e which belong to the molecular class D B-lactamases (1) and are
AAC TG ATA CTG COC GCA BAG ACE GGC GG GAA GGC COC ATG (G T3 T3 762 included in group 2d of the recent functional classification by
VAN E R A R RV T AR LR iR Bush et al. (4). They share a number of unusual characteristics
OTA GG GG GTT GAG TOG COG ACT GGC OCC GTA TTT TIC GCA CTG AAT ATT 833 and show hydrolytic activity for isoxazolyl penicillins such as
DT R WK BN G K B BT VLR 95 oxacillin and cloxacillin and other penicillins such as methicil-
S 0P CXN MG NG, 0 G G GTR. STC MMM 200 GG GOh-BTR ol . gk lin. Eighteen oxacillinases have been characterized so far. Phy-
A I L R S I E AL PP NP AV NE logenetic data have revealed five groups of class D B-lactama-
©CR ATE €T COC T AT GMA G5O TI0 OO0 COC MG 00 OCA GTC MC T8 935 ga¢ with large evolutionary distances between each group (9).
P 293 Group II includes OXA-2, OXA-3, and OXA-15. The OXA-3
GAC GCA GOG OGA AGCCGOGCAS CGOCOFTTAC TTCTADGTTA GATGCACTAA 1 ]
- s B-lactamase shows properties similar to those of OXA-2 and
- 1033 shares a significant degree of immunological cross-reactivity

FIG. 1. Nucleotide and amino acid sequences of the OXA-21 gene and the
OXA-21 protein from A. b ii Abd1. The locations of the primers used to
sequence the gene are underlined, and the direction of the sequence is indicated
with an arrow. 5.D., & putative Shine-Dalgamo ribosomal recognition site. The
bnldfac.u ATG and TAA represent the initiation and termination codons, re-

. The B-lactamase-active site 5-T-F-K and the mnse.n'ed triad K-T-G
are presented in boldface. A proposed cleavage site g ing a possible signal
sequence is indicated with a vertical arrow.

DNA sequencer (373A; Applied Biosystems). The entire se-
quence of the gene was determined twice in order to prove the
accuracy. The DNA sequence of this integron in both direc-
tions was determined by using both PCR primers. A 665-bp
fragment was sequenced, with the lower primer showing a high
level of homology with the aadB gene, whereas the upper
primer yielded a 505-bp fragment, which was sequenced and
which showed homology with a type OXA B-lactamase. The
complete nucleotide sequence obtained by the sequencing
strategy described above is presented in Fig. 1. An ATG codon
initiated an 825-bp open reading frame, which ended with a
TAA codon. The initiation codon was preceded by a Shine-
Dalgarno ribosome-binding sequence, AAGGAA. The nucle-
otide sequence differed from that of OXA-3 B-lactamase by
three point mutations, which represented 99.5% similarity.
However, two of these three mutations were silent. The gene
was flanked at the 3’ end by a short recombination element. At
the 5’ end another antibiotic resistance gene, aadB, was found,
and this gene was also flanked by another recombination ele-
ment, indicating that the two genes are inserted independently
in the integron. Therefore, this oxa gene is integrated as a
cassette in an integron, similar to other oxacillinases. The de-

with OXA-2 (5). Comparison of the amino acid sequence of
the B-lactamase investigated in this study with those of OXA-2
and OXA-15 shows similarities of 91 and 90.5%, respectively.
Met-217 was found in both OXA-2 and OXA-15 but was not
found in OXA-3. The high degree of similarity among this
group of class D B-lactamases indicates a common ancestor.

In summary, the present study has described a new OXA-
derived B-lactamase in A. bawnannii. It is the first of its class
described in this microorganism. We suggest the designation
OXA-21 for the enzyme.

Nucleotide sequence accession number, The nucleotide se-
quence of the OXA-21 gene has been given EMBL database
accession no. Y10693.

This work was supported in part by grants PM93/1229 and FIS
95/0875 from Spain.

We thank Servicios Cientifico Técnicos from the University of Bar-
celona for helping us with the DNA sequencing.
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3.1.4 Articulo 4.- “Characterization of an integron carrying a new
class D pB-lactamase (OXA-37) in Acinetobacter baumannii”

Molecular Drug Resistance, 2002; 8(4): 261-265

Se ha analizado una cepa de Acinetobacter baumannii altamente resistente a B-
lactdmicos, con excepcion de amoxi-clavulanico (para la que era intermedia), imipenem y ampi-
sulbactam. Por isoelectroenfoque, la cepa presentaba dos B-lactamasas: una con punto
isoeléctrico >8.0 y probablemente correspondiente a una B-lactamasa cromosémica, y otra con
pI de aproximadamente 7,4. Al buscar la presencia integrones de tipo I, se amplificaron dos
bandas diferentes: una de 550 pb y otra de 2.2Kb. El integrén més pequefio contenia un solo
cassette, con un gen aacCl. El mas grande, en cambio, presentaba tres cassettes diferentes: un
gen aadA4 seguido por un marco de lectura abierto (ORF) desconocido y finalmente por una
OXA. La caracterizacién de la oxa mostrd que se trataba de un gen muy similar a la oxa-20
descrita en P.aeuruginosa, con una mutacion en la posicidn 69 que resulta en la sustitucion de
un glutdmico por un aspartico. La clonacién de dicha oxacilinasa y su transformacion en una
E.coli susceptible demostré que parecia tener una buena actividad especialmente sobre la
ceftazidima, cefotaxima, ticarcillina y la ampicilina+sulbactam. La nueva oxacilinasa ha recibido

el nombre de OXA-37.
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Characterization of an Integron Carrying a New Class D
B-Lactamase (OXA-37) in Acinetobacter baumannii

MARGARITA M. NAVIA, JOAQUIM RUIZ, and JORDI VILA

ABSTRACT

Integrons from a clinical strain of Acinetobacter baumannii highly resistant to S-lactams have been analyzed.
The largest (2.2 kb) contained three gene cassettes: an aacA4, an open reading frame of 417 nucleotides, and
an OXA-type encoding gene. The oxa gene nucleotide sequence differed from that of the oxa-20 in 2 bp, one
of the mutations being silent. The nonsilent mutation generated a substitution of glutamic acid for aspartic

acid. The new OXA has been named OXA-37.

INTRODUCTION

Acmsmmcmn BAUMANNI is a nosocomial pathogen, recog-
nized as being responsible for a wide spectrum of infec-
tions including bacteremia, secondary meningitis, pneumonia,
and urinary tract infections? It is often resistant to a wide va-
riety of antimicrobials, including cotrimoxazole, quinolones, 8-
lactam antibiotics, or aminoglycosides. In fact, isolates of A.
baumannii which are only susceptible to colistin, have been re-
cently described.!2

Partly responsible for such levels of resistance is the pres-
ence of integrons, genetic elements frequently found in Gram-
negative bacteria, among which A. baumannii is not an excep-
tion.!71%20 By definition, integrons are flanked by two
conserved regions between which gene cassettes are integrated
by recombination and can be later rearranged or deleted ® Cur-
rently, over 59 gene cassettes have been described’ with most
of them encoding proteins involved in antibiotic resistance. At
least six unknown open reading frames (ORFs) have also been
reported ?

Along with plasmids and transposons, integrons are respon-
sible for the movement of resistance genes, among others, both
intra- and interspecies. Not all genes conferring antibiotic re-
sistance have been found in integrons. Actually some of them,
such as those for chloramphenicol acetyl transferases (cat
genes), tetracycline resistance (fef genes), or certain types of -
lactamase-encoding genes (TEM- or SHV-type genes) are usu-
ally encountered in genetic environments different from inte-
grons, such as plasmids. However, a wide variety have already
been described to be integron borne, including those responsi-

ble for resistance to aminoglycoside (aad and aac genes),
trimethoprim (dfr), chloramphenicol (em! A), or B-lactam an-
tibiotics.

At least 15 different B-lactamase gene cassettes have been
found within integrons.” To date, this family of antimicrobial
drugs is classified into four major groups, with the OXA-type
being included in the Ambler class D,!% or group 2d from Bush's
classification® These are enzymes that hydrolyze cloxacillin
faster than benzylpenicillin, have a pI ranging between 5.5 and
9.0, and may have an incomplete inhibition by clavulanic
acid !5 OXA-type B-lactamases have been described in dif-
ferent gram-negative microorganisms such as Pseudomonas
aeruginosa, Salmonella typhimurium, Klebsiella pneumoniae,
or Escherichia coli (for a review, see ref. 15). As for A. bau-
mannii, in 1989 an oxacillin-hydrolizng B-lactamase with a pl
of 6.3 was reported to be responsible for the resistance to
imipenem in a clinical strain isolated in a French hospital.!® Re-
cently, a Spanish clinical isolate was described to carry an in-
tegron-borne OXA-3-related B-lactamase, named OXA-21,20
while more recently, an integron-borne OXA-20 has been found
in a French strain.'? Finally, genes of new OXA-type B-lacta-
mases (OXA-23, OXA-24, OXA-25, OXA-26, and OXA-27)
presenting carbapenemase activity have been lately found in
different strains of A. baumannii from various geographical re-
gions 1416

While studying a series of clinical strains of A. baumannii
isolated from different hospitals around Spain, one was found
to be highly resistant to B-lactams. The aim of this study was
to characterize the integrons from such isolates to determine, if
any, their contribution to B-lactams resistance.

Laboratori de Microbiologia, Institut Clfnic Infeccions i Immunologia, Hospital Clinic i Provincial, Institut d' Investigacions Biomédiques Au-

gust Pi I Sunyer (IDIBAPS), Universitat de Barcelona, Spain.
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MATERIALS AND METHODS

Microorganism

The A. baumannii Spanish clinical strain 74-I included in this
study was isolated and identified using conventional methods 2!

Susceptibility testing

Susceptibility testing of the isolate was performed by E-test
to the following B-lactamases: ampicillin, amoxicillin + clavu-
lanic, ampicillin + sulbactam, ceftazidime, piperacillin, cefo-
taxime, cefoxitin, cefepime, ticarcillin, piperacillin + tazobac-
tam, imipenem, and aztreonam, following manufacturer’s
indications. Appropriate American Type Culture Collection
(ATCC) strains were used as controls. An additional antibio-
gram was done by disk diffusion in which :the following
non-B-lactam antimicrobial drugs were included: tetracycline,
chloramphenicol, cotrimoxazole, spectinomycin, netilmicin,
amikacin, nalidixic acid, and ciprofloxacin.

Isoelectric point determination

PB-Lactamase crude extracts were obtained as previously de-
scribed®® and analyzed by isoelectric focusing. The exact pI val-
ues were determined by comparison with enzymes of known pl
values.

Integron amplification and sequencing

The presence of integrons was determined by PCR, using
primers and conditions previously described,!! Amplified prod-
ucts were resolved in a 1.5% agarose gel and stained with 50
pgfml ethidium bromide. Selected bands were cut from the gel
and DNA was recovered using the Gene-Clean kit (Bio 101 Inc.,
La Jolla, CA). It was then cloned into a pCRII vector and trans-
formed into a competent Escherichia coli strain (InvitrogenB.V.,
Leek, The Netherlands). Plasmid DNA was extracted using the
Quantum Prep Plasmid Miniprep Kit (BioRad Laboratories, Rich-
mond, CA). Sequencing reactions were carried out with a Ther-
mosequenaseDye Terminator Sequencing Kit (Amersham, Amer-
sham Place, England) and run in an automatic DNA sequencer
(377, Applied Biosystems). The entire integron sequence was de-
termined twice in both senses to prove its accuracy. The se-
quence’s GeneBank accession number is AY007784.

Amplification of the OXA-37 gene and modification of
the initiation codon

The OXA-37 gene was amplified by PCR using the follow-
ing specific primers: upperTTG-Ncol, 5'-CCA TGG TTG ATA
ATC CGA TTT CTA-3', and lower-Psil, 5'-CTG CAG CTA
GTT GGG TGG C-3'. To change the initiation codon from a
TTG to an ATG, a new upper primer was designed and used
(upperATG-Ncol, 5'-CCA TGG ATG ATA ATC CGA TTT
CTA-3"). The PCR program used for both reactions was of 30
cycles with denaturation (94°C), annealling (55°C), and exten-
sion (72°C) times of 1 min each.

Cloning of the OXA-37 and the ATG-amplicon

The PCR amplification products (813 bp) were runina 1.5%
agarose gel; the bands were cut and recovered using the Con-
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cert Rapid Gel Extraction System kit (Life Technologies,
Gaithersburg, MD). The vector used to clone both amplicons
was pAlter (Promega, Madison, WI), which confers resistance
to chloramphenicoland tetracycline. The cloning procedure was
as follows: both plasmid and amplicons were digested with PsiI
and Neol at 37°C for 2 hr, after which the enzymes were inac-
tivated at 80°C for 20 min. The digestion products were each
run in an agarose gel, and the bands correspondingto the open
plasmid and the oxa genes with sticky ends were cut and re-
covered, This extra step was done to avoid repairing of the small
cut fragments. After an overnight ligation reaction, competent
E. coli strains (Invitrogen B.V., Leek, The Netherlands) were
transformed with one of three plasmids (one containing the
OXA-37 (pAOxa 37), a second one with the oxa-37 precursor
gene with a modified initiation codon (pAOxa ATG), and fi-
nally a pAlter plasmid without an insert to be used as a con-
trol). The transformed bacteria were plated onto MH agar sup-
plemented with tetracycline and ampicillin (only in the case of
the plasmids containing inserts). In the case of the strain trans-
formed with the pAlter-OXA ATG plasmid, one colony was
isolated and plasmid extracted, and sequencing was carried out
as previously described, to ensure that the TTG codon had been
really changed for an ATG. Susceptibility testing of the trans-
formed E. coli was also done using the E-test and determined
for the same B-lactams as for the parental strain,

RESULTS

The susceptibility pattern to B-lactams of strain 741 is shown
on Table 1. It was highly resistant to most of those tested, with
the exception of amoxicillin + clavulanic, to which it was in-
termediate (16 pg/ml), and ampicillin + sulbactam (3 pg/ml)
and imipenem (1 wg/ml), to which it was susceptible. As for
the non-B-lactam antimicrobials, the strain showed resistance
in front of all of those tested, except for amikacin and specti-
nomycin, for which it was intermediate.

The extract from strain 74-1 contained two B-lactamases: one
with a pI above 8.0, probably corresponding to a chromosomal
cephalosporinase, and a second one with a pl of about 7.4,

PCR with integron primers resulted in the amplification of
two bands: one of about 550 bp and another of about 2.2 kb.
Sequencing revealed that the 550-bp amplicon contained an in-
tegron with an aacCI gene. On the other hand, the largest am-
plicon was found to contain three gene cassettes. (Fig. 1 shows
the complete nucleotide and amino acid sequence of the inte-
gron as well as the sequencing strategy followed to obtain it.)
On the 5' end, starting with a GTG codon and ending with a
TAA, was an aacA4 gene with 552 bp. On the second place,
starting with an ATG and ending with a TAG was an unknown
open reading frame of 417 bp. Finally, on the 3’ end, there was
a cassette with an OXA-type B-lactamase gene of 798 bp. The
oxa gene here described has a 99.7% nucleotide sequence iden-
tity and a 99.6% amino acid identity with that of the OXA-20,
first described in P. aeruginosa'® and recently in A. bauman-
nii,)7 thus differing in two base pairs and one amino acid, re-
spectively. The mutation that brings about the amino acid
change is on nucleotide position 69 and results in a glutamic
acid being replaced by an aspartic acid (see Table 2). Both
amino acids are negatively charged and could be considered as
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TABLE 1. SuscepTmILITY PATTERNS OF STRAIN 74-1 AND THE CLoNED OxaA-37,
WITH AND WITHOUT MoDIFICATION OF THE INITIATION CODON
E. coli + E. coli + E. coli +
Strain 74-1 pAlter pAoxa37 pAoxaATG
Antibiotic MIC (pg/ml) MIC (pg/ml) MIC (ug/ml) MIC (ug/ml)
Ampicillin >256 0.25 4 (16X) 6
Ceftazidime >256 0.023 0.75 (32X) 0.75
Piperacillin >256 0.25 4 (16X) 3
Cefotaxime >256 0.004 0.19 (48X) 0.19
Cefoxitin >256 1 16 (16X) 16
Ticarcillin >256 0.5 12 (24X) 12
Aztreonam >256 <0.016 0.19 (>5X%) 0.25
Cefepime >32 <(0.002 <0.002 <0.002
Amoxicillin + 16 1 6 (6X) 6
Clavulanic
Ampicillin + 3 0.032 3 (93%) 3
Sulbactam
Imipenem 1 0.125 0.125 0.125

In parentheses the fold-increase in MIC of the E. coli + pAoxa37 when compared to the E. coli + pAlter.

practically equivalent. As with the oxa 20 gene, this one starts
with a low transcription codon, TTG.

To determine how this gene contributes to the resistance of
the A. baumannii strain, it was amplified, cloned, and trans-
formed into a susceptible E. coli strain. The results obtained
(Table 1) show that the OXA-37 seems to have a good activ-
ity, especially over ceftazidime, cefotaxime, ticarcillin, and
ampicillin + sulbactam, for which the MIC was increased in
32, 48, 24, and 93-fold, respectively, when comparing the sus-
ceptibilities of the E. coli strain with and without the pAlter-
Oxa37. This activity did not increase when the low transcrip-
tion codon TTG was changed to an ATG.

DISCUSSION

Analysis of the integrons in a highly B-lactam resistant iso-
late of A. baumannii was performed. Results showed the pres-
ence of two integrons, one containing an aacC1 and a second
one of about 2,200 bp with three gene cassettes: an aacA4, an
unknown open reading frame, and an oxa gene. All three cas-
settes were flanked on the 3'-end by recombinationhot spot se-
quences (GTTRRRY), indicatingthat each of them was inserted
into the integron independently.

Two similar integrons have been described recently in liter-
ature, in both cases found in French clinical strains. The first
one was described in an isolate of P. aeruginosa,'* while the
second one was found in an A. baumannii'” Although the three
integrons present a strong similarity, they possess some im-
portant internal differences. In the P. aeruginosa OXA-20-con-
taining integron, the B-lactamase gene cassette is also preceded
by an aacA4 gene cassette, which differs from the one here de-
scribed in base pair 305 (C — T), which brings about one amino
acid change (S — T). However, there is no ORF between the
two genes, as is the case here. In terms of selection, the loss of
the ORF would mean an increase in the expressionof the oxacil-
linase, which would pass from a third to a second place from
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the integron’s promoter. Of course, this would be true if the un-
known protein did not in itself pose an advantage. It could be
argued, however, that because the OXA has a low transcription
initiation codon, and an apparently very small activity against
most common B-lactams, bringing it near to the promoter would
not be so significant in the end result. In any case, it is con-
sidered in general that the probability of losing a cassette from
an integron is greater than that of gaining one.? On the other
band, Naas et al.!* have analyzed the GC content of the OXA-
20 and arrived at the conclusion that with 45% (it is practically
the same for OXA-37), it probably had an Enterobacterial ori-
gin. However, taking into account the fact that the GC content
for Acinetobacter is between 38% and 47%,!? an Acinetobac-
ter origin should not be discarded. In fact, we analyzed as well
the GC content of the ORF and found it had a 46.43%, which
still leaves it within the range described for A. baumannii.

When cloned into a susceptible E. coli strain, OXA-37 in-
creased the MIC in different levels to all B-lactams tested ex-
cept for cefepime and imipenem. Although the final MIC at-
tained by the E. coli still could be considered as that of a
susceptible strain, the increase in certain cases, such as ampi-
cillin + sulbactam, cefotaxime, or ceftazidime was consider-
able (94X, 48X, and 32X, respectively). If we take into ac-
count that A. baumannii has to start with a low membrane
permeability, which makes it intrinsically more resistant than
E. coli, the contribution of this oxa gene to the acquisition of
resistance in this microorganism could be relevant. In a previ-
ous study, in which the effect of the oxa28 genes in
Pseudomonasand E. coli was compared, Poirel ez al.!® observed
the same effect.

Thus, the high levels of resistance to 8-lactams presented by
this strain must be explained by the sum of different mecha-
nisms. It can be partly explained by the presence of the oxa
gene. However, the intrinsic resistance of A. baumannii due to
a low membrane permeability plays, as it is well known, a def-
inite role. Besides, the presence of a chromosomal B-lactamase
(pI about 8.0) should also be taken into account. As part of an-
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_GGCATCCAA GCAGCAAGCG CGTTACGCCG TGGGTCGATG TTTGATGTTA 1150  ATGCCACACA ATGCGCTCAA AGCGCTGCAT TCCGTTAGCT GGGACCGGCG
DATAQ C A Q S A A F R *
— RES Oxa 17—

69  TGGAGCAGCA ACGATGTTAC GCAGCAGCAA CGATGTTACG CAGCAGGGCA 1208 AAGCCGGCCC CTTAGCTTAA ICGITAGGCA CCAAAGGAGE CTCCTTGATA
>< Ml

Anchd -—
188 GTCGCCCTAA AACAAAGITA_ GGCATCACAA AGTACAGCAT CGTGACCAAC 1250 ATCCGATTTC TAGCACTGCT TTTCTCAGCT GTTGTACTTG TCTCTCTTGG
W TN I RF LALL FSA VVL VS5LG

158 AGCAACGATT CCGTCACACT GCGCCTCATG ACTGAGCATG ACCTTGCGAT 1388 TCATGCACAA GATAAAACGC ATGAGAGCTC TAATTGGGGG AMATACTTTA
S N D S VTL R LM T EH DL AWM H A Q D KT H E S § N W G K Y F

200 GCTCTATGAG TGGCTAAATC GATCTCATAT CGTCGAGTGE TGGGGCGGAG 1350 GTGATTTCAA CGCTAAAGET ACAATAGTTG TAGTAGATGA ACGCACAAAC
L Y E W LN RS HI VEW L § D F N A K G T 1 % VVYDE R T N

-
256 AAGAAGCACE CCCBACACTT GCTGACGTAC AGGAACAGTA CTTGCCAAGC 4400 GGTAATTCCA CATCGGTTTA TAATGAATCC CGGGCTCAGC AGCGCTATTC
E E AR P T L A DV Q E QY L PS5 G N S TS VY N E 8 R A Q Q@ RY S

38  GTTTTAGCGC AAGAGTCCGT CACTCCATAC ATTGCAATGC TGAATGGAGA 1458  GCCTGCGTCC ACATTCAAGA TTCCGCATAC CCTTTTTGCG CTGGATGCAG

VL A Q@ E B V TPY I AN L NG E P A S I F K 1 PHT L F A L DA
356 GCCGATTGGG TATGCCCAGT CGTACGTTGC TCTTGGAAGC GGGGACGGAT 1608 GGGCGBTTCG CGATGAGTTT CATGTTTTTC GATGGGACGGE CGCTAAAAGA
P I G Y A Q S Y V A L 6 § G D G G AV R D E F HV F R WDG A K R
408 GGTGGGAAGA AGAAACCGAT CCAGGAGTAC GCGGAATAGA CCAGT7TACTG 155¢ AGCTTTGCAG GTCACAATCA AGACCAAAAC CTACGATCGG CAATGCGCAA
W W E E ETD P GV R G I D a £k S F A G H N Q D QN L RS A M RN
458 GCGAATGCAT CACAACTGGG CAAAGGCTTG GGAACCAAGC TCGTTCGAGC 1668 TTCTACCGTT TGGGTCTATC AACTATTCGC AAAAGAAATA GGCGAAAACA
A N A § a LG K 6 L 6 T K L VRA s TV WV Y QL F A K E I G E N
—
560 TCTGGTTGAG TYIGCTGYTCA ATGATCCCGA GGTCACCAAG ATCCAAACGG 1656 AAGCACGAAG CTACCTAGAA AAMATTAAATT ACGGCAATGC AGACCCCTCG
L V E L L F N D PE vV T K 1 arT K AR S Y L E K L N Y G N A D P S
550 ACCCGTCGBCC GAGCAACTTG CGAGCGATCC GATGCTACGA GAAAGCGGGG 1788 ACCAAGAGCG GTGACTACTG GATAGATGGA AATCTTGCAA TTTCAGCAAA
D PSP S N L R A I R CYE K A G T K 8 G D Y W I DG N L A 1 8 AN
6089 TTTGAGAGGC AAGGTACCGT AACCACCCCA GATGGTCCAG CCGTGTACAT 1788 TGAACAAATT TCCATCCTAA AGAAGCTTTA TCGAAATGAG CTTCCTTTTA
F ER Qa 6TV T TP D G P AV Y N EQI s I L K K LY R N E L P E
-
650 GGTTCAAACA CGCCAGGCAT TCGAGCGAAC ACGCAGTGAT GCCTAACCCT 1800 GGGTAGAGCA CCAACGCTIG GTTAAAGACT TGATGATTGT CGAAGCCAAA
varT R QA FERT R 5 D A " R V E H QR L vV K D LMIV E A K

788  TCCATCGAGG GGBACGTCCA AGGGCTGGCG CCCTTGGCCG CCCCTCATGT 1858 CGTGATTGGA TACTACGTGC CAAAACAGGC TGGGATGGTC AAATGGGIIG
R D W I LR A K TG W DG QMG W
ORF —

758  CAAACGITAG GCATTTGTAT GAGCATCTTC GATACTCCAC GCTACAAAGA
H s I F D TP R Y K E 1900 GTGGETCGET TGGGTAGAGT GGCCTACAGE CCCAGTATTT TTTGCGTTAA
WV G WVE WPTG PVF FAL

880  AAACCCAAGC GACATTTTICT TCGACCACTT CGTGATGGAT GTTATTGGAC

NPS DIF FDHF VHD VIGEG 1950 ATATCGACAC GCCAAACAGG ATGGAAGACC TTCATAAACG AGAGGCAATT
1 DT PNR H®WED LHEKHTR R
8¢ TTTTGCCTTC CGGCATGTCG GAAAATCTGG ATGCCGCTAT ATCAAGGAGC . i AT
LLPS BMS ENL DAATI STS

2000 GCGCGTGCTA TTCTTCAATC CGTCAATGCT ITGCCACCCA ACTABCAGCC
. ARA I LQS VNA LPP N*

900  GGCGGCGCCT GGAGGCAAAA GACCAAACAG CTGATCAATC TCTCAGACAC
GG&HROKTKOLINLSDTMGMWWGWGAMMMMMMM

858  TATCGAGATT GCAATACTTG ATCTGTGGTA CAGAAATTCT GCAATTTTAG 2188 GGCGCATGCT TCGCATTATG CGCGCCGGTT CGGTACGTTG CGCGCTTCGC
I E I [l S D L WY R N 8 A I L

1080 AGTCACGCGG AGAACTTTAT GATCCGTATC ACTTTGCAGT AAATTTCGTA 2156  GCTCCACTCT GCCGCTTAGC TTGGCGTTAG ATGCACTAAG CACATAATTG
ESRG ELY DPY HFAVY NFUV

1850 GATGCTTATT TTGCGGAAAA TAGCCAAGTA GATCAGTGGC CAGGTAATGC 2260 CTCACACC
DAY F A E N s ayv D a W P G NA

1188 GCTAGAGGTT GCTAAGAGCC ATATTCGTGA AGCTCAGCAA CGCGAGGCAG
L EV A K § H I RE A QO R E A

FIG. 1. Nucleotide sequence of the integron and amino acid sequences of its three gene cassettes. The sequences of the primers
used to sequence the integron are underlined and the direction is indicated with an arrow. The recombinational hot-spot sequences
or composite core sites (GTTRRRY) are double underlined whereas facing arrows indicate the putative integrase cleavage site.
The initiation and termination codons of each of the three gene cassettes are shown in boldface. The B-lactamase active sites S-
T-F-K and the conserved triad K-T-G are in boldface as well. In the aacA4 and oxa-37 gene cassettes, the nucleotide changes
with respect to those in the oxa-20 containing integron sequence are shown in italics, while the amino acid changes are in bold-
face. RBS stands for the ribosome binding site for oxa-37. GenBank accession number is AY007784.

TaBLE 2. NUCLEOTIDE AND AMINO AcCID CHANGES other study (Danes et al, unpublished results) the MIC to -

BeETWEEN OXA-20 AND OXA-37 lactams of strain 741 were analyzed in the presence of Syn 2190,
: = an AmpC inhibitor. In the presence of such product, the MIC
Nucleotide ~ Nucleotide change Amino acid change (o piperacillin decreased from >256 to 64, that of ceftazidime

position (OXA 20 — OXA 37)  (OXA 20 = OXA 37)  yas brought down from >256 to 32, and the one to cefepime
decreased from >32 to 16. Still, other mechanisms such as the
presence of efflux pumps or changes in the penicillin binding
proteins (PBPs) cannot be completely discarded. For example,

69 A->T E-D
609 C—>T No change
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in this same study, the MIC to imipenem of strain 741 decreased
from 1 pg/ml to 0.19 pg/ml in the presence of reserpine, an ef-
flux pump inhibitor.

The putative protein encoded by the ORF here described
would have 140 amino acids. The integron described by Ploy
etal.'7 does contain an ORF (sequence AJ251519) between the
acetylase and oxacillinase gene cassettes. However, it has a ter-
mination codon 30 bp before the one presented here, thus be-
ing 10 amino acids shorter.

The description of three closely related integrons with inter-
nal differences shows once again the great plasticity of these
elements—the relative facility with which they gain and/or lose
gene cassettes. These facts, shown in previous studies;? acquire
special relevance when considering that an amino acid substi-
tution could in some cases result in an increased or decreased
fitness of the microorganism in a particular environment. The
ability of integrons to gain or lose gene cassettes and the pos-
sibility of them being spread horizontally can also be consid-
ered as traits that could contribute to evolution.

In summary, an integron similar to those found first in P,
aeruginosaand recently in A. baumannii, has been encountered
in a Spanish clinical strain of the latter species. Once again, the
importance of this genetic element in the dissemination of an-
timicrobial resistance genes both within and between species is
being shown. Within the integron, a novel oxa gene cassette
has been found. Following the international accepted nomen-
clature, we suggest the designation of OXA-37 for this enzyme.
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3.1.5 Articulo 5.- “Integron Mediated Antibiotic Multiresistance in
Acinetobacter baumannii Clinical Isolates From Spain.”

Clinical Microbiology Infection 2003; 9(9): 907-911

Con el fin de determinar la implicacion de los integrones tipo I en los niveles de resistencia a
antimicrobianos en cepas clinicas de A.baumannii, se analizé la poblacién de un conjunto de siete cepas
multirresistentes, con origen geografico variado. Se encontraron cuatro integrones diferentes, con un total
de seis cassettes correspondientes a los genes aacCl, aacA4, aadAl, aadB, oxa-21 and oxa-37 mas un
marco de lectura abierto (ORF). Se observd que el mismo integron estaba presente en cepas no

relacionadas, mientras que cepas epidemioldgicamente relacionadas podian contener integrones diferentes
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Integron-mediated antibiotic multiresistance in Acinetobacter baumannii

clinical isolates from Spain

J. Ruiz, M. M. Navia, C. Casals, ]. M. Sierra, M. T. Jimenez De Anta and J. Vila
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Universitat de Barcelona, Barcelona, Spain

Objective To determine whether non-epidemiologically related, antibiotic-resistant iso-
lates of Acinetobacter baumannii from different geographical origins posses common type 1

integrons.

Methods The epidemiologic relationships between seven A. baumannii strains recovered
from different Spanish hospitals were established by pulsed-field gel electrophoresis, the
presence of integrons being determined by PCR and DNA sequencing.

Results Integron analysis showed the presence of four different integrons, containing six
different known genes (aacC1, aacA4, aadAl, aadB, oxa21 and oxa37) plus an ORF. It was
found that the same integron was present in different unrelated strains and that related

strains could have different integrons.

Conclusion These results show the potential risk of integron dissemination among

different strains of A. baumannii.

Keywords Integron, Acinetobacter baumannii, resistance
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INTRODUCTION

An important factor that influences the develop-
ment of multiresistance is the acquisition of mobile
genetic elements. Thus, plasmids and transposons
carrying resistance genes have been widely descri-
bed in the scientific literature [1-7]. Integrons have
been identified on these mobile elements.

To our knowledge nine different types of inte-
grons have been described up to date, those inclu-
ded in class 1 being by far the most extensively
analyzed [8-10].

Class 1 Integrons are composed of three differ-
ent elements. Two conserved regions: an integrase
encoding gene in the 5" segment (5'CS) and the

Corresponding author and reprint requests: J. Vila, Labor-
atori de Microbiologia, Hospital Clinic, Facultat de Medici-
na, Universitat de Barcelona, Villarroel 170, 08036-Barcelona,
Spain

Tel: +34 3 2275522

Fax: +34 3 2275454

E-mail: vila@medicina.ub.es

genes gacEl, sull and the orf5 in the 3’ segment
(3’CS). Between these conserved regions a variable
region is found in which gene cassettes are inser-
ted [2]. Up to three different gene cassettes are
commonly found inserted in one integron. How-
ever, exceptionally, a higher number of genes can
be found [8]. Furthermore, composed integrons
possessing a second 3'CS have also been described.
Such structures posses a common ORF (orf513)
after the first sulfonamide-resistance gene, carry-
ing different resistance genes between this ORF
and the second 3'CS [11,12].

Acinetobacter baumannii is the most frequent and
clinically important species of the genus Acineto-
bacter [1], usually presenting multiple antibiotic
resistance [1,3,13-17]. Different reports identifying
integrons as responsible for the presence and
acquisition of antibiotic resistance in A. baurnannii
have been published [6,10,18-22]. The presence of
type 1 integrons carrying aminoglycoside-resis-
tance genes (aadB, aacA4, aacC1) or B-lactamases
encoding genes as oxa2l, oxa24 or oxa37 in
A. baumannii from Spain have also been previously
reported [10,18,22].
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The aim of this study was to investigate the
role of type 1 integrons in mediating antibiotic
resistance in A. baumannii, analyzing whether
non-related isolates from different geographical
origins possessed common integrons.

MATERIALS AND METHODS
Microorganisms

Seven strains of A. baumannii obtained from six
different Spanish hospitals (Table 1) were ran-
domly chosen to perform this study. All the strains

were characterized as A. baumannii according to
the criteria of Bouvet and Grimont [23].

Antimicrobial Susceptiblity Testing
Susceptibility to ampicillin, ceftazidime, imipenem,
amoxicillin plus clavulanic acid, cotrimoxazole, tet-
racycline, chloramphenicol, spectinomycin, netilmi-
cin, amikacin, nalidixic acid and ciprofloxacin was
determined by the disk diffussion method in accor-
dance with the NCCLS guidelines [24].

Epidemiologic relationships

The genetic relationship of these clinical isolates
was established with low-frequency restriction
analysis of chromosomal DNA using Apal. Plugs
were prepared following the procedure of Gautom
[25], and the DNA fragments were separated in a

1% agarose pulsed field gel electrophoresis (PFGE).
The electrophoresis conditions were 200 V, 20 h,
with pulse times ranging from 5 to 8 seconds.
Banding patterns were digitized and stored as TIFF
files. Patterns were analyzed using the Lane Man-
ager software (TDI, Madrid, Spain) to calculate Dice
coefficients of correlation and to generate a dendro-
gram by the unweighted pair group method using
arithmetic averages (UPGMA) clustering,

Amplification of integrons

PCR amplification of type 1 integrons was done
with the set of primers described by Levesque and
Roy [27], following previously described condi-
tions and procedures [18]. The amplified products
were resolved in 2% agarose gel and stained with
ethidium bromide, 0.5 mg/L. The bands were
recovered from the gel using the Gene-Clean kit
(Bio101, Inc., La Jolla, CA, USA), cloned in a
PCRII vector, and transformed into Escherichia
coli competent cells (Invitrogen BV, Leek, The
Netherlands).

DNA Sequencing procedures

Plasmid DNA, with the cloned integrons, was
extracted and directly sequenced with the Thermo-
sequenase Dye Terminator Sequencing kit
(Amersham, Cleveland, OH, USA) in an auto-
matic DNA sequencer (377; Applied Biosystems,

Table 1 Source and epidemiologic relationships between the strains

Strain/Year Hospital/City Drug Resistances PFGE type Integron type
87/1988 HCP/Barcelona Cm, Amp, Caz, A/C B 1700/aadB, oxa-21
741/1997 HLP/Madrid Tc, Cm, Sxt, Spt, Net, Ak, Amp, D 550/aacC1

Caz, A/C, Nal, Cip 2100/aacA4, ORF, oxa37
875/1995 HVR /Sevilla Tc, Cm, Sxt, Spt, Net, Ak, Amp, Caz, C 550/aacC1

Imp, A/C, Nal, Cip 750/aadB
6R/1997 HDO/Madrid Tc, Cm, Sxt, Spt, Net, Ak, Amp, Caz, Imp, A 550/aacC1

A/C, Nal, Cip 750/aadB

1700/aadB, oxa21

Fy4/1990 HVH/Barcelona Tc, Cm, Sxt, Spt, Ak, Amp, Caz, A >2Kb/aacA4, oxa2l, aadAl

A/C, Nal, Cip
709R/1997  HSJ/Reus Tc, Cm, Sxt, Spt, Net, Ak, Amp, A 550/aacC1

Caz, A/C, Nal, Cip 750/aadB
203/1997 H.LP/Madrid Cm, Spt, Net, Ak, Amp, Caz, B 750/aadB

A/C, Nal, Cip

Tc, Tetracycline; Cm, Chloramphenicol; Sxt, Cotrimoxazole; Spt, Spectinomycin; Net, Netilmycin; Ak, Amikacin; Amp,

Ampicillin.

Caz, Ceftazidime; Imp, Imipenem; A /C, Amoxicillin plus clavulanic acid; Nal, Nalidixic acid, Cip, Ciprofloxacin.
HCP, Hospital Clinic i Provincial; HDO, Hospital Doce de Octubre; HLP, Hospital La Princesa; HS], Hospital Sant Joan;
HVH, Hospital Vall d’Hebré; HVR, Hospital Virgen del Rocio.
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Foster City, CA, USA). The sequencing strategy
included an initial sequencing with the primers
originally used to amplify the integrons and the
posterior designing of novel primers to move
downstream into the more central gene cassettes.

RESULTS

All seven A. baumannii isolates were resistant to
chloramphenicol, ampicillin, amikacin, ceftazidime
and amoxicillin plus clavulanic acid. Only isolate
87 showed susceptibility to nalidixic acid, cipro-
floxacin, tetracycline, cotrimoxazole, spectino-
mycin, Finally isolates 87 and F14 both showed
susceptibility to netilmicin (Table 1).

The application of the Dice coefficient to the
results obtained by low-frequency restriction ana-
lysis of chromosomal DNA and PFGE showed the
presence of four different profiles, which were
arbitrarily named A to D. The criteria used to
define clonal relations among strains was based
on a difference of less than three bands, corres-
ponding in the dendrogram to 85% similarity
(Figure 1). Group A was composed of three strains
(6R, F;4 and 709R) group B included two strains
(87 and 203) while the remaining groups were all
of single isolates.

PCR amplification with integron-specific pri-
mers (Figure 2) resulted in the amplification of

two common bands of circa 550 bp and 750 bp
respectively in 5 out of 7 strains. Upon sequencing,
the smallest band was found to be an integron
carrying an aacCI gene, while the larger one car-
ried a single aadB gene. Two unrelated strains (87
and 6R) carried an integron with a molecular size
of 1700 bp containing two genes: an aadB and an
oxa21. The two largest integrons, with a 2.1 kb and
>2.1 kb were found in isolates 741 and F;4 respec-
tively. The 2.1 kb integron contained an aacA4 and
an oxa37, plus a putative unknown protein encod-
ing region with a longer sequence than AJ251519.
The largest one with >2.1 kb contained three
genes.an 0xa21, aadAl and an aacA4 (Table 1).

DISCUSSION

Many different genes responsible for antibiotic
resistance have been found in integrons, among
which those coding for different aminoglycoside-
modifying enzymes, B-lactamases or dihydro-
folate reductases can be found [2,8,18,19,27].
Moreover, some different ORF with unknown
functions have been described [8,20,27,28]. In this
study, five different integrons have been found,
all of them presented at least one gene encoding
an aminoglycoside-modifying enzyme. The aacC1
and the aad Al genes were only found in one type
of integron each, whereas aadB and aacA4 genes

6R
F14
709R

1203

lg7

875
741

Figure 1 Dendrogram of the clonal
relationship of the selected strains.

slfJ.o
59.5

Figure 2 PCR amplification of inte-
grons. PCR amplification of integrons.
Lane M Molecular weight marker
(100 bp ladder, GIBCO BRL, Gaithers-
burg, MD), lane 1, strain 875, lane 2,
strain 6R; lane 3, strain 87; lane 4,
strain 709; lane 5, strain 74[; lane 6,
strain 203; lane 7, strain Fy4.
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were each located in two different sized integrons.
As for the B-lactamases, an oxa21 gene was found
in two different integrons, while an 0xa37 gene was
located in one. This high prevalence of aminogly-
coside-modifying enzymes in A. baumannii inte-
grons is in accordance with Bissonnette and Roy
[8], who described aad Al and aad A2 genes as being
the most frequently found cassettes in multiresis-
tance integrons. Furthermore, these genes have
been previously described in A. baumannii clinical
isolates from other European countries, suggesting
wide dissemination [19,20]. In a similar way, the
most frequently encoded B-lactamase genes in
these genetic elements include the OXA type
[7,8,18,19]. Once more these results are in agree-
ment with what has been published regarding A.
baumannii integrons, among which a high preva-
lence of both aminoglycoside-modifying enzymes
and B-lactamases have been found [10,18-20].

Our results point out the possibility that unre-
lated strains, with a different geographical origin,
acquire the same integron, as shown with the com-
mon integrons of circa 550 bp (present in strains
belonging to all the different PFGE-types) and
750 bp (from strains belonging to the PFGE-types
A, B, and C) as well as the integron carrying an aadB
and an oxa21 of circa 1700 bp present in strains of
type A and B. Interestingly, these results also show
that related strains may possess unrelated inte-
grons. Thus, the two isolates belonging to type B
(strains 87 and 203) had a different integron profiles.
Similarly, isolate F;4 had an integron >2 kb that
was absent from the other isolates of type A.

The integrons found in our strains carried genes
that were identical or closely related to others that
have been previously found in integrons from
other organisms such as Pseudomonas aeruginosa
[5,20,27,29]. Both A. baumannii and P. aeruginosa are
important nosocomial pathogens living in envir-
onments with high antibiotic pressure such as
intensive care units, and thus frequently showing
multiresistance. The close similarity between the
integrons present in P, aeruginosa and A. baumannii,
as for example that found in isolate 741, suggest
the transfer of genetic elements between these
two microorganisms, which could be plasmid-
mediated as has previously been observed in
Salmonella [4]. Further studies are required to
elucidate the process by which microorganisms
evolve towards multirresistance.

In conclusion, our results show that integrons
can play an important role in the acquisition of

multiresistance in A. baumannii, especially resis-
tance to B-lactam and aminoglycoside antibiotics,
and suggest the potential transfer of genetic mate-
rial between A. baumannii and P. aeruginosa.
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3.2 Shigella spp.

3.2.1 Articulo 6.- "Typing and Characterization of the Mechanisms of
Resistance of Shigella spp. isolated from faeces of children
under 5 years of age in Ifakara, Tanzania.”

Journal of Clinical Microbiology, 1999; 37(10):3113-3117

Ochenta y seis cepas de Shigella spp.(78 S.flexneri, 4 S.dysenteriae, 4 S.sonnei)
aisladas durante la época seca en nifios menores de 5 afios con diarrea en Ifakara, Tanzania,
fueron analizadas para determinar su relacién epidemioldgica, sus niveles de resistencia asi
como los mecanismos implicados en los fenotipos multirresistentes. La relacién epidemioldgica
se determind mediante REP-PCR y andlisis de ADN cromosomico por digestion con enzimas de
restriccion de baja frecuencia de corte seguida por electroforesis en campo pulsante. Los
resultados obtenidos con ambas metodologias fueron iguales. Se halld un grupo mayoritario
compuesto por 51 cepas de S.flexneri, considerado como la cepa epidémica. Las restantes
cepas de S.flexneri se encontraron agrupadas dentro de otros 3 grupos, mientras que las cepas
de S.sonnei'y las de S.dysenteriae estaban agrupadas todas dentro de un grupo cada especie.
Se realizé un tercer andlisis del perfil plasmidico de las cepas. Entre las cepas de S.flexneri se
encontraron 8 perfiles diferentes, que diferian entre si por tres a seis bandas. Los niveles de
resistencia observados fueron altos, especialmente entre las cepas de S.flexneri que
presentaron un 92% de resistencia a la ampicilina y al cloranfenicol, un 99% a la tetraciclina, y
un 91% al cotrimoxazol. Las cepas de S.dysenteriae eran 100% resistentes a los cuatro
antimicrobianos, mientras que las cepas de S.sonnei eran todas susceptibles al cloranfenicol,
solo una de ellas resistente a la ampicilina aunque todas resistentes a la tetraciclina y al
cotrimoxazol. Al analizar los mecanismos de resistencia a la ampicilina, se observdé que en el
caso de S.flexneri se explicaba por la presencia de una B-lactamasa tipo OXA-1 (p.I1.7.0) en el
75% de los casos, y por una TEM en el 25% restante. Las cepas de S.dysenteriae también
presentaban una OXA-1 mientras que la tnica cepa de S.sonnei resistente a ampicilina

presentaba una TEM. Todas las cepas resistentes al cloranfenicol poseian actividad cloranfenicol
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acetil transferasa, mientras que la resistencia al cotrimoxazol en la mayoria de las cepas se

explico por la presencia de una dfiAl
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Eighty-six strains of Shigella spp. were isolated during the dry season from stool samples of children under
5 years of age in Ifakara, Tanzania. The epidemiological relationship as well as the antimicrobial susceptibility
and mechanisms of resistance to ampicillin, chloramphenicol, and co-trimoxazole were investigated. Four
different epidemiological tools, pulsed-field gel electrophoresis (PFGE), repetitive extragenic palindromic
(REP)-PCR, plasmid analysis, and antibiogram, were compared for typing Shigella strains. Seventy-eight (90%)
strains were Shigella flexneri and were distributed into four groups, by either PFGE or REP-PCR, with 51, 17,
7, and 3 strains. The four strains of Shigella dysenteriae belonged to the same group, and the four strains of
Shigella sonnei were distributed in two groups with three and one strain each. Plasmid analysis showed a high
level of heterogeneity among strains belonging to the same PFGE group, while the antibiogram was less
discriminative. REP-PCR provided an alternative, rapid, powerful genotyping method for Shigella spp. Overall,
antimicrobial susceptibility testing showed a high level of resistance to ampicillin (81.8%), chloramphenicol
(72.7%), tetracycline (96.9%), and co-trimoxazole (87.9%). Ampicillin resistance was related to an integron-
borne OXA-1-type B-lactamase in 85.1% of the cases and to a TEM-1-type B-lactamase in the remaining 14.8%.
Resistance to co-trimoxazole was due to the presence of a diifr Ja gene in all groups except one of S. flexneri,
where a dhfr VII gene was found within an integron. Chloramphenicol resistance was associated in every case
with positive chloramphenicol acetyltransferase activity. All strains were susceptible to nalidixic acid, cipro-
floxacin, ceftazidime, cefotaxime, and cefoxitin. Therefore, these antimicrobial agents may be good alternatives
for the treatment of diarrhea caused by Shigella in Tanzania.

Acute infectious diarrheal disease is one of the most fre-
quent causes of childhood deaths in the developing world.
Diarrheal disease accounts for approximately 25% of all deaths
in children younger than 5 years of age in these areas (21).
Infections caused by Shigella species are an important cause of
diarrheal disease, in both developing and developed countries.
Worldwide, it is estimated that shigellosis causes around
600,000 deaths per year, two-thirds of the deceased being chil-
dren under 10 years of age. Shigella dysenteriae and Shigella
flexneri are the predominant species in the tropics, while Shi-
gella sonnei is the predominant species in industrialized coun-
tries (18).

Shigellosis is one of the acute diarrheal diseases for which
antimicrobial therapy is effective. However, today it also pre-
sents a pressing challenge, as Shigella spp. have progressively
become resistant over the past decades to most of the widely
used and inexpensive antimicrobials (21). Thus, the history of
the genus suggests that resistance will emerge to any antimi-
crobial agent used intensively (25). Antimicrobial resistance in
enteric pathogens is of the greatest importance in the devel-
oping world, where the rate of diarrheal diseases is highest and
indiscriminate use of antimicrobial agents is a fact.

The comparative analysis of different epidemiological mark-

* Corresponding author. Mailing address: Laboratori de Microbio-
logia, Hospital Clinic, Villarroel 170, Barcelona 08036, Spain. Phone:
(34) 932275522, Fax: (34) 932275454, E-mail: vila@medicina.ub.es.
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ers is important in order to know which is the best for tracing
the source of infection during an outbreak. Several conven-
tional typing methods and newly introduced molecular biology
typing techniques have been described (3, 5, 11, 13). On the
other hand, the study of the mechanisms of resistance of
the resistant pathogenic bacteria may provide insight into the
means by which multiple resistance is spreading among the
bacterial population.

The aim of this article is to characterize Shigella strains
isolated from children under 5 years of age in Ifakara, Tanza-
nia. The work includes comparative epidemiological typing
with various epidemiological tools, as well as a determination
of antimicrobial susceptibility and the molecular characteriza-
tion of the mechanisms of resistance to ampicillin, chloram-
phenicol, and co-trimoxazole.

MATERIALS AND METHODS

Bacterial strains. Eighly-six strains of Shigella spp. were isolated from stool
samples of children under 5 years of age during the dry period (July to Septem-
ber) of 1997 in Ifakara, Tanzania. The children included in the study were secen
at Saint Francis Designated District Hospital. Shigella spp. were identified by
conventional methods (16) and by serotyping. All the strains with different
plasmid patterns or antibiograms were investigated in detail to determine their
mechanisms of resistance to ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole.

Antimicrobial susceptibility testing. Susceptibility testing was performed by an
agar diffusion disk method as recommended by the National Committee for
Clinical Laboratory Standards (17). Mueller-Hinton agar was obtained from
Becton Dickinson (Cockeysville, Md.), and antimicrobial disks were obtained
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FIG. 1. PFGE. Lanes 1, 2, and 3, §. flexnens strains belonging to group F-I;
lanes 4, 5, and 6, 5. flexnen strains belonging to group F-II; lanes 7, 8, and 9, 5.
flexneni strains belonging to group F-III; lanes 10 and 11, 8. flexneri strains
belonging to group F-IV; lanes 12 and 13, §. dysenteriae strains; lanes 14 and 15,
§. sonnei strains.

from BBL Microbiology Systems (Cockeysville, Md.). Escherichia coli ATCC
25922, Staphylococcus aurens ATCC 25923, and Preudomonas aeruginosa ATCC
27853 were used as quality control organisms and tested weekly, Each time a new
batch of Mueller-Hinton agar was introduced, Enterococcus faecalis ATCC 29212
was tested Lo detect the presence of inhibitors of trimethoprim-sulfamethoxazole,
The MICs of ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, tetracy-
cline, cefoxitin, cefotaxime, ceftazidime, nalidixic acid, and ciprofloxacin for the
selected strains were determined by E-test strips (AB Biodisk, Solna, Sweden) on
Mueller-Hinton agar plates, following the manufacturer’s instructions. E. coli
ATCC 25922 was used as a reference strain for quality control.

Low-frequency restriction analysis of chromosomal DNA by PFGE. Genomic
DNA was prepared as described previously (15), digested with Xbal, and sepa-
rated in 1% agarose gels with a contour-clamped homogeneous-field apparatus
(CHEF-DRZ2; Bio-Rad). It was run under 200 V, with the pulse time increasing
from 5 to & for 20 h. Pulsed-field gel electrophoresis (PFGE) patterns were
interpreted by using the criteria established by Tenover et al. (26).

REP-PCR. Repetitive extragenic palindromic (REP)-PCR was carried out
following the method previously described by Gallardo et al. (6), with some
modifications. Briefly, the primer 5' GCG CCG ICA TGC GGC ATT 3' was
used under the following conditions: 30 cycles of 1 min at 94°C, 1 min at 40°C,
and 1 min at 65°C, with a final extension of 16 min at 65°C. The reaction was
prepared with 5 ul of boiled bacterial suspension, 1 pl of 5 mM primer, and PCR
beads (Pharmacia A.B., Uppsala, Sweden). Fifteen microliters of the PCR prod-
ucts was separated in a 12.5% precast polyacrylamide gel with a Genephor
apparatus (Pharmacia) and silver stained.

Plasmid analysis. Flasmid DNA was extracted from overnight bacterial cul-
tures with the commercial kit Wizard Plus SV Minipreps DNA purification
system (Promega, Madison, Wis.) according to the manufacturer’s instructions.
The plasmids obtained were visualized and analyzed by 0.8% agarose gel elec-
traphoresis.

p-Lactamase detection. f-Lactamase analysis was performed by the following
methods.

(i) Isoelectrofocusing. Isoelectrofocusing was performed as described else-
where (6). Gels were run in a PhastSystem apparatus (Pharmacia A.B.) and
developed with nitrocefin, and the isoelectric points were determined. Several
strains carrying p-lactamases of known pl were used as controls and focused in
parallel with the extracts.

(ii) PCR. All PCR amplifications of the different p-lactamase penes were
carried out in a DNA Thermal Cycler 480 (Perkin-Elmer Cetus, Emeryville,
Calif.), using the primers previously described (6) and under the following
conditions: 30 cycles of denaturation at 94°C, annealing at 55°C, and extension at
72°C, plus a final extension of 7 min at 72°C. The PCR product was run and
visualized in 0.7% agarose gels stained with ethidium bromide.

Chloramphenicol acetyltransferase detection. The chloramphenicol acetyl-
transferase activity assay was performed as described elsewhere (2), with slight
modifications (6). Briefly, the strains were grown overnight on MacConkey agar.
A heavy suspension of bacteria in 0.2 ml of 1 M NaCl, 0.01 M EDTA, and 0.05%
sodium dodecyl sulfate (pH 8) was incubated in an Eppendorf tube at 37°C for
60 min. After a short centrifugation in a microcentrifuge, 50 wl was transferred
to a microtitration plate, Duplicate wells were prepared with each strain, and 50
wl of a solution containing two parts 0.2 M Tris-HC! (pH 8), 2 mM acetyl
coenzyme A, and one part 10 mM 5,5-dithio-bis-(2-nitrobenzoic acid) in 0.1 M
Tris-HCl, pH 8, was added to each well, A 50-pu] amount of 5 mM sterile
chloramphenicol (dissolved in water) was added (o one well (test reaction), and
an equivalent amount of water was added to the duplicate well (control). The
plate was reincubated at 37°C for 5 min, The reaction was stopped by adding 1
N H,;50, and read spectrophotometrically.

Detection of trimethoprim resistance genes, Both dhfr fa and dhfr VII genes
were amplified under the same conditions used for B-lactamases and with the
following primers: dhfr Ja upper (5" GTG AAA CTATCA CTA ATG G 3') and
lower (5" TTA ACC CTT TTG CCA GAT TT 3') and dhfr VIl upper (5' TTG
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AAA ATT TCA TTG ATT G 3') and lower (5' TTA GCCTTT TTT CCA AAT
CT 3'). The sizes of the PCR products for both genes were the same, 474 bp, and
included the entire gene,

Integron amplification and cloning, Reaction mixtures for integron amplifi-
cation were prepared in the same way as those for f-lactamase PCR but with the
following primers: upper (5 GGC ATC CAA GCA GCA AG 3') and lower (5"
AAG CAG ACT TGA CCT GA 3') (10). The conditions for amplification were
as follows: 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 8 min, plus
a final extension of 72°C for 16 min. Twenty-five microliters of the amplified
products was run in a 1.5% agarose gel and stained with ethidium bromide. The
bands were excised from the gel, and the DNA was recovered with a GeneClean
kit (Bio 101, Ine., La Jolla, Calif.) and cloned into pCRII vector (Invitrogen BV,
Leek, The Netherlands).

DNA sequencing. Plasmid extraction was performed as described above. The
sequencing of the plasmids with the cloned inserts was done with a Thermo-
sequenase dye terminator sequencing kit in an automatic DNA sequencer (mod-
el 377; Applied Biosystems, Perkin-Elmer, Emeryville, Calif.) following the manu-
facturer's instructions.

RESULTS

The eighty-six strains of Shigella spp. that were isolated were
distributed as follows: 78 (90%) were S. flexneri, 4 (4.6%) were
S. dysenteriae, and 4 (4.6%) were S. sonnei. No Shigella boydii
strains were isolated. The 78 §. flexneri strains were grouped
into four epidemiological groups by PFGE or REP-PCR (Fig.
1 and 2). The distribution of strains according to these epide-
miological markers was as follows: 51 strains in group F-I, 17
strains in group F-II, 7 strains in group F-III, and 3 strains in
group F-IV. However, the four major §. flexneri groups were
subdivided into nine different subgroups based on antibiogram
and plasmid analysis (Table 1). Eight different plasmid pat-
terns were obtained among S. flexneri strains (Fig. 3). These
patterns contained from three to six different plasmids each,
although in some cases the difference between two patterns
was due to the gain or loss of only one plasmid.

On the basis of antibiotic susceptibility, six phenotypes were
defined: phenotype I (Amp" Cm" Tet" Sxt"), phenotype II
(Amp®* Cm® Tet® Sxt), phenotype III (Amp* Cm® Tet" Sxt*),
phenotype IV (Amp* Cm*® Tet" Sxt*), phenotype V (Amp* Cm*
Tet" Sxt"), and phenotype VI (Amp® Cm" Tet" Sxt°). In spite of
belonging to the same clone by PFGE, REP-PCR, or plasmid
analysis (Fig. 1 to 3), the four strains of S. sonnei were distrib-
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FIG. 2. REP-FCR. Lanes A and P, molecular size markers; lanes B and C, §.
flexnen strains belonging to group F-II; lanes D, E, and F, 8. flexnen strains
belonging to group F-I; lanes G and H, 5. flexnent strains belonging to group
F-I11; lanes 1 and 1, S. flexneri strains belonging to group F-IV; lanes K, L, and
M, 8. dysenteriae strains; lanes N and O, §. sonnei strains.
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TABLE 1. Characterization of Shigella spp. by four different
epidemiological markers

Group®  Subgroup” PFGE Antibio- Plasmid REP-PCR

Specics (no.) (no.) gram®  profile group
S. flexneri F-1(51) F, (46) A I b 1
F, (4) A 1 a 1
F;(1) A In ¢ 1
F-I1(17) F,(14) B I d 2
Fs (3) B VI e 2
F-III (7)  F,(5) C I f 3
F; (2) C I g 3
F-IV(3) Fg(1) D v h 4
9 (2) D I h 4
§. sonnei S-1(4) 5, (3) F v j 5
S:(1) F v j 5
S. dysenteriae  D-1(4) D, (4) B I i 6

“ Distribution of strains based on PFGE and REP-PCR.
b Distribution of groups according to antibiogram and plasmid analyses.
€ See text for phenotypes.

uted in two groups based on the antibiogram. Three strains
showed phenotype IV (group S1), and one strain showed phe-
notype V (group S2). The four strains of . dysenteriae were all
the same clone (Table 1).

Fourteen S. flexneri strains, three §. sonnei strains, and three
S. dysenteriae strains were used for detailed investigations of
the mechanisms of resistance to ampicillin, chloramphenicol,
and co-trimoxazole. The MICs of ampicillin, chloramphenicol,
tetracycline, co-trimoxazole, nalidixic acid, ciprofloxacin, cefta-
zidime, cefotaxime, and cefoxitin for these strains are shown in
Table 2. For all the strains resistant to ampicillin, chloram-
phenicol, and tetracycline, the MICs of the drugs were >256
pg/ml, and for those resistant to co-trimoxazole, the MIC was
>32 pg/ml. Overall, 92% of S. flexneri strains were resistant to
ampicillin and chloramphenicol, 99% were resistant to tetra-
cycline, and 91% were resistant to co-trimoxazole. S. dysente-
rige strains were 100% resistant to ampicillin, chlorampheni-
col, tetracycline, and co-trimoxazole. While S. sonnel strains
were all susceptible to chloramphenicol, only one of four
strains was resistant to ampicillin and all showed resistance to
tetracycline and co-trimoxazole. All Shigella sp. strains tested
were susceptible to nalidixic acid, ciprofioxacin, cefotaxime,
ceftazidime, and cefoxitin (Table 2).

Isoelectric focusing was used first to detect the production of
B-lactamase, and PCR with specific primers was used to cor-
roborate the results, which are shown in Table 3. The ampicil-
lin resistance of S. flexneri was explained in 75% of the cases by
the presence of an OXA-1-type B-lactamase (pl 7.0), whereas
the remaining 25% had a TEM-1-type B-lactamase (pI 5.4).
The 8. dysenteriae clone also carried an OXA-1-type B-lactam-
ase, whereas the ampicillin-resistant S. sonnei strain had a
TEM-1-type B-lactamase. In all cases, the OXA-1-type B-lac-
tamase was located in an integron (data not shown).

All strains resistant to chloramphenicol showed chloramphen-
icol acetyltransferase activity (Table 3), and also, all co-trimox-
azole-resistant strains presented genes encoding dihydrofolate
reductases (Table 3). Four of five co-trimoxazole-resistant
S. flexneri epidemiological groups showed the dhfr la gene, and
the fifth group showed a dhfr VII gene, while co-trimoxazole-
resistant S, sonnei and S. dysenteriae strains also had the dhfr
Ia gene.

MECHANISMS OF RESISTANCE OF SHIGELLA SPP. 3115

DISCUSSION

The predominant species of Shigella during the studied pe-
riod of time was S. flexneri, which is usually the predominant
species in areas of endemicity, accounting for 50% of culture-
positive disease (25). S. sonnei and S. dysenteriae were found in
the same proportions. The most common typing procedures
currently used with Shigella spp. are plasmid analysis and
PFGE (7, 8, 12, 13, 24). Shigella species usually harbor a het-
erogenous population of plasmids, ranging in number from 2
to as many as 10 (9). Plasmid analysis has proven to be a useful
typing technique (7, 8). Moreover, it is inexpensive and quick
to perform, but it can be limiting if we take into account the
fact that many plasmids are unstable and may be easily gained
and/or lost. PFGE has a high discriminatory power, although it
is cumbersome and expensive. However, it has been widely
used for typing Shigella spp. (13, 24). Taking PFGE as a ref-
erence epidemiological tool, strains belonging to the same
PFGE group but having different plasmid profiles and different
antibiograms were observed (for instance, subgroups F, and
F.). Therefore, the mechanisms of resistance are probably
carried in the missing plasmid. The contrary is also true; two
strains belonging to the same PFGE group with the same
plasmid profile showed different antibiograms (for instance,
subgroups Fg and F;). This is probably due to an integron or
transposon carrying the resistance gene integrated in the chro-
mosome.

Recently, Liu et al. (13) compared plasmid profiles, PFGE,
and enterobacterial repetitive intergenic consensus PCR for
typing 20 clinical isolates of S. sonnei. PCR-based techniques
have the advantages of being quick and easy to perform, and in
this case they proved to be as good at discriminating epidemi-
ologically related strains as PFGE. We found something sim-
ilar with REP-PCR, another PCR-based technique, in which
the amplification of the regions between REP sequences gives
a good fingerprinting pattern valid for epidemiological typing.
As long as the protocol is strictly followed and conditions are
kept constant, this technique provides a degree of discrimina-
tion equivalent to that of PFGE with the advantages of speed,
simplicity, and economy. To our knowledge, this is the first
time that such a technique has been used in comparison with
PFGE and plasmid profiles to type different species of Shigella.

Antimicrobial susceptibility testing showed a high degree of
resistance to antibiotics most commonly used in the area (tet-
racycline, ampicillin, co-trimoxazole, and chloramphenicol).
No resistance to quinolones and cephalosporins was observed,

1 2 3 4

FIG. 3. Plasmid patterns. Lane 1, §. flexneri strain belonging to subgroup F;
lanes 2 and 3, §. flexneri strains belonging to subgroup F; lane 4, 5. flexneri strain
belonging to subgroup Fy; lanes 5 and 6, S. flexnert strains belonging to subgroup
Fu; lane 7, 5. flexnen strain belonging to subgroup F; lane 8, §. fleenen strain
belonging to subgroup Fg; lane 9, 5. flexneri strain belonging to subgroup Fj;
lanes 10 and 11, 8. flexnen strains belonging to subgroups Fy and Fy; lane 12, S.
dysenteriae; lanes 13 and 14, §. sonnei strains belonging to subgroups S, and S,.

89



Resultados MM Navia
3116 NAVIA ET AL J. CLN, MICROBIOL.
TABLE 2. Antimicrobial susceptibility of Shigella spp.

MIC (g/ml)
Andgoc:?b]al 5 A ; s p S, d .
F* Fy Fy F, Fs Fg F, Fyg Fy 5, S, Dy*
Ampicillin >256 >256 1 >256 >256 >256 15 1.5 05 2 >256 >256
Tetracycline >256 >256 1 >256 >256 >256 >256 >256 >256 >256 >256 >256
Chloramphenicol >256 >256 1 >256 >256 >256 2 1 0.75 15 3 >256
Co-trimoxazole >32 >32 0032 >32 038 >32 0,125 >32 0032 >32 >32 >32
Nalidixic acid 2 4 1.5 1.5 15 4 3 2 2 3 4 3
Ciprofloxacin 0.008 0.016 0.006 0.006 0.006 0.008 0.008 0.016 0.016 0.012 0.008 0.012
Ceftazidime 0.094 0.19 0.094 0.094 0.094 0.094 0.064 0.064 0.064 0.094 0.064 0.094
Cefotaxime 0.064 0.125 0.064 0.064 0.064 <0.016 0.094 0.064 0.064 0.064 0.023 0.047
Cefoxitin 2 3 2 2 2 2 2 3 2 1 1 1

* Fy to F;, subgroups of . flecnen based on antibiogram and plasmid analysis.
b3, and S;, subgroups of §. sonnei based on antibiogram and plasmid analysis.

¢ D,, group of §. dysenteriae.

which can be explained by the fact that they are not used as
alternative therapies in this area due to their high cost and lack
of availability. However, a trend to quinolone resistance has
been observed by Ries et al. (20) in S. dysenteriae strains iso-
lated in Burundi. S. dysenteriae is considered the most resistant
of the Shigella spp. (21). However, in our study S. flexneri
showed the same level of resistance as S. dysenterize. This
pattern of resistance and susceptibility is commonly seen in
developing countries, in contrast with strains from developed
countries, which are less resistant to these antimicrobial agents
(4, 27). In this study, the antimicrobial resistance pattern is not
a useful epidemiological marker, due to the lack of variability
in susceptibility patterns (i.e., the high level of resistance
shown by most isolates). Resistance to ampicillin in S. flexneri
groups F; and F, and S. dysenteriae (group D) is explained by
the presence of an OXA-1-type B-lactamase within an inte-
gron. Group F; §. flexneri and the one ampicillin-resistant S.
sonnei (group S;) isolate had a TEM-1-type B-lactamase. Both
genes have been previously described in Shigella strains iso-
lated in Denmark and Greece (14, 22). Therefore, this is the
most frequent mechanism of ampicillin resistance found in
Shigella.

Besides ampicillin, the drug of choice for treating shigellosis
is co-trimoxazole. Eighty-eight percent of the strains studied

TABLE 3. Characteristics of Skigella sp. clinical isolates”

showed resistance to this drug, and in most cases this resistance
could be explained by the presence of a dhfr Ia gene previously
described in Shigella and considered the most common di-
hydrofolate reductase gene in the genus. In one group of
S. flexneri, however, the dhfr gene found was dhfr VII, first
described in E. eoli (1). These genes were found inserted in an
integron. Both genes were detected with specific primers to
amplify the entire gene, which was further sequenced, showing
in both cases 100% homology with the dhfr Ia and dhfr VII
genes previously described (19, 23). Chloramphenicol resis-
tance was explained in every case by a positive chloramphen-
icol acetyltransferase activity generating a high level of resis-
tance. The use of this antibiotic has rapidly declined in many
countries. However, due to the fact that it is inexpensive and
presents a broad-spectrum activity it is extensively employed in
developing countries, thereby ensuring strong selection pres-
sure for the maintenance of chloramphenicol resistance.

In this study, we suggest that antibiotic resistance determi-
nants are carried by plasmids, as well as in integrons which
contain resistance genes, such as blagy, or dhfr genes. The
spread of multiresistant Shigella strains among a population in
which diarrheal disease is one of the major causes of child
morbidity and mortality requires greater attention to the ap-
propriate use of antibiotics, the establishment of hygienic mea-
sures to prevent or decrease transmission, and the develop-
ment of new effective drugs that can be safely used with
children. Moreover, the guidelines for the treatment of shig-
ellosis in developing countries should be updated, since in this

) pB-Lactamase profile study co-trimoxazole, one of the recommended antimicrobial
Shigella sp.  Subgroup® 4 TEM  OXA CAT DHFR  goents for the treatment of shigellosis, has been shown to have
little activity against Shigella spp.
S. flexneri F,(4) Ca7 - + + Ia
F;(1) Ca?7 - + + Ia
F (1) ND ND ND ND ND ACENOWLEDGMENTS
F,(2) Ca7 - + + Ia We thank the parents and guardians of study participants and the
Fs(1) Ca7 - + + ND staff of the Ifakara Health Research and Development Centre and the
Fg (2 Ca. 54 + - + Vil St. Francis Designated District Hospital. Particular thanks go to the
F, (1; ND ND ND ND ND clinical officers whose work was of central importance,
Fg(1) ND ND ND ND 1Ia This work was supported in part by grant SAF97/0091 and the
Fs(1) ND ND ND ND ND Spanish Agency for International Co-operation (AECI-1042).
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3.2.2 Articulo 7.- “Prevalence of the sat gene among clinical isolates
of Shigella spp. causing travelers’ diarrhea: geographical and
specific differences.”

Journal of Clinical Microbiology, 2002; 40.:1565-1566

Se determind la prevalencia del gen sat, que codifica para un factor de urovirulencia en
Escherichia colj, entre 79 cepas de Shigella spp (36 S.flexneri y 43 S.sonnei) aisladas de
pacientes con DV. La determinacion se realizd mediante amplificacion por PCR utilizando
cebadores especificos para el gen. Cuarenta y cuatro (55.69%) del total de las cepas fueron
positivas: 11 S.sonnei (25,58%) y 23 S.flexneri (63.89%). La mayor prevalencia en ambas
especies se encontrd entre cepas aisladas de viajeros provenientes de América Latina
(p<0.001). Del total de S.flexneri 19 (48.72%) pertenecian al serotipo 2a. De estos, 15
(78,95%) eran positivos para el gen sat, mientras que solo 4 (20%) de los serotipos restantes

de S.flexnerilo fueron
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Letters to the Editor

Prevalence of the sat Gene among Clinical Isolates of Shigella spp. Causing
Travelers’ Diarrhea: Geographical and Specific Differences

In the last several years, developing countries have become
popular tourist destinations. The large number of travelers to
these areas has brought an increase in the so-called travelers’
diseases (5). These diseases are due both to the sanitary con-
ditions encountered in some of these places and to the irre-
sponsible attitudes of the travelers themselves. In fact, travel-
ers’ diseases may be seen as a mirror of the reality of the
sanitary conditions of the tourist destinations influenced by the
conduct of the travelers. Thus, analysis of the prevalence and
characteristics of travelers’ diseases may be considered an in-
direct source of sanitary information for the visited areas.
Among the aforementioned diseases, traveler’s diarrhea is one
of the most common pathologies found among those returning
from developing countries (5).

Diarrhea associated with Shigella infections results in around
1,100,000 deaths each year, especially among children in
developing countries (3). To study in depth the virulence de-
terminants of this microorganism is a public health priority.
Sequences homologous to Sat, a urovirulence factor of Esch-
erichia coli, have been described for Shigella spp. (2). However,
no extensive studies on the prevalence of this virulence factor
among Shigella spp. have been performed.

The prevalence of the sat gene in 36 Shigella sonnei and 43
Shigella flexneri isolates causing traveler’s diarrhea collected
during the period of 1995 to 2000 has been established in this
study.

'I'I{e presence of the sat gene was determined by PCR am-
plification of 387 bp using the primers 5'-ACTGGCGGACTC
ATGCTGT-3' and 5'-AACCCTGTAAGAAGACTGAGC-3'

TABLE 1. Geographical distribution of the Shigella isolates
No. of isolates showing presence or absence of sat

Area . 7
(total no. of isolates) §. sonnei §. flexneni

sat negative  sat positive  sat negative  sar positive
Africa (32) 12 2 8 10
West Africa 5 1 4 8
East Africa 2 0 1 1
North Africa 5 1 2 1
South Africa 0 0 1 0
Latin America (28) 9 5 4 10
Central America 9 5 3 5
South America 0 0 1 5
Asia (14) 9 3 1 1
India 6 3 0 1
Middie East 3 0 0 0
Southeast Asia 0 0 1 0
ND* (5) 2 1 0 2
Total (79) 32 11 13 23

* ND, not determined.
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TABLE 2. Geographical prevalence of the sat gene

Prevalence of sat in Shigefla
Continent isolates (%)
S. sonnel S. flexneri
Africa 14.28 55.55
Latin America 3571 71.43
Asia 25.00 50.00

under previously reported conditions (4). Some of the PCR
products were sequenced, and all presented 100% homology to
those described previously for E. coli.

Overall, 44 isolates (55.69% of the total) were positive; 11
were S. sonnei (25.58% of the total number of S. sonnei isolates
analyzed), while 23 were §. flexneri (63.89% of the S. flexneri
isolates analyzed). Independent of its exact geographical ori-
gin, the prevalence of the saf gene has always been found to be
30 to 40% higher in S. flexneri than in S. sonnrei. In both species,
the higher prevalence of sat (35.71 and 71.43% in S. sonnei and
S. flexneri, respectively) was found in isolates obtained from
travelers returning from Latin America (Tables 1 and 2). Using
a chi-square test, such a proportion was found to be significant
(P < 0.001). The results of the Mantel and Haensel stratified
analysis by continent were still significant (P = 0.002).

Nineteen (48.72%) out of the 39 §. flexneri strains belonged
to serotype 2a. This high prevalence of S. flexneri serotype 2a
might be explained by the particularly enhanced virulence of
this serotype (1). Furthermore, 15 (78.95%) out of these 19 §.
flexneri 2a strains were positive for the sat gene. In contrast,
among the remaining 20 S. flexneri strains belonging to other
serotypes, only 4 (20%) contained it.

In summary, our results show a high incidence of the sat
gene among clinical isolates of Shigella spp. of different inter-
continental origins. Further studies are necessary to establish,
with greater accuracy, the geographical distribution of this
toxin, as well as its relevance as a diarrheagenic factor of
Shigella spp.

This work was supported by grant FIS00/0997 from Fondo de In-
vestigaciones Sanitarias.
The statistical support of John Jairo Aponte is greatly appreciated.
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3.2.3 Articulo 8.- “"Genetic diversity of Shigella species from different
intercontinental sources”

Enviado a : Genetics Infection and Immunity

De un total de 7023 pacientes que consultaron el Servicio de Medicina Tropical del
Hospital Clinico entre 1995 y 2000, aproximadamente un 18% lo hizo por presentar una DV. De
ellos se recolectaron muestras fecales y de aproximadamente un 9,75% se aislé una Shigella.
De las ciento veinticuatro cepas de Shigella spp., 58 fueron identificadas como S.flexneri, 54
como S.sonnei, 2 como S.dysenteriae, 1 como S.boydii y ocho identificadas solamente hasta
género.

Del total de aislamientos de Shigella, se analizaron 82 de ellas (43 S.sonnei, 37 S.flexneri, 2
S.dysenteriae) mediante digestion del ADN cromosémico con Xbal'y posterior electroforesis en
campo pulsante, con el fin de determinar su relacion epidemioldgica. Los resultados muestran
un alto nivel de heterogeneidad, tanto entre las cepas de S.flexnericomo entre las de S.sonnei.

Al analizar el nimero de aislamientos de una clerta especie proveniente de un area

geogréfica en concreto, se observa que en ciertos lugares pareceria existir a través de los afios

predominancia de una sola especie, bien de S.flexnerio de S.sonnei.
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ABSTRACT

One hundred and twenty four strains of Shigella spp. (mostly S.sonneiand S.flexneri)
were isolated between 1995 and 2000 from patients suffering from traveler’s diarrhea. Seventy
nine of them have been typed by digestion of their chromosomal DNA with Xba I and pulsed
field gel electrophoresis. Results show a high degree of heterogeneity in both S.sonneiand
S.flexneri isolates. This is the first time that such a high number of geographically unrelated

isolates of Shigella sp. are analyzed from a genetic point of view.

Key words: Shigella sp. Molecular typing, Genetic variability, Epidemiology

99



Resultados MM Navia

INTRODUCTION

Diarrhea caused by Shigella spp, also known as dysentery, is characterized by bloody
stools containing mucus. A very small inoculum (10-100 bacterial cells) is enough to cause
disease (Sansonetti, 1999). It is usually acquired by drinking contaminated water or by eating
uncooked food, previously washed or watered with it.

Shigella causes around 165 million cases and over one million deaths each year, with
approximately 91% of the episodes occurring in developing countries (Kotloff et al., 1999),
where it especially affects children. Although in industrialized countries the incidence of Shigella
infections is not alarming, it is still present within certain groups of risk such as children or eider
people in day care centers. A third susceptible group is that of travelers, among whom a
diarrhea caused by Shigella tends, to be more invalidating than that caused by enterotoxigenic
Escherichia colj, the main infectious agent responsible for traveler’s diarrhea (TD).

Lately, the choice of exotic countries as tourist destinations has been rising. According
to the World Tourism Organization, 664 million people traveled abroad during 1999 and this
number increased by 7.4% during 2000. Moreover, it is estimated that around 40% of world
tourism is for developing countries (Vargas, 2001) places that from a sanitary point of view are
considered as being of high risk. Thus, it is not surprising that a large amount of TD cases are
reported each year, nor that it is in fact one of the most common diseases reported amongst
travelers. At our hospital, around 27% of the outpatient visits were due to this pathology ten
years ago (Gascon et al., 1993).

Because of its low infectious dose, Shigellosis is a highly contagious disease. Thus,
outbreaks are common and in most cases due to the clonal spread of one or few strains. As
most of the works published for Shigella study the epidemiology of local outbreaks, little is
known about the variability of the different species of the genus on a worldwide basis.

In this work we have done a description of Shigella TD cases between 1995 and 2000
in our hospital and have analyzed over 67% of the isolates recovered in order to establish their

genotypic relationship.
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MATERIALS AND METHODS

Bacterial strains

Shigella strains were isolated between 1995 and 2000 from stool samples of patients
who visited the Tropical Medicine Unit at the Hospital Clinic in Barcelona, because of a
persistent diarrhea acquired during a trip abroad. All strains were identified to a genus level by
conventional methods (Murray et al., 1995) while agglutination with specific antiserum (Sanofi
Diagnostic Pasteur, Marnes:La-Coquette, France) was used to identify the species.

Low frequency restriction analysis of chromosomal DNA and PFGE.

Genomic DNA was prepared as previously described (Matushek et al., 1996), digested
with Xba I (Chiou et al., 2001) and separated in 1% agarose gels using a contour-clamped
homogenous-field apparatus (CHEF-DR2; Bio-Rad Lab., Hercules, CA). Gels were run under
200V with pulse times increasing from 5 to 20 for 20 hours, after which they were stained with
an ethidium bromide solution (0.5 pg/ml) for 30 min. The sizing ladder ProMega-Markers
Lambda Ladders (Promega, Madison, WI), with a range between 50 kb and 1,000 kb, was ran
in both ends and the middle lane of every gel. Certain strains were included in more than one
gel as an internal control.

PEGE pattern analysi

PFGE patterns were analysed using the Diversity Database package (BioRad Lab.,
Hercules, CA). Bands were aligned to the molecular weight standard present in both extremes
and in the middle row of each gel. Those bands that were too faint (in all repeats of the same
isolate) or which were larger or smaller than the largest and smallest molecular weights
respectively, were not included in the analysis. Dice coefficients of similarity were calculated
and dendograms constructed by the unweighed pair group method with arithmetic averages
(UPGMA). PFGE patterns differing from each other in 3 or less bands (or with a Dice coefficient
277) were considered as one type, as their differences can be explained from the appearance of
one single genetic event (Tenover et al., 1995). Those with four or more band differences were

considered to be genetically unrelated (Chiou et al., 2001).
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RESULTS

One hundred and twenty three strains of Shigella sp. were isolated from patients
visiting the Tropical Medicine Unit at the Hospital Clinic in Barcelona presenting diarrhea after a
trip abroad between 1995 and 2000. A diarrhea starting during the trip or within the first week
after returning, was diagnosed as a TD.

From a total of 7023 patients attending the Tropical Medicine Unit at the Hospital Clinic,
around 19% presented a TD. Stools samples were collected and a Shigella was isolated in
approximately 9% of the cases (Table 1). Out of a total of 124 Shigella spp. isolates, 58 were
identified as S.sonnej, 54 as S.flexneri, 2 were S.dysenteriae and 1 S.boydii while 8 were
identified only to a genus level. Strains were recovered from travelers visiting nine different
geographical zones. Their geographical origin was varied, as shown in Table 2. The
predominance of a certain species in some of the zones can be observed. Thus, for example, all
strains but one coming from South America were S./lexneri, while most of the ones isolated
from travelers to the Indian subcontinent were S.sonnei.

Molecular typing by restriction analysis of the chromosomal DNA with Xba I of 79 of the
strains (43 S.sonnej, 34 S.flexneri, 2 S.dysenteriae) yielded a great variety of profiles with an
average of 20 to 22 bands. Construction of the dendograms confirmed that isolates from both
S.flexneriand S.sonnei. were genetically diverse. With the exception of two S.flexneri strains
(No. 31658 and 31498), isolated from the same patient after a trip to Mali, the remaining
strains that appeared to be genetically related did not have a common geographical origin.
However, and with only one exception, they did have in common the year in which they were

isolated.
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DISCUSSION

According to the World Traveler’s Organization, about 40% of the long distance trips
each year are to developing countries. In the year 2000, this meant that around 279 millions
people chose as a destination, some exotic developing country. If we take into account that up
to 50% of all traveler’s end up with a diarrhea (Consensus Development Conference Panel,
1986) and that on a worldwide basis approximately 1% of all TD is due to Shigella (Black,
1990), we can estimate that, during the year 2000, 1.3 million persons suffered from TD caused
by these microorganisms. If we instead used the 9% incidence for Shigella found in our hospital
among patients with TD, the number would increase to 12.55 million.

Despite its relative epidemiological importance as a diarrheal disease causing pathogen,
little is known about its genotypic variability on a worldwide basis. Previous epidemiological
studies have mainly focused on studying either apparent outbreaks or geographically localized
populations over a certain period of time. Works based on the study of a set of Shige/la isolates
with such a varied origin as those presented in this work are the exception. (Karakaolis et al.,
1994)

When looking at the geographical distribution of the S.sonneiand S.flexneriisolates in
this study, the first thing that comes to one’s attention is the fact that there are certain areas in
which one species predominates among the isolates. Such is the case of South America or
Western Africa (for S.flexneri), or the Indian Subcontinent or Northern Africa (for S.sonnei). The
predominance of certain species of Shigella in certain geographical regions is a well known
phenomenon.(Kotloff et al., 1999)

One of the main objectives of this work was to study the genetic diversity of the
Shigella strains isolated as a cause of diarrhea in travelers to different geographical areas.
When it comes to techniques used for molecular epidemiology and typing, PFGE has been
shown to be a method with an excellent discriminatory power. This is also true in the case of
Shigella typing. In a previous study, Shigella strains from an outbreak were typed using
different techniques, finding this one to be, along with REP PCR, the best choice (Navia et al.,
1999). In this work, vast number of PFGE patterns (almost as many as number of strains)

among geographically independent strains of S.sonneiand S.flexneri have been traduced into
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dendograms which show that the populations of Shigella sonneiand Shigella flexneri from
around the world appear to be highly genetically diverse.

Up till now, a great deal of the epidemiological work done with Shigella at this level has
concentrated on strains from a determined geographical area (Talukder et al., 2003) and,
furthermore, in many cases they were isolates from an outbreak (Litwin et al., 1997; Navia et
al., 1999). This could give the misleading idea of a certain degree of clonality within the
different species of Shigella. Bacterial populations reproduce by binary fission and are thus
made up of clones which eventually acquire variability by genetic recombination, lateral gene
transfer or mutations. Thus, when studying a population of pathogens, the definition of
“clonality” must be carefully stated, specially when such pathogens tend to appear in localized
outbreaks. The virulence of the outbreak causing strain will also play an important role in the
maintenance and wide spreading of the outbreak.

The degree of clonality of Shigella spp. has been previously discussed based on studies
in which sequencing of housekeeping genes or ribotyping have been performed (Karakaolis et
al., 1994; Rolland et al.,1998; Pupo et al., 2000). When reading such works, however, it must
not be forgotten that housekeeping genes are subject to a stabilizing selection and thus,
although very useful when studying evolutionary relationships between species, are not the
optimum to study the genetic divergence of pathogenic species.

Our results, when analyzing by PFGE, strains isolated from very diverse geographical
origins, show a high degree of genetic variability among, both Shigella sonnei and Shigella

flexneri.
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Table 1.- Description of patients visiting the Tropical Medicine Unit at the Hospital Clinic

Year No.Patients No. TD No.Shigellas
2000 1498 282 (18,8%) 18 (6,3%)
1999 1393 284 (20,38%) 19 (6,69%)
1998 1298 262 (20,18%) 31 (11,83%)
1997 1085 190 (17,5%) 20 (10,52%)
1996 1081 200 (18,5%) 16 (8,0%)
1995 848 149 (17,6%) 19 (12,75%)
TOTAL 7203 1367 (18,97%) 123 (8,99%)
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Table 2.- Geographical distribution of the Sh@eﬂa strains isolated between 1995 and 2000

Number of strains per species

Geographical origin Number of TD | S.sonnei | S.flexneri Other Total Shigella/area
cases per zone (% of total TD
cases)
North Africa 169 13 6 1 dysent. 20 (11,83%)
South Africa 13 - 2 - 2 (15,38)
Eastern Africa 60 3 3 2 spp. 8 (13,33%)
Western Africa 204 8 18 1 dysent. 28 (13,72%)
1 boydii
Central Africa 11 - - - - (0%)
Middle East 42 4 1 - 5 (11,90%)
S.E. Asia 63 = 1 = 1 (1,45%)
Indian subcontinent 285 12 3 2 spp. 17 (5,96)
South America 142 1 11 2 spp. 14 (9,86%)
C.America/Caribbean 378 17 9 2 spp. 28 (7,41%)
Total 1367 58 54 11 123 (8,99%)
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LEGENDS TO FIGURES

Figure 1.- UPGMA dendogram based on Dice coefficients of similarity for S.sonnei strains,
collected between 1995 and 2000 from patients with traveler’s diarrhea. Strain numbers, from
top to bottom: 61, 175, 27691, 33124, 36498, 260, 106, 10681, 192, 35037, 73897, 94, 154,
92645, 32818, 33570, 98, 85153, 150, 21054, 130, 220, 175, 86865, 13051, 1059, 73, 35129,
33047, 85253, 14249, 85832, 132, 31498, 13156, 5499, 314, 85833, 26781, 11512, 14655,

13558, 3805. On the right hand side, a representation of the PFGE pattern for each strain.

Figure 2.- UPGMA dendogram based on Dice coefficients of similarity for S.flexneri strains,
collected between 1995 and 2000 from patients with traveler’s diarrhea. Strain numbers, from
top to bottom: 16742, 76, 93085, 174, 13844, 16092, 37758, 31658, 31498, 297, 33385,
86414, 88193, 13040, 2129, 67429, 196, 85128, 34990, 86551, 20393, 20124, 15746, 15681,
305, 86415, 123, 1333, 119, 138, 17, 35078, 113, 179. On the right hand side, a representation

of the PFGE pattern for each strain.
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3.2.4 Articulo 9.- “Analysis of the mechanisms of resistance of
Shigella spp. causing traveler’s diarrhea”

Enviado a: Journal of Antimicrobial Chemotherapy

Se han estudiado ochenta y tres cepas de Shigella spp. (43 S.sonnei, 37 S.flexneri, 2
S.dysenteriae and 1 S.boydii) aisladas de pacientes con diarrea del viajero (DV). Se determind
la CMI a ampcilina, tetraciclina, cloranfenicol, trimetroprim y &cido nalidixico, encontréndose
altos niveles de resistencia, especialmente entre las cepas de S.flexneri. En general las cepas
eran altamente resistentes a la tetraciclina (78%), al trimetroprim (75%) y a la ampicilina
(65%). Al analizar los mecanismos de resistencia, se encontré una alta prevalencia (65.6%) de
genes dfiAl entre las cepas con fenotipo trimetroprim, mientras que se observé una
predominancia de genes oxa entre las cepas ampicilina resistentes (en el 88,5% de las cepas
Ampi?). Se encontrd que en las cepas resistentes a cloranfenicol, todas ellas S.flexneri, la
resistencia era debida a la produccion de la cloranfenicol acetil transferasa. Las cuatro cepas

resistentes al dcido nalidixico presentaban una mutacion en la region QRDR del gy7A pero no en

parC.

Se observaron en general altos niveles de resistencia, poniendo una vez mas en
manifiesto que el problema de la multiresistencia es mundial y que puede tener graves

implicaciones a nivel de la salud publica.
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ABSTRACT

Eighty three strains of Shigella species (43 S.sonnej, 37 S.flexneri, 2 S.dysenteriae and 1
S.boydli) isolated from patients with travelers’ diarrhea have been studied. Their susceptibility to
ampicillin, tetracycline, chloramphenicol, trimethoprim and nalidixic acid has been determined. High
levels of resistance have been found, specially among the S.flexneri strains. Overall, strains were
highly resistant to tetracycline (78%), trimethoprim (75%) and ampicillin (65%). When analyzing the
mechanisms of resistance, dffAl genes were found to be prevalent among the trimethoprim resistant
phenotype (65,6% of the resistant isolates), while oxa genes were the predominant among the
ampicillin resistant strains (88,5% of the resistant isolates). Chioramphenicol resistance, found only in
S.flexneri, was due to chloramphenicol acetyltransferase production. Four strains were resistant to
nalidixic acid, presenting a mutation in the QRDR region of the gyrA gene but no mutation in the parC
gene. High levels of resistance were found, putting once more into evidence that the multiresistance

issue is a worldwide problem with public health implications.
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INTRODUCTION

Acute infectious diarrheal disease continues to be one of the major causes of childhood death
in the developing world. Since the introduction of rehydration therapy as part of diarrhea
management three decades ago, mortality due to diarrhea has decreased considerably. (9). However,
this innovation has been of little advantage in front of diarrheas produced by invasive organisms such
as Shigella spp., so that antimicrobial treatment is still necessary in such cases. With the increase of
intercontinental travels to exotic destinations, infection by Shige/la has become an important cause of
travelers’ diarrhea (TD). Moreover, Shigefla causes much more severe and invalidating symptoms than

those from infection with enterotoxigenic Escherichia coli, TD's main etiologic agent,

The Shigella genus contains four species: Shigella boydii — the less common and seldom
isolated. Shigella flexneri, which is the most prevalent in endemic areas (up to 50% of positive
cultures) (24). Shigella dysenteriae, the pathogen usually causing diarrhea in overcrowded areas and
often the agent in large outbreaks. And finally, Shigella sonnei, the most prevalent Shigella species in

developed countries, posing a problem in day care centers and elderly homes.

Over the past decades, Shigella species has progressively become resistant to most antibiotics
used for their treatment due in part to the facility they have to acquire resistance genes within
plasmids or transposons. (18) Thus, sulphonamides, tetracycline, ampicillin, ampicillin plus sulbactam ,
trimethoprim, trimethoprim-sulphamethoxazole and more recently nalidixic acid, have all been first
line treatment options. Some of them, as is the case with sulphonamides, tetracycline or even
ampicillin, have already been discarded due to the very high levels of resistance encountered. Others,
although still under use, show increasing levels of therapy failure because of a steady state decrease
in the susceptibility of the shigellae. Such is the case for nalidixic acid, the current first line treatment
in many countries despite its suspected cartilage toxicity in young children. A recent study has
detected 59,6% of resistant Shigella flexneri isolates in Hong Kong (5). Resistant strains in India,

where it is also widely used, are also increasingly reported (6, 8, 30).
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A series of socioeconomic and behavioral factors, such as the misuse of antibiotics by health
practitioners and patients, poor quality of the antimicrobial drugs or the prevalence of unhygienic
conditions lead to the acquisition of bacterial resistance to antibiotics in developing countries (15). In
addition, the facility for international travels nowadays means that the appearance of multiresistant
pathogenic strains anywhere in the world might end up becoming a public health problem somewhere
else around the globe, as they may be repeatedly dispersed by travelers. Thus, the treatment decision
for Shigellosis in developed countries is now commonly influenced by the patient’s history of a recent

trip abroad (24, 27)

In this work we have studied the susceptibility patterns and the mechanisms of resistance in

strains of Shigella species with a wide geographical origin, isolated from patients with TD.
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MATERIALS AND METHODS

Bacteri in

Shigella strains were isolated between 1995 and 2000 from stool samples of patients,
presenting traveler’s diarrhea, who visited the Tropical Medicine Unit at the Hospital Clinic in
Barcelona, Spain. Strains were identified to a genus and species level by conventional biochemical
methods (12) and agglutination with specific antisera (Sanofi Diagnostic Pasteur, Marnes-La-Coquette,

France).

Antimicrobial susceptibility testing

The determination of the minimum inhibitory concentration (MIC) of ampicillin, tetracycline,
chloramphenicol, trimethoprim, nalidixic acid and ciprofloxacin was performed using E-test strips (AB
BioDisk, Solna, Sweden) following the manufacturer's recommendations. ATCC control strains were

used in every case.

B-lactamase detection.

Presence of B-lactamases was studied using two different methods: Isoelectric focusing (IEF)
and PCR using specific primers for TEM, CARB, SHV type genes as previously described (7,13). A
series of primers to amplify different oxa genes were also used: OXA 1-4 (capable of amplifying oxa
1, oxa 31, oxa 4 and oxa 30) and OXA 35 primers were used as previously described (7,13). Primers
to amplify oxa 2-3 like genes (capable of amplifying oxa 2, oxa 3, oxa 15, oxa 21, oxa 32, oxa 34) and
oxa 57 like genes (oxa 5, oxa 7, oxa 10, oxa 11, oxa 13, oxa 14, oxa 16, oxa 17, oxa 19, oxa 28)
were also used. The sequences of such primers, given from 5°to 3°, are as follows: oxa 2-3U: CGA
TAG TTG TTG TGG CAG ACG AA; oxa 2-3L: CCA CTC AAC CCA TCC TAC CC; oxa 5-7U: TAT ATT

CCA GCA TCA ACATT and oxa 5-7L: ATG ATG CCC TCA CTT GCC AT.

Chloramphenicol acetyltransferase detection.

The presence of chloramphenicol acetyltransferase activity was determined with a

modification of the method described by Azemun et al (4) and as described elsewhere (13).
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Trimethoprim resistance genes.
The presence and type of dfr genes was determined using a PCR-RFLP methodology described

elsewhere (14).

Mutations in the gwA and parC genes.

PCR amplification and sequencing of the QRDR regions of the gy/A and parC genes of those
strains presenting resistance to nalidixic acid, was done using the primers and following the conditions

described elsewhere (28,29).
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RESULTS

Eighty three strains of Shigella spp. (37 S.flexneri, 43 S.sonnei, 2 S.dysenteriae and 1
S.boydi)) from various geographical origins have been studied. In a previous study (unpublished
results) the strains were typed using pulsed field gel electrophoresis. They were shown to be
epidemiologically unrelated according to Tenover's criteria (25) except for two strains isolated from
the same patient on a different date which proved to be the same clone and a group of 5 strains that

were considered as closely related (3 or less band differences).

A high percentage of multiresistance was observed. The highest level of resistance was in
front of tetracycline with a 78%, followed by trimethoprim (76%), ampicillin (65%) and
chloramphenicol (26,5%). (Table 1). Table 2 shows the different resistance phenotypes encountered
for the strains. Differences in the susceptibility levels were observed between the two most prevalent
species: S.flexneri and S.sonnei with S.flexneri being in general more resistant, except in front of
trimethoprim. Interestingly, the Tet® Tm® Amp® CIm® Nal® phenotype is only observed for S.flexneri

mainly because no S.sonnejwas found to be resistant to chioramphenicol

The mechanisms of resistance underlying the ampicillin and trimethoprim phenotypes are
shown in Tables 3 and 4 respectively. Briefly, with one exception, the resistance phenotype in front of
ampicillin was explained in every case by the presence of a B-lactamase gene, among which the most
common where those encoding the OXA-type B-lactamases. Only in six strains was such resistance not
explained (at least in part) by the presence of an oxa type gene. In all of these, resistance was due to
the presence of a fem-type gene. The oxa 1 type genes were specially abundant among S.flexneri
strains, while among S.sonnei there were many oxa 2 and oxa 5 type genes. The genes encoding
CARB and SHV-type B-lactamases were rare but also found: the first one in two S.sonnej strains and

the latter in one S.flexneri

In the case of trimethoprim resistance strains, dihydrofolate reductase genes were found in

most of them, with dffA1 being the most prevalent type
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Chloramphenicol resistant strains had a positive chloramphenicol acetyl transferase activity,
while some of the susceptible strains, used as controls, did not. Only three strains were resistant to
nalidixic acid (with MICs ranging between 64-128ug/ml) but susceptible for ciprofloxacin (<1 ug/mi).
Two of the strains were S.sonnej, originally from India and the remaining one was a S.flexneri from
Mali. When analyzing the mechanism of resistance responsible for this phenotype, we found that all
three strains presented a mutation in the gy/A gene (Serg; to Leu in the S.flexneri and one of the
S.sonnei strains and Aspgy to Tyr in the remaining S.sonne)) but not in parC, explaining their

susceptibility to ciprofloxacin.

The two clonal strains, isolated from the same patient on different dates, showed exactly the
same antibiotic susceptibility profile and shared the same mechanisms of resistance. As for the closely
related strains, their susceptibility profiles were similar with the exception of that to chloramphenicol,
as two of the strains were resistant, one was intermediate and the fourth was susceptible. The
mechanisms of resistance were the same for trimethoprim, and all had an OXA-1 type B-lactamase,

but two of them had a TEM-type B-lactamase as well.
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DISCUSSION

Increasing antibiotic resistance levels have been continuously reported for Shigella
species since the 1940’s, when the first sulphonamides-resistant strains were found in Japan (32).
Since then, new first line therapies have been established and eventually abandoned because of
treatment failure. We have analyzed the antimicrobial resistance profiles of eighty three strains of

Shigella , mainly S.flexneriand S.sonnei, isolated from patients with TD.

Strains were highly resistant to tetracycline, trimethoprim and ampicillin. This is in
accordance with what has been previously reported on strains from developing countries. In a
previous study carried out by our group with Shigel/a strains (13) isolated from children in Ifakara,
Tanzania, we found percentages of resistance between 96,9% to tetracycline and 81,8% to ampicillin,
Other authors have reported similar findings with percentages of resistance all over 50% for these

antibiotics (3, 11, 12).

In general terms, and in accordance with what has been previously reported (5)
S.flexneri strains showed higher levels of resistance than the S.sonnei. It is especially interesting in
the case of chloramphenicol, where 56% of the S.fexneri strains were resistant, compared to none in
the S.sonnei group. This higher resistance in front of chloramphenicol has been previously reported
(5, 11, 13, 31). Furthermore, retrospective studies in which resistance trends of Shige/ia strains from a
specific site are evaluated over time, show that there has been a very important decrease in the levels
of resistance to chloramphenicol in S.sonnej, while for S.flexneri the resistant levels may have even
increased. (10). This result could suggest that S.sonnei is naturally more susceptible in front of
chloramphenicol and/or that the mechanism of resistance to chloramphenicol in S.sonnei somehow

differ from those of S.flexneri, being either more easily lost or less easily acquired
The only exception of S.flexneri overall greater resistance was observed for trimethoprim, in

front of which S.sonne/ showed higher levels of resistance. If results are looked at by region,

differences are certainly observed in the percentage of resistance to certain antibiotics for different
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geographical areas. However, it is difficult to assess such results because of the variable and
sometimes very small number of strains collected from certain regions. A more detailed study, with a
larger and more representative sample size for the different regions would be required to draw
conclusions. Yet, it would be expected that the antibiotic consumption trends of each region would

influence the resistance profiles of the isolates

This could be the case with the nalidixic acid resistant strains hereby found. India, and to a
lesser extent, Mali are known for the wide use and sometimes abuse of nalidixic acid, and nalidixic
acid resistant strains of different Enterobacteria have been previously reported to be isolated in these
regions (6, 8, 30). Although the three strains were susceptible to ciprofloxacin, because of the
sequential mutations that lead to different quinolone resistance phenotypes, it is only a question of
time that ciprofloxacin resistance will start to appear and become common. The mutations found have
been both previously described in Shigella. The Serg; to Leu substitution has been found in S.sonne;
S.flexneri and S.dysenteriae (16, 17, 26) while the Aspg; to Tyr substitution was described in five

strains of S.sonnei(26). Our findings are in accordance with these previous descriptions.

Analysis of the mechanisms of resistance to trimethoprim were very much in line with what
has been previously described, with the dfiAl gene being the most prevalent among both S.flexneri
and S.sonnel. (23) Quite an important number of dffA14 genes were also found. The DHFR Ib
enzyme (encoded by the dfiA14 gene) has very similar biochemical properties, to those of the DHFR I
, to which it is thought to be related. To our knowledge, it is the first time that df/A14 genes are
described in Shigella, although it has previously been shown that this genes are quite common among
Enterobacteriaceae, specially in certain areas (1,2) . Other less common types of dihydrofolate
reductases were also found (dfiA5, dfiAl5, dfifh12, dfiA7), all of them as cassettes within type I

integrons (unpublished data) along with a couple of the dfiAl genes.

As for the mechanisms of resistance to ampicillin, previous studies have described oxa genes

as being specially prevalent in S.flexneri while S.sonnei usually harbour TEM type B-lactamases.(19,
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20, 22). In this study, we have found oxa genes as being by far the most prevalent in both species.
This is in accordance with a previous study carried out with strains from Tanzania (13). Furthermore,
it is interesting to note that there seems to be a species preference for certain genes, as is the case
with the oxa 1 type for S.flexneri or the oxa 2 like and oxa 5 like types for S.sonnej . The clonal
spread of Shigella species carrying these specific B-lactamase genes is, in this case, overruled. The
results could thus suggest that these genes are within incompatibility group R- plasmids. In a previous
study, Siu et al. (22) screened 91 ampicillin msiﬁant S.flexneri, finding out that 21% harbored a TEM-
1 while the majority, 79% contained an oxa-1 like gene, later identified as encoding for a novel OXA-
30 B-lactamase. In this study, we have also found a high prevalence of oxa-1 like genes in S.flexneri.
The primers we used would amplify any oxa-1 like genes, among which oxa-30 is included although
confirmation would require sequencing. No specific correlation between geographical area and

molecular mechanism of resistance to p-lactams or trimethoprim is observed.

The history of the treatment of Shigellosis is a nightmare of continuous failures. The levels of
resistance to the current first line treatments in developing countries is not encouraging. Nalidixic acid
has become the first line treatment in children from endemic, developing areas, despite its proven
toxicity, and chloramphenicol still continues to be used in many African rural areas (Dr.David
Schellemberg, personal communication). Yet resistance levels are high and rising. Better alternatives,
such as cephalosporines are good options in the treatment of TD but not as first line treatment in
developing, endemic areas because of high price and lack of availability. The need for other cheaper
options (21) is a time pressing issue. Moreover, the number of travelers to developing countries is
steadily rising. Multiresistant bacteria carried within their intestinal tracts may be incorporated into the
ecosystem of their hometowns and countries, with further spreading of the multiresistant
microorganisms and/or the horizontal transfer of the genetic elements carrying resistance
determinants, aggravating antimicrobial resistance in the zone. Therefore, surveillance studies are
necessary to determine not only the level of local resistance at a certain point in time, but as well that

found in imported strains.

124



MM Navia Resultados

BIBLIOGRAPHY

1.- Adrian, P.V., C. J. Thomson, K. P. Klugman, and S. G. B.Amyes. 1995. Prevalence and
genetic location of non-transferable trimethoprim resistant dihydrofolate reductase genes in South

African commensal faecal isolates. Epidemiol. Infect, 115:255-267.

2.- Adrian, P.V., K. P. Klugman, and S. G. B. Amyes. 1995. Prevelance of trimethoprim-
resistant dihydrofolate reductase genes identified with oligonucleotide probes in plasmids from isolates

of commensal faecal flora. J.Antimicrob. Chemother. 35:497-508.

3.- Ashkenazi. S, I. Levy, V. Kazaronovski and Z. Samra. 2003. Growing antimicrobial

resistance of Shigella isolates. J.Antimicrob.Chemother. 51: 427-429.

4,- Azemun, P., T. Stull , M. Roberts and A.L. Smith. 1981. Rapid detection of

chloramphenicol resistance in Haemophilus influenzae.. Antimicrob.Agents Chemother. 20:168-170.

5.- Chuy, Y. W,, E. T. Houang, D. J. Lyon, J. M. Ling, T. K. Ng and A. F. Cheng. 1998.
Antimicrobial resistance in Shigella flexneri and Shigella sonnei in Hong Kong., 1986 to 1995.

Antimicrob.Agents Chemother, 42:440-443.

6.- Chakraborty, S., J. S. Deokule, P. Garg, S. K. Bhattacharya, R. K. Nandy, G. B. Nair, S.
Yamasaki, Y, Takeda, T. Ramamurthy. 2001. Concomitant infection of enterotoxigenic Escherichia coli
in an outbreak of cholera caused by Vibrio cholerae 01 and 0139 in Ahmedabad, India. J Clin.

Microbiol, 39: 3241-3246.

7.~ Gallardo, F., J. Ruiz, F. Marco, K. J. Towner and J. Vila. 1999. Increase in the incidence of

resistance to ampicillin, chloramphenicol and trimethoprim in clinical isolates of Sa/monella serotype

125



Resultados MM Navia

Typhimurium with investigation of molecular epidemiology and mechanisms of resistance. J. Med.

Microbiol. 48: 367-374.

8.- Gomi, H., J. Zhi-Dong, J. A. Adachi, D. Ashley, B. Lowe, M, P. Verenkar, R. Steffen and H.
I. Dupont. 2001. In vitro antimicrobial susceptibility testing of bacterial enteropathogens causing

traveler’s diarrhea in four geographic regions. Antimicrob. Agents Chemother, 45: 212-216.

9.~ Kottlof, K. L., J. P. Winickoff, B. Ivanoff, J. D. Clemens, D. L. Swerdlow, P. J. Sansonetti, G.
K. Adak, and M. M. Levine. 1999. Global burden of Shigella infections: implications for vaccine

development and implementation of control strategies. Bull. World Health Org. 77: 651-666.

10.- Lee, J. C,, 1. Y. Oh, K. S. Kim, Y. W. Jeong, J. W. Cho, J. C, Park, S. Y. Seol, and 1. Cho.
2001.Antimicrobial resistance of Shigella sonneiin Korea during the last two decades. APMIS 109:228-

234.

11.- Mates, A, D. Eyny, and S. Philo. 2000. Antimicrobial resistance trends in Shigella

serogroups isolated in Israel, 1900-1995. Eur J Clin Microbiol Infect Dis. 19 : 108-111.

12.- Murray, P.R., E.J. Baron, M.A. Pfaller, F.C. Tenover, and F.C. Yolken (ed).1995. Manual

of clinical mircobiology. 6™ ed. American Society for Microbiology.. Washington D.C.
13.- Navia, M. M, L. Capitano, J. Ruiz, M. Vargas, H. Urassa, D. Schellemberg, J.Gascon and
J.Vila. 1999. Typing and characterization of mechanisms of resistance of Shigella spp. Isolated from

feces of children under 5 years of age from Ifakara, Tanzania. J. Clin. Microbiol. 37: 3113-3117.

14.- Navia, M. M., J. Ruiz, J. Sanchez-Céspedes and J. Vila. 2003. Detection of dihydrofolate

reductase genes by PCR and RFLP. Diag Microbiol Infect Dis. In press.

126



MM Navia Resultados

15.- Okeke, I. N., A. Lamikanra and R. Edelman. 1999. Socioeconomic and behavioral factors
leading to acquired bacterial resistance to antibiotics in developing countries. Emerg. Infect, Dis. 5: 1-

13.

16.- Oonaka, K., M. Fukuyama, M. Tanaka, K. Sato, K. Ohnishi, I. Ajima, and M. Murata. 1998.
Mechanisms of resistance of Shigella flexneri 2a resistant to new quinolone antibiotics. Kansenshogaku

Zasshi. 72: 365-370.

17.- Rahman, M., G. Mauff, J. Levy, M. Couturier, G. Pulverer, N. Glasdorff, and J. P. Butzler.
1994. Detection of 4-quinolone resistance mutation in gyrA gene of Shigella dysenteriae type 1 by

PCR. Antimicrob.Agents Chemother. 38:2488-2491.

18.- Sack, B. R., M. Rahman, M. Yunus and E. H. Khan. 1997. Antimicrobial resistance in

organisms causing diarrheal disease. Clin.Infect.Dis. 24:102-105.

19.- Schumacher, H., M. Nir, B. Mansa and A. Grassy. 1992 Beta-lactamases in Shigella.

APMIS, 100:954-956.

20.- Sirot, D., C. Chanal, R. Bonnet, C. De Champs, J. Sirot, and L. Bret. 2001. Inhibitor-
Resistant TEM-33 B-lactamase in Shigella sonnei isolate. Antimicrob.Agents Chemother. 45: 2179-

2180.
21.- Sierra, J. M., M. M. Navia, H. Urrasa, D. Schellemberg, J. Gascén, J. Vila and J. Ruiz.

2001, In vitro activity of rifaximin against bacterial enteropathogens causing diarrhea in children under

5 years of age in Ifakara, Tanzania. J.Antimicrob.Chemother. 47:893-905.

127



Resultados MM Navia

22.-Siu L. K., J. Y. Lo, K. Y. Yuen, P. Y. Chau, M. H. Ng, and P. L. Ho. 2000. Beta-lactamases
in Shigella flexneri isolates from Hong Kong and Shanghai and a novel OXA-1-like beta-lactamase,

OXA-30.Antimicrob Agents Chemother. 44:2034-2038.

23.- Sack, D. A., C. Lyke, C. McLaughlin and V. Suwanvanichkij. 2001. Antimicrobial resistance
in shigellosis, cholera and campylobacteriosis. WHO Report. (Background document for the WHO

strategy for containment of antimicrobial resistance).

24.- Tauxe, R. Y., N. D. Puhr, J. G. Wells, N. Hagrett-Bean and P. A. Blake. 1990.
Antimicrobial resistance of Shigella isolates in the USA: the importance of international travelers.

J.Infect.Dis. 162: 1107-1111,

25.- Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray, D. H. Persing
and B. Swaminathan. 1995. Interpreting chromosomal DNA restriction patterns produced by pulsed-

field gel electrophoresis: criteria for bacterial strain typing. J.Clin.Microbiol. 33:2233-2239.

26.- Uchimura, M., K. Kishida, and K. Koiwai. 2001. Increasing incidence and the mechanism

of resistance of nalidixic acid resistant Shigella sonnei. Kansenshogaku Zasshi. 75: 923-930

27.- Vila, J. , ). Gascon, S. Abdalla, J. Gomez, F. Marco, A. Moreno, M. Corachan and
M.T.Jimenez de Anta. 1994. Antimicrobial resistance of Shigella isolates causing travelers’ diarrhea.

Antimicrob.Agents Chemother, 38: 2668-2670.
28.- Vila, 1., J. Ruiz, P. Godi, A, Marcos and T. Jiménez de Anta. 1995. Mutation in the gyA

gene of quinolone-resistant clinical isolates of Acinetobacter baumanii. Antimicrob. Agents Chemother.

39: 1201-1203.

128



MM Navia Resultados

29.- Vila, 1., J. Ruiz , Gofi P. and M.T. Jiménez de Anta. 1996. Detection of mutations in parC

in quinolone-resistant clinical isolates of Escherichia coli, Antimicrob. Agents Chemother, 40: 491-493

30.- Vila, J., M. Vargas, J. Ruiz, M. Corachan, M.T. Jiménez de Anta and J. Gascon. 2000.
Quinolone resistance in Enterotoxigenic Escherichia coli causing diarrea in travilers to India in

comparison to other geographical areas. Antimicrob. Agents Chemother. 44: 1731-1733.
31.- Wasfy, M. 0., B. A. Oyofo, 1. C. David, T. F. Ismail, A. M. El-Gendy, Z. S. Mohran, Y.
Sultan and L. F. Peruski, Jr. 2000. Isolation and antibiotic susceptibility of Sa/monella, Shigella and

Campylobacter from acute enteric infections in Egypt. J. Health Popul. Nutr. 18:33-38.

32.- Watanabe,T. Infective heredity of multiple drug resistance in bacteria. 1963, Bacteriol.

Rev, 27: 87-115

129



Resultados MM Navia

Table 2.- Resistance phenotypes of Shigella species causing travelers’ diarrhea. For
each species, the number of strains with each phenotype is shown. In brackets, the

percentage.

Phenotype .(S‘ﬁea.\;r;erf S.sonnei (n=43)
n=

Tet® Tm® Amp® CIm® Nal® 14(378%) O

2 (5,4%)

Others 9(24,3%)  4(9,3%)
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Table 3.- Distribution of p-lactamases among the Shigella species isolates.

ICARB-type (pI circa 5.6)

Undetermined

1 (4%)

2 (8%)

S.sonnei | S.flexneri
B-lactamase n= 25 n=27
TEM-type (pI circa 5.2) 7(28%) | 9(33,3%)
SHV-type (pl circa 7.6) 0 1 (3,7%)
OXA 1-2 type 1 (4%) ..
OXA 2-3 type 409
OXA 5-7 type 3 (11%)

0

0
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Table 4.- Distribution of dihydrofolate reductases among the Shigella species isolates.

Dihydrofolate S.sonnei | S.flexneri
reductase gene n= 36 n=25

dfAl 27 (75%) | 13 (52%)
dfrih14 14 6
dff\5 0 1
dfiA15 1 (2,7%) 0
dfih12 0 1
dfi\7 0 1

undetermined 4 (11,1%) | 6 (24%)
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3.2.5 Articulo 10.- "“Molecular characterization of the integron
population in Shigella strains isolated from patients with
traveller’s diarrhea”

Diagnostic Microbiology and Infectious Diseases, 2004, 48: 175-179

Se analizd la poblacién de integrones de tipo 1 en cepas de Shigella spp.
epidemioldgicamente no relacionadas, aisladas en un periodo de cinco afios de pacientes con
DV. Se hallé una prevalencia del 13,25% (11/83). Entre las once cepas que presentaban uno,
se observaron nueve tipos diferentes de integrones. Al secuenciar, se encontraron 10 cassettes
diferentes, 60n una altisima prevalencia de genes de dihidrofolato reductasas. También se
hallaron algunos que codificaban para B-lactamasas tipo OXA asi como para enzimas

modificantes de los aminoglucdsidos
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Abstract

The prevalence and characterization of Class 1 integrons has been performed in eighty three strains of Shigella spp., isolated between
1995 and 2000 from patients with traveler’s diarrhea. A low prevalence (13.25%) was recorded. Nine different integrons were found among
11 multiresistant strains, with a total of 10 different gene cassettes encoding for resistance to trimethoprim (dffAl, df¥AS, dfrA7, dfrAl2,
and dfrA15), aminoglycosides (aadAla and aadA2), B-lactam antibiotics (oxa2) or ORF with unknown function (orfD and orfF). A high
prevalence of dff and aad gene cassettes was observed. The low incidence of Class 1 integrons observed in this study is in contrast with

the known facility that the Shigella genus has to gain and transfer plasmids, © 2004 Elsevier Inc. All rights reserved.

Keywords: Genetic elements; Antibiotic resistance; Gene cassettes

1. Introduction

Diarrheas continue to be an important cause of disease
with high morbidity and mortality rates, especially in de-
veloping countries (DCs). They are ranked as the fourth
cause of death and the second cause of years of productive
life lost due to premature mortality or disability (Kottlof et
al., 1999). Infection by Shigella spp. is characterized by a
watery diarrhea that may progress to mucoid bloody diar-
rhea, also known as dysentery. It has been estimated that
each year over 163.2 million episodes of endemic shigello-
sis occur in DCs while only 1.5 million occur in developed
ones (Kottlof et al., 1999). The increasing number of trav-
elers to DCs, which have become attractive tourist destina-
tions, has also increased the number of diarrhea episodes
among the millions of persons who travel each year from
industrialized countries to DCs (Virk, 2001).

As is the case with most enteropathogens, there has been
an alarming increase in the development of resistance to
different antimicrobial agents and especially to those most
commonly used in DCs (ampicillin, trimethoprim/sulfa-
methoxazole, chloramphenicol or tetracycline). In a previ-
ous study from our group, when analyzing strains isolated

* Comresponding author. Tel.: +34-93-2275522; fax: +34-93-2279372.
E-mail address: vila@medicina.ub.es (J. Vila).

0732-8893/04/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.diagmicrobio.2003.10.007

from Tanzanian children, percentages of resistance as high
as 96.9% to tetracycline or 87.9% to cotrimoxazol were
found, with S. flexneri strains being in general more resis-
tant than those of S. sonnei (Navia et al, 1999). These
results were in agreement with those found in another study
(Vila et al.,, 1994) developed on strains from traveler's
diarrhea (TD).

The fast spread of resistance determinants among Shi-
gella spp. can be partly explained by the facility this genus
has to acquire plasmids (Kottlof et al., 1999). The horizontal
transfer of resistance genes is a successful mechanism to
disseminate multiple drug resistance among bacteria. These
genes are mobilized from one microorganism to another in
genetic transposable elements such as plasmids or trans-
posons. More recently, the existence of integrons within
these mobile elements has been described. Integrons are
DNA elements with three essential components: 1) an Inf I
integrase gene encoding for a site-specific recombinase; 2)
an insertion attl “receptor” site recognized by the integrase
and into which; 3) gene cassettes, often encoding for anti-
biotic resistance mechanisms, can be inserted. From the
various integron classes described to date, Class 1 is by far
the most commonly found in clinical isolates and also that
which has been most extensively studied (Martinez-Freijo et
al., 1998; Carattoli, 2001).

Since their discovery, Class 1 integrons have been
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looked for in most Enterobacteriaceae (Martinez-Freijo et
al., 1998; Leverstein-van Hall et al.,, 2002; White et al.,
2001). However, litille has been done for Shigella spp. a
genus which is well known for easily gaining and transfer-
ring plasmids, which in turn are a common vehicle for
integrons (Mclver et al., 2002; Navia et al., 1999). In this
study, we have analyzed the Class 1 integron population in
strains of Shigella isolated between 1995 and 2000 from
patients with TD.

2. Materials and methods
2.1. Bacterial strains

Eighty-three Shigella strains out of the 123 isolated be-
tween 1995 and 2000 were recovered from the frozen stock.
These 123 strains were originally isolated from stoo] sam-
ples of patients visiting the Tropical Medicine Unit at the
Hospital Clinic in Barcelona with a persistent diarrhea ac-
quired during a trip abroad and appearing either during the
trip or up to one week upon returning, Strains were identi-
fied to a genus and species level by conventional biochem-
ical methods (Murray et al., 1995) and agglutination with
specific antiserum (Sanofi Diagnostic Pasteur, Mares-La-
Coquette, France).

2.2. Susceptibility testing

Susceptibility testing was performed using E-test (AB
BioDisk, Sélna, Sweden) strips according to manufacturer’s
instructions. Susceptibility levels to tetracycline, chloram-
phenicol, ampicillin, trimethoprim, cotrimoxazole, and na-
lidixic acid were assessed. Strains ATCC29213 of Staphy-
lococcus aureus and ATCC25922 of Escherichia coli were
used as control microorganisms.

2.3. Integron amplification

Polymerase chain reaction (PCR) amplification of Class
1 integrons was performed using the Levesque and Roy
primers 5'-GGCATCCAAGCAGCAAG- 3' and 5'-AAG-
CAGACTTGACCTGA-3' (Levesque and Roy, 1993), fol-
lowing previously described conditions and procedures
(Vila et al., 1997). Alternatively, to increase specificity,
some PCRs were ran using an annealing temperature of
59°C. The amplified products were resolved in 2% agarose
gels and stained with ethidium bromide (0.5 mg/L). Bands
were recovered from the gel using the Gene-Clean kit (Bio
101, Inc., La Jolla, CA, USA) and sequenced.

2.4. DNA sequencing
Recovered DNA was directly sequenced using the Ther-

mosequenase Dye Terminator Sequencing Kit (Amersham,
Cleveland, OH, USA) in an automatic DNA sequencer

(model 377; Applied Biosystems, Foster City, CA, USA). In
most cases the use of the Levesque and Roy primers was
enough to cross the complete integron. Where necessary,
novel primers were designed over the obtained sequence to
move forward in the internal sequence of the integrons.
These primers were: dfrAlupper 5' GTGAAACTATCAC-
TAATGG 3' to sequence the whole integron of strains 76,
98 and 66170, primer drfA12 5' GGTGAGCAGAA-
GATTTTTCGC 3’ to sequence the integron of strain 196;
primer oxa2 5' CGATAGTTGTGGCAGACGAA 3' to se-
quence the integron of strains 14249 and 35037 and primer
dfrAllower 5" TTAACCCTTTTGCCAGATTT 3’ to se-
quence the integron of strain 314. Sequences obtained were
compared with those in GenBank, in order to identify the
exact genes.

3. Results

A group of 83 Shigella spp. was studied. Of these, 43
were S. sonnei, 37 S. flexneri, 2 S. dysenteriae, and 1 §.
boydii. Upon amplification with Class 1 integron specific
primers, 11 (13.25%) of these isolates presented at least one
band (Table 1). None of these 11 strains was, when ana-
lyzed by PFGE, related to any of the remaining 83 strains
(Navia, unpublished results).

The susceptibility patterns for the integron containing
strains is shown in Table 1. All except one in each case
(91%) presented high levels of resistance to trimethoprim,
cotrimoxazole and ampicillin. Resistance to tetracycline
was next with a 63.3% prevalence, while only 27% of the
isolates were resistant to chloramphenicol. From the total of
62 trimethoprim-resistant Shigella strains 9 (14.5%) had an
integron carrying a dfr gene, 1 (1.6%) had an integron non
associated with resistance to trimethoprim, and the remain-
ing 52 (83.9%) did not have an integron. In the same way,
2 out of 52 ampicillin-resistant isolates (3.8%) had an inte-
gron carrying a B-lactamasa, while 8 (15,4%) had an inte-
gron not related with resistance to ampicillin, and the re-
maining 42 (80.8%) did not have an integron.

Nine different class 1 integrons were found among the
eleven strains. The amplified bands ranged in size between
650 bp and 1800 bp and contained a minimum of one (bands
ranging from 650, to 1000 bp) and a maximum of three gene
cassettes (bands ranging from 1300 to 1800 bp). Upon
sequencing the entire integrons, 10 different gene cassettes

.were found, including genes encoding for resistance to tri-

methoprim (dfrA1, dfrAS5, dfvA7, dfrA12, dfrA15), B-lactam
antibiotics (oxa2) and aminoglycosides (aadA4]a, aadA2) as
well as two different ORFs (D and F) without known func-
tion. Despite the diversity of integrons, only isolate 76
carries more than one (Table 1).

Although only 11 strains contained a Class 1 integron,
when PCR reactions were first carried out, almost all strains
presented an amplification product that had one of two
patterns: one specific for S. sonnei and another found only
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Table 1
Characteristics of the integron-containing Shigella clinical isolates
Strain Species Year of Country of Integron Minimal Inhibitory Concentration Gene cassettes
isolation travel size o cL Nal Amp Sxt ™
76  S. flexneri 1995 México 1500 1 4 1 >256 >32 >32 dfrAl/aadAla
1000 aadAla
196 8. flexneri (+) 1995 Venezuela 1800 0.5 8 2 32 >32 >32 dfrA12/orfF/aadA2
98 S sonnei 1995 Nicaragua 1600 | 8 1 >256 >32 >32 dfrAl/aadAla
314 S sonnei 1996 Turkey 1400 1 4 2 1 >32 >32 aadA2/dfrAl
1385  § dysenteriae 1997 Tunesia 650 >256 128 2 >256 >32 >32 dfrAl
119 S flexneri 1997 Nicaragua 650 >256 128 2 >256 >32 >32 dfrAl
66170 8. sonnei 1998 East Africa 1500 0.5 4 2 >256 >32 >32 dfrAl5/aadAla
14249 S sonnei 1998 Guatemala 1300 >256 8 2 >256 0.38 0.5 oxa2/orfD
35037 S. sonnei 1998 Guatemala 1300 >256 4 1 128 >32 >32 oxa2/orfD
86551 S. flexneri (+) 1999 Kenya 700 128 128 1 >256 >32 >3 dfrA7
88193 8. flexneri 2000 Egypt 720 0.5 1 2 >256 >32 >32 dfrAS

(+) Shigella flexneri type 2a strains.

TC = tetracycline; CL = chloramphenicol, Nal = Nalidixic Acid, Amp = Ampicillin, Tm = Trimethoprim, Sxt = cotrimoxazole.

among S. flexneri. Sequencing of the bands revealed they
corresponded to segments of chromosomal genes unrelated
to Class 1 integrons. A more detailed analysis, matching the
primers with the complete sequence of each of these genes,
revealed that there was a non-specific annealing of the
primers in each case This explained the species specific
pattern for S. sonnei and S. flexneri. When the PCR was
performed with an annealing temperature of 59°C the non-
specificity disappeared.

4. Discussion

Infection by Shigellae is of special burden within the
developing world. However, the increasing number of tour-
ists traveling to exotic destinations has also given shigello-
sis an important place among the causes of TD. The study
of strains from different geographical regions provides a
wider picture than that obtained from strains isolated in a
determined area. We have analyzed strains from different
parts of Africa, South and Central America, the Middle
East, and the Indian subcontinent.

Since their first description in 1989 (Stokes and Hall,
1989) much has been found out about integrons. They have
been shown to be present in a variety of clinical strains, and
widely studied in different Enterobacteriaceae. Curiously,
little is known about their presence in the Shigella genus,
despite the fact that it is well known for easily acquiring and
keeping large numbers of plasmids, one of the vehicles used
by integrons for horizontal dissemination.

From the 83 strains analyzed, only 11 had a Class 1
integron. It is a smaller proportion than what could be
initially expected. This low prevalence of Class 1 integrons
found in both S. sonnei and S. flexneri in the present study
is in agreement with previous studies carried out in S. sonnei
(Mclver et al., 2002; Oh et al., 2003), in which a higher
prevalence of Class 2 integrons than Class 1 integrons was
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observed. Despite this low prevalence, a high diversity was
observed. Thus, 9 different Class 1 integrons were detected,
all previously described in other microorganisms (Huovinen
et al., 1995; Adrian et al., 1998; White et al., 2001; Fluit and
Schmitz, 1999), indicating the high potential of these struc-
tures to be transferred within microorganisms because of
their transportation within plasmids or conjugative trans-
pUSDIlS. .

The strains being studied were mostly multiresistant to
those antibiotics tested, specially trimethoprim, cotrimox-
azole, and ampicillin. These antibiotics are widely used in
DCs and resistance toward them has grown alarmingly in
the past decades (Vila et al., 1994; Sack et al., 1997). With
one exception (strain 35037), trimethoprim resistance might
be explained by the presence of integron-borne dihydrop-
holate reductase (dfr) genes. A high prevalence of these
genes was found, as cassettes, within the sequenced inte-
grons. Only two out of the nine different integrons did not
have a dfr gene present as a cassette. In contrast, and despite
the fact that oxa type genes are commonly found as cas-
settes within integrons (Naas and Nordman, 1999), in this
study there was only one oxa gene cassette found in one of
the integrons present in two unrelated strains, which inter-
estingly came from the same geographical area (Guate-
mala). Furthermore, taking into account the high number of
isolates resistant to trimethoprim and ampicillin that did not
carry a Class 1 integron, it can be assumed that the high
levels of resistance to these antibiotics in these strains are
probably due to genes encoded either within plasmids or in
another type of integron.

A probable explanation for the high prevalence of dfr
genes as cassettes could be that trimethoprim continues to
be the therapy of choice in many DCs, where the options for
alternative treatments are not obvious. A relatively high
prevalence of streptomycin/spectinomycin resistance en-
coding genes (aadA1 and aadA2) was also found. Strepto-
mycin has long been excluded from the treatment of shig-
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ellosis and the same fate is being followed in many regions
by cotrimoxazole, due to the widespread dissemination of
cotrimoxazole resistance encoding genes, usually harbored
within plasmids and in the past decade very often encoun-
tered within integrons. It is now quite accepted that even
after an antimicrobial drug is withdrawn from use, their
resistance determinants continue to be present in the envi-
ronment for many decades (Chiew et al., 1998). It is inter-
esting to note the levels of resistance to chloramphenicol.
Despite its supposed withdrawal from the market years ago,
chloramphenicol continues to be used in many DCs, where
it is an available and working treatment for infections such
as dysentery.

An initial screening for integrons among all the available
strains, resulted in the amplification of the aforementioned
Class 1 integrons in 11 isolates as well as in the amplifica-
tion of a constant pattern of bands in the remaining 69
isolates of S. flexneri and S. sonnei, apparently species
specific. Posterior sequencing of the bands from at least
30% of those strains, revealed that in every case the ampli-
cons corresponded to the same fragments of chromosomal
genes without any relation to Class 1 integrons. The theo-
retical matching of the primers’ sequences with the com-
plete sequence of each of these genes, revealed that there
was an non-specific annealing of the primers in each case.
To our knowledge, it is the first time that similar results are
described with the primers from Levesque and Roy
(Levesque and Roy, 1993), which have been classically and
extensively used to amplify and study Class 1 integrons (Da
Silva et al., 2002; Gombac et al., 2002; Kwon et al., 2002;
Leversteing van-Hall et al, 2002; Martinez-Freijo et al,,
1998). It is of interest to note that RFLP with Hinf I has been
used to characterize integrons (Seward et al., 1999; Van
Belkum et al., 2001). Attending to our results, this method-
ology without a posterior sequencing has the risk to con-
sider as an integron a non-specific amplification.

Increasing the annealing temperature by 4°C was enough
to avoid the non-specific annealing. However, in certain
cases, it could also impair the amplification of certain inte-
grons otherwise visible, so that it was not an optimal solu-
tion. Thus, to optimize results, alternative primers are re-
quired for Shigella spp.

The widespread dissemination of resistant determinants
in integrons has been well documented in the past decade. In
this study we have found a low incidence of Class 1 inte-
grons within the Shigella strains, belonging to different
species, a result that contrasts with the known facility this
genus has to gain and transfer plasmids. However, this is by
no means encouraging, taking into account the high levels
of multiresistance found among the strains.
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3.2.6 Articulo 11.- “In vitro activity of rifaximin against bacterial
enteropathogens causing diarrhea in children under 5 years of
age in Ifakara, Tanzania”

Journal of Antimicrobial Chemotherapy 2001; 47:893-905

La CMI a rifaximina, un agente antibacteriano de baja absorcién a nivel intestinal, fué
probada en cepas de E.coliy Shigella spp. causantes de diarrea en nifios menores de cinco
afos de Ifakara, Tanzania. En estudios anteriores se habian determinado los niveles de
resistencia de estas cepas a los diferentes antimicrobianos utilizados normalmente como
tratamiento, encontrdndose altos niveles de resistencia. Se encontré que todas las cepas
presentaban CMIs muy inferiores a las concentraciones de rifaximina que normalmente se
alcanzan en la luz intestinal, haciendo de la rifaximina una alternativa interesante para el

tratamiento de diarreas por patdgenos multirresistentes
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Sir,

Among the bacterial pathogens associated with the develop-
ment of diarrhoea in children in developing areas, some
pathogenic strains of Escherichia coli and Shigella spp. are
especially important, because of both the frequency with
which they are isolated and the severity of the symptoms
they produce.!? In developing countries it is common to
treat infections empirically. Therefore, knowledge of the
local bacterial resistance pattern is a valuable weapon for
clinicians in these areas. In Ifakara, as well as in other
developing areas, the usual therapy for severe diarrhoea
in children is oral rehydration plus an antibiotic, currently
co-trimoxazole.

In previous studies carried out in Ifakara, in which the
resistance levels of 130 pathogenic E. coli and 86 Shigella
spp. were analysed, high rates of resistance, amounting
to 100% in some cases, to ampicillin, chloramphenicol,
tetracycline and co-trimoxazole were found in the micro-
organisms studied.'? Only quinolones and cephalosporins
retained a good activity.!* However, neither is a viable
alternative because of their high price. Furthermore, quino-
lones are not recommended for paediatric use.

Rifaximin is a non-absorbable antibacterial agent,
reaching high concentrations in the intestinal tract.** Some
studies have shown its potential as a treatment for diar-
rhoea,® but its activity against clinical isolates from de-
veloping areas remains unknown.

Table. Activity of rifaximin against E. coli and

Shigella spp.
MIC (mg/L)
Microorganism n range MICs, MICy,
EaggEC 65 4-32 8 16
ETEC 44 1-32 8 16
EPEC 21 4-16 8 16
S. flexneri 78 2-16 4 8
S. sonnei 4 8-16 4 16
S. dysenteriae 4 4-8 4 8

EaggEC, enteroaggregative E. coli; ETEC, enterotoxigenic E. colf
EPEC, enteropathogenic E. coli.

The MIC of rifaximin (Alfa Wassermann, Italy) for
these previously studied microorganisms was determined
by an agar dilution method following the guidelines of the
NCCLS. E. coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853 and Staphylococcus aureus ATCC 29213
were used as quality controls.

The MICsy and MICy of the three types of diarrhoea-
genic E, coli analysed were 8 and 16 mg/L, respectively
(Table). Moreover, the highest MIC was 32 mg/L (four
enteroaggregative E. coli and one enterotoxigenic E. coli),
while the MICs of all Shigella spp. tested was 4 mg/L, and
the MICyy was 8 mg/L for Shigella flexneri and Shigella
dysenteriae, and 16 mg/L for Shigella sonnei (Table). No
clinical isolate of Shigella showed an MIC > 16 mg/L.

The rates of resistance to rifaximin should not be deter-
mined based on the criteria valid for absorbable antibiotics.
Blood concentrations achieved after a usual oral dose of
rifaximin (400 mg) are always negligible, usually <5 ng/mL
(ranging from undetectable values to <25 ng/mL),* where-
as the concentrations in the intestinal lumen are much
higher. In a study to evaluate its concentration in faeces of
travellers after therapy for 3 days with 400 mg of rifaximin
every 12 h, it was found that, by the end of the therapy, con-
centrations of 8000 % 830 pg/g of rifaximin were achieved
in faeces, and 3 days later the concentration was still ¢. 3000
+ 422 pg/g.’ As the concentration achieved in the intestinal
tract remains above the MIC for the strains, rifaximin can
be considered as a potential treatment for children with
diarrhoea. In fact, in previous studies in which children
between 3 and 12 years of age with diarrhoea were treated
with rifaximin, satisfactory results were obtained.?

In summary, co-trimoxazole, ampicillin and tetracycline
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have lost their activity against pathogenic E. coli and Shig-
ella spp. from Ifakara, Tanzania, making it necessary to
change the first-line treatment. Rifaximin may be an
alternative, although studies evaluating its in vivo activity
for the treatment of diarrhoea in children in developing
countries should be performed.
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.Articulo 12.- “Detection of dihydrofolate reductase genes by PCR and RFLP”

Diagnostic Microbiology and Infectious Diseases, 2003; 46(4):295-8.

Se ha disefiado una metodologia utilizando amplificacién por PCR seguido de un andlisis
por RFLP para determinar la presencia de genes de dihidrofolato reductasas, responsables del
fenotipo trimetroprim resistente. Utilizando un juego de 5 primers y 5 enzimas de restriccion, se
puede diferenciar entre 15 genes de dfr diferentes. Se trata de una alternativa mas rapida y

menos laboriosa que la hasta ahora existente que implicaba hibridacién con sondas especificas.
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Abstract

The presence of plasmid-encoded trimethoprim resistant dfr genes is the most common mechanism responsible for the acquisition of
trimethoprim resistance. The usual method to detect the presence of these genes is hybridization with specific probes. We describe an
alternative, faster and easier method, based on PCR amplification and RFLP analysis, to discriminate up to sixteen different dfr genes. ©

2003 Elsevier Inc. All rights reserved.

Trimethoprim is a synthetic broad-spectrum, antimicro-
bial agent. Although there are no maturally occurring en-
zymes to inactivate it, resistant bacterial strains rapidly
developed after its introduction in 1962, partly due to its
extensive use in both human and veterinary medicine.
(Amyes & Towner, 1990; Huovinen et al., 1995)

Resistance to trimethoprim may be due to the presence of
one or more of the following mechanisms: auxotrophy in
thymine/thymidine, impaired permeability, efflux pumps,
alterations in the chromosomal dihydrofolate reductase
(DHFR) and/or presence of a plasmid-encoded tri-
methoprim resistant DHFR. Of these mechanisms, the latter
is by far the most frequent (Thomson, 1993; Huovinen,
2001). To date, at least twenty dfr genes have been reported
(Amyes & Towner, 1990; Thomson, 1993). The corre-
sponding enzymes differ, and thus can be distinguished by
biochemical and biophysical properties.

Usually, the detection of DHFRs within a bacterial pop-
ulation involves hybridization using specific DNA probes
for the different dfr genes (Adrian et al, 1995; Amyes &
Towner, 1990). However, this technique has important lim-
itations, being relatively cumbersome, time consuming and
expensive. Moreover, in cases where the genes differ in a
few base pairs, the discriminatory power of this technique
will be limited to the identification of the cluster. The aim of
this study is to propose a new, easy and cheap alternative
method for the identification of dff genes.

The strains used in this study are listed in Table 1. To design

* Corresponding author. Tel.: +34-93-227-55-22; fax: +34-93-227-
5454,
E-mail address: vila@medicina.ub.es (J, Vila),

0732-8893/03/8 — see front matter © 2003 Elsevier Inc. All rights reserved.

doi:10.10]16/S0732-8893(03)00062-2

the different primers the dfr gene sequences found in Gene-
Bank were downloaded, compared and grouped by sequence
similarity. Five different pairs of primers (named Ia, Ib, II, VII
and XIT) were selected (Table 2). To perform the PCR reac-
tions one colony of the strain to be tested was boiled in 25 uL
of sterile distilled water for 10 min and 25 uL of a mixture
containing 1.0 mM of each primer (Table 2), 0.4 mM dNTPs,
2X PCR buffer with Mg™ and 2.5 units of 7aq polymerase
were added. The mixture was overlaid with mineral oil and the
reaction carried out in a Perkin Elmer Cetus Thermocycler.
The program consisted in 30 cycles: 1 min denaturation
(94°C), 1 min annealing and 1 min elongation (72°C), plus a
final extension of 10 min at 72°C. Annealing te

varied for the different primers and are shown in Table 2, along
with the expected size of the amplicons. The reaction products
were ran in 1.5% agarose gels with 0.5 pg/ml of ethidium
bromide, cut from the gel and recovered using a Concert Rapid
PCR Purification System kit (Life Technologies, Gaithers-
burg). This analysis, when performed on the selected strains
(Table 1), gave as result PCR amplicons with the predicted

Table 1

Strains used in the study

dfr gene Strain References
dfrdl Shigella sonnei, strain 10681 This article
dfrd14 Shigella sonnei, strain 35037 This article
dfrBl Escherichia coli, strain SC3 S.G.B. Amyes
dfrAS Shigella sonnei, strain 66170 This article
dfrA6 Escherichia coli, strain SC9 5.G.B. Amyes
dfrd7 Shigella flexneri, strain 831 Navia et al. (1999)
dfrdl2 Shigella flexneri, strain 196DV This article
dfrAlS Shigella flexneri, strain 88193¢c This article
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Table 2
Sequence of the primers for amplification of the df¥ genes

Primers (Name and sequence)

Amplified dff genes

Amplicon size Anealling temperature

Ia up 5" GTG AAA CTA TCA CTA ATG G 3' dfrAdl, dfrA35, dfrAlS, 474 bp 55°C
low 5' TTA ACC CTT TTG CCA GAT TT 3' dfrA15b, dfrAl6, dirdl6b*

I+ up 5' GAG CAG CTICTI TTI AAA GC 3’ dfrAl4, dfrA6 393 bp 60°C
low 5" TTA GCC CTT TIl CCA ATT TT 3'

vil up 5' TTG AAA ATT TCA TTG ATT G 3' dfrA7, dfrdl7, 474 bp S°C
low 5' TTA GCC TTT TTT CCA AAT CT 3'

1 up 5' GAT CAC GTG CGC AAG AAATC 3’ dfrB1, dfrB2, dfrB3 141 bp 60°C
low 5" AAG CGC AGC CAC AGG ATA AAT 3’

Xl up §' GGT GSG CAG AAG ATT TTT CGC 3’ dfrAl2, dfrAl3 319 bp 60°C

low 3" TGG GAA GAA GGC GTC ACC CTC 3'

(+) also amplifies dfrd [, dfrAS5, dfrAl3, dfrA16. Sequence analysis showed that the Ib upper primer could in theory anneal with the dfr43, although a

specific lower primer would be required for amplification.

* Two different genes dfr4/6 are found in Gene Bank. Thus, one was named dfr4/6b.

sizes (Table 2, Figure 1A). To confirm that the amplicons
corresponded to the expected genes, sequencing of the recov-
ered DNA was carried out with a Thermosequenase Dye Ter-
minator Sequencing Kit (Amersham, Amersham Place, En-
gland) and analyzed in an automatic DNA sequencer 377A
(Perkin Elmer, Emeryville, CA). In every case it was con-
firmed that the amplicon corresponded to the expected dft
gene.

The appropriate restriction enzymes to perform RFLP of
each group were selected performing theoretical digestions
of the amplicons with various enzymes. Those chosen and
used are shown in Table 3. The theoretical study was per-
formed for both the dff genes present in the available resis-
tant strains (dfy41, dfrA5, dfrA6, dfrA14 and dfr415) and for
those that could be amplified with the designed primers,
even though no practical experiment could be carried out.
As shown in Table 3, the predicted RFLP resulted in dis-

tinguishable patterns for each dfi gene. Digestions were
performed following each manufacturer’s indications and
digested DNA was resolved in 2% agarose gels and stained
with ethidium bromide (0.5 pg/ml). The RFLP of the PCR
products resulted in different patterns in agreement with the
theoretical predictions (Table 3, Figure 1B and C).

Recent studies have been conducted in which PCR has
been used to detect specific dfr genes (Guerra et al., 2000;
Navia et al., 1999). However, since over twenty dff genes
have been described (White et al., 2000), this approach is
inadequate for the routinary detection of df genes, making
it necessary to perform at least twenty different PCRs, one
for each known dfr gene. Alternatively, DNA sequencing
can be carried out on the PCR products obtained with
specific primers for each cluster of enzymes. However, this
technique is also time consuming and expensive.

In this study we propose an easy and rapid technique to

Fig. 1. Amplification of df genes and RFLP analysis.Groupl A. RFLP pattern. Lane M.- Molecular weight marker (Gibco BRL 100bp ladder). Lane 1.- dfrAl.
Lane 2, dfrAl4. Lane 3.- dfrA]2. Lane 4.- dfr47. Lane 5.- dfrB1.Group 1B. RFLP pattem. Lane M, Molecular weight marker (Gibco BRL 100bp ladder).
Lane 1, dfrA14 amplicon prior to digestion. Lane 2, dfr4 /4 amplicon after digestion with Afu 1. Lane 3, dfr46 amplicon after digestion with Afu 1.Group 1C.
RFLP pattern. Lane M, Molecular weight marker (Gibco BRL 100bp ladder). Lane 1, df#41 amplicon after digestion EcoR1*. Lane 2, dfrA5 amplicon after
digestion with EcoRI*. Lane 3, dfrA15 amplicon after digestion with EcoRI*. The arrows in all cases show the 600bp.
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Table 3
Theoretical fragment sizes from RFLP of the PCR amplicons of df genes
Primer Enzyme Expected band sizes (bp) dfr gene Accession No.
la EcoRI1* (also known as Tsp509 I) 236, 163, 42, 33 dfrdl X00926
455, 19 dfrdS X12868
356, 62, 33, 23 dfrl5 Z83311
dfrlsh AF156486
356, 62, 33, 23 dfrdl6 AF077008
219, 101, 94, 41, 19 dfrAl6b AF174129
219, 101, 94, 41, 19
la Mae 111" 183, 265, 26 dfrAl5 Z83311
448, 26 dfrAlsk AF156486
Mse P 250, 190, 31,3 dfrAl6 AF077008
190, 155, 95,31, 3 dfrAl6b AF174129
Ib Alu I (only dfrAl4 and dfrA6) 212, 175, 6 dfrAl4 Z50804
166, 161, 60, 6 dfrA6 Z86002
Alu 1 268, 206 dfrA7 AF139109
216, 206, 52 dfrAl7 AF169041
I EcoRI* (also known as Tsp509 I) 63, 78 dfrB1 U36279
119, 22 dfrB2 Jo1773
No cut (i.e 141 bp) dfrB3 X72585
XII Tag 1 286, 33 dfrdi2 721672
187, 132 dfrdl3 Z50802

In bold, the results shown in Fig. 1B and 1C
! To distinguish between dfrA15 and dfrd15b
2 To distinguish between dfr416 and dfk416b

identify the dff genes present in trimethoprim resistant
strains. RFLP of PCR products has proven to be a reliable
technique, with which we have obtained a 100% concor-
dance between the theoretical and the practical results, con-
firmed by sequencing analysis, This technique has been
previously used to identify point mutations (Ruiz et al.,
1995), different gene types involved in acquired resistance
(Fluit et al,, 2001) and in epidemiologic studies (Tudo et al.,
2001). However, its real advantage is its flexibility. It may
be modified, by selecting alternative restriction enzymes or
by the designing of new primers. As novel dfi genes are
discovered, the technique can be adapted to include them.
With the 5 pairs primers and the 5 enzymes used in this
study, sixteen df genes can be identified using only two
PCR conditions. Such genes happen to belong, according to
the phylogenetic tree built by White et al. (2000) and with
the exception of the df#B group which was not included in
the analysis, to the two families of enzymes encoded by
gene cassettes, Moreover, if two or more dfr genes were to
be present in the same strain and happen to amplify with one
of the proposed sets of primers, RFLP analysis will result in
a combined band pattern that should allow identification of
the dff genes present.

The limitation of this work lies in the small number of
strains used. However, the results obtained are consistent
and there are no reasons to suppose that the technique will
not work with those dfr genes that were not experimentally
tested. To summarize, an alternative method based on the
PCR amplification of the dfr genes followed by RFLP
analysis is presented. It is an easy, rapid and non-cumber-

some technique capable of differentiating among closely
related dff genes.
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3.2.7 Articulo 13.- “ Dispersion intercontinental de una cepa de
Shigella flexneri resistente a trimetoprima”

Enfermedades Infecciosas y Microbiologia Clinica, 2003; 21(8):401-3.

Se buscaba caracterizar una cepa de Shigella flexneri resistente a trimetoprima aislada
de las heces de un viajero a su retorno de Kenia, y analizar su relacién epidemioldgica con un
conjunto de cepas de similares caracteristicas aisladas en Tanzania. Los estudios
epidemioldgicos mostraron que el total de seis cepas estudiadas pertenecian a un mismo clon.
Asimismo, todas ellas poseian el mismo gen codificante para resistencia a trimetoprima (dffA7),
el cual estaba localizado en un integrén situado a nivel cromosomal. Es preciso mantener una
vigilancia epidemiolégica para controlar la difusién de microorganismos patdgenos, o de genes

de resistencia, entre distantes dreas geograficas
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Dispersién intercontinental de una cepa
de Shigella flexneri resistente a trimetoprima

Margarita M. Navia, Joaquim Ruiz y Jordi Vila

Servicio de Microbiologfa. Institut Clinic d'Infeccions i Immunologia, IDIBAPS, Facultat de Medicina, Universitat de Barcelona, Hospital Clinic. Barcelona,
Espaia

InTRODUCCION, Caracterizar una cepa de Shigella flexneri
resistente a trimetoprima, aislada de las heces de un
viajero a su retorno de Kenia, y analizar su relacién
epidemiolégica con un conjunto de cepas de similares
caracteristicas aisladas en Tanzania.

Méeropos. Las relaciones clonales se estudiaron mediante
analisis del perfil plasmidico, REP-PCR y electroforesis en
geles de campos pulsantes (PFGE). Se estudid la presencia
de integrones tipo 1 mediante reaccién en cadena de la
polimerasa (PCR) y secuenciacién. Mediante técnicas de
conjugacién y PCR se analizé la localizacién y
transferabilidad del integrén detectado.

ResuLTADOS. Los estudios epidemiolégicos mostraron que el
total de seis cepas estudiadas pertenecian a un mismo clon.
Asimismo, todas ellas poseian el mismo gen codificante
para resistencia a trimetoprima (dfrA7), el cual estaba
localizado en un integrén situado a nivel cromosémico.
ConcLusiones, Es preciso mantener una vigilancia
epidemioldgica para controlar la difusién de
microorganismos patégenos, o de genes de resistencia,
entre dreas geograficas distantes.

Palabras clave: Trimetoprima. Resistencia. dfrA7. Viajeros.
Diseminacién clonal.

Intercontinental spread of a trimethoprim-resistant strain
of Shigella Flexneri

InTRODUCTION. In this study we characterize a
trimethoprim-resistant strain of Shigella flexnerirecovered
from stool samples of an international traveler after a trip to
Kenya, and analyze its epidemiological relationship with a
set of strains having similar characteristics from Tanzania.
MeTHops. Clonal relationships were studied by three
techniques - plasmid profile, repetitive-element (REP)-PCR
and pulse-field gel electrophoresis (PFGE). The presence of
type 1 integrons was studied by PCR and sequencing. The
location and transferability of the detected integron was
analyzed by conjugation and PCR.
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Servicio de Microbiologfa. Institut Clinic d'Infecci
Hospital Clfnic.

Villarroel, 170. 08036 Barcelona, Espafia.

Correo electrénico: jvilaestape@yahoo.com
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ResuLTs. The epidemiological studies showed that all six
strains studied belonged to the same clone. Furthermore,
all of them carried the same gene encoding for
trimethoprim resistance (dfrA7), which was located in an
integron within a chromosome.

ConcLusion. Continuous epidemiological surveillance is
required to control the spread of pathogenic
microorganisms and the dissemination of
resistance-encoding genes among geographical areas.

Key words: Trimethoprim. Resistance. dfrA7. Travelers.
Clonal spread.

Introduccion

Se calcula que alrededor de 3 millones de seres huma-
nos, nifios en su mayoria, mueren anualmente durante el
curso de afecciones diarreicas!. Asf, una de cada 4 muer-
tes de nifios menores de 5 afios acontecida en paises en
vias de desarrollo se debe a un proceso diarreico'?, Un ter-
cio de estas muertes se deben a infecciones causadas por
Shigella spp.®.

Esta situaci6n sociosanitaria repercute, asimismo, en los
viajeros provenientes de paises desarrollados. Se calcula
que aproximadamente entre el 20 y el 60% de los viajeros a
estas dreas, durante o después del viaje, sufren procesos
diarreicos, la denominada diarrea del viajero!, Si se tiene
en cuenta que, en la actualidad, el conjunto de estos paises
son uno de los principales destinos turisticos a nivel mun-
dial, recibiendo millones de turistas cada afio, la impor-
tancia de esta enfermedad queda fuera de toda duda.

El tratamiento de eleccién para las infecciones asocia-
das a Shigella spp. ha sido, durante largo tiempo, el cotri-
moxazol. No obstante, el amplio uso de la combinacién de
trimetoprima con sulfonamidas, uso que incluye, ademés
de la terapéutica humana, aplicaciones veterinarias, ha
facilitado 1a aparicién de aislamientos de Shigella spp. re-
sistentes al cotrimoxazol®$,

En la actualidad, se conocen diferentes mecanismos ca-
paces de conferir resistencia a trimetoprima, siendo el
més difundido la presencia de dihidrofolato reductasas
(DHFR) resistentes a trimetoprima®. Asf, hasta la actua-
lidad, se han descrito m4s de 20 enzimas diferentes®, La
mayoria de ellas se haya codificada en genes que se locali-
zan en integrones™?, con un mayor o menor grado de di-
seminacién. Entre estas tiltimas, se halla la DHFRVII.
La primera cita de esta enzima es del afio 1989, afio en el
que se describié en un pldsmido aislado en cepas de Es-
cherichia coli causantes de un brote de diarrea porcinal,
En afios subsiguientes, se describié en cepas de E. coli pro-
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Figura 1. Perfil plasmidico de las cepas. 1, Cepa de 8. flexneri procedente del
vigjero a Kenia. 2y 3, Cepas de S, flexneri aisladas de nifios tanzanos. M: mar-
cador de pesos.
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Figura 2, Técnicas de epidemiologia molecular;

A) Electroforesis en campo pulsante: 1y 2, cepas de S. flexneri aisladas de ni-
fios tanzanos, 3 cepa de S. flexneri aislada de las heces del viajero a Kenia,

B) REP-PCR: 1y 2, cepas de 8. flexneri aisladas de nifios tanzanos; 3, cepa de
S. flexneri aislada de las heces del viajero a Kenia. M: marcador de pesos
(100 bp ladder; GIBCO-BRL, Gaithersburg, USA),

venientes de Suecia, Sri Lanka, Finlandia, Nigeria o Su-
défrica, asf como en otros microorganismos como Salmo-
nella typhi de la India'*,

Maés recientemente se ha descrito esta enzima en un
clon de S. flexneri aislado de heces de nifios con diarrea
en Tanzania’. En este trabajo se analiza la dispersién de
dicho clon entre Kenia y Tanzania, asi como su introduc-
cién en Europa, a través de viajeros internacionales.

Métodos

En un trabajo previo desarrollado en 1997 sobre epidemiologia y
niveles de resistencia a antimicrobianos en cepas de Shigella spp.
causantes de diarrea en nifios menores de 5 afios en Tanzania, se
comunicé la presencia de cinco cepas de S. flexneri que poseian un
integrén que contenia el gen dfrA7". Posteriormente, en 1999, se ais-
16 una cepa de S. flexneri de las heces de un viajero procedente de
Kenia (previamente se verificé que tinicamente se hubiese despla-
zado a este pais).

El patrén de sensibilidad antibiética se obtuvo mediante tiras de
E-test (AB Biodisk, Stlna, Suecia) en placas de Miieller-Hinton, si-
guiendo las instrucciones del fabricante, En concreto se analizé la sen-
sibilidad a ampicilina, cloranfenicol, tetraciclina, ciprofloxacino y cotri-
moxazol.

La relacién epidemiolégica entre las cepas se determiné mediante
tres técnicas diferentes: REP-PCR, digestién con enzimas de baja fre-
cuencia de corte y posterior electroforesis en geles de campos pulsan-
tes (PFGE) y andlisis plasmidico. La REP-PCR y el PFGE se realiza-
ron siguiendo metodologias descritas previamente’, mientras que los
pldsmidos se extrajeron de cultivos bacterianos usando el kit Wizard
Plus SV Minipreps DNA Purification System (Promega, Madison,
EEUU), que posteriormente fue visualizado en geles de agarosa al
0,7% tras ser tefiidos con bromuro de etidio.

El estudio de la presencia y contenido de integrones se realizé me-
diante reaccién en cadena de la polimerasa (PCR) y secuenciacién se-
gin la metodologia previamente descrita’. Para determinar la posible
transferencia mediante conjugacién de la resistencia a trimetoprima
se realizaron conjugaciones, tanto en medio liquido como en medio
sélido sobre filtro, usando como bacteria receptora la cepa J53 de
E. coli (F-, pro, Tm®, Amp5, Rif*, Lac*), gentilmente cedida por el Dr.
Gémez-Lus (Universidad de Zaragoza), En total se efectuaron tres en-
sayos por cepa y método.

La ubicacién del gen dfrA7 en pldsmido o cromosoma se determiné
mediante PCR con cebadores especificos, tanto para la dfrA7 como
para integrones’ sobre ambos productos previamente purificados.
Como control, para detectar la presencia de ADN cromosémico, se
utilizaron cebadores especificos para gyrd'c.

Resultados

Tanto las cepas aisladas en Tanzania, como aquella pro-
veniente de Kenia, presentaban un patrén de resistencia
a ampicilina, cotrimoxazol, cloranfenicol y tetraciclina,
siendo sensibles al ciprofloxacino (concentracién inhibito-
ria minima [CIM] de 0,006 pwg/ml) y al dcido nalidixico
(CIM de 1,5 pg/ml).

Las tres técnicas epidemiolégicas utilizadas mostra-
ron la existencia de relaciones clonales entre las cepas de
Tanzania y la procedente de Kenia (figs. 1y 2). En la cepa
originaria de Kenia se encontraron 5 plasmidos (> 12 kb,
7,5 kb, 5 kb, 2 kb, 1,5 kb), que con excepcién de aquel de
7,6kb también se encontraron en las cepas de Tanzania
(fig. 1).

Al utilizar los cebadores para amplificar integrones de
tipo 1 se detectd, en todos los casos, una banda de aproxi-
madamente 750 pb, que al ser secuenciada mostré la pre-
sencia de un tnico gen (dfrA7) y una homologia del 100%
con la secuencia presente en el banco de genes.
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Para localizar la ubicacién de este integrén, se efectua-
ron estudios de conjugacién y de PCR. Los estudios de con-
jugacién mostraron que el gen no era transferible. Por su
lado, los estudios de PCR mostraron la presencia en el cro-
mosoma del integrén de 750 pb, asf como més especifica-
mente del gen dfrA7; los intentos de amplificacién a partir
de ADN plasmidico fueron negativos.

Discusion

En este estudio se demuestra la diseminacién clonal de
una cepa de S. flexneri multirresistente entre Tanzania y
Kenia, asf como su llegada a Europa en un vigjero con dia-
rrea del vigjero.

La localizacién en un integrén del gen dfrA7 es algo que
ya habia sido previamente descrito™?, aiin cuando las 1ini-
cas cepas de Shigella spp. en las que ha sido hallado has-
ta la fecha son las presentes en este estudio. Asimismo, se
ha descrito con frecuencia en diferentes microorganismos
en zonas relativamente préximas a Kenia y Tanzania,
como seria el caso de Sudéfrica'?, Este hecho, junto con la
escasa informacién a nivel microbiol6gico y molecular, de
los microorganismos presentes en esta zona geogréfica, y
la amplia movilidad de buena parte de la poblacién que la
habita, hacen presuponer una posible amplia disemina-
ci6én de este gen en la zona.

Es interesante notar que en todas las cepas incluidas en
este estudio, el gen dfrA7 estaba codificado a nivel cromosé-
mico, hecho frecuente, a tenor de las observaciones de
Adrian?. En un estudio realizado por su grupo, se detalla
que entre todos los genes que codifican para DHFR hallados
en cepas comensales de E. coli, Klebsiella spp. v Enterobac-
ter spp., aisladas de heces de voluntarios sanos en Sudafri-
ca, es el gen dfrA7 el que con mé4s frecuencia se hallaba co-
dificado en el cromosoma, no siendo transferible por
conjugacién en 62 de 67 cepas (92,54%) que lo presenta-
ban. Estos resultados contrastaban con lo que se encontra-
ba para el resto de genes dfr incluidos en este estudio. La
segunda DHFR, que presentaba peores niveles de transfe-
rencia por conjugacién, fue la DHFR Ia, conjugando en
11 de las 52 cepas (21,15%) que la presentaban. Este dato
pone de manifiesto las dificultades que presenta este gen
para propagarse de manera horizontal. No obstante, en este
estudio de Adrian et al'? no se analizaron las relaciones
epidemiolégicas presentes entre las cepas, por lo que quedé
sin establecer si las cepas que presentaban una codificacién
cromosémica del gen dfrA7 pertenecian a un mismo clono a
varios. En nuestro estudio se constata, mediante tres téc-
nicas diferentes, la estrecha relacién epidemiolégica exis-
tente entre las cepas incluidas en el mismo, demostrando
que poseen un mismo origen clonal. Se ha de tener en cuen-
ta que numerosos integrones se hallan en un transposén,
lo que permitiria explicar su localizacién tanto plasmidica
como cromosémica. Otra posibilidad teérica que debe tener-
se en cuenta serfa la posible integracién, total o parcial, en
el cromosoma, de un pldsmido portador del citado gen.
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El hecho de que una cepa bacteriana se disemine lenta-
mente entre zonas limitrofes, como seria el caso de Kenia
y Tanzania, debido a lo que se podr{a dar en llamar movi-
mientos naturales de sus huéspedes, o por simples me-
dios mecénicos, como pueden ser corrientes de agua, es
algo connatural a todo ser vivo. No obstante, el que una
cepa bacteriana especifica pueda desplazarse miles de ki-
lémetros en cuestién de horas, es algo que hasta la apari-
cién de los actuales medios de transporte no podia tener
lugar. Esto pone de manifiesto la necesidad de iniciar es-
tudios epidemiolégicos para controlar, en la medida de lo
posible, la difusién de microorganismos, o genes de resis-
tencia, entre diferentes y lejanas dreas geogréficas.
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A comienzos del siglo pasado, las infecciones bacterianas (principalmente Ila
tuberculosis, la pneumonia y las diarreas) eran la primera causa de mortalidad y morbilidad en
todo el mundo (Cohen, 1997). El desarrollo de vacunas, el descubrimiento de los antibiéticos y
cambios en la sociedad incluyendo mejoras en la higiene y sanidad, provocaron una
disminucién gradual de las infecciones. Sin embargo, a comienzos del siglo XXI, volvemos a
vernos enfrentados al resurgimiento de infecciones que creiamos controladas debido, entre
otras causas, al rapidisimo aumento de resistencias.

La prevalencia de las resistencias bacterianas a los agentes antimicrobianos, depende
tanto de la adquisicién de la misma, como de su posterior dispersion. Ambos procesos estan
directamente influenciados por la presion selectiva de los antimicrobianos. Se pueden
diferenciar tres ambientes en los cuales, habiendo un uso de antimicrobianos, se promueve o al

menos se facilitan dichos procesos: el ambiente veterinario, el hospitalario y la comunidad.

En este proyecto, se buscaba analizar como se adquiere la multiresistencia y como se
disemina la misma en los dos ambientes con mayor uso de antimicrobianos: el hospitalario y la
comunidad. Para ello, se estudiaron un patégeno nosocomial, Acinetobater baumannii, y uno
comunitario: Shigella spp. El primero es uno de los bacilos Gram negativos con mayor morbi-
mortalidad en las Infecciones nosocomiales (Sefton,2002), siendo ademds altamente
multiresistente. El género Shigella es por su parte, uno de los que causa sintomas mdas
invalidantes entre los diferentes agentes etiologicos de la diarrea. Se trata ademas de un
patdgeno comunitario que normalmente responde bien al tratamiento, pero que en las Ultimas
décadas ha mostrado un aumento preocupante de resistencia a los agentes antimicrobianos
(Ashkenazi et al.,, 2003). Adicionalmente, estos dos microorganismos resultan ser buenos
ejemplos de un patégeno problema en el mundo desarrollado (A.baumannii) y uno epidémico

en PBR (Shigella spp.).

4.1 Acinetobacter baumannii
A.baumannii es una bacteria con una resistencia intrinseca elevada, que ademas al

estar expuesta a una alta presion de seleccién dentro del ambiente hospitalario, ha desarrollado
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altos niveles de resistencia. Al estudiar cepas multirresistentes aisladas de diferentes hospitales
espafioles, observamos la dispersion de los mismos clones en diferentes hospitales de la
Peninsula e incluso Canarias (Articulo 1). Estudios realizados para clarificar epidemias dentro de
hospitales han demostrado que son a menudo debidas a la dispersién de cepas locales (Corbella
et al., 2000). El que estos microorganismos tengan una gran capacidad para sobrevivir en
superficies inanimadas (equipos, pomos de puertas, colchones) y sobre la piel, facilifa y
aumenta las probabilidades de dispersién y por lo tanto de epidemias. Lo que ademdas hemos
hallado es que la dispersion inter-hospitalaria de cepas multirresistentes de A.baumannii, al

menos en Espafia, también estd ocurriendo.

Los aminoglucésidos y los betalactamicos han sido utilizados como primera linea de
tratamiento para infecciones por A.baumannii. Sin embargo, los niveles de resistencia han ido
aumentando hasta el punto de que los primeros ya practicamente no se utilizan y en el caso de
los segundos, grupos como las penicilinas o las cefalosporinas tampoco son efectivos.
Intentando contestar a la pregunta sobre cuales eran los mecanismos implicados en los
fenotipos multirresistentes de cepas clinicas de A.baumannii, se estudiaron cepas resistentes a
amikacina (Articulo 1) y a betalactdmicos (Articulo 2) provenientes de diferentes hospitales

espanoles.

La resistencia a amikacina era debida en un 100% de los casos a la presencia del gen
aph(3)-VI, siendo consistente con lo que se ha encontrado en estudios previos (Lambert et al.,
1990; Shaw et al. 1993) que describen a este gen como el principal mecanismo responsable de
la resistencia a amikacina en A.baumannii. Se trata de un gen transponible (Lambert et al.,
1990) lo que facilita su dispersién. En este caso, sin embargo, se ha demostrado que la
dispersion de la resistencia no solo esta relacionada con la del gen, sino con la de una cepa

resistente.

Actualmente, A.baumannii es resistente frente a la mayoria de antibiéticos B-lactdmicos,

y particularmente las penicilinas y las cefalosporinas (Vila, 1998). Mas recientemente, dicha
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resistencia se ha observado también frente a los carbapenems (Bou et al., 2000; Corbella et al.,
2000). Con el fin de esclarecer la distribucidn y el papel de las B-lactamasas en A.baumannii
resistentes a los B-lactdmicos, se estudiaron una serie de cepas clinicas epidemiolégicamente
bien definidas (Articulo 2). El 100% de las cepas eran resistentes a la ampicilina y encontramos
que en el 60% de las cepas esto se debia bien sea una B-lactamasa plasmidica, tipo TEM
(25%) o tipo OXA (35%). Ambos tipos de B-lactamasas han sido descritas anteriormente en
A.baumannii y parecen jugar un papel protagonista en la resistencia a las penicilinas (Vila,
1998). Sin embargo, en las cepas restantes (también resistentes a la ampicilina), se observé
una disminucion de la CMI a ampicilina cuando se determinaba en presencia del Syn2190, un
inhibidor de la B-lactamasa cromosémica AmpC. Nuestros resultados sugieren que al menos
en el 50% de las existe una B-lactamasa cromosémica del tipo AmpC sobrexpresada que es
inhibida por el Syn2190. El nivel de expresidn varia entre cepa y cepa, viéndose reflejado en la
CMI a ampicilina. La susceptibilidad a la piperacilina era también baja, con 35% de las cepas
resistentes y 45% con resistencia intermedia. Curiosamente, cepas con las mismas B-
lactamasas, presentaban diferentes CMIs a la piperacilina en presencia de Syn 2190. Mientras
que en un grupo de ellas no se veia afectada la CMI en presencia del inhibidor de AmpC, en

otras disminuia. Pueden argumentarse tres posibles explicaciones:

1.- Que en aquellas células que no muestran una disminucién de la CMI haya una

entrada disminuida del Syn 2190
2.- Que en estas mismas exista un mecanismo de resistencia a piperacilina
complementario tal como una disminucién de la permeabilidad, un aumento de expulsion o

modificacion de las PBP

3.- La presencia de varias cefalosporinasas cromosomicas con diferentes niveles de

inhibicién frente al Syn 2190
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Un 15% de las cepas eran resistentes al imipenem, indicando la presencia‘ de una
carbapenemasa. Hasta el momento se han descrito varias en A.baumannii localizadas en
plasmidos y por lo tanto con facilidad de ser transferidas, como es el caso de la OXA-23
(primero descrita como ARI-1). En presencia de la reserpina, un inhibidor de bombas de
expulsion, se observé una disminucién de la CMI de imipenem de img/L a 0,25mg/L,
sugiriendo que una bomba de expulsién podria de esta disminucion a la sensibilidad a imipenem

en estas cepas.

En general, no hay que menospreciar la contribucién que otros mecanismos tales como
la disminucién de la permeabilidad por alteracién en las porinas, el aumento de expulsién

activa o la alteracién de las PBP tienen sobre la CMI final de una cepa resistente.

Asi, por ejemplo, en un trabajo publicado en el 2002, Fernandez-Cuenca y
colaboradores estudiaron los mecanismos de resistencia a los carbapenems, encontrando que el
fenotipo resistente se debia a la presencia de multiples mecanismos entre los cuales los més
comunes eran la produccién de oxacilinasas y la ausencia de la PBP2. En algunas cepas
resistentes parecia también tener relacion con dicho fenotipo la ausencia de una OMP

especifico.

En este caso, sin embargo, podemos decir que en las cepas analizadas de A.baumannij,
la resistencia a B-lactdmicos se explica en un alto porcentaje por la produccién de B-lactamasas,
bien sea de las transferibles (tipo TEM u OXA) o por sobreexpresion de las cromosdmicas (tipo

AmpC).

Analizando la resistencia por B-lactamasas en A.baumannij, hayamos dos del tipo OXA
que anteriormente no habian sido descritas. La primera, una OXA-21 (Articulo 3) se deriva de la
OXA-3, diferenciandose de esta por tres mutaciones puntuales (dos silentes y una que resultaba

en el cambio de la Ile-217 en una metionina. Este aminoacido esta localizado a cuatro de la
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triada conservada. Este gen se hallé en al menos 6 de las cepas estudiadas (Articulo 2), y

estaba localizado en un integrén, con un gen de aadB en el extremo 3.

También en un integrén, se hayd una OXA-37 (Articulo 4). Esta B-lactamasa se deriva
de la OXA-20, previamente descrita en Pseudomonas aeruginosa (Naas et al.,, 1998) y en
A.baumannii (Ploy et al.,, 1994), diferencidandose en dos mutaciones puntuales, una de las
cuales resulta en el cambio del acido glutamico 69 por un acido aspartico. Al tratarse ambos de
aminoacidos de carga negativa, se trata de un cambio que estructural y funcionalmente no
comporta importancia alguna. Con el fin de entender la contribucion de esta B-lactamasa a la
resistencia de la cepa de la que fue aislada, se cloné el gen de la oxa 37 y se transformé con él
una cepa de E.coli sensible. Hallamos que la mayor actividad de la B-lactamasa era frente a la

ticarcilina, ceftazidima, cefotaxima y ampicilina+sulbactam.

El estudio del integrén dentro del que se encontrd la OXA-37, permitié hacer un andlisis
de su posible origen. Al igual que aquel descrito por Naas et al., el primer cassette dentro del
integrén codificaba para una N-acetiltransfereasa (especificamente una aac A4) y que
previamente ya ha sido descrita en A.baumannil. Como segundo cassette y antes de la OXA-37
hayamos una ORF que no estaba presente en el integrén de P.aeruginosay que en un trabajo
posterior al de Naas se describid, aunque mas corto, en A.baumannii (Ploy et al., 2000). Podria
argumentarse entonces que en términos de seleccidn, el perder la ORF tiene ventajas pues
sitda a la OXA en segundo en vez de tercer lugar puesto que se sabe que en un integrén, entre
mas alejado esté el cassette del promotor, menor serad su nivel de transcripcién. Por supuesto,
esto seria cierto siempre y cuando la transcripcién del ORF en si no tuviese alguna ventaja que
desconocemos. Ademds, se sabe que la probabilidad de perder un cassette de un integrén es
en general, mayor que aquella de ganarlo (Bissonnette et al. 1992). Finalmente, tras el analisis
de contenido de GC de la OXA-20, Naas y colaboradores llegaron a la conclusién de que con un
45% (practicamente igual que para la OXA-37) debfa ser originariamente de una
Enterobacteriaceae. El contenido de GC en genes originarios de Acinetobacter suele estar entre

el 38% y el 47% (Maslow et al. 1993). Analizando el contenido de GC de la ORF encontramos
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que era del 46.43% con lo cual aln estd dentro del rango. Creemos entonces que hay
evidencia suficiente para no descartar la posibilidad de que el integrén y la OXA hallados en un
principio en P.aeruginosa sean de hech6 originarios de A.baumannij, mas aun si se tiene en
cuenta que se trata de dos microorganismos que comparten nicho ecolégico, hecho que en si
facilita el que se pueda dar la transferencia de material genético entre las dos especies. La
descripcion de integrones estrechamente relacionados muestra de nuevo la gran plasticidad de

estos elementos y la relativa facilidad con que ganan o pierden genes

El anterior es solo un ejemplo de la importancia de este elemento genético en la
diseminacién de genes de resistencia a antimicrobianos tanto inter como Intraespecie. La
aportacién que estos tienen en la multirresistencia presentada por A.baumannii ha sido
valorada en diferentes ocasiones. Tras encontrar en cepas de A.baumannii integrones de Clase
1 con genes de resistencia a aminoglicdsidos (Articulos 1,3 y 4) y a B-lactdmicos (Articulos 3 y
4), se decidi6 establecer el papel de estos elementos en el fenotipo multirresistente de cepas
clinicas de la especie. Se hallaron cinco diferentes integrones en las cepas analizadas. Todos
tenian al menos una enzima modificadora de aminoglucésidos, principalmente del tipo aadB y
aacA4. Aunque ninguno de los dos genes se ha descrito como de los mas comunes en
A.baumannii, en Espafia parecen estar ampliamente distribuidos en esta especie. En un trabajo
realizado por nuestro grupo y en el que se estudiaron 69 cepas de A.baumannii procedentes de
diferentes hospitales espafoles (Ribera et al., 2004), se encontré que en el 95% de las cepas
con integrones Clase 1 (18/19) tenian aadB o aacA4 como cassette. Mas aln, la gran mayoria
(15/19) tenian un integrén de 700pb cuyo Unico cassette era el aadB. Las cepas no estaban ni
epidemioldgicamente ni geogréaficamente relacionadas y sin embargo presentaban en su
mayoria el mismo integrén, planteando la pregunta de si A.baumannii tiene una clara afinidad

por ciertos tipos especificos de integron.

La alta resistencia de la especie a los aminoglicésidos, que es principalmente debida a
la presencia de enzimas modificadoras mediadas por plasmidos y transposones, es

ampliamente reconocida para el género. El predominio del fenotipo resistente se debe en gran
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parte a su capacidad para adquirir genes de resistencia (Towner, 1997), con los integrones, en

este sentido jugando un papel importante.

El otro tipo de gen encontrado como cassette fue el de B-lactamasas tipo OXA,
especificamente oxa-21 y oxa-37, ambas descritas anteriormente por nosotros en A.baumannii

(Articulos 3y 4).

Nuestros resultados mostraban que cepas de diferente origen geogréfico y
epidemiologicamente no relacionadas podian presentar el mismo integrén, mientras que otras
epidemioldgicamente relacionadas presentaban elementos con cassetfes muy diferentes. En
todos los casos se trataba de integrones anteriormente descritos, sino en A.baumannii, en
especies tales como P.aeruginosa, también patégeno nosocomial y expuesta a la misma presion

de seleccidn antibidtica

4.2 Shigella spp.

La epidemiologia de la infeccién por las diferentes especies de Shigella siempre se suele
asociar con la dispersion de clones epidémicos. En el estudio realizado con cepas aisladas en
nifios tanzanos (Articulo 6) se observd que 90% de las cepas aisladas eran S.flexneri (la
especie mas comdn en PBR) y de estas un 65% (51/78) correspondian a un solo clon, que
ademas era multirresistente. Al igual que en este estudio, gran parte de lo que a nivel
epidemioldgico se ha publicado hasta el momento sobre Shigella, se ha centrado en cepas de
un drea geografica determinada y en un gran nimero de casos con cepas provenientes de un
brote epidémico. Esto ha dado la idea errénea de que hay un alto grado de clonalidad entre las
cepas de una misma especie de Shigella. Las poblaciones bacterianas se reproducen por fisién
binaria, y por lo tanto estdn compuestas de clones que eventualmente adquieren variabilidad
genética por recombinacidn, transferencia lateral de genes o mutaciones. Por lo tanto, al
estudiar una poblacién de patdgenos, la definicion de “clonalidad” debe ser asumida con
cautela, especialmente cuando dicho patégeno, como en este caso, tiende a aparecer en brotes

localizados. Al analizar un grupo de cepas de Shigella aisladas de regiones geogréficas muy
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diversas, provenientes de pacientes con DV (Articulo 8), hallamos un alto grado de variablidad
genética tanto en S.sonnei como en S.flexneri, En otras palabras las especies de Shigella
tienen un alto grado de variabilidad genética pero tienden a generar brotes epidémicos que, por
definicion, se deben principalmente a la dispersion de una o pocas cepas clonicas en zonas

geograficas delimitadas.

El incremiento de viajes internacionales, y el aumento de los viajeros entre PBR y paises
desarrollados, esta sin embargo abriendo fronteras y haciendo que estas zonas inicialmente tan
delimitadas dejen de serlo. En Estados Unidos se ha asociado la Shigellosis multiresistente con
los viajes internacionales (Tauxe et al., 1990). Esto concuerda con lo hallado en nuestro estudio
con cepas de DV. Un 9% de las cepas aisladas de pacientes que consultaron por diarrea eran
Shigellas importadas de un pais extranjero tras un viaje. Este porcentaje es el mismo
encontrado hace diez afios en otro estudio similar realizado en el hospital (Gascén et al., 1993).
La dispersion de una cepa multirresistente quedé patente en el estudio de un clon de S.flexneri
inicialmente aislado de nifios tanzanos y posteriormente identificado en un paciente con DV que
regresaba a Barcelona después de un viaje a Kenya, pais limitrofe con Tanzania y entre los
cuales hay una gran actividad comercial. Este hecho pone de manifiesto la necesidad de iniciar
estudios epidemioldgicos para controlar, en la medida de lo posible, la difusion de

microorganismos, 0 genes de resistencia, entre diferentes y lejanas areas geograficas.

Uno de los factores que juegan un papel importante dentro del alcance y
mantenimiento de un brote epidémico es la virulencia de la cepa involucrada. Se han
identificado genes cuya presencia estd directamente relacionada con el grado de virulencia de
una cepa: los determinantes de virulencia. La toxina SAT (secreted autotransporter toxin) fue
inicalmente descrita como un determinante de virulencia en cepas de Ecofi uropatdgenas
(Guyer et al.,, 2000), siendo la responsable del dafio glomerular durante la infeccion.
Posteriormente ha sido descrita en otros patotipos diarreogénicos de E.coli incluidas las EPEC,
EHEC y DAEC (Guyer et al., 2000; Taddei et al.,, 2003) Ademds, la toxina Sat esta

estrechamente relacionada con la toxina Pet, encontrada en cepas diarreagénicas de esta
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misma especie. El gen sat se encuentra localizado dentro de una isla de patogenicidad, lo cual
hace que su movilidad sea mucho mayor y su transferencia a otras especies altamente posible.
Pertenece a la familia de toxinas autotransportables de Enterobacterias, proteinas con funciones
especificas y bien definidas que, dentro de una sola molécula, tienen todos los requerimientos
para ser secretadas a través de la membrana externa y sin necesidades energéticas asociadas

que solo se ha identificado en bacterias patogénicas (Henderson y Nataro, 2001).

Al estudiar la prevalencia del gen sat entre las cepas aisladas de pacientes con DV
(Articulo 7), observamos entre un 30-40% mas de presencia de este gen en S.flexneri que en
S.sonnel, Estos resultados concuerdan con el hecho de que practicamente la mitad de las
S.flexneri eran del tipo 2a, de reconocida virulencia, y que dentro de este grupo solo 4/19 no
presentaban el gen. Una mayor prevalencia se observd también para las cepas provenientes de
América Latina, independientemente de la especie. Sin embargo, se trata de datos preliminares
y es necesario realizar mas estudios para determinar si realmente existe una distribucion

geografica de la toxina y si esta tiene alguna relevancia como factor diarreagénico).

Al estudiar los niveles de resistencia, tanto de las cepas tanzanas, como las de DV,
observamos que eran altos para los antibi6ticos normalmente encontrados en paises de baja
renta (PBR) (ampicilina, cotrimoxazol, cloranfenicol) y utilizados en ellos como primera linea de
tratamiento segun disponibilidad. Esto es concordante con lo que se ha descrito anteriormente
para PBR. Los niveles de resistencia mas elevados en ambos grupos de cepas fueron frente a la
tetraciclina. Asi, la primera descripcién de una bacteria tetraciclina resistente fue el de una
S.dysenteriae en 1953, y la primera Shigella multirresistente (tetraciclina®, estreptomicina®,
cloranfenicol®) fue aislada en 1955. Cinco afios mas tarde,un 10% de las cepas aisladas en
Japén eran multirresistentes. Posteriormente se ha demostrado que las Shigellas son capaces

de transferir determinantes de resistencia a través de pldsmidos R conjugativos (Roberts,

1999).
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En general, los niveles de resistencia fueron mayores en las cepas tanzanas que en las
de DV, resultados que se explican por el hecho de tratarse en gran medida de una cepa
epidémica multirresistente. En ambos casos se observé una mayor resistencia en las cepas de
S.flexneri que en las de S.sonnej, siendo especialmente notorio el caso del cloranfenicol, pues
no se hallé ninguna cepa de S.sonnei resistente, Aunque todas las cepas estudiadas fueron
susceptibles a la ciprofloxacina, se detectaron ya cepas resistentes al acido nalidixico,

provenientes de zonas con un alto uso de quinolonas como es el caso de la India.

Los mecanismos moleculares responsables del fenotipo resistente frente a los diferentes
agentes antimicrobianos testados, fueron semejantes en ambos grupos de cepas. La resistencia
al trimetroprim se explicé en la mayoria de las cepas por la presencia de genes codificantes
para dihidrofolato reductasas, siendo el mas prevalente el dffAl. Este resultado esta de acuerdo
con lo descrito anteriormente. Sin embargo, también se hallaron otras DHFR y por primera vez
se describié en Shigella la presencia de una dfiA7 (Articulo 6) y de la dfiAl4 (Articulo 9),
aunque en este (ltimo caso se ha descrito como bastante comin en otro tipo de

Enterobacterias, especialmente en ciertas areas geograficas (Adrian et al., 1995)

Estudios anteriores han descrito la presencia de genes oxa como el mecanismo
prevalente de resistencia a ampicilina en cepas de S.flexneri , mientras en el caso de S.sonne/
describian una mayor prevalencia de betalactamasas tipo TEM (Siu et al., Sirot et al.,
Schumacher et al). Aunque este bien podria ser el caso en las cepas tanzanas (Articulo 6), el
nimero de S.sonnei era demasiado pequefio como para sacar conclusiones. En cambio, en el
caso de las cepas de DV (Articulo 9), se observé que los genes oxa eran, con ventaja, los mds
prevalentes para ambas especies. Mas aln, parecia existir una especificidad de ciertos genes
por una especie o por otra, de manera que los genes tipo oxa 1 estaban principaimente en
cepas de S.flexneri mientras que los de tipo oxa 2 y oxa 5 eran mas prevalentes en cepas de
S.sonnei . Al ser cepas epidemioldgicamente no relacionadas, la dispersién de un clon estd
descartada. Estos resultados podrian sugerir que los genes estan en pldsmidos - R de grupo de

incompatibilidad.
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La transferencia horizontal de genes es un mecanismo exitoso para la diseminacién de
multirresistencia entre bacterias. Los genes son movilizados de un microorganismo a otro en
elementos transponibles, como plasmidos o transposones, dentro de los cuales pueden
encontrarse como cassettes de un integrén. El genero Shigella es ampliamente reconocido por
su facilidad para adquirir pldsmidos (Kottlof et al., 1999) pero curiosamente poco se ha
estudiado sobre las poblaciones de integrones en este género. Al utilizar cebadores especificos
para amplificar por PCR integrones de Clase 1 en las cepas de DV, se hallé una baja prevalencia
(13,25%) comparado con el 50% que se ha descrito anteriormente para otras Enterobacterias
(Martinez-Freijo et al., 1988; White et al., 2001). Sin embargo, lo que se encontré fue una
altisima variedad, halldndose nueve integrones diferentes en tan solo once cepas (Articulo 10).
La baja brevalencia podria tener su explicacion en resultados obtenidos por Mclver y
colaboradores (2001), quienes observaron en Shige/la una alta prevalencia de integrones Clase
2 y al igual que en nuestro estudio, muy pocos de Clase 1. La secuenciacién de los diferentes
cassettes revelé que predominan los genes codificantes para dihidratofolato reductasas, asi
como los responsables de resistencia a aminoglucésidos. En contraste y a pesar de tratarse de
cepas muy resistentes a la ampicilina presuntamente por la presencia de oxacilinasas (Articulo
9), que ademas han sido descritas como genes comunmente encontrados en casettes, (Naas &
Nordman, 1999) solo un tipo de integrén contenia una oxa tipo 2. Una posibilidad es que dichas
oxacilinasas se encuentren codificadas dentro de plasmidos, y por su distribuciéon, como se

comentd antes, podrian ser de grupos de incompatibilidad.

La creciente multiresistencia de las especies de Shigella complica la consecucién de un
tratamiento de primera linea efectivo. La mejor alternativa en el momento actual es la de las
fluroquinolonas. Sin embargo se trata de una opcién no recomendable en pediatria y por lo
tanto limitada. La blsqueda de nuevas alternativas comienza a ser imperiosa. La rifaximina es
un antibiético que no se absorbe a nivel intestinal, y por lo tanto alcanza muy altas
concentraciones en este que ademas resulta ser la "puerta de entrada” tanto de Shigella spp.

como de £.colj, otro gran agente causal de diarrea. Por ello, y puesto que un estudio anterior
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habia planteado su potencial como tratamiento para diarreas (Gillis et al., 1995) se decidié
determinar los niveles de resistencia de las cepas de Shigella aisladas de nifios con diarrea en
Tanzania y previamente descritas en el articulo 6. Se observé que efectivamente, la CMI de las
cepas a la rifaximina era de 200 - 2000 veces menor que las concentraciones que se sabe se
alcanzan en la luz intestinal tras tres dias de terapia con rifaximina. DuPont y colaboradores
(2001) han probado su seguridad y eficacia /n vivo. En un ensayo clinico, randomizado, doble
ciego, se compardé la seguridad y efectividad de la rifaximina vs. ciprofloxacina en 187
voluntarios con DV. No observaron diferencias significativas entre los dos grupos en lo que
respecta a mejoria clinica durante las primeras 24 horas, la respuesta al tratamiento o la cura
microbiolégica. Posteriormente realizaron un segundo ensayo (Sack,SR 2003), esta vez
comparando dos dosis de rifaximina (600 y 1200 mg/dia) en 380 voluntarios obteniendo los
mismos resultados positivos y determinando como segura y eficaz la dosis de 600mg dia. Los
resultados obtenidos por nuestro grupo en el laboratorio (Articulo 11 y Sierra et al., 2001), asi
como lo observado por otros grupos tanto in vitro como in vivo (DuPont et al.,2001; Sack,SR
2003) parecen sugerir que la rifaximina es activa frente a infecciones entéricas y causantes de
la diarrea del viajero. Se podria plantear entonces como una posible alternativa a los
tratamientos actuales que empiezan a mostrar altos niveles de fallo terapéutico debido a los
crecientes niveles de resistencia actuales. En cuanto a su posible uso como tratamiento de
diarreas en PBR seria necesario realizar estudios en el campo, aunque es probable que funcione

adecuadamente.

El estudio aqui realizado, caracteriza niveles y mecanismos de resistencia a
antimicrobianos de dos microorganismos tipo, uno representante de lo que seria el medio
hospitalario, y otro propio de infecciones comunitarias, observandose en ambos casos tanto
unos elevados niveles de resistencia, como una diversidad de mecanismos, que demuestran la

facilidad que poseen para adquirir, o desarrollar, resistencia frente a antibiéticos.

Si bien, inicialmente, el problema de la multirresistencia se detectdé como tal en

infecciones nosocomiales, como aquellas producidas por A.baumannii, debido a la ingente
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presion antibiética que se genera en este ambiente, hoy en dia debido al uso inapropiado,
abusivo y a menudo incontrolado, que de los antimicrobianos se hace en la comunidad, asi
como a la extensiva practica de incorporarlos como aditivos a los piensos, para facilitar el
engorde de animales de granja, este problema se ha extendido a los patégenos causantes de
infecciones comunitarias, como seria el caso de Shigellas spp. Mas aln, debido a esta presién
continua, los microorganismos comensales o simbiontes que habitan en el tracto intestinal,
fundamentalmente, han devenido un reservorio de genes implicados en el desarrollo de
resistencia a antimicrobianos. La relevancia de este problema es indudable, de hecho, ya se han
aislado cepas de A.baumannii resistentes a todos los antimicrobianos comercializados, y las
alternativas, incluyendo combinaciones de farmacos, para tratar estas y otras infecciones, son
cada vez mas limitadas. La via mds ldgica para intentar controlar esta situacion es iniciar una
politica restrictiva de uso de antimicrobianos, que limite al maximo las ventajas ecolégicas de
que disponen las cepas que poseen genes de resistencia, lo que redundaria en una ventaja
selectiva de aquellas cepas que no los poseén, facilitando asi, a largo plazo, un cambio en la

tendencia actual de incremento de resistencia.
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5.1 Acinetobacter baumannii
- La aparicién de cepas A.baumannii multirresistentes en diferentes hospitales espafioles, en
ocasiones especificas, se ha debido a la diseminacién intrahospitalaria de un clon epidémico

multirresistente.

- La alta incidencia de resistencia a la amikacina en cepas de A.baumannii en diferentes

hospitales espafioles era debida a la dispersién de una cepa epidémica portadora del gen

api3"-VI

- Los integrones de Clase 1 juegan un papel importante en la multirresistencia de
A.baumannil. Son ademds claves en la dispersion de genes de resistencia, siendo

traspasados horizontalmente tanto intra como interespecie

- A.baumannii y P.aeruginosa, ademds de compartir nicho ecoldgico, comparten también

integrones y por lo tanto determinantes de multirresistencia.

- A.baumannii es reconocido por sus altos niveles de resistencia a los aminoglucésidos. Dicha
resistencia se debe en gran medida a una alta prevalencia de enzimas modificadoras de
aminoglicésidos, encontrdndose en cepas espafiolas una alta prevalencia de genes aadBy

aacA4, codificados en integrones.
- La resistencia a los B-lactdmicos se explica en gran parte a la presencia B-lactamasas

plasmidicas, sobretodo las de tipo TEM y OXA, asi como a la sobreexpresién de B-

lactamasas cromosdmicas de tipo AmpC.
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5.2 Shigella spp

Las cepas de Shigella spp. provenientes de PBR, presentan un alto nivel de resistencia a los
antibidticos mas utilizados en estas zonas: la tetraciclina, el cloranfenicol, el cotrimoxazol y

la ampicilina. Se comienzan ademds a aislar cepas resistentes a las quinolonas.

La resistencia al trimetroprim se asocia con la presencia de dihidrofolato reductasas,
principalmente pero no exclusivamente dff1A, normalmente presentes como cassettes en

integrones

La PCR-RFLP para la deteccién de genes de dihidrofolato reductasas (dff) es una técnica
rapida, facil y muy flexible en cuanto permite hacer un tamizaje para los principales genes
dfr actualmente conocidos y puede ser adaptada a medida que nuevos genes sean

descritos.

El principal mecanismo de resistencia al cloranfenicol en Shigella spp.es la produccion de

cloranfenicol acetil transferasa.

La resistencia a ampicilina se explica en un gran nimero de casos con la presencia de una

B-lactamasa tipo OXA, seguida en prevalencia por las de tipo TEM.

Los integrones de Clase 1, aunque presentes, no son tan comunes en Shigella como en
otras Enterobacterias. En los integrones circulantes hay una gran diversidad de cassettes,
aunque podria ser un reflejo de la gran diversidad geogréfica de las cepas. Aln asi, hay una
claro dominio de las betalactamasas como cassettes dentro de los integrones hallados en

las cepas de Shigella spp analizadas.

S.sonnei y S.flexneri son especies con un alto grado de variabilidad genética, aunque

. pueden generar brotes epidémicos por cepas clénicas en zonas geogréficas delimitadas.

S
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-

-

Hay una gran facilidad y rapidez de dispersion de clones multirresistente de Shigella entre
zonas lejanas, que sugieren la importancia cada vez mayor de un seguimiento
epidemioldgico de microorganismos patégenos, tanto a nivel de centros nacionales como de

patdgenos importados.

La rifaximina se plantea como una posible alternativa terapéutica para la infeccién por

Shigella.

Hay una alta incidencia de genes sat entre la poblacién de Shigella estudiada, siendo
especialmente significativa entre cepas de viajeros provenientes de América Latina y

S.flexneritipo 2a.
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