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Deteccion y tipificacion molecular deStaphylococcus aureug
Staphylococcus aureuesistente a meticilina (SARM) en Dakota del Norte

Estados Unidos.

Detection and molecular typing ofStaphylococcus aureuand methicillin-

resistant Staphylococcus aureu@MRSA) in North Dakota, United States.

RESUMEN GENERAL

La emergencia y la propagacion de patdégenos ressta agentes antimicrobianos ha
aumentado la preocupacion en materia de saludgadbdlnivel mundial. El uso de antibidticos
en produccion animal, en profilaxis, terapia y pocion del crecimiento, se asocia a la
emergencia de patdégenos resistentes en el ganadaexposicion del ganado a dosis
subterapéuticas de agentes antimicrobianos gemeraservorio de patdgenos resistentes en
los animales con el riesgo de transmision a lasgpais a través de la cadena productiva de la
carne. Uno de los patdégenos que desarrolla rapiamesistencia a multiples agentes
antimicrobianos (MR) eStaphylococcus aureugn especial, las cepas Seaureugesistente
a meticilina (SARM) constituyen una causa impokaté infecciones asociadas a hospitales
(HA-MRSA), a la comunidad (CA-MRSA) y al ganado (IMRSA). La capacidad de
colonizar las fosas nasales y piel de humanosmyaes que pose®. aureus la deteccion de
cepas de SARM $. aureusViR en animales de abasto y en carne, aumentaolalpliadad
de contaminacion de los alimentos en las difereptapas de la cadena productiva. La
resistencia a la meticilina se atribuye a la pr@tedle union a la penicilina 2a (PBP2a)
codificada en el gemecA que forma parte del casssette cromosémico estafico mec
(SCQOmeq. Esta proteina le confiere a las cepas de SARMbaja afinidad por antibiéticfs
lactamicos. A su vez, las cepas CA-MRSA producaremalmente la exotoxina Leucocidina
de Panton-Valentine (PVL), la cual constituye uctda de virulencia asociado a infecciones
de la piel y necrosis de tejidos. Por lo tanto,dielal impacto que pueden tener estas cepas de
S. aureusen la salud humana, resulta relevante evaluarssptoductos alimenticios pueden

ser un foco de contaminacion que facilite la prey#a@n de estas infecciones.



El objetivo de este estudio fue establecer la peexc#a y los tipos moleculares &
aureusy SARM en animales de abasto, carne cruda, proslucérnicos y humanos,

determinando la relacion filogenética entre lasasep

Se aisl6S. aureusdesde 167 muestras nasales de animales, 145 awudstrcarne
cruda y 46 muestras de productos céarnicos, utdizama etapa de enriquecimiento selectivo
en dos pasos, seguido de cultivo en placa. Losdais| que resultaron ser positivos se
sometieron al andlisis por PCR multiple (PCRm) pigentificar los genes: ARNr 16S
(identificacion deS. aureus mecA (deteccion de SARM) y PVL (factor de virulencia
asociado a CA-MRSA). Para la tipificacion molecullar las cepas d8. aureusse utilizd
electroforesis en gel de campo pulsado (PFGE) #icgion de secuencias multilocus
(MLST). El andlisis de susceptibilidad antimicraidase llevd a cabo a través del método de
microdilucion en caldo. Ademas, se aislé e idestifs. aureusdesde muestras de fosas
nasales de 550 personas sanas a través de métduakivb y andlisis bioquimico. Un total
de 108 aislados clinicos de cepas SARM obtenidgsmdentes hospitalizados se analizaron a
través de PCRm para confirmar la presenci&daureusy detectar las cepas con los genes
mecAy PVL. Se desarroll6 un método de PCR mudltipleéiempo real con el fin de disminuir
el tiempo de andlisis de muestras de animales necgrpara aumentar la sensibilidad de
deteccion deS. aureusy de los genesnecAy PVL. Este procedimiento se realiz6 con
posterioridad al enriquecimiento primario y al setario que preceden al cultivo en placa.
Los resultados se compararon con el método deveudfue incorpora el enriquecimiento
selectivo en dos pasos para aiSaraureusSe analizo un total de 234 muestras a traves de
estos métodos (77 muestras nasales de animalesyddstras de carne cruda y 45 muestras

de productos céarnicos).

La prevalencia total d8. aureusdeterminada luego del andlisis de las muestraglpor
método de cultivo con doble enriquecimiento fue3de7% en animales, siendo mas alta en
cerdos (50,0%) y corderos (40,699<(0,05). En carne cruda la prevalencia fue de 47,6%,
siendo mas alta en carne de pollo (67,6%) y deocg@r®,3%) P<0,05). En productos carnicos
la prevalencia fue de 13,0% (Figura 1). Cinco nmasstle carne de cerdo (7,0%) fueron
positivas para el gemecA de las cuales tres correspondieron al serotip@O8Ty dos al
serotipo ST5. Todas estas cepas exhibieron resigtaria penicilina y cuatro fueron MR. En

ninguna de las muestras se detectaron a travé€ReRos genes PVL. Los serotipos mas



comunes en corderos fueron ST398 y ST133, en cerdasne de cerdo ST398 y ST9 y en
carne de pollo ST5. Se determind una similitud tgeaéntre las cepas d& aureusST9
aisladas de cerdos y carne de cerdo. La mayoriasdeepas dé&. aureussusceptibles a
agentes antimicrobianos fueron ST5 aisladas deecdenpollo. Los aislados MR fueron

encontrados en cerdos, carne de cerdo y corderos.
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Figura 1. Prevalencia d&taphylococcus aurews animales, carne cruda y productos carnicos.

La proporcion de personas portadoras sandS. deireusen las fosas nasales fue de
7,6%. Ninguna de estas cepas fue positiva pargdossmecAy PVL. Un total de 105 cepas
de SARM (97,2%) obtenidas de pacientes hospitalizaaresentaron el gemecAy 11
(10,2%) los genes PVL.

La aplicacion del método de PCR en tiempo reameestras con enriquecimiento
primario y secundario permitio detect®. aureusen 111/234 y 120/234 muestras,
respectivamente. Estos niveles de deteccion fuexayores que los obtenidos con el método
de cultivo, el cual permitié detectar 95/234. Hardeteccion d&. aureusa través de PCR en
tiempo real, la concordancia total con el métodaulévo fue de 83,9-97,8%képpa=0,68-
0,88 [considerable a casi perfecta]) y 68,9-88,8%p|pa=0,29-0,77 [pobre a considerable])

para el enriquecimiento primario y secundario, eefpamente. Para la deteccion del gen



mecA la concordancia total fue de 91,1-98,7% y 86,7 #Bkappa0-0,49 [no concordancia
mas alla del azar a moderada]) para el enriquestm@imario y secundario, respectivamente.
El método de PCR en tiempo real detecté el gaeeAen algunas muestras que fueron

negativas par§. aureuspero positivas par@taphylococcuspp.

La presencia de SARM. aureusVR, y el serotipo ST398 en la cadena productiva de
la carne indica que existe un riesgo de transmisidas personas. La similitud genética
encontrada entre las cepas de origen porcino (é&Bmg carne) sugiere una posible
contaminacién de la carne durante la faena. Cep8&s @ureugjue presentan los genegcA
y PVL se encuentraron en pacientes con infecciomessivas. La proporcion de portadores
sanos deS. aureuses baja, sin presentar los gengscAy PVL, lo cual representa un riesgo
menor de transmisién a la comunidad. El método@IR Bn tiempo real puede recomendarse
como una técnica rapida para la deteccionSdeaureusy el genmecA con la posterior

confirmacion de SARM a través del método estandaudtivo.

Los resultados de este trabajo sugieren que dgtlermentarse una vigilancia efectiva
en la cadena productiva de la carne con el fin daitorear SARM yS. aureusMR y

establecer acciones para disminuir la propagaadregas resistentes a antibioticos.

Palabras claveStaphylococcus aureussistente a meticilina (SARM), multirresistentéR),
mecA Leucocidina de Panton- Valentine (PVL), carnedaruanimales, productos carnicos,

aislados clinicos, personas sanas.



GENERAL ABSTRACT

The emergence and the spread of antimicrobiadteedi (AR) pathogens has increased
the public health concern worldwide. The emergeot&R pathogens in food-producing
animals has been asociated with the use of antibiat animal production in prophylaxis,
therapy, and growth promotion. The exposure toteebapy doses of antimicrobial agents has
created a reservoir of AR pathogens in animals e risk of transmission to humans
through the meat production chain. One of the pghe that rapidly develop multidrug
resistance (MDR) isStaphylococcus aureudParticularly, methicillin-resistant. aureus
(MRSA) strains has become an important cause ofttheare-associated MRSA (HA-
MRSA), community-associated MRSA (CA-MRSA), andeltock-associated MRSA (LA-
MRSA) infections. The ability o6. aureugo colonize the nares and the skin of humans and
animals, and the detection of MRSA and MDR stramseat-producing animals and retail
meat, have increased the probability of contamamatf food in different steps of the food
production chain. Methicillin resistance is atttiéd to the penicillin-binding protein 2a
(PBP2a) encoded in thenecA gene, which is carried on the staphylococcal ¢sse
chromosomemec(SCAaneq. This protein gives MRSA strains a reduced affiior 3-lactam
antibiotics. CA-MRSA strains are more likely to ede the Panton—Valentine leukocidin
(PVL) exotoxin, which is a virulence factor relatéal skin infections and tissue necrosis.
Therefore, since the impact of thoSe aureusstrains in human health it is important to
evaluate whether food could be a source of contatioim that facilitate the spread of
infections.

The aim of this study was to stablish the prewvadeand molecular types & aureus
and MRSA from meat-producing animals, retail ravatmdeli meat, and humans, determining

the phylogenetic relationship between the strains.

A two-step selective enrichment followed by a grdtmethod were used to isol&e
aureusfrom 167 nasal swabs from animals, 145 samplestail raw meat, and 46 samples of
deli meat. Positive isolates were subjected to iplat PCR (mPCR) in order to identify the
genes 16S rRNA (identification &. aureuy mecA(detection of MRSA) and PVL-encoding
genes (virulence factor associated to CA-MRSA)s@udifield gel electrophoresis (PFGE) and

multilocus sequence typing (MLST) were used for esalar typing ofS. aureusstrains.



Antimicrobial susceptibility testing was carriedtawsing the broth microdilution method. In
addition, S. aureusfrom nasal swabs obtained from 550 healthy subjecs isolated and
identified by culture method and biochemical tegtiA total of 108 MRSA isolates recovered
from hospital patients were also examined by mPE@€Ronfirm S. aureusand to detecS.
aureusharboring thanecAand PVL genes. A multiplex real-time PCR assay dagloped

in order to decrease the time of detection in ahiaral meat samples and increase the
sensibility of detection o6. aureusand themecAand PVL genes. This procedure was carried
out after the primary and the secondary enrichmtras preceding the culture method. The
results were compared with those obtained by titereumethod which includes the two-step
selective enrichment in order to isol&eaureusA total of 234 samples were examined by

both methods (77 animal nasal swabs, 112 retailnaat, and 45 deli meat).

The overall prevalence &. aureusdetermined by the culture method with two-step
selective enrichment was 34.7% in animals, with hilghest rate found in pigs (50.0%) and
sheep (40.6%)R<0.05). In raw meat the prevalence was 47.6%, whth highest rate in
chicken (67.6%) and pork (49.3%<0.05). In deli meat the prevalence was 13.0% (i€igu
2). Five pork samples (7.0%) were positive fie@cAgene, of which three were serotype (ST)
ST398 and two were ST5. All these strains exhibgedicillin resistance and four were MDR
strains. The PVL genes were not detected in anypkatmy mPCR. The most common
serotypes in sheep were ST398 and ST133, in pdypark meat both ST398 and ST9, and in
chicken ST5. A genetic similarity betwe&n aureusstrains ST9 isolated from pigs and pork
meat was obtained. Most susceptille aureusstrains to antimicrobial agents were ST5

isolated from chicken. The MDR isolates were foumdigs, pork meat, and sheep.

The prevalence of nasal carriageSfaureusn healthy people was 7.6%. None of
these strains wemmecA nor PVL-positive. A total of 105 MRSA strains (2%) obtained
from hospital patients harbored timecAgene and 11 (10.2%) PVL genes.
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Figure 2. Prevalence &taphylococcus aureus animals, raw meat, and deli meat.

The application of real-time PCR assay on samioldswing primary and secondary
enrichments detectesl aureusn 111/234 and 120/234 samples, respectively. § desection
levels were higher than recovery obtained by theumi method, which was 95/234. Total
agreement with the culture method for detectiors odureususing real-time PCR was 83.9-
97.8% kappa0.68-0.88 [from substantial to almost perfect agrent]), and 68.9-88.3%
(kappa=0.29-0.77 [from fair to substantial agreementf)gamary and secondary enrichments,
respectively. For detection of tmeecAgen, total agreement was 91.1-98.7% and 86.7-98.7%
(kappa=0-0.49 [from no agreement beyond that expectedhayice to moderate agreement])
for primary and secondary enrichment samples, otispedy. The real-time PCR assay
detectedmecA gene in some samples that were negative Soraureus but positive for

Staphylococcuspp.

The presence of MRSA, MDF5. aureus and the serotype ST398 in the meat
production chain indicates that there is a riskafismission to humans. The genetic similarity
between strains of porcine origin (animals and neaggests the possible contamination of
meat during slaughtering. aureusharboringmecAand PVL genes is present in patients

affected by invasive infections. The rate of nasariage ofS. aureusin healthy humans



seems to be low, without the presencenetAand PVL genes, which represents a low risk of
transmission among the community. The real-time RE€$dy may be recommended as a rapid
method for the detection &. aureusand themecAgen, with further confirmation of MRSA
using the standard culture method.

The results of this study suggest that an effecsurveillance should be implemented
in the meat production chain in order to monitor Rand MDRS. aureusand to take

actions to decrease the spread of AR strains.

Keywords: Methicillin resistanStaphylococcus aureyRSA), multidrug resistant (MDR),
mecA Panton-Valentine Leukocidin (PVL), retail raw rheanimals, deli meatglinical

isolates, healthy humans.



l. INTRODUCCION GENERAL

La emergencia y propagacion de patdogenos resisteatemdultiples agentes
antimicrobianos ha aumentado la preocupacion ererraatle salud a nivel mundial. La
emergencia de cepas bacterianas resistentes aoacd en animales se relaciona con la
utilizacion de antibidticos en la etapa produc{ga Neeling et al., 2007). Numerosos agentes
antimicrobianos se suministran en la dieta de losnales con fines preventivos y de
promocion del crecimiento, lo cual expone a un gramero de animales a concentraciones
sub-terapeuticas de antibidticos en forma frecuébtePont y Steele, 1987; Franco et al.,
1990), aumentando la probabilidad de generar bastegsistentes a antibidticos. Esto puede
tener como consecuencia que los genes de resesstan traspasados a bacterias presentes en
humanos, lo que representa un riesgo latente papgrilida de eficacia de los antibidticos

utilizados en salud humana (Smith ef 2002).

Existen evidencias sobre la contaminacion de |lamecaon bacterias resistentes a
multiples agentes antimicrobianos, con®almonella Campylobacter Enterococcusy
Escherichia col(FDA, 2010). En animales y en carne se encontreepas dé&taphylococcus
aureusresistente a meticilina (SARM) §. aureusnultirresistente (MR) (Waters et al., 2011;
de Neeling et al., 2007). Sin embargo, no se tgiriieiente informacion sobre la prevalencia

de SARM yS. aureusViR en alimentos de origen animal.

En humanosS. aureuspuede ocasionar una amplia gama de enfermedades co
intoxicacion alimentaria, neumonia, infecciones likridas e infecciones nosocomiales
(hospitalarias) (Tiemersma et,a2004; Kennedy et al., 2008). Esta bacteria epaidgeno
oportunista que se propaga a través del contaptotdide animales o personas con heridas
infectadas o con otros procesos infecciosos. Lasmngsion también puede ocurrir desde
personas o animales colonizados por esta bactegiaan portadores asintomaticos (CFSPH,
2011).

Staphylococcus aureus SARM pueden colonizar las fosas nasales y |hdgelos
animales (de Neeling et al., 2007; Moon et al.,72Q@®wis et al., 2008; van Belkum et al.,
2008; Guardabassi et al., 2009; Persoons et abD9)20do cual aumenta el riesgo de

contaminacién de las canales durante la faenaides de abasto (de Boer ef 2D09).
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En Estados Unidos se estima que la prevalencialdeizacion nasal co8. aureusen
humanos es de aproximadamente del 29% y con SARM 5% (Gorwitz et al., 2008). Por lo
tanto, las personas también constituyen una fudstmontaminacién durante la manipulacion
de los alimentos. De esta forma, los alimentosasomtados por esta via se transforman en
vehiculos para diseminar este patégeno, siendddasayor riesgo aquellos sometidos a una

coccion inadecuada (CFSPH, 2011) y aquellos guedauderen coccidén para su consumo.

En investigaciones anteriores se determind la peavm y se tipificaron molecularmente
diferentes cepas d& aureusy SARM en muestras de animales y carne (Watea,e2011;
de Neeling et al., 2007) y, en otras investigagos® muestras de humanos (Tiemersma, et al
2004; Kennedy et al., 2008), siendo dificil estabtela relacion o similitud genética entre
ellas. Este estudio pretende establecer la presialeeS. aureuscepas sensibles y resistentes
a la meticilina, en animales, carne, productosicasny humanos y determinar la relacion

filogenética de las cepas aisladas.
1. Caracteristicas deStaphylococcus aureus

Inicialmente, el géneroStaphylococcusfue clasificado dentro de la familia
Micrococace®&. Sin embargo, estudios recientes de homologiétigandemostraron que los
génerosStaphylococcuy Micrococcustienen poca relacion. Por esta raz8tgphylococcs
se incluy6 en la familisgstaphylococcaceaalentro del ordemacillales (Euzéby, 1997). El
nombre del génerdstaphylococcusproviene del griegstaphyléque significa racimo de uvas,
ya que presentan forma esférica (cocos), con unadid de 0,5 a 1,im y se agrupan de
forma irregular. Estas son bacterias gram positivamoéviles, no forman esporas Yy,
generalmente, no poseen capsula y son anaerobidtafvas. Se diferencian de los géneros
Streptococcuy Enterococcugor producir la enzima catalasa, la cual hidrodizperdxido de
hidrogeno (HO;) en oxigeno (@ y agua (HO). Presentan metabolismo oxidativo y
fermentativo de la glucosa, a diferencia del gémieococcus el cual no la fermenta (de
Cueto y Pascual, 2009).

En un medio de cultivo no selecti®. aureuspresenta colonias lisas, solelevadas,
brillantes, de consistencia cremosa, de color dimaridorado, debido a la produccién de un
pigmento carotenoide. Esta especie es resistentdaaly a la desecacion y tiene la capacidad
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de crecer en medios de alta salinidad (7,5% de N&DI medios de cultivo que contienen
sangre, la mayoria de las cepas produce lisis slegli@bulos rojos por accion de [&
hemolisina B-hemodlisis), lo cual se manifiesta con un haloclalrededor de las colonias.
Una de las caracteristicas que diferencta aureusle otras especies, salvo excepciones, es la
produccidn de la enzima coagulasa, que transfotnfibrandgeno en fibrina coagulando el
plasma sanguineo (Lowy, 1998; de Cueto y Pascu#l9)2 AdicionalmenteS. aureus
produce una ADNasa termoestable que rompe los emlémsfodiéster del ADN. Esta
propiedad sirve como meétodo de identificacion, dgde al someter &. aureusa altas
temperaturas y luego incubar con ADN, se obseriardegracion de ADN (de Cueto y
Pascual, 2009).

Staphylococcus aureugresenta diferentes factores de virulencia. Passeponentes
microbianos de superficie que reconocen molécudassivas de la matriz (MSCRAMM, del
inglés microbial surface components recognizing adhesiarirm molecule} las cuales
median la adherencia a los tejidos, tales comaaetof de agregacion (clumping factor),
proteinas de unién al fibrindgeno, fibronectinaalaproteina ésea (Lowy, 1998; de Cueto y
Pascual, 2009). Ademas, esta bacteria produce lisagé@rido de adherencia intracelular que
permite su persistencia a través de la formaciomrde biocapa bacteriana que le confiere
proteccion (de Cueto y Pascual, 2009). Para el@slimecanismos de defensa del huésed,
aureuspresenta la proteina A, proteina de adherencrasttilar y citotoxinas (Leucocidina
de Panton-Valentine [PVL]a-toxina). Adicionalmente, sintetiza lipasas, hiahidasas y
proteasas, las que destruyen los tejidos, fadldala propagacion de la infeccion. Otros
factores de virulencia son los asociados a laxirdoiones alimentarias y shock téxicos:
enterotoxinas, toxina del sindrome del shock todictoxinas exfoliativas A y B w-toxina
(Lowy, 1998; de Cueto y Pascual, 2009). Todos efsta®res de virulencia presentes &n

aureuspromueven la colonizacién e invasion, ocasionamddario severo al hospedero.

2. Mecanismos de resistencia a meticilina

Existen muchos agentes con actividad antiestafiioad sin embargoS. aureusha
desarrollado mecanismos para neutralizarlos, ermmhise cepas resistentes a multiples
agentes antimicrobianos (McDougal et al., 2003;iAwd al., 2011; Waters et al., 2011).
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En Europa, a principios de la década de los 60 después de la introduccion de la
meticilina (penicilina semisintética resistente enipilinasa) surgidS. aureusresistente a
meticilina (SARM), asociado a infecciones origine@sn instalaciones hospitalarias. A fines
de la década de los 90s, emergieron en todo el onceghs de SARM asociados a infecciones
originadas en la comunidad (Lowy, 1998, 2003; Deleeg y Stobberingh, 2008). En
consecuencia, la propagacion global de SARM hargdpnepreocupaciéon mundial (Voss y
Doebbling, 1995), debido a la aparicion creciergenfiecciones nosocomiales (Tiemersma et

al., 2004), comunitarias (Kennedy et al., 2008) y ®males (Golding et al., 2010).

La meticilina es un antibidtic@-lactamico, al igual que la penicilina G, oxacilina
ampicilina, amoxicilina y cefalosporinas, entreogtrEstos antibiéticos inhiben la sintesis de
la pared celular de bacterias gram positiva, meelita inhibicion de la ultima etapa de la
sintesis del peptidoglicano, correspondiente anlarudel acido N-acetilmuramico a la pared
celular, lo que se conoce también como transpegpdidala transpeptidacion esta catalizada
por transpeptidasas y carboxipeptidasas, llamaalabién proteinas de union a penicilina
(PBPs) por su capacidad para fijar penicilina esiga activo. El anillg3-lactamico se une de
forma covalente a una serina presente en el stitvoade las PBPs, inactivando la
transpeptidacion. Asi, la pared celular queda dabd y puede romperse por la presion
osmatica intracelular. Existen PBPs que inhibenneag autoliticas de la pared bacteriana
(autolisinas), por lo cual al unirse la penicilaasitio de fijacion de las PBPs, no se inhiben

las autolisinas produciendo la lisis celular (Mari@udiol, 2003; Romero, 2007).

Uno de los mecanismos de resistencia a antibidfidastdmicos corresponde a la accion
de la enzim@-lactamasa, la cual confiere resistencia a la gardcdebido a que hidroliza el
anillo B-lactamico, inactivando al antibiético. Esta enziestéa codificada en el gétazZ, que
se encuentra en un transposon ubicado en un plagomto con otros genes asociados a

resistencia antimicrobiana (Lowy, 2003).

La resistencia a la meticilina presente en SARMfieom resistencia a todas las
penicilinas resistentes a penicilinasa y cefalaspsr (Lowy, 1998). Esto se atribuye a la
proteina de union a la penicilina 2a (PBP2a, pHinidiinding protein 2a), que posee baja
afinidad por los antibioticoB-lactamicos (Hartman y Tomasz, 1981; Lim y Stryregd?002).

La proteina PBP2a se diferencia de otras PBPs @isusitio activo no permite la fijacion de
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antibioticosp-lactamicos, posibilitando el desarrollo de la oé&t de transpeptidacion. De
esta manera, al formarse la pared celular, se dagola supervivencia de los estafilococos
expuestos a altas concentraciones de estos agemniescrobianos (Lim y Strynadka, 2002).
La proteina PBP2a estéd codificada por el geetA el cual se encuentra en un elemento
genético mévil denominado cassette cromosOmicdilestacico mec (SC@eq (Hartman y
Tomasz, 1981). La expresion del gerecAes regulada por dos proteinas: Mecl, represor
codificado por el gemect y MecR1, proteina transductora de sefial codificadr el gen
mecR1 En ausencia de antibidticdgslactdmicos, la proteina Mecl se une al operador,
reprimiendo la transcripcion del genecA La fijacion de antibidticog-lactamicos a la
proteina MecR1, provoca la liberacion de un fragmenon actividad proteasa de esta proteina,
el cual divide al represor Mecl en fragmentos iivast permitiendo la transcripcion del gen
mecAy la posterior sintesis de PBP2a (Lowy, 2003).

3. Tipificacion molecular deStaphylococcus aureug SARM

La tipificacién de las cepas @& aureusno esta completamente estandarizada y a través
de los afios se han utilizado una gran variedadéledos (Tenover et al., 1994). Dentro de las
técnicas moleculares que se utilizan actualmenta tygificar las cepas de SARM esté: la
electroforesis en gel de campo pulsado (PFGE),doasa la macro-restriccion del ADN
gendmico; la tipificacion de secuencias multiloM&ST), basada en el perfil alélico de siete
genes conservados; Yy la tipificacion sfgg basado la secuenciacion de la regién X del gen
que codifica la proteina A presente @naureugMcDougal et al 2003). Por esta razon, una
misma cepa puede recibir diferentes nombres (CF3@HL). Los Centros para el Control y la
Prevencion de Enfermedades (CDC, del in@ésters for Disease Control and Prevenjion
establecieron un sistema de nomenclatura pasareusy SARM comunes en Estados Unidos,
basado en los patrones de macro-restriccion olaeradraves de PFGE, identificando ocho
tipos, desde USA100 hasta USA800 (McDougal e8I03). La nomenclatura utilizada para
MLST corresponde a serotipos (ST) seguido de unendirtej. ST398), mientras que para
tipificacion de spa se utiliza "t" seguido de un numero (ej. t011) rf€wet al., 2010).
Generalmente, PFGE y MLST clasifican las cepaduestars similares (Catry et al., 2010), los
cuales pueden contener diferentes tgjus Una de las desventajas de la tipificaciorspaes

que lineas clonales no relacionadas pueden tgrosrspasimilares (Van den Broek IV et al.,
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2009; Golding et al., 2008). Esto se debe a gtipifecacion despase centra en una pequefa
fraccion del genoma y, una recombinacion, podrsaltar en discrepancias con los clusters
obtenidos a través de MLST y PFGE (Golding et24l08). Se ha demostrado que el método
PFGE tiene mayor poder de discriminacion que MLSa fpificacion despa Sin embargo,
estas técnicas pueden utilizarse para determimabioa mayores que pueden ocurrir en las
lineas clonales a través del tiempo (McDougal et28l03). Para lograr una mayor precision
en la tipificacion de las cepas se recomienda tabomacion de dos meétodos (Tenover et al.,
1994).

Con la utilizacion de PFGE se determiné que lasasege SARM causantes de
infecciones adquiridas en la comunidad (USA300 yAW®) son diferentes a las cepas
nosocomiales (USA100 y USA200) (McDougal et, &003). Vandenesch et al. (2003)
determinaron que las cepas de SARM comunitariogmmemtes de tres continentes comparten
dos genes, el cassette cromosémico REEpo IV y el locus PVL, que contiene los genes
productores de la toxina PVL. Los genes PVL estéalizados en un bacteriéfago que infecta
aS. aureusmientras que la distribucion de otros genes d@&s es especifica de las cepas de
cada continente. La mayoria de las cepas de SARMicibario presentan el locus PVL (Baba
et al, 2002; Dufour et al 2002), factor de virulencia asociado a infecctode piel, neumonia

y necrosis de tejidos (Ebert et al., 2009).

A través del método MLST se ha podido determinaprizsencia de algunos tipos de
secuencias asociadas a SARM hospitalario, como ST8, ST22, ST36, ST45, entre otros
(Deurenberg et al., 2007); mientras que ST30 y 3E80sido asociados a SARM comunitario
(Stenhem et a12010) y ST398 a SARM en animales, especificamemteerdos (Lewis et al.,
2008; van Belkum et al., 2008; Krziwanek et al.020 El serotipo ST398, inicialmente
asociado a cerdos, ha sido encontrado en perslanasyoria productores de cerdos (van
Belkum et al, 2008; Krziwanek et al., 2009; Pan et al., 2008td®ag et al., 2010). Ademas,
recientemente se asociaron infecciones a SARM SEB9Bumanos en contacto con vacas
lecheras con mastitis sub-clinica (Soavi t2010). No obstante, en Suecia, se reportaron dos
casos de ST398 t038 en pacientes que no tuviertaato con animales (Welinder-Olsson et
al., 2008). Esto sugiere la propagacion de estas cepa®l ambiente, facilitando la
colonizacion de personas que no estan involucremiasa produccion animal, generando una

creciente preocupacion en salud publica (Gibb,e2@06). Staphylococcus aureussistente



15

a meticilina ST398 no es tipificable mediante PF@E&bido a que su ADN no puede ser
digerido por la enzima de restricci&md, ya que posee una enzima que metila la secuencia
de reconocimiento d8md (Bens et al., 2006). Analisis comparativos dadalla genética de
cepas de SARM ST398 demostraron que existe diatsitblecular y geografica (Golding et
al., 2010). Ademas, existe evidencia que demuestpdéacion de cepas de SARM diferentes
a ST398, como ST9 t899, asociado también a la poidlu de cerdos (Guardabassi ef al
2009). Por lo tanto, la emergencia de nuevas cdp&ARM en cerdos resalta la importancia
de establecer estrategias de vigilancia permaneeterminando el riesgo de transmision a las

personas relacionadas con produccion porcina.
4. Prevalencia deStaphylococcus aureug SARM

El método para aisl&@. aureuyy SARM no esta estandarizado. Por lo tanto, lezation
de diferentes métodos puede afectar la sensibilitath deteccion y, por consiguiente, los
resultados de prevalencia. Algunos analisis haiohe solamente cultivo en placa utilizando
agar manitol sal (MSA) con gg/mL de oxacilina (Weese et al., 2006) o agar BRiadker
(BP) (Aydin et al., 2011). Otros estudios han ipavado etapas de enriquecimiento previo al
cultivo en placa. Wertheim et al. (2001) desarrohaun caldo selectivo con rojo fenol,
manitol, aztreonam y ceftizoxima (PHMRB lo cual aumenté al doble la sensibilidad de
deteccion de SARM. Broens et al. (2011) utilizaron protocolo de dos etapas de
enriguecimiento, una con caldo Mueller-Hinton cqQf% de NaCl (MHB+6,5%NacCl) y la
otra con PHMB, seguido de cultivo en agar cromogénico selegiara SARM. Otros autores
han utilizado enriquecimiento en caldo con 7,59Nd€l, 1% de manitol y 2,5% de extracto
de levadura seguido de un medio cromogénico (Zkeng., 2011); caldo tripticasa soya
suplementado con 10% de NaCl y 1% de piruvato de seguido de cultivo en agar BP (Pu
et al., 2009; Pu et al., 2011); PHMBeguido de cultivo en agar con sangre ovina yadases
selectivos (Tenhagen et al., 2009). Estos distimésodos sugieren que para aumentar la
sensibilidad de deteccion d8. aureusy SARM se deberia incluir una etapa de

enriquecimiento seguida de un cultivo selectivo.

La mayoria de los animales pueden ser colonizadio$§ caureusencontrandose en las
fosas nasales y la piel (de Neeling ef 2007; Moon et al 2007; Lewis et al., 2008; van

Belkum et al, 2008; Guardabassi et al., 2009; Persoons,&2G09). Por esta razén, durante la
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faena existe el riesgo de contaminaciéon de laslesuyala carne co. aureusy SARM (de
Boer et al, 2009). Recientemente, se aislaron cepas de SARMros, vacunos y pollos (de
Neeling et al 2007; Moon et al 2007; Lewis et al 2008; van Belkum et al 2008;
Guardabassi et .al2009; Persoons et.al2009). En Holanda de Neeling et al. (2007)
encontraron una alta prevalencia de SARM ST398 [38f6 cerdos y una alta tasa de
resistencia a diferentes antibioticos (tetraciclieaitromicina, clindamicina, kanamicina,
gentamicina, tobramicina) sugiriendo, ademas, lstexcia de contaminacion entre los
animales en los corrales de las plantas faenadérasn estudio realizado en Hong Kong se
determin6 una prevalencia de SARM en cerdos meh@¥) a la reportada en el estudio
anterior (Guardabassi et.,aR009), lo que podria deberse al tamafio menomldauestra
analizada y al método utilizado en la detecciorddque los cerdos constituyen una posible
fuente de infeccion de SARM se requiere estudiarepidemiologia de esta zoonosis
emergente, determinando la frecuencia de transmg@dSARM desde animales a humanos, y

la transmisién persona-persona (Lewis gt24108).

En los ultimos afios se han aislado cepas de SARKERasTe de cerdo, pollo, vacuno,
pavo y cordero. Hanson et al. (2011) analizaroereliftes tipos de carne de supermercados del
Estado de lowa, Estados Unidos, encontrando splaestras de carne de cerdo contaminadas
con cepas de SARM, con una prevalencia total cl@dtor de 1%. En Estados Unidos, un
estudio realizado en el Estado de Louisiana resehtaminacion coi®. aureusen 45,6% de
las muestras de carne de cerdo y en 20% de ladraside carne de vacuno, de los cuales el
5,6% Yy el 3,3% correspondio a cepas de SARM ereadencerdo y vacuno, respectivamente
(Pu et al 2009). de Boer et al. (2009) encontraron una mgyaporcion de carne
comercializada en supermercados de Holanda cordadaicon SARM, principalmente ST398,
de alrededor de un 35% en carne de pavo, 16% ea darpollo, 11% en carne de cerdo, 10%
en carne de vacuno y 6% en carne de cordero. Bkito®s valores de prevalencia de SARM
en carne sugieren que el método utilizado en agstéidio (dos etapas de enriquecimiento
selectivo + cultivo selectivo) permiti6 una mayaensibilidad de deteccion de SARM.
Finalmente, la deteccibn de SARM en carne ha awdenta preocupacion en materia de
inocuidad alimentaria con respecto a la cadenarddupciéon de carne y ha generado la
urgencia de contar con sistemas de vigilancia ydinacion entre diferentes laboratorios de

analisis.
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En Estados Unidos, una de cada seis personas eamteaenfermedad transmitida por
alimentos cada afo, con un total de 48 millonespesonas afectadas. De los agentes
causantesS. aureuses uno de los cinco principales, con un total d@ il casos,
correspondientes a una enfermedad gastrointesteasada por el consumo de toxinas
producidas poiS. aureus(CDC, 2012). Por otro lado, las cepas de SARMnes&bciadas
principalmente a infecciones de la piel en la coichaoh y los casos mas graves se asocian a
pacientes hospitalizados, afectados por infeccisapguineas, quirdrgicas, o neumonia (CDC,
2011). Aproximadamente el 29% de la poblacion dadés Unidos es portadora S8eaureus
y el 1,5% de SARM en las fosas nasales (Gorwitd.eP008). Del total de 478.000 casos de
infecciones por S. aureus que resultaron en hospitalizaciones en el afio ,2005
aproximadamente el 50% se asoci6 a SARM, y del t#all.406 muertes asociada$.a

aureus 6.639 correspondieron a infecciones por SARMi(Ké al, 2007).

En el Estado de Dakota del Norte se cuenta comiafcion epidemioldgica acerca de las
infecciones causadas por SARM en humanos. Sin gmbao existe informacion acerca de la
prevalencia de cepas de SARM en animales o camel Bfio 2011, se registraron 13 casos
de infecciones asociadas a SARM por cada 100.006fahtes. Estas infecciones aumentaron
desde el afio 2001 hasta el afio 2006, manteniéadassgmente sin variacion (North Dakota

Department of Healt, Disease Control, 2011).

Las infecciones causadas por microorganismos eesest a antibidticos tienen un costo
econdmico considerablemente alto. En promediopsiocde hospitalizacion por infecciones
de SARM es de aproximadamente US$ 14.000, compa@dtS$ 7.600 de hospitalizacion
por infecciones no-SARM. Por lo tanto, el costaltale las hospitalizaciones por infecciones
de SARM en Estados Unidos asciende a mas de dsllde dolares al afio. (Elixhauser y
Steiner, 2007). Lo anterior no incluye las pérdidas se generan por ausentismo laboral,
incapacidad y mortalidad.

La prevencion y control de infecciones de SARM sta#os Unidos esta dirigida por el
CDC, que proporciona informacion especifica padaogrupo de la poblacion y estrategias
para el tratamiento de infecciones de SARM en tawudad. La disminucion de infecciones
de SARM en hospitales y en la comunidad es depaitaidad para CDC. Es asi como se

establecieron proyectos de vigilancia a corto ygdaplazo con la colaboracion de los
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departamentos de salud, hospitales, centros mediatve otros (CDC, 2011). Sin embargo, se
necesitan mas estudios para poder caracterizaticgménte las cepas de SARM y determinar
las rutas de transmision en animales y humanoguéofacilitara el desarrollo de acciones

preventivas para disminuir su propagacion.

5. Hipotesis y objetivos

Hipotesis

Staphylococcus aureusepas sensibles y resistentes a la meticilin@nepresentes en
animales, carne, y humanos, existiendo relaciogdihética entre las cepas.

Objetivo general

Establecer la prevalencia y los tipos moleculaeeS.chureusy SARM en animales de abasto,
carne cruda, productos carnicos y humanos, detando la relacion filogenética entre las

cepas.
Objetivos especificos

- Determinar la presencia de cepasSleaureusen animales, carne, productos carnicos y

humanos.

- Determinar la prevalencia & aureusy SARM en animales, carne, productos carnicos y

humanos.

- Determinar caracteristicas moleculares de las c#p8&8s aureusy SARM a través de las
técnicas de PCR multiple, electroforesis en getatapo pulsado y andlisis de secuencias

multilocus.
- Determinar el perfil de resistencia antimicrobidedas cepas d&. aureusyy SARM.

- Comparar la técnica de PCR en tiempo real con &doé&le cultivo y PCR convencional,
utilizando dos etapas de enriquecimiento selecpaoa la deteccion d& aureuyy SARM

en muestras de animales, carne y productos carnicos
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. DESARROLLO

1. Molecular typing of Staphylococcus aureuand methicillin-resistant S.
aureus(MRSA) isolated from animals and retail meat in Noth Dakota,
United States

Esra Buyukcangdz, Valeria Velascd®”, Julie S. Sherwodd Ryan M. Stepan Ryan J.
Koslofsky’ and Catherine M. Logaé

Publicado en Foodborne Pathogens and Diseases, 20bBumen 10, Niumero 7, 608-617.
Abstract

The objective of this study was to determine thevalence and molecular typing of
methicillin-susceptibleStaphylococcus aureugMSSA) and methicillin-resistan®. aureus
(MRSA) in food-producing animals and retail meat kargo, North Dakota. A two-step
enrichment followed by culture methods were usedatteS. aureudrom 167 nasal swabs
from animals, 145 samples of retail raw meat, a@da@mples of deli meat. Positive isolates
were subjected to multiplex polymerase chain reactn order to identify the genes 16S
rRNA, mecA and Panton-Valentine Leukocidin. Pulsed-field g®ectrophoresis and
multilocus sequence typing were used for moledyiaing of S. aureusstrains. Antimicrobial
susceptibility testing was carried out using thethormicrodilution method. The overall
prevalence of. aureusvas 37.2% (n=133), with 34.7% (n=58) of the ansr@dsitive for the
organism, and the highest prevalence observedgs (%0.0%) and sheep (40.6%x0.05);
47.6% (n=69) of raw meat samples were positiveh lite highest prevalence in chicken
(67.6%) and pork (49.3%)€0.05); and 13.0% (n=6) of deli meat was positivive pork
samples (7.0%) were positive for MRSA, of whichethwere ST398 and two were ST5. All
exhibited penicillin resistance and four were nailig resistant (MDR). The Panton-

Valentine Leukocidin gene was not detected in aamme by multiplex polymerase chain
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reaction. The most common clones in sheep were &&88 ST133, in pigs and pork meat
both ST398 and ST9, and in chicken ST5. Most suddepS. aureusstrains were ST5
isolated from chicken. The MDR isolates were foungigs, pork, and sheep. The presence of
MRSA, MDR, and the subtype ST398 in the meat proadnachain and the genetic similarity
between strains of porcine origin (meat and anijnsiggest the possible contamination of

meat during slaughtering and its potential transiaisto humans.
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1802 University Boulevard, VMRI #2

College of Veterinary Medicine

lowa State University
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1.1 Introduction

Outbreaks caused by antimicrobial-resistant (AR(tdrga is an established problem
worldwide (DeWaal et al., 2011). One of these ARhpgens is methicillin-resistant
Staphylococcus aurey®RSA), which causes health care-associated MRBAn{ersma et
al., 2004), community-associated (CA-MRSA) (Kennedy al., 2008), and livestock-
associated MRSA infections (Golding et al., 2010).

Most animals can become colonized wih aureus(de Neeling et al., 2007; Moon et al.,
2007; Lewis et al., 2008; van Belkum et al., 20G8ardabassi et al., 2009; Persoons et al.,
2009), and contamination of carcasses may occunglgtaughtering (de Boer et al., 2009).
Recently, MRSA strains have been isolated from eé\eod-producing animals (de Neeling
et al., 2007; Moon et al., 2007; Lewis et al., 20&8 Belkum et al., 2008; Guardabassi et al.,
2009; Persoons et al., 2009); and from retail naeatdwide (de Boer et al., 2009; Pu et al.,
2009; Lim et al., 2010; Weese et al., 2010; Bhaagat al., 2011; Hanson et al., 2011),

representing a potential risk for its transmisgmhumans.

Methicillin resistance is attributed to the alteggehicillin binding protein (PBP2a), encoded

in themecAgene, which has a reduced affinity fetactam antibiotics (Hartman and Tomasz,
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1981; Van De Griend et al., 2009). CA-MRSA straame more likely to encode a virulence
factor called Panton-Valentine leukocidin (PVL) itoxBaba et al., 2002; Dufour et al., 2002),
associated with skin infections and tissue necr(kert et al., 2009). Therefore, the PVL

toxin has been identified as a genetic marker MR SA strains (Vandenesch et al., 2003).

Different molecular techniques have been usedyfung MRSA strains, such as pulsed-field
gel electrophoresis (PFGE) based on macrorestigiaiterns of genomic DNA; multilocus
sequence typing (MLST) that determines the allgliwfile of seven housekeeping genes; and
spatyping based on the sequencing of the polymorjghiegion of the protein A gene. It has
been demonstrated that the discriminatory powePI6GE is greater than MLST arspa
typing (McDougal et al., 2003; Malachowa et al.,08p) Tenover et al. suggest that a
combination of two methods may provide more precish epidemiological studies (Tenover
etal., 1994).

It has been demonstrated that MRSA strains cauSiRgVIRSA infections (USA300 and
USA400) are different from those causing healtle-@mssociated MRSA infections (USA100
and USA200) (McDougal et al., 2003). The sequegpe ST398 has been associated with
livestock-associated MRSA (Lewis et al., 2008; ®atkum et al., 2008; Welinder-Olsson et
al., 2008; Krziwanek et al., 2009), however, thespnce of ST398 and the emergence of
infections in humans with livestock exposure, mogtig farmers, has increased the public
health concern (van Belkum et al., 2008; Krziwaeekl., 2009; Pan et al., 2009; Golding et
al., 2010).

The aim of this study was to determine the prewaemmolecular typing, and genetic

similarity of S. aureusand MRSA isolated from animals and retail medtango, ND.

1.2 Materials and Methods

1.2.1 Samples

A total of 167 nasal swabs (sheep, n = 64; pigs, 60; cows, n = 43) were collected from
food-producing animals immediately after stunnindghee Meat Lab (Department of Animal

Sciences). Of these samples a total of 57 (sheepl#4; pigs, n = 18; cows, n = 25) were
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obtained from sick animals at the ND Veterinary dbiastic Lab (North Dakota State
University, Fargo, ND).

Moreover, 145 raw meat (pork, n = 71; chicken, 3i7=beef, n = 37) and 46 deli meat (ham, n
= 21; turkey, n = 16; chicken, n = 9) samples warelomly purchased from four supermarket

chains in Fargo, ND.

Samples were collected between May 2010 and Apll2 immediately stored at 4°C, and
processed within 6 h of collection.

1.2.2 Isolation of S. aureus and MRSA

The isolation was carried out by enrichment (derBaeal., 2009) followed by plating steps on
selective agar. Briefly, for the primary enrichme®2b g of meat and 225 mL of Mueller-
Hinton broth (Becton, Dickinson and Company [BDJpasks, MD) with 6.5% sodium
chloride (VWR International, West Chester, PA) (MHB5% NaCl) were placed in a sterile
stomacher bag and homogenized using a stomab@rcirculator (Seaward, England) at 230
rpm for 90 s. The suspension was incubated forA&2at 37°C. One milliliter of primary
enrichment was inoculated into 9 mL of phenol rednmtol broth (BD) containing
ceftizoxime (5ug/mL, US Pharmacopeia, Rockville, MD) and aztreor{@dug/mL, Sigma
Chemical Co., St. Louis, MO) (PHMB (Wertheim et al., 2001), followed by incubatiaor f
18-20 h at 37°C.

Nasal swabs were placed directly in 9 mL MHB+6.5%CN and incubated for 18-20 h at

37°C. Then, the procedure described above wasdaotit.

A loopful of secondary enrichment was struck disettt Baird-Parker medium with egg yolk
tellurite supplement (BP) (according to manufaatsreecommendations) (BD) and incubated
for 48 h at 37°C. Two presumptig aureusolonies on BP (black colonies surrounded by 2-
to 5-mm clear zones) were transferred to Trypticageagar with 5% sheep blood (TSAIlI 5%
SB) (BD) and incubated for 18-20 h at 37°C. PredivapS. aureuson TSAIll 5% SB
(presence of3-hemolysis) was confirmed using Sensititre GramitResID (GPID) plates
(Sensititré, TREK Diagnostic Systems Ltd., Cleveland, OH). filomed colonies were stored

frozen at -80°C in brain-heart infusion broth (Béontaining 20% glycerol until use.
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1.2.3 Multiplex polymerase chain reaction (PCR)

All' S. aureusstrains were recovered from frozen stock to TS#&tgd and incubated at 37°C
for 18-24 h. DNA extraction was carried out by sersging one colony in 5QL of
DNase/RNase-free distilled water, heating the suspa (99°C, 10 min) and then
centrifugation (30,0063, 1 min) to remove cellular debris. The remainiblA was

transferred to a new tube and stored frozen at€20

Multiplex PCR assay for detection of 16S rRNAecAand PVL genes included|fL of the
DNA template (described above) added to apkOfinal reaction mixture: 1X Go Tag
Reaction Buffer (Promega, Madison, WI), 0.025pU/of Go Tad' DNA polymerase
(Promega), 20uM dNTP (Promega), and AM of primers (16S rRNAmecA LukS/F-PV,
Table 1) (Integrated DNA Technologies, Inc., CoitidylA) (McClure et al., 2006).

Multiplex PCR settings were carried out according Makgotlho et al. (2009), using a

thermocycler (Eppendorf, Hamburg, Germany).

Ten microliters of the PCR amplicons were loaddéd an1.5% (wt/vol) agarose gel (Agarose
ITM, Amresco, Solon, OH) in 1X TAE buffer using E®ibn One loading dye (Amresco),
and run at 100V in 1X TAE buffer for 1 h. A moleaulweight marker 100-bp ladder
(Promega) and a positive control (ATCC 35591) wexduded on each gel. Bands were
visualized using an Alpha Innotech UV imager (FioenT™).

1.2.4 PFGE

The PulseNet protocol with slight modifications wased (McDougal et al., 2003). Briefly,
frozen isolates were struck in TSA plates and iatedh at 37°C for 18-24 h. A single colony
was inoculated into a second TSA plate and incabate37°C for 18-24 h. Colonies were
transferred to 5-mL polystyrene round-bottom tub@staining 2 mL of cell suspension buffer
(100 mM Tris HCI [pH 8.0], Invitrogen; and 100mM HEB. [pH 8.0],Gibco), adjusting the

concentrations to an absorbance of 0.9-1.1 in atsghotometer (Smart Sp&tplus, Bio-

Rad Laboratories, USA) at 610 nm. After that, theparation, lysis, and washes of plugs, and
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then the Smd enzyme restriction digestion were performed aditmy to the PulseNet
protocol.SalmonellaBranderup H9812 was used as a DNA marker (Ribak £2006).

The electrophoresis was carried out in a Chef Mafip®-Rad Laboratories) PFGE rig, with
an initial switch time of 5 s, a final switch tinoé 40 s, and a total running time of 17 h 45

min.

After staining the gels with ethidium bromide (L& mL), they were visualized using a UVP
imager (UVP, Upland, CA). Macrorestriction pattemsre compared using the BioNumerics
Fingerprinting software (Ver 6.5 Applied Math, Aust TX). The similarity index was
calculated using the Dice coefficient, a band pasitolerance of 1%, and an optimization of
0.5%. The unweighted-pair group method with arithicnaverages was used to construct a

dendrogram, and clusters were selected using & etit®0%.
1.2.5 Multilocus sequence typing (MLST)

Briefly, S. aureusisolates were struck to TSA plates and incubate874C for 18-24 h.
Colonies were picked to 4QL of single cell lysing buffer (5Qug/mL of Proteinase K,
Amresco; in TE buffer [pH= 8]), and then lysed bgaling to 80°C for 10 min followed by
55°C for 10 min in a thermocycler. The final suspen was diluted 1:2 in sterile water,

centrifuged to remove cellular debris, and transféto a sterile tube (Marmur, 1961).

The housekeeping genescC, aroE, glpF, gmk pta, tpi, andyqiL, were amplified (Table 1)
(Enright et al., 2000). All PCR reactions were eafrout in 50gL volumes: 1uL of DNA
template, Taqg DNA polymerase (Promega) (1.25 U),PLR buffer (Promega), primers (0.1
uM) (Integrated DNA Technologies, Inc.), and dNTRO(Q puM) (Promega). PCR settings
were adjusted according to Enright et al. (2000ngisa thermocycler (Eppendorf). Ten
microliters of the PCR products were loaded into d§arose gels in 1X TAE with EzVision
One loading dye, and run at 100V in 1X TAE for lishages were captured using an Alpha

Innotech imager.

After PCR, each amplicon was purified of amplifioat primer using the QIAquick PCR
Purification Kit (Qiagen, Valencia, CA) as per méauiurer’s instructions. Purified DNA was

sequenced at lowa State University’s DNA Faciliynes, IA) using an Applied Biosystems
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3730xI DNA Analyzer (Applied Biosystems, FosteryCIiCA). Sequence data were imported
into DNAStar (Lasergene, Madison, WI), trimmed, atigned to the control sequences (from
the MLST site) and interrogated against the MLSTtabase (http://saureus.mist.net/).
Sequence types were added to the strain informédiaanalysis in BioNumerics.

1.2.6 Antimicrobial susceptibility testing

Minimum inhibitory concentrations (MICs) and the ARofiles of S. aureusisolates were
determined using the broth microdilution method (3AGPF, Sensititre, Trek
Diagnostics), according to the manufacturer’'s dredGlinical Laboratory Standards Institute
guidelines (CLSI, 2009).

A total of 16 antimicrobials belonging to 13 classeere tested. Resistance to at least three

classes of antibiotics was considered as multidesgstance (MDR) (Aydin et al., 2011).
1.2.7 Statistical analysis

Fisher's exact test was used to assess significemgeevalence ofS. aureusand MRSA
between animal and meat types. A significance lefg<0.05 and two-sided p-values were
assessed using SAS software 9.2 (SAS Institute Qazy, NC).

1.3 Results

Table 2 shows the prevalence ®f aureusn animals (34.7%, n=58), with a higher rate in
swine and sheew<£0.05); in raw meat (47.6%, n=69), with a highegena chicken and pork
(p<0.05); and in deli meats (13.0%, n=6). MRSA wateded solely in meat (five pork
samples), representing a low prevalenpe5@0). The PVL gene was not detected in any

sample.

Most of theS. aureusisolates from animals were resistant to peniciltietracycline, and
lincomycin; and from raw meat to those antibiotesl erythromycin. All MRSA strains were
resistant to penicillin, and most of them showeslstance to erythromycin, tetracycline, and
lincomycin (Table 3).
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A total of 47.7% (n=41) of the penicillin-resista®t aureusstrains exhibited MICs between
0.5 and 1pg/mL. However, MRSA strains had higher MICs for jgdln (1- >16 pg/mL)
(Table 4).

The rate of MDR strains was 41.4% (n=55); in angnaas 51.7% (n=30), and in meat was
36.2% (n=25). Among MRSA strains, only one was M@R, and the rest showed MDR to
four classes of antimicrobials (Table 5).

Figure 1 shows a dendrogram displaying the madrigcisn patterns oS. aureusstrains and
the sequence type (ST). The largest cluster (clygteontainedS. aureusof porcine origin
(animals and meat), all of which were SB.aureudsolates included in the second largest
cluster (cluster 3) were obtained from poultry meatd all but one was ST5. Two MRSA
isolates were clustered in cluster 5, all from panki ST5. The rest of the MRSA isolates were
ST398 (not included in the dendrogram). A total3dfS. aureudsolates (25.6%) were not
included in the dendrogram because they could eatebtricted withSmad or Xmd during
PFGE analysis and were ST398, isolated from anifsélsep and pigs) and from pork meat

(data not shown).
1.4 Discussion

Both methods used for the confirmation $f aureus- Sensititre identification plates and

detection of the 16S rRNA gene by multiplex PCRread with the results (Table 2). These
results confirmed that the isolation method of @mrichment steps preceding plating is an
appropriate method for recovering b@&haureusand MRSA from meat and animals. de Boer

et al. (2009) used the same two-step enrichmegmbytiag a higher detection rate of MRSA.

It is well known that animals are natural resersa@f S. aureusin this study, positive nasal
swabs were obtained from sheep, pigs, and cowserCitudies have detected a higher
prevalence ofS. aureusn sheep (57%) and cattle (14%) (Mark et al., 30hPwever, the
prevalence in pigs has been reported to vary wifiely7%) (Khalid et al., 2009; Lowe et al.,
2011). The recovery @&. aureusn meat in our study was higher than previousisegi(B39.2%
and 14.4%) (Pu et al., 2009; Aydin et al., 2011)e prevalence d. aureusn ham was 19%,

which was considerably lower than the prevalenpented by Atanassova et al. (2001). There
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is limited information about the prevalence&faureusand MRSA in processed retail meat
products, and this study provides some informaéisrio the potential exposure of consumers

through consumption of deli meats that typicallyna need heating prior to consumption.

In this study, MRSA was not detected in animalsyéweer, a prevalence of MRSA in swine
ranging from 10% to 71% has been detected prewidisick et al., 2009; Smith et al., 2009;
Tenhagen et al., 2009). The low rate of MRSA inkp@w meat (3.4%) determined in this
study agreed with the low prevalence reported bgmauthors (de Boer et al., 2009; Pu et al.
20009).

Most of the S. aureusstrains isolated from animals exhibited resistatgethe same

antimicrobials reported by other authors (Nematalet 2008; Huber et al., 2010) (Table 3).
The AR bacteria in animals have increased over toeto the frequent use of antimicrobial
agents at the farm level (de Neeling et al., 200&mati et al., 2008). Therefore, controlling
the use of antibiotics in farming could limit thiskr of transmission of AR pathogens among

animals and potentially to humans (Huber et alL(20

Other authors have also determined a higher oawereof resistance to penicillin,
tetracycline, and erythromycin i8. aureusstrains isolated from retail meats and different
food samples (Aydin et al., 2011; Pu et al., 20PEnicillin resistance has been reported to
spread rapidly amon8. aureusstrains being facilitated by plasmids and is thestnfieequently

reported resistance detected in foodb@naureugAydin et al., 2011).

AR S. aureusexhibited a MIC for erythromycin and lincomycin8®g/mL) lower than the
MIC determined by Nemati et al. (2008). The MICt@tracycline (>331g/mL) and penicillin
(0.5-1 pg/mL) concurred with the results reported by Neneaital. (2008). Previously, other
authors have reported MDR & aureudrom food samples at a lower rate compared wiih th
study (Aydin et al., 2011; Nam et al., 2011) (Tab)e

All ' S. aureusisolates examined in this study were susceptibleddptomycin, linezolid,

nitrofurantoin and vancomycin, concurring with tlesults reported by Pu et al. (2011).

The clustering of isolates obtained by PFGE agneell with the MLST types (i.e., the

identical restriction patterns or patterns thatedéd at two to six bands had an identical ST)
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(Fig. 1). Restriction patterns with the same nurmebefr bands represent the same strain;
patterns that differ up to three fragments represgains that are closely related; and isolates

that differs at four to six bands may have the sgareetic lineage (Tenover et al., 1995).

The major clones identified corresponded to ST9&N8. The emergence of ST9 in pigs was
first reported in 2008 by Guardabassi et al. (2009Hong Kong, disseminating later as
demonstrated in this study. The genetic relatedhetseenS. aureusstrains ST9 from pigs
and pork meat may suggest the possible contammatio meat during slaughtering.
Previously, ST5 was associated with poultry (Hasetaal., 2010) and poultry meat (Waters
et al., 2011). In this study, the majority of stiaisolated from chicken were ST5, which can
also suggest the contamination of meat during sl@uigg. A high prevalence of ST398 was
found, which may indicate the potential risk fomtmans to acquire this emerging sequence

type that has potential for causing infection.

MRSA isolates had the same MLST allelic profile andistinguishable PFGE patterns than
two methicillin-susceptibleS. aureus(MSSA) strains, all obtained from pork. The close
genetic similarity of the MRSA and MSSA isolatesynee due to the acquisition of theecA
gene by horizontal transfer of S@€cfrom MRSA strains to MSSA lineages (Enright et al.
2000; Wielders et al., 2001; de Neeling et al.,2Z@Buardabassi et al., 2009).

Most of theS. aureusisolates susceptible to all antimicrobial agentrevobtained from
chicken, of which 76% were ST5. MDR isolates froorkowere mainly ST398 (60%) (not
included in the dendrogram), and ST9 (30%). All MBtrains from sheep were ST398 (not
included in the dendrogram). The MDR can be dueh® presence of other antibiotic
resistance genes, suchdfsK (resistance to trimethoprim) (Kadlec and SchwafX)9) and
cfr (MDR gene) (Kehrenberg et al., 2009).

1.5 Conclusion

The presence of MDR. aureusand subtype ST398 in animals and meat, and MRSAtalil
meat, and the genetic relationship between stiaolated from animals and meat, suggests

the likely contamination of meat during slaughtgrin
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Although the MRSA prevalence in raw meat is lowe ttrevalence of MDR5. aureusand
ST398 is higher; therefore, the risk of transmisdiorough the meat production chain cannot

be ignored.
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Table 1 (Desarrollo 1).Nucleotide sequence of the primers used in mukiglelymerase
chain reaction for detection of 16S rRNAlecA and Panton-Valentine leukocidin genes
(McClure et al, 2006); and multilocus sequence typing analysisdetection ofarcC, aroE,
glpF, gmk pta, tpi, andyqiL genes (Enrighet al, 2000).

Primer Oligonucleotide sequence Ar-nplicon
Size (bp)

Staph 756 F  5-AAC TCT GTT ATT AGG GAA GAA CA-3
Staph 750 R 5-CCA CCT TCC TCC GGT TTG TCA CC-3’ 756
mecAl F 5-GTA GAA ATG ACT GAA CGT CCG ATAA-3
mecA2 R 5-CCAATT CCACATTGT TTC GGT CTA A-3 310
luk-PV-1 F 5-ATC ATT AGG TAA AAT GTC TGG ACATGA TCC A-3
luk-PV-2 R 5-GCA TCA AGT GTATTG GAT AGC AAA AGC-3 433
arcCF 5-TTG ATT CAC CAG CGC GTATTG TC-3'
arcCR 5-AGG TAT CTG CTT CAA TCA GCG-3' 456
aroE F 5-ATC GGA AAT CCT ATT TCA CAT TC-3'
aroER 5-GGT GTT GTATTA ATA ACG ATATC-3' 456
glpF F 5-CTA GGA ACT GCA ATC TTAATC C-3' 465
glpF R 5-TGG TAA AAT CGC ATG TCC AAT TC-3'
gmKF 5-ATCGTT TTATCG GGA CCA TC-3 429
gmKR 5-TCATTA ACT ACA ACG TAATCG TA-3'
ptaF 5-GTT AAA ATC GTATTA CCT GAA GG-3' 474
ptaR 5-GAC CCT TTT GTT GAA AAG CTT AA-3'
tpi F 5-TCG TTC ATT CTG AAC GTC GTG AA3' 402
tpi R 5-TTT GCA CCT TCT AAC AAT TGT AC-3'
ygiL F 5-CAG CAT ACAGGA CACCTATTG GC-3 516

yqiLR 5-CGT TGA GGA ATC GAT ACT GGA AC-3'
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Table 2 (Desarrollo 1).Identification of 16S rRNAmecAand Panton-Valentine leukocidin

(PVL) genes inStaphylococcus aureuand methicillin-resistantStaphylococcus aureus

isolates from animals and retail meat.

Source No. of  No. of samples positive No. of isolates with the specific gene (%)
samples for S. aureus (%) 16S rRNA mecA PVL

Animal

Sheep 64 26 (40.6) 26 (40.6)

Pig 60 30 (50.0) 30 (50.0)

Cow 43 2 (4.7) 2(4.7)

Total 167 58 (34.7) 58 (34.7) 0 (0.0) 0 (0.0)
Raw meat

Pork 71 35 (49.3) 35 (49.3) 5(7.0)

Chicken 37 25 (67.6) 25 (67.6)

Beef 37 10 (27.0) 10 (27.0)
Total 145 69 (47.6) 69 (47.6) 5(3.4) 0 (0.0)
Deli meat

Ham 21 4 (19.0) 4 (19.0)

Turkey 16 0 (0.0) 0 (0.0)

Chicken 9 2 (22.2) 2(22.2)
Total 46 6 (13.0) 6 (13.0) 0 (0.0) 0 (0.0)




Table 3 (Desarrollo 1).Antimicrobial resistance dbtaphylococcus aurewsd methicillin-resistar®. aureugMRSA) isolates from
animals and retail meat.

No. (%) of resistant

Antimicrobial No. (%) of resistant all S. aureuslates .
MRSA isolates
Subclass Agent Animal (n=58) Raw meat (n=69) Deli meat (n=6) Pork meat
(Sheep; Pig; Cow) (Pork; Chicken; Beef) (Ham;Turkey;Chicken) (n=5)
Macrolides Erythromycin 3 (5.2 28 (40.6) 1(16.7) 4 (80.0)
(0;3;0) (25; 3; 0) (0; 0; 1)
Tetracyclines Tetracycline 47 (81.0) 29 (42.0) 4 (80.0)
(24; 23; 0) (27; 2; 0)
Fluoroquinolones Ciprofloxacin 2 (2.9)
(2;0;0)
Phenicols Chloramphenicol 3 (5.2 2 (2.9)
(0;3;0) (2;0;0)
Penicillins Penicillin 49 (84.5) 35 (50.7) 2 (33.3) 5 (100.0)
(19; 30; 0) (27; 4; 4) (2;0;0)
Aminoglycosides Gentamicin 1(.7) 1(1.4)
(1;0; 0) (1;0;0)
Kanamycin 2 (2.9 1(20.0)
(2;0;0)
Streptomycin 6 (10.3)
(1;5;0)
Streptogramin Quinupristin/dalfopristin 2(2.9)
(2;0;0)
Lincosamides Lincomycin 38 (65.5) 29 (42.0) 1(16.7) 4 (80.0)
(13;24; 1) (26; 3; 0) (1;0;0)

The following antimicrobials were tested using tRational Antimicrobial Resistance Monitoring SystddARMS) panel: tigecycline (range 0.015-0.5
pg/ml); tetracycline (1-32); chloramphenicol (2-3@gptomycin (0.25-16); streptomycin (512-2048)p$yh tartrate (0.25-32); quinupristin/dalfopris{h5-32);
linezoid (0.5-8); nitrofutantoin (2-64); penicillif0.25-16); kanamycin (128-1024); erythromycin 88); ciprofloxacin (0.12-4); vancomycin (0.25-32);
lincomycin (1-8); gentamicin (128-1024). All isodgtwere susceptible to vancomycin, tigecyclinetatagcin, tylosin tartrate, nitrofurantoin and lirdizl.
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Table 4 (Desarrollo 1).Minimum inhibitory concentrations (MICs) of resisteStaphylococcus aurewend methicillin-resistans.

aureusisolates from animals and retail meat.

No. (%) of resistant S. aureus isolates with MiG/fnL) of

o . . o
Antimicrobial Agent (breakpoints) Total 05-1 5 7 ) 8 >3 16 >16 32 >37 556 756
Erythromycin &8 pg/mL)? 32 32
(100.0)
Tetracycline £16 ug/mL)? 76 11 15 50
(14.5) (19.7) (65.8)
Ciprofloxacin &4 ug/mL)? 2 2
(100.0)
Chloramphenicol%32 ug/mL)? 5 3 2
(60.0) (40.0)
Penicillin £0.25ug/mL)? 86 41 9 14 10 7 5
(47.7) (10.5) (16.3) (11.6) (8.1) (5.8)
Gentamicin £16 ug/mL)? 2 2
(100.0)
Kanamycin £64 ug/mL)? 2 2
(100.0)
Streptomycin £8 ug/mL)° 6 6
(100.0)
Quinupristin/dalfopristin¥8 pg/mL)? 2 1 1
(50.0) (50.0)
Lincomycin &4 ug/mL)° 68 4 3 61
( 5.6) (4.4) (89.7)

®Levels of MIC values against tested antibiotics 8G12009).
® evels of MIC values against tested antibioticsl¢laet al., 1997).
‘Levels of MIC values against tested antibioticsr(iaé et al., 2008).
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Table 5 (Desarrollo 1). Antimicrobial resistance profiles ddtaphylococcus aureusnd methicillin-resistans. aureus(MRSA)

isolates from animals and retail meat.

No. of antimicrobial
subclasses resistant te

Antimicrobial resistance profile

No. (%) of allS. aureussolates with the
specific profile

No. (%) of MRSA
isolates with the
specific profile

Animal Raw meat  Deli meat Raw meat
(n=58) (n=69) (n=6) (n=5)
ERY-PEN-TET-LINC-CHL-GEN-CIP-QUI/DAL 8 1( 1.4
ERY-PEN-TET-LINC-CHL-CIP-QUI/DAL 7 1( 1.4
ERY-PEN-TET-LINC-CHL-STR 6 2( 3.4)
ERY-PEN-TET-LINC-KAN 5 1(1.4)
PEN-TET-LINC-CHL-STR 5 1(1.7)
PEN-TET-LINC-GEN 4 1(1.7)
PEN-TET-LINC-KAN 4 1( 1.4) 1(20.0)
PEN-TET-LINC-STR 4 2( 3.4)
ERY-PEN-TET-LINC 4 1(1.7) 13 (18.8) 3(60.0)
PEN-TET-LINC 3 22 (37.9) 1( 1.4)
PEN-LINC-STR 3 1(17)
ERY-PEN-LINC 3 2( 29
ERY-TET-LINC 3 5(7.2)
PEN-LINC 2 4( 6.9 1( 1.4) 1(16.7)
PEN-TET 2 12 (20.7) 2( 29
TET-LINC 2 3(5.2
ERY-LINC 2 3(4.3)
ERY-PEN 2 2( 29 1(20.0)
LINC 1 1( 1.7)
PEN 1 3(5.2 10 (14.5) 1(16.7)
TET 1 3( 5.2 4( 5.8)
ERY 1 1(16.7)
Susceptible to all tested 0 2 ( 3.4) 22 (31.9) 3 (50.0)

CIP, ciprofloxacin; CHL, chloramphenicol; ERYythromycin; GEN, gentamicin; KAN, kanamycin; LINGacomycin; QUI/DAL, quinupristin/dalfopristin;

PEN, penicillin; STR, streptomycin, TET, tetradgel.
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Figure 1 (Desarrollo 1).Dendrogram showing the genetic relatedness ofSt@phylococcus
aureus isolates as determined by the analysis of puls#d-igel electrophoresis (PFGE)
profiles by the unweighted-pair group method witithanetic averages with the sequence type
(ST). The scale indicates levels of similarity witlhis set of isolates. Red line indicates the
cutoff at 80%. Numbers represent the samples cdolésyed on the right by the STs and the
type of the sample. Clusters are separated by dmigk lines and labeled with correlative
numbers. Asterisks indicate methicillin-resist&@taphylococcus aureusolates determined

by multiplex polymerase chain reaction targetingrttecAgene.
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Isolate #

S Meat/Anima
118 39 Deli Meat Chicken
120 30 Deli Meat Ham
92 NT Bovine Meat
52 398 Porcine Meat
53 50 Porcine Meat
27 398 Ovine
87 508 Poultry Meat
91 72 Bovine Meat
72 1 Porcine Meat
73 1 Porcine Meat
113 1 Bovine Meat
98 6 Poultry Meat
99 6 Poulry Meat
88 6 Poultry Meat
EELY 188 Bovine Meat
93 1159 Bovine Meat
108 1159 Bovine Meat
110 1159 Bovine Meat
1 2187 Bovine
89 2187 Bovine Meat
10 352 Bovine
12 5 Bovine Meat
70 5 Porcine Meat
119 146 Deli Meat Ham
121 5 Deli Meat Chicken
123 5 Deli Meat Ham
102 5 Poultry Meat
103 5 Poulry Meat
85 5 Poultry Meat
84 5 Poulry Meat
82 5 Poultry Meat
83 5 Poulry Meat
o7 NT Poulry Meat
114 5 Poulry Meat
115 5 Poultry Meat
116 5 Poulry Meat
17 5 Poultry Meat
95 5 Poulry Meat
100 5 Poultry Meat
101 5 Poulry Meat
105 5 Poultry meat
106 5 Poultry Meat
107 5 Poulry Meat
96 5 Poultry Meat
104 5 Poulry Meat
86 5 Poultry Meat
94 5 Poulry Meat
129 9 Porcine
130 ) Porcine
131 ) Porcine
133 9 Porcine
134 ) Porcine
125 9 Porcine
126 ) Porcine
127 9 Porcine
128 9 Porcine
22 ) Porcine
135 9 Porcine
136 ) Porcine
137 9 Porcine
138 ) Porcine
139 9 Porcine
140 ) Porcine
141 ) Porcine
142 ) Porcine
143 9 Porcine
144 ) Porcine
124 9 Porcine
1 ) Porcine
14 9 Porcine
57 ) Porcine Meat
63 ) Porcine Meat
61 8 Porcine Meat
3 ) Porcine
5 9 Porcine
4 ) Porcine
66 9 Porcine Meat
67 ) Porcine Meat
65 9 Porcine Meat
60 ) Porcine Meat
18 9 Porcine
145 9 Porcine
78 5 Porcine Meat
79 5 Porcine Meat
80 5 Porcine Meat
81 5 Porcine Meat
77 5 Porcine Meat
62 15 Porcine Meat
64 15 Porcine Meat
76 15 Porcine Meat
122 15 Deli Meat Ham
49 15 Porcine
109 15 Bovine Meat
15 133 Ovine
7 133 Ovine
132 133 Ovine
23 2111 Ovine
32 133 Ovine
36 133 Ovine
37 2111 Ovine
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Abstract

The aim of this study was to compare a real-tim& RSsay, with a conventional culture/PCR
method, to detec®. aureusmecAand Panton-Valentine Leukocidin (PVL) genes imals
and retail meat, using a two-step selective enrattrprotocol. A total of 234 samples were
examined (77 animal nasal swabs, 112 retail rawt,naga 45 deli meat). The multiplex real-
time PCR targeted the genesuc (identification of S. aureus mecA (associated with
methicillin resistance) and PVL (virulence factahd the primary and secondary enrichment
samples were assessed. The conventional culturef®Rod included the two-step selective
enrichment, selective plating, biochemical testiaggd multiplex PCR for confirmation. The
conventional culture/PCR method recovered 95/23#tipe S. aureusamples. Application of
real-time PCR on samples following primary and selewy enrichment detect&l aureusn
111/234 and 120/234 samples respectively. ForcteteofS. aureusthekappastatistic was
0.68-0.88 (from substantial to almost perfect agwe®) and 0.29-0.77 (from fair to
substantial agreement) for primary and secondariclements, respectively, using real-time

PCR. For detection ahecAgene, th&kappastatistic was 0-0.49 (from no agreement beyond
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that expected by chance to moderate agreementpriorary and secondary enrichment
samples. Two pork samples wanecAgene positive by all methods. The real-time PCfagas
detected themecAgene in some samples that were negativeStoaureus but positive for
Staphylococcuspp. The PVL gene was not detected in any sampléhéd conventional
culture/PCR method or the real-time PCR assay. Anfnaureudsolated by conventional
culture/PCR method, the sequence type ST398, atiitanug resistant strains were found in
animals and raw meat samples. The real-time PCRyassly be recommended as a rapid
method for the detection db. aureusand themecA gene, with further confirmation of

methicillin-resistans. aureugMRSA) using the standard culture method.

"Corresponding Author

E-mail: cmlogue @iastate.edu

1802 University Blvd, VMRI #2

lowa State University, Ames, IA 50011, USA
Ph 515 294 3785; fax 515 294 1401

2.1 Introduction

Staphylococcus aureus considered as an important cause of a wideetyadf diseases in
humans such as: food poisoning, pneumonia, wouddnasocomial infections [1,2]. There
are many anti-staphylococcal agents; however, Hebum has developed mechanisms to
neutralize them such as the methicillin resistan@chanism [3]. Methicillin-resistan®.
aureus(MRSA) is an increasing cause of health care-aasati(HA-MRSA) [1], community-
associated (CA-MRSA) [2], and livestock-associgledMRSA) infections worldwide [4].

The altered penicillin-binding protein (PBP2a) ssaciated with methicillin resistance. This
protein has a reduced affinity frlactam antibiotics [5,6], and is encoded by thecAgene,
which is carried on the staphylococcal cassettershsomemec(SCQneq [5]. CA-MRSA
strains are more likely to encode the Panton—Velerieukocidin (PVL) toxin, which is a
pore-forming toxin considered as a virulence fa¢ie8]. The PVL toxin has been related to
life-threatening CA-MRSA infections and deaths narily severe skin infections and tissue

necrosis [9].
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In the United States, approximately 29% (78.9 wnillpeople) and 1.5% (4.1 million) of the
population were estimated to be nasal carrielS.adureusand MRSA, respectively [10]. An
estimated 478,000 hospitalizations corresponde8.taureusinfections, of which 278,000
hospitalizations were attributed to MRSA infectian2005 [11]. In addition, the carriage of
MRSA in meat-producing animals [12-14] and the aamhation of retail meat with MRSA
[15-17] have increased the concern that food mayesas a vehicle to transmit MRSA to the

human population [17].

Different culture methods have been used to deMBSA. Generally, conventional
microbiological procedures are laborious, sincey ttegjuire the isolation 0. aureusefore
assessing methicillin resistance. However, cultuethods are still considered as standard
methods for traditional confirmation &. aureus Wertheimet al (2001) [18] developed a
selective media containing phenol red and antitsotaztreonam and ceftizoxime), increasing
the sensitivity of the detection of MRSA after 4&fhincubation, but at the expense of longer
time needed for confirmation. The isolation andnitfiecation of MRSA, including selective
enrichment and plating on selective agars, folloWwg@donfirmation using biochemical testing
and/or PCR assays, requii@g days approximately [15,16,19]. Therefore, depgient of a
rapid method for detection of MRSA has become apomant need in the microbiological

analysis of samples especially those where theagwtential risk of exposure for humans.

Real-time PCR technology has been used as an atitezrto culture methods for the rapid
detection ofS. aureusand MRSA. Detection using real-time PCR may deszdhe time of
analysis to 18 h after consecutive broth enrichnrentinical samples [20]; or <2 h in positive
blood cultures [21,22]. However, most studies hased real-time PCR to detect MRSA in
clinical samples and isolates and a few studie® lemaluated the application of this method
for the detection of MRSA in animals [23,2z}d meat [15,25,26].

Since S. aureusand MRSA have been found in food-producing aninaaid retail meat,
increasing the concern about the exposure for harttemough the food chain, and there is a
need to decrease the time of analysis, we analyaegles obtained from animals and retail
meats using primary and secondary selective engaksrin order to deteatuc (identification

of S. aureuy mecA(associated with methicillin resistance) and PVitulence factor) genes
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using a multiplex real-time PCR assay. The resoittained with the real-time PCR assay
were compared with the results from a culture metlomnsidered as the standard method,
which also included the two-step selective enriahimdollowed by selective plating,
biochemical testing and conventional multiplex PGRsitive samples obtained with the
culture method were characterized by multilocususege typing (MLST) and the

antimicrobial resistance profiles were obtained.
2.2 Materials and Methods
2.2.1 Samples

A total of 77 nasal swabs (Becton, Dickinson andm@any, Sparks, MD, USA) were
collected from animals (sheep, n=35; pigs, n=28ys;on=14) sampled immediately after
stunning at the Meat Lab (Department of Animal Bces); and at the ND Veterinary
Diagnostic Lab at North Dakota State Universityrgéa ND. Animal samples were collected
during the period May 2010-April 2011. The protooblsampling was approved by the North
Dakota State University Institutional Biosafety Quoittee (B10014).

In addition, 112 retail raw meat (pork, n=39; claok n=37; beef, n=36) and 45 deli meat
(ham, n=20;turkey, n=16; chicken, n=9) samples were randomlycipased from four

different supermarket chains in Fargo, ND. Sampliisgs were made between June 2010 and
January 2011. All samples were immediately stote4*@ and processed within six hours of

collection.
2.2.2 Culture method

Staphylococcus aureusvere isolated by the two-step selective enrichmprdcedure
according to the method described by de Bxel (2009) [15] followed by plating steps on
selective agar. Briefly, for the primary enrichmemn®5 g sample of retail meat and 225 mL of
MHB+6.5%NaCl (Mueller-Hinton broth [Difco, Bectomickinson, Sparks, MD, USA] with
added 6.5% sodium chloride [VWR International, Weéhkester, PA, USA]) were placed in a
sterile stomacher bag and homogenized using a st@ft400 circulator (Seaward, England)

at 230 rpm for 90 seconds. The suspension was atedlfor 18-20 h at 37°C. Following
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primary enrichment, a secondary enrichment was bsethoculating 1 mL of the primary
enrichment broth into 9 mL of PHMBD-mannitol in phenol red mannitol broth base [Difc
Becton, Dickinson, Sparks, MD, USA] containing &é&fkime [5 ug mL*, US Pharmacopeia,
Rockville, MD, USA] and aztreonam [75 pg fLSigma Chemical CO., Louis, MO, USA]
according to Wertheirat al. [2001] [18]), followed by incubation for 18-20&t 37°C. Nasal
swabs from animals were placed directly in 9 mL MEB%NaCl and incubated for 18-20 h

at 37°C. Then, the secondary enrichment was udleeviog the procedure described above.

Following incubation of the secondary enrichmenrdthyr all samples were struck directly to
BP medium (Baird-Parker medium [Difco, Becton, Didon, Sparks, MD, USA])
supplemented with egg yolk tellurite according t@nufacturer's recommendations and
incubated for 48 h at 37°C. Presumptieaureusolonies (black colonies surrounded by 2 to
5 mm clear zones) were transferred to TSA Il 5%%8eg (Trypticase soy agar with 5%
sheep blood [Difco, Becton, Dickinson, Sparks, MI3A]) and incubated for 18-20 h at 37°C.
SuspectS. aureuscolonies (presence @Fhaemolysis) were confirmed using Sensititre Gram
Positive ID (GPID) plates (Sensititre®, TREK Diagtio Systems Ltd., Cleveland, OH, USA)

according to the manufacturer’s instructions.
2.2.3 Conventional multiplex PCR method

ConfirmedS. aureusstrains were recovered from frozen stock to TS#tqd (Trypticase soy
agar [Difco, Becton, Dickinson, Sparks, MD, USARdaincubated at 37°C for 18-24 h. DNA
extraction was carried out by suspending one colorB0 puL of DNase/RNase-free distilled
water (Gibco Invitrogen, Grand Island, NY, USA)atiag (99°C, 10 min) and centrifugation
(30,00xg, 1 min) to remove cellular debris. The remainingAdwas transferred to a new
tube and stored at -20°C.

A multiplex PCR assay for the detection of 16S rREdentification ofS. aureus mecA
(associated with methicillin resistance) and PVicaating genes (virulence factor) (Table 1)
included 2 pL of the DNA template (described abadjed to a 50 pL final reaction mixture
containing: 1X Go Taq® Reaction Buffer (pH 8.5)0%6 U plL' of Go Tag® DNA
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polymerase, 200 uM dNTP (Promega, Madison, WI, U&A#J 1 uM of primers (16S rRNA,
mecA LuUkS/F-PV) (Integrated DNA Technologies, Inc. r@lgille, IA, USA).

Multiplex PCR reactions were carried out in a thecgtler (Eppendorf, Hamburg, Germany),
and the PCR conditions were adjusted accordingegtotocol described by Makgotlleb al
(2009) [27] as follows: initial denaturation at @for 10 min, followed by 10 cycles of
denaturation at 94°C for 45 s, annealing at 55°C4f® s and extension at 72°C for 75 s
followed by another 25 cycles of 94°C for 45 s, G@dr 45 s and a final extension step at
72°C for 10 min. An external positive control (DN&xtracted from MRSA ATCC 35591,
positive for mecA and PVL genes) and an external negative contrdlad2/RNase-free

distilled water) were included with each run.

PCR amplicons (1QuL) were loaded into a 1.5% (wt/vol) agarose gel dfge 1) using
EzVision One loading dye (Amresco, Solon, OH, USA} electrophoresis was carried out in
1X TAE buffer at 100 v for 1 h. A molecular weigitarker 100-bp ladder (Promega, Madison,
WI, USA) were included on each gel. Bands were aligad using an Alpha Innotech UV
imager (FluorChefY").

2.2.4 Multiplex real-time PCR assay

DNA was extracted from the primary and secondanckment broths of the animal and meat
samples using the boiling method described prelydumg de Mediciet al. (2003) [28]. Five
microliters of DNA template extracted was usedhe teal-time i Multiplex Powermix

(Bio-Rad Laboratories, Hercules, CA, USA), in afimolume of 2QuL per reaction.

The real-time PCR assay targeted the following gamec (identification ofS. aureuy mecA

(associated with methicillin resistance) and PVicaating genes (virulence factor) (Table 1).

The final concentrations in the reaction mixturerave300 nM of primers (forward and
reverse), 200 nM of fluorogenic probes (Applied 8istems, Foster City, CA, USA), and 1X
iQ™ Multiplex Powermix(Bio-Rad Laboratories, Hercules, CA, USA), accogditv the

manufacturer's recommendations.
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The thermal cycling conditions were adjusted toiratial denaturation of 3 min at 95 °C,
followed by 40 PCR cycles of 95 °C for 15 s and°65for 1 min, using an iCycler It¥ real
time PCR system (Bio-Rad Laboratories, Hercules, O8A). An external positive control
(DNA extracted from MRSA ATCC 35591, positive fmecAand PVL genes) and an external
negative control (DNase/RNase-free distilled wategre included with each plate. Data
analysis was carried out using the iCycler softwaeesion 3.0 (Bio-Rad Laboratories,
Hercules, CA, USA).

2.2.5 Characterization ofS. aureusstrains isolated by culture method
Multilocus Sequence typing (MLST)

Briefly, S. aureusisolates were struck to TSA plates and incubate@7a4C for 18-24 h.
Colonies were picked to 4L of single cell lysing buffer (5Qug/mL of Proteinase K,
Amresco; in TE buffer [pH=8]), and then lysed byatieg to 80°C for 10 min followed by
55°C for 10 min in a thermocycler. The final suspen was diluted 1:2 in sterile water,
centrifuged to remove cellular debris, and tramsférto a sterile tube (Marmur, 1961) [29].
The housekeeping genemcC, aroE, glpF, gmk pta, tpi, andyqgiL, were amplified [30]. All
PCR reactions were carried out in BD-volumes: 1uL of DNA template, Tag DNA
polymerase (Promega) (1.25 U), 1X PCR buffer (Papeprimers (0.1uM) (Integrated
DNA Technologies, Inc.), and dNTPs (2@0M) (Promega). PCR settings were adjusted
according to Enright et al. (2000) [30] using arthecycler (Eppendorf). Ten microliters of
the PCR products were loaded into 1% agarose gelXiTAE with EzVision One loading
dye, and run at 100V in 1X TAE for 1 h. Images weaptured using an Alpha Innotech
imager. After PCR, each amplicon was purified of pafication primer using the
QIAquick”PCR Purification Kit (Qiagen, Valencia, CA) as peanufacturer’s instructions.
Purified DNA was sequenced at lowa State UnivessiBNA Facility (Ames, IA) using an
Applied Biosystems 3730x|I DNA Analyzer (Applied Bistems, Foster City, CA). Sequence
data were imported into DNAStar (Lasergene, Madisafi), trimmed, and aligned to the
control sequences (from the MLST site) and intemted against the MLST database
(http://saureus.mist.net/). Sequence types weredatta the strain information for analysis in
BioNumerics.
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Resistance profiles

The antimicrobial resistance profiles (AR) ®f aureugsolates (n=95) were determined using
the broth microdilution method (CMV3AGPF, Senstitr Trek Diagnostics), according to the
manufacturer's and the National Antimicrobial Remige Monitoring System (NARMS)
guidelines for animal isolates [31]. Antimicrobiatsthe panel and their resistance breakpoints
were as follows erythromycin £8 pg/mL), tetracycline 16 pg/mL), ciprofloxacin %4
pg/mL), chloramphenicol@32 pg/mL), penicillin 16 pg/mL), daptomycin (no interpretative
criteria), vancomycinx32 pug/mL), nitrofurantoinX128 pg/mL), gentamicin (>500 pg/mL),
quinupristin/dalfopristin ¥4 pg/mL), linezolid £¥8 pg/mL), kanamycin 1024 pg/mL),
tylosin 32 pg/mL), tigecycline (no interpretative criterig)reptomycin (>1000 pg/mL), and
lincomycin &8 pg/mL). Resistance to at least three classestdfietics was considered as
multidrug resistance (MDR) [32].

2.2.6 Statistical analysis

The 95% confidence intervals for prevalence wettaiobd, using the plus four estimate when
positive or negative samples were less than 15. Jliesquare test was used to assess the
significance in proportion of positive samples betw sample types, only if no more than
20% of the expected counts were less than 5 anohdillidual expected counts were 1 or
greater [33]. On the contrary, Fisher's exact t@as used with two-sided p-values. SAS
software version 9.2 (SAS Institute Inc., Cary, N&@s used to assess significance with a
P<0.05.

As there is no true gold standard method $oraureusand MRSA detection, thkappa
statistic was calculated to compare agreement legtweal-time PCR assay (using primary

and secondary enrichment) and conventional cuR@B/ method.
2.3 Results

The culture method included a biochemical iderdifen to confirmS. aureuswhich agreed
with the results of the conventional multiplex P@#at detected the gene 16S rRNA. This

method detected 95 positi$e aureusamples from a total of 234 samples collected I€F'aj
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The multiplex real-time PCR assay using primary andecondary enrichment samples,
recoveredS. aureus(detection ofnuc gene) from 111 and 120 samples of 234 samples

respectively.

By the conventional culture/PCR method alone, tite of positiveS. aureussamples was
found to be 41.6% (CI195%: 30.6-52.6%) in animald &t.8% (CI95%: 42.5-61.0%) in raw
meat samples respectively; a significantly loweteraf 11.1% (CI95%: 4.5-24.1%) was
observed in deli meaP£€0.05). Using the primary enrichment samples antitnee PCR, a
significantly higher recovery 0%. aureus(P<0.05) was found in animals (55.8%, CI95%:
44.8-66.9%) and raw meat (57.1%, CI95%: 47.9-66.8%@n in deli meat samples (8.9%,
Cl195%: 3.1-21.4%). However, no significant diffecenf>0.05) was found between the rate
of positive S. aureussamples in animals (53.2%, CI95%: 42.1-64.4%), raeat (53.6%,
Cl195%: 44.3-62.8%) and deli meat (42.2%, CI95%:8246.7%), when the secondary
enrichment samples were tested by real-time PCRsigAificantly higher recovery o8.
aureus(P<0.05) was obtained from deli meat when the secgndarichment samples were

assessed by real-time PCR.

The mecA gene was detected in two pork samples (5.4%, C196%-18.8%) by the
conventional multiplex PCR preceded by the cultasthod, and by assessing the primary and
secondary enrichment samples by real-time PCR.réhktime PCR analysis detected the
mecAgene using both enrichments in samples that wegative by conventional multiplex
PCR in four pork meat and four deli meat samplesng) the primary enrichment, the real-
time PCR detected thmecAgene in one sample isolated from a sheep, andrbwo pork
meat, which were negative using the secondary lemeat. Using the secondary enrichment,
the real-time PCR detected threcAgene from one sample isolated from a pig, two fpmrk
meat, and two from deli meat, which were negatsiagithe primary enrichment.

The PVL gene was not detected in any sample bgdheentional culture/PCR method or the

real-time PCR assay.

Table 3 shows the results of real-time PCR usimgany and secondary enrichments on the
detection ofS. aureuscompared with a conventional culture/PCR methamtalTagreement
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and thekappastatistic for real-time PCR using the primary ehment samples were 85.7%
(k=0.72, CI95%: 0.62-0.82), 83.9%0.68, CI95%: 0.59-0.76), and 97.8%0.88, CI95%:
0.78-0.97) for animals, raw meat, and deli meapeesvely. For real-time PCR using the
secondary enrichment samples, the total agreemerthakappastatistic were 88.3%k£0.77,
Cl95%: 0.67-0.86), 87.5%k£0.75, Cl95%: 0.67-0.83), and 68.9%=0.29, CI95%: 0.16-
0.43) for animals, raw meat, and deli meat respelgti Positive agreement (sensitivity) was
100% for animal samples using both enrichments. &umals and raw meat, a higher
negative agreement (specificity) was obtained feal-time PCR using the secondary

enrichment.

Six samples isolated from animals and six from nagat were deemefl. aureusiegative by
the conventional culture/PCR method, but positiyerdal-time PCR using the primary and
secondary enrichments. Thr8eaureusamples isolated from raw meat were positive gy th

conventional culture/PCR method, but negative leyréal-time PCR assay.

The real-time PCR method using the primary enriaghinfi@iled to detect the presence Sf
aureusin four samples: three isolated from raw meat (froon beef, one from poultry) and
one from deli meat (ham) that were positive by¢hiure method and by the real-time PCR
assay using the secondary enrichment samples. Wengecondary enrichment samples, the
real-time PCR assay failed to detect three samgtdated from raw meat (pork) that wese

aureuspositive by the culture method and using the prjnggarichment in real-time PCR.

The results of real-time PCR using primary and sdaoy enrichment on the detection of the
mecAgene compared with a conventional culture/PCR atkire shown in Table 4. Total
agreement for real-time PCR using the primary ascbisdary enrichment samples ranged
from 91.1% to 98.7% and from 86.7 to 98.7%, respelst Thekappastatistic was zero when
the mecAgene was not detected by the conventional cuR@B/ method and 0.49 (C195%:
0.39-0.58) for raw meat. Positive agreement (sertgit of 100% was obtained for raw meat

samples for both methods.

The real-time PCR assay detected ez Agene in samples that were negativeSoaureus
by the conventional culture/PCR method (one fropiga one from a sheep, four from pork,

four from deli ham, and one from deli turkey). Alf these samples were identified as
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harboringS. epidermidisS. saprophyticusr S. haemolyticusising biochemical analysis on
isolates recovered. However, three of these san{ples from a pig, two from pork meat)
tested positive for theauc gene when primary and secondary enrichments wesesaed by
real-time PCR.

Table 5 shows the antimicrobial resistance profiled the sequence types of the ninety-8ve
aureusstrains isolated from animals and retail meath®gydonventional culture/PCR method.
A total of thirteen antimicrobial resistance prefilwere identified among. aureussolates.
Most of theS. aureussolates were resistant to tetracycline and linpadm and were of ST9.
A total of twenty-twoS. aureudsolates exhibited multi-drug resistance. Susbdjtyi to all
antimicrobials tested were found in thirty-fi% aureussolates, which were mostly recovered

from chicken meat and identified as ST5.

2.4 Discussion

In this study, a high recovery &. aureuswas found in animals and meat samples by the
culture/PCR method and the real-time PCR assayl¢Taph The inclusion of selective
enrichment steps has been found to increase teefatetection of. aureud15]. Waterset

al. (2011) [26] also found a high prevalencesofaureusn raw meat (47%) using a single step
selective enrichment protocol, followed by platioig Baird Parker agar, and confirmation by

real-time PCR targeting tHemAgene.

The kappastatistic for detection d&. aureususing the primary enrichment in real-time PCR
was 0.68-0.88 (Table 3), which indicates a gooceament (substantial to almost perfect
agreement) with the conventional culture/PCR methéging the secondary enrichment and
real-time PCR, th&appastatistic for detection db. aureusvas 0.29-0.77, resulting in a fair
agreement when deli meat was tested. This is duketsignificantly higher recovery &.
aureusfrom the secondary enrichment samples by real-f®@@&® (Table 2), and the lower
negative agreement (specificity) obtained with thiethod (Table 3). This observation
suggests that small numbers (or levels)Sofaureuscould be missed when the primary
enrichment alone is used in real-time PCR, andttieatecovery of potentially injured or non-
viable strains appears to be enhanced when a sagoedrichment is applied. The enhanced

detection also suggests that the use of a stamdétrde method or primary enrichment alone
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could lead to higher false negative results. Theesf including a secondary selective

enrichment step appears to improve the odds ottieteof positiveS. aureusamples.

Multiplex real-time PCR could detect mo&e aureugositive samples than the conventional
culture/PCR method alone. Possible reasons foetllissrepant results include: amplification
of DNA by the real-time PCR from very low levels $f aureughat were not detectable by
the bacteriological methods due to competition on-uwiable S. aureusin the samples, or
false-positive real-time PCR results as a resultros-reaction rather than false-negative
culture results [23]. However, the possibility thia¢se results are considered as false positives
in this study is probably very low, because theegaurc, which was targeted by the real-time
PCR assay, has been used for specific detectiondemdification ofS. aureuspreviously
[21,22,34,35]. Unfortunately, it was not possibdeconfirm these results by performing the
cultural method as detection was carried out froMADextracts only, and the cells had
already been inactivated. The inability of real¢ilRCR to detect thre®. aureussamples
isolated from raw meat that were positive by thiuce method is somewhat unsatisfactory,

and could be considered as false-negative results.

For detection omecAgene, th&kappastatistic for both enrichments in real-time PCR Was
0.49 (Table 4). Th&=0 indicates no agreement beyond that expectechayoe, because the
real-time PCR assay detected thecAgene probably from bacteria other tHanaureusand
the culture/PCR method detected timecA gene from DNA extracted from confirmesl
aureusstrains. However, a femecApositive samples were obtained from animals andtme
in this study (Table 2). Weess al (2010) [25] detected a low prevalence of MRSA in
samples isolated from retail meat (9.6% in pork%b.in beef and 1.2% in chicken), using a

single-step selective enrichment protocol, folloveéglating and biochemical testing.

The detection of thenecAgene by the real-time PCR assay in samples that megative for
S. aureusby the conventional culture/PCR method may be ttughe fact that either
coagulase-negative staphylococci and ®naureusspecies can also carry tineecAgene
[21,36-38]. In this study, such samples were ideutias Staphylococcuspp. positive by
biochemical testing. In addition, tteecAgene has been found in non-staphylococcal genera,

such asProteus vulgarisMorganella morganiiEnterococcus faecali89] suggesting that its
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use in a rapid screening technique would needdusthlidation to avoid false-positive MRSA
data being generated. In this study, the DNA extvacwas carried out from selective
enrichments, which could contain DNA from coagulpssitive or coagulase-negative
staphylococci or non-staphylococcal species thay weary the mecA gene, therefore a
positive result for theucandmecAgenes does not indicate the presenc®. @ureusarrying

themecAgene.

None of the samples obtained from animals andlnet@at were positive for the PVL genes
using both methods the conventional multiplex PGRI @he real-time PCR. A similar
observation was reported by Weedeal (2010) [25], who also failed to detect PVL possti
samples in raw meat in Canada using the real-ti@R f&chnique. The PVL genes encode the
Panton-Valentine leukocidin toxin, which is a vente factor that have been found in severe
cases of CA-MRSA [7,8,9].

Decreasing the time of detection $f aureusand MRSA has become an important goal in
microbiological analysis of clinical samples. HowevsinceS. aureusST398, multi-drug
resistantS. aureugTable 5), and MRSA are present in animals and fi€afl 7], decreasing
the time of analysis may allow for prompt actiontéde place thus reducing the spread of
those strains in the food chain. The real-time RSgay can potentially decrease the total time
for detection ofS. aureusand the presence of tlmeecAgene in animal and meat samples.
Using the two-step selective enrichment the tataktwas <2 days by the real-time PCR
method, compared with a total time of 6-7 days gsine culture method that includes
selective enrichments, plating steps, biochemestirig and a conventional multiplex PCR for
confirmation. However, the presence of MRSA shdwtdconfirmed by a culture method if
isolates are required for follow on studies. Soea-time PCR assays have been developed
for the rapid detection of MRSA from clinical sarepl[37,40-42]. Daniagt al (2011) [42]
reported that the real-time PCR assay detected tné¥% MRSA-positive samples than the
routine standard Brilliance Chromogenic MRSA agaltuze method in a total time of 8 h.
Huletsky et al (2004) [40] detected MRSA directly from clinicapecimens containing a
mixture of staphylococci in less than 1 h, withadsé-positive detection rate of 4.6% for
MRSA that was actually MSSA. Paw¢al (2005) [41] developed a multiplex real-time PCR
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that detected the genBmmAandmecAdirectly from blood culture bottles in 2-3 h, abiag

an indeterminate rate of 0.9% when coagulase-nagstaphylococci strains were included.

In conclusion, the application of real-time PCR ngsiselective enrichments appears to
improve the detection &. aureusand themecAgene in samples extracted from animals, raw
meat and deli meat. The real-time PCR assay maget@mmended as a rapid method to
detectS. aureusand themecAgene in samples obtained from the meat productiaain;
however, if further confirmation of MRSA should Ibequired (isolate recovery) then the

application of the standard culture method in paratay be warranted.
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Table 1 (Desarrollo 2).Nucleotide sequence of the primers and probes iaseanventional
multiplex PCR, multiplex real-time PCR.

Primer or probe 5' Reporter dye

Sequence (553"

name 3' Quencher
16S rRNA*
Staph-756F AAC TCT GTT ATT AGG GAA GAA CA
Staph-750R CCACCTTCCTCCGGTTTGTCACC
nuct
nuc For CAA AGC ATC AAA AAG GTG TAG AGA
nuc Rev TTCAAT TTTCTT TGC ATT TTC TAC CA Texas Red
nuc Probe TTT TCG TAAATG CACTTG CTT CAG GAC CA lowa Black
mecA
mecA-1F* GTA GAA ATG ACT GAA CGT CCG ATAA
mecA-2F* CCAATT CCACATTGT TTC GGT CTAA
mecA Fort GGC AAT ATT ACC GCA CCT CA
mecA Revt GTCTGCCACTTTCTCCTT GT FAMT
mecA Probet AGA TCT TAT GCA AAC TTA ATT GGC AAATCC TAMRAT
PVL
luk-PV-1F* ATC ATT AGG TAA AAT GTC TGG ACATGATCC A
luk-PV-2R* GCA TCA AGT GTATTG GAT AGC AAA AGC
PVL Fort ACA CAC TAT GGC AAT AGT TATTT
PVL Revt AAA GCAATG CAATTG ATG TA Cy5t
PVL Probet ATT TGT AAA CAG AAATTA CAC AGT TAA ATATGA lowa Black

*Conventional multiplex PCR, according to McClwtal (2006) [43].
tMultiplex real-time PCR, according to McDonatal (2005) [35].
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Table 2 (Desarrollo 2).Detection ofS. aureusmecAand PVL genes from animals and retail

meat using a conventional culture/PCR method amalatime PCR assay.

Real-time PCR

Secondary enrichment

Culture/PCR method
(No. of positives)

Primary enrichment
No. of

type samples

Sample

(No. of positives) (No. of positives)

S.aureu mec S.aureu mec S.aureu mec

. A PVL . A PVL . A PVL

Animals

Cow 14 0 0 0 4 0 0 3 0

Pig 28 21 0 0 25 0 0 24

Sheep 35 11 0 0 14 1 0 14 0 0
Total 77 32 0 0 43 1 0 41 1 0
Meat

Beef 36 9 0 0 10 0 0 12 0 0

Pork 37 25 2 0 26 6 0 27 6 0

Poultry 39 24 0 0 28 0 0 21 0 0
Total 112 58 2 0 64 6 0 60 6 0
Deli meat

Chicken 9 2 0 0 2 0 0 4 0 0

Ham 20 0 0 2 3 0 11 5 0

Turkey 16 0 0 0 1 0 4 1 0
Total 45 5 0 0 4 4 0 19 6 0
Total 234 95 2 0 111 11 0 120 13 0
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Table 3 (Desarrollo 2).Raw agreement indices among conventional culture/R@thod and
real-time PCR assay, with two-step enrichment pioce for detection ofs. aureusfrom

animals and retail meat.

) No. positive No. (%) of samples*
Comparison
o No. of by Positive Negative kappa
within each Total o
samples culture/PCR agreement agreement statistic
sample type o - agreement
method  (Sensitivity) (Specificity)
Real-time PCR
primary
enrichment
Animals 77 32 32 (100.0) 34 (75.6) 66 (85.7)0.72
Meat 112 58 52 (89.7) 42 (77.8) 94 (83.9) 0.68
Deli meat 45 5 4 (80.0) 40 (100.0) 44.87 0.88
Real-time PCR
secondary
enrichment
Animals 77 32 32 (100.0) 36 (80.0) 68 (88.3)0.77
Meat 112 58 52 (89.7) 46 (85.2) 98 (87.5) 0.75
Deli meat 45 5 5(100.0) 26 (65.0) 3198 0.29

*Percentages for positive agreement with cultur&P@ethod number positive as the
denominator. Percentages for negative agreemehtanlture/PCR method number negative
as the denominator. Percentage total agreemefitasned from the sum of the positive and
negative agreement frequencies divided by the sataple size within each sample type.
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Table 4 (Desarrollo 2).Raw agreement indices among conventional culturie/R@thod and
real-time PCR assay, with two-step enrichment piocefor detection of thenecAgene from

animals and retail meat.

N No. (%) of
) No. positive
Comparison samples*
. No. of by _ _ kappa
within each Positive Negative o
samples culture/PCR Total statistic
sample type agreement agreement
method o . agreement
(Sensitivity) (Specificity)
Real-time PCR
primary
enrichment
Animals 77 0 - 76 (98.7) 76 (98.7) 0.00
Meat 112 2 2 (100.0) 106 (96.4) 108 (96.4)0.49
Deli meat 45 0 - 41 (91.1) 41 (91.1) 0.00
Real-time PCR
secondary
enrichment
Animals 77 0 - 76 (98.7) 76 (98.7) 0.00
Meat 112 2 2 (100.0) 106 (96.4) 108 (96.4)0.49
Deli meat 45 0 - 39 (86.7) 39 (86.7) 0.00

*Percentages for positive agreement with culturé&P@ethod number positive as the
denominator. Percentages for negative agreemehtanlture/PCR method number negative
as the denominator. Percentage total agreemefitasned from the sum of the positive and
negative agreement frequencies divided by the sataple size within each sample type.
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Table 5 (Desarrollo 2). Antimicrobial resistance profiles and sequence sypeS. aureus
isolated by conventional culture/PCR method fronmefs and retail meat.

Antimicrobial resistance profile* No. ofNo. of S. Sequencetypes (n) t
antimicrobial aureus isolates
subclasses  with the
specific profile
PEN-TET-ERY-TYL-LINC-STR-CHL 6 2 Pig-ST9 (2)
PEN-TET-LINC-STR-CHL 5 1 Pig-ST9 (1)
TET-ERY-TYL-LINC 3 7 Pork-ST398 (5) Pork-ST5**
Pork-ST9 (1)
PEN-LINC-STR 4 1 Pig-ST9 (1)
PEN-ERY-LINC 3 7 Pork-ST9 (4) Pork-ST15 (2)
Pork-ST8 (1)
TET-LINC-STR 3 1 Pig-ST9 (1)
ERY-TYL-LINC 2 3 Chicken-ST5 (3)
PEN 1 3 Pork-ST5 (1) Pork -ST5 (1)*

Pork-ST9 (1)

TET 1 13 Sheep-ST398 (3) Sheep-ST133 (2)
Sheep-ST2111 (1) Pig-ST9 (1)
Pork-ST1 (2) Pork-ST5 (2)
Pork-ST398 (1) Pork-ST15 (1)

ERY 1 1 Deli chickenChicken-ST39 (1)

LINC 1 5 Pig-ST9 (3) Sheep-ST133 (1)
Deli ham-ST15

Susceptible to all tested 0 3525 Chickam- (1513) Chicken-ST6
(32)

Chicken-ST508 (1) Chicken-NT% (1)

Pork-ST5 (2) Beef-ST1159 (3)

Beef-ST2187 (1) Beef-ST188 (1)

Beef-ST15 (1) Beef-ST72 (1)

Beef-ST5 (1) Beef-ST1 (1)Deli ham-

ST146 (1)

Deli ham-ST5 (1)

Deli chicken-ST5 (1) Pig-ST9 (1)
Total 95

*Antimicrobial abbreviations are as following: CHthloramphenicol; ERY, erythromycin; LINC, linconigg
PEN, penicillin; STR, streptomycin, TET, tetradgel, TYL, tylosin.
tST, sequence type. £NT, non-typeableetAgene positive.
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Abstract

Methicillin-resistantStaphylococcus aure®8RSA) harbors thenecAgene, which encodes
the low-affinity penicillin-binding protein 2a (PBR), and most community-associated
MRSA (CA-MRSA) strains harbor genes encoding thet®a-Valentine leukocidin (PVL)
exotoxin. The aim of this study was to determine diccurrence 06. aureusarboringmecA
and PVL genes in hospital patients and healthy leeapNorth Dakota, United States. A total
of 108 MRSA isolates recovered from hospital pdasemere examined. Nasal swabs were
taken from 550 healthy subjects, @@daureusvas isolated and identified by culture method
and biochemical testing. Multiplex PCR (mPCR) waedito confirnS. aureusand to detect
themecAand PVL genes. A total of 105 (97.2%) clinicall&tes harbored theecAgene and
11 (10.2%) PVL genes. The prevalence of nasalagerofS. aureusn healthy people was
7.6%. None of theS. aureusstrains obtained from healthy people wenecA nor PVL-
positive. Therefore Staphylococcus aureusarboringmecAand PVL genes is present in
patients affected by invasive infections, and thsah carriage 0. aureusn healthy humans
seems to be low, without the presencemacAand PVL genes, representing a low risk of

transmission among the community.
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3.1 Introduction

During the last decades, many bacterial specieg kdaveloped resistance to antimicrobial
agents that have been commonly used to treat tBarar{z, 1997)Staphylococcus aureus
one of the pathogens that are known to rapidly ldgva resistance to antimicrobial agents

since new antibiotics are introduced (Lowy, 2003).

A few years after the introduction of penicillinrfolinical use, the first penicillin-resistast
aureuswas found. Methicillin-resistars. aureusfMRSA) strains were identified in clinical
specimens in 1961, within one to two years of tiieoduction of methicillin (Jevons, 1961; de
Lencastre et al., 2007).

Methicillin-resistant S. aureushas been implicated in both community-associateé- (
MRSA) and healthcare-associated (HA-MRSA) infeciomorldwide. Nasal carriage &.
aureusand MRSA in humans in the United States was apmrabely 29% (78.9 million
people) and 1.5% (4.1 million people) respectivaty2003-2004 (Gorwitz et al., 2008). In
2005, there were an estimated 478,000 hospitaizsitithat corresponded t8. aureus
infections, of which approximately 278,000 hospratiions were attributed to MRSA
infections (Klein et al., 2007). In addition, arvasive MRSA infection was developed by
about 94,000 people, of which approximately 19,08f1. Of these infections, about 86%
were HA-MRSA and 14% were CA-MRSA (Klevens et &007). However, HA-MRSA
clones have been progressively replaced by CA-MRSwins due to the expanding
community reservoir and the increasing influx itlie hospital of individuals who harbor CA-
MRSA (Benoit et al., 2008; D'Agata et al., 2009nid0 et al., 2013).



75

Resistance to methicillin i8. aureuss primarily mediated by thenecAgene, which encodes
the low-affinity penicillin-binding protein 2a (PBR) (Hartman and Tomasz, 1981; Van De
Griend et al., 2009). Most CA-MRSA strains harbengs encoding the Panton—Valentine
leukocidin (PVL) exotoxin (Baba et al., 2002; Dufaat al., 2002), which has been related to
severe skin infections and necrotizing pneumonize(Eet al., 2009).

The objective of this study was to determine theuoence ofS. aureusharboringmecAand

PVL genes in hospital patients and healthy peaplBlorth Dakota, United States.
3.2 Materials and Methods
3.2.1 Samples

A total of 108 MRSA isolates recovered from hodpgatients with wound or blood stream
infections (sepsis, bone, cerobrospinal fluid [CS#hovial fluid, subdural fluid, tissue, leg
ulcer and pleural fluid) were obtained from Bism@a&tate Hospital, Bismarck, ND, in July
2010.

In addition, during the Fall Semester 2010 and $ipeing Semester 2011 a total of 550
samples were obtained from undergraduate studentiezl in the Department of Veterinary
and Microbiological Sciences, North Dakota Stateiversity (ND, USA), who were
considered as healthy people. Nasal swabs wera takm the subjects by using a sterile
moistened swab inserted into the nostril, to a leptapproximately 1 cm, and rotated five
times. For each subject, both nostrils were sampgidg the same swab. Nasal swabs were
inoculated onto mannitol salt agar (MSA) plates df®a, Dickinson and Company [BD],
Sparks, MD) and incubated at 37°C for 48 h. Allocoés surrounded by yellow zones on
MSA after incubation were selected. Colonies witinkpor red zones were excluded.
PresumptiveS. aureuscolonies in MSA were confirmed using Sensititrea@rPositive 1D
(GPID) plates (Sensititfé, TREK Diagnostic Systems Ltd., Cleveland, OH),adag to the

manufacturer's recommendations.

MRSA clinical isolates and confirmesl aureussolates from healthy people were stored at -

80°C in brain—heart infusion broth (BD) containi2@% glycerol until use.
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3.2.2 Multiplex polymerase chain reaction (MPCR)

All' S. aureusstrains were recovered from frozen stock to togste soy agar (TSA) plates
(BD) and incubated at 37°C for 18-24 h. DNA exti@ttwas carried out by suspending one
colony in 50 pL of DNase/RNase-free distilled waf@ibco Invitrogen, Grand Island, NY,

USA), heating (99°C, 10 min) and centrifugation,(@®x g, 1 min) to remove cellular debris.

The remaining DNA was transferred to a new tubestacked at -20°C.

Multiplex PCR assay for the detection of 16S rRNAeftification of S. aureuy mecA
(detection of MRSA) and PVL-encoding genes (Tahlengluded 2 pL of the DNA template
(described above) added to a 50 pL final reactiotdure: 1X Go Taq® Reaction Buffer (pH
8.5), 0.025 U/uL of Go Tag® DNA polymerase, 200 | dNTP (Promega, Madison, WI,
USA) and 1 pM of primers (16S rRNAnecA LukS/F-PV) (Integrated DNA Technologies,
Inc., Coralville, IA, USA).

Multiplex PCR reactions were carried out in a thecyctler (Eppendorf, Hamburg, Germany),
according to the protocol described by Makgotlhalef2009).

PCR amplicons (1QuL) were loaded into a 1.5% (wt/vol) agarose gel dfge I") using

EzVision One loading dye (Amresco, Solon, OH, USAJ electrophoresis was carried out in
1X TAE buffer at 100 V for 1 h. A molecular weigimarker 100-bp ladder (Promega,
Madison, WI, USA) and a positive control (ATCC 33%%vere included on each gel. Bands

were visualized using an Alpha Innotech UV imagéu¢rChem™).
3.2.3 Statistical analysis

The Chi-square test was used to assess the sggraéadn prevalence of 16S rRNéecA and
PVL-encoding genes in isolates between sample typely if no more than 20% of the
expected counts were less than 5 and all individypected counts were 1 or greater (Moore,
2007). On the contrary, Fisher's exact test wasl wgéh a two-sided p-values. SAS software

version 9.2 (SAS Institute Inc., Cary, NC) was usedssess significance withP&0.05.
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3.3 Results

All clinical isolates were confirmed &. aureusstrains by the detection of 16S rRNA gene
using the mPCR technique. Previously, these clingzdates had been identified as MRSA
strains in the hospital using microbiological prdeees. Among the 108 MRSA clinical
isolates, a total of 105 (97.2%) harbored riinecAgene and 11 (10.2%) harbored PVL genes.
The mPCR method did not detect the PVL genes in MR®&ains isolated from hospital
patients affected by wound infections (Table 2).

The prevalence of nasal carriageSfaureusn healthy people was 7.6%. There were not
significant differencesH=0.05) between the seasons of sampling. None ok tiedates

harbored thenecAgene nor PVL genes.
3.4 Discussion

Three clinical isolates identified as MRSA in theshital did not harbor themecAgene. This
may due to false positive results obtained by ti@ahiological method in the hospital or the
presence of the novehecAhomolog genenjecAcazs: renamed asnecQ that has been
detected in MRSA isolated from humans and livestibeit had beemecAnegative in recent
studies (Garcia-Alvarez et al., 2011; Ito et ab12 Laurent et al., 2012; Monecke et al.,
2013; Petersen et al.,, 2013). The proportion of MRS relation to allS. aureusstrains
causing infections is still unknown, difficultinp¢ accurate estimations of the magnitude of
MRSA infections to take the right actions in publiealth policies (Klevens et al., 2007;
Moxnes et al., 2013).

In this study, the virulence factor PVL, that enesdhe PVL exotoxin is. aureugelated to
severe skin infections and pneumonia, was detesmkly in 11.1% of MRSA isolates from
patients affected by blood stream infections. MRS®#ates from patients affected by wound
infections did not harbor the PVL genes. Althoulga PVL genes were considered as a stable
marker for CA-MRSA, some CA-MRSA strains have bémmd to be PVL-negative (Nimmo

et al., 2013).
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The isolation and identification &. aureusstrains in healthy people were carried out using a
culture procedure followed by a biochemical tes{i8gnsititrél). The detection 08. aureus

positive colonies obtained by the biochemical restigreed in 100% with the results obtained
by the mPCR method targetting the 16S rRNA generdibre, both methods can be used for

confirmation ofS. aureustrains.

In this study, the nasal carriage ®f aureusin healthy people was around 7.6%, which is
considerably lower than the prevalence found ireogtudies, that have reported a prevalence
of S. aureusn the community around 29-32% (Mainous et al.,&0Borwitz et al., 2008) and
among healthcare workers and patients between 29{Kamar et al., 2011; Al-Talib et al.,
2013).S. aureusstrains isolated from healthy people did not hathemecAand PVL genes,
representing a low risk of transmission in the camity. Other studies have reported a nasal
carriage of MRSA approximately of 0.8-1.5% in thenmgnunity (Mainous et al., 2006;
Gorwitz et al., 2008), 0.5-44% in patients (Tiemeaset al., 2004), 20% in healthcare workers
(Kumar et al., 2011) and 30% in people living amarking in farms with MRSA-positive pigs
or dust (Van den Broek et al., 2009). Studies tepbrted a high prevalence $f aureusand
MRSA in the community have considered a higher damsfze of subjects, with different
demographic characteristics (age, race/ethnicey, place of birth) and with samplings in
different years. In addition, the high prevalenéeSo aureusand MRSA among healthcare
workers and patients is due to the exposure to itabspnvironment with major risks in

transmitting and spreading nosocomial infections.
3.5 Conclusion

Staphylococcus aureusarboringmecA and PVL genes is present in patients affected by
invasive infections. The nasal carriageSfaureusn healthy humans seems to be low, and
themecAand PVL genes could not be present. Therefore, MR&ht not represent a severe

risk for transmission among the community.

Further molecular typing techniques are needednfwave the molecular characterization of
theS. aureussolates obtained from humans.
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Table 1 (Desarrollo 3).Nucleotide sequence of the primers used in theiphext PCR for
detection of the 16S rRNA gene, tiiecAyene and the PVL genes (McClure et al., 2006).

. . . Amplicon
Primer Oligonucleotide sequence _
Size (bp)
Staphy 756 F 5-AAC TCT GTT ATT AGG GAA GAA CA-3 756
Staph 750 R 5-CCA CCT TCC TCC GGT TTG TCA CC-3
mecAl F 5-GTA GAA ATG ACT GAA CGT CCG ATA A-3’
mecA2 R 5-CCAATT CCA CAT TGT TTC GGT CTA A-3’ 310

luk-PV-1 F  5-ATC ATT AGG TAA AAT GTC TGG ACA TGA TCC A-3’
luk-PV-2 R 5-GCA TCA AGT GTA TTG GAT AGC AAA AGC-3’ 433
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Table 2 (Desarrollo 3).Identification of 16S rRNAmecAand Panton-Valentine Leukocidin

(PVL) genes irStaphylococcus aureusolates from healthy people and methicillin-resise

Staphylococcus aure{MRSA) isolates from hospital patients.

No. of No. of isolates with the specific
No. of samples
No. of N samples gene (%)
Source positive forS. N
samples positive for 16S
aureus(%) mecA PVL
MRSA (%) rRNA
Hospital patients
Blood 99 99 (100) 99 (100) 99 (100) (98.0) 11 (11.1)
Wound 9 9 (100) 9 (100) 9 (100) 9 (100) 0 (0.0)
Total 108 108 (100) 108 (100) 108 (100) 105 (97.2)1 (10.2)
Healthy people
Fall 2010 231 17 (7.4) 17 (7.4) 0 (0.0) 0(0.0)
Spring 2011 219 25 (7.8) 25 (7.8) 0 (0.0) @)0.
Total 550 42 (7.6) 42 (7.6) 0 (0.0) 0 (0.0)
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ll. DISCUSION GENERAL

En este estudio se encontro una alta prevaleeda dureusen animales y carne cruda
(35% y 48%, respectivamente), observandos una nmgeelencia en corderos y cerdos y en
las carnes de pollo y cerdo. Sin embargo, en ptoduwérnicos la prevalencia 8eaureusue
menor (13%). En personas sanas, se obtuvo ungtmgarcion de portadores & aureus
(8%), cuando se compara con los resultados de estaglios (Mainous et al., 2006; Gorwitz
et al., 2008). Adicionalmente, se detecto la preisetiel germecAsoélo en carne de cerdo, con
una baja prevalencia (3%) similar a lo reportadoteas investigaciones (de Boer et al., 2009;
Pu et al., 2009). Finalmente, se determin6 en aesr(cerdos y corderos) y carne de cerdo la

presencia d&. aureusViR y S. aureusST398.

La presencia de SARMS. aureusMR y S. aureusST398 en animales de abasto, en
carne y productos carnicos, sugiere que las pesspodrian estar expuestas a adquirir este
tipo de agentes de infeccidn a través de la capethuctiva de la carne, existiendo un riesgo

mayor cuando se trata de productos carnicos queguieren coccion previa al consumo.

En este estudio no se detectaron los genes PViingnna de las cepas & aureus
aisladas de animales, carne y personas sanas.alfploas cepas de SARM obtenidas de
pacientes enfermos hospitalizados (10%) resultasen positivas para estos genes de

virulencia.

Los resultados de prevalencia $ieaureuobtenidos en animales y carne mediante el
método de cultivo coincidieron con los resultadbtenidos a través de la técnica de PCR
(identificacion del gen ARNr 16S). Por esta raz@sulta conveniente incluir una etapa de
enriquecimiento selectivo previo a la etapa devaulelectivo, seguido de la confirmacion de

las cepas presuntivas deddireusa través de pruebas bioquimicas.

En este estudio la deteccion de SARM se determit@vés de la técnica de PCR
(identificacion del genmecA y test de susceptibilidad antimicrobiana (resisiz a
antibioticos -lactamicos). Existen otros meétodos que se haieadid para confirmar la
presencia de SARM. Estos métodos incluyen testsudeeptibilidad antimicrobiana a la

oxacilina o cefoxitina (Danial et al., 2011; Kunwral., 2011; Kim et al., 2013; Nimmo et al.,
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2013) o deteccion de la proteina PBP2a a travésstiede aglutinacion (Anderson and Weese,
2007; Weese et al., 2010; Danial et al., 2011).

El método utilizado para aisl&. aureusy SARM puede influir en los resultados de
prevalencia. Algunos autores han utilizado solo etaga de cultivo en placa (Weese et al.,
2006; Aydin et al., 2011), y otros han incluidopeta. de enriquecimiento selectivo previo a la
etapa de cultivo (Wertheim et al., 2001; de Boém=.e2009; Pu et al., 2009; Tenhagen et al.,
2009; Broens et al., 2011; Pu et al., 2011; Zharad. £2011). de Boer et al. (2009) utilizando
las etapas de enriquecimiento primario y secundadmo se describe en el presente trabajo,
obtuvieron una mayor deteccion de SARM en muesigasarne. Tanto las cepasSleaureus
y SARM pueden ser aisladas utilizando medios setecgue contienen NaCl. Sin embargo,
algunas cepas de SARM no crecen cuando la concémtraxcede de 2,5% (Jones et al.,
1997). Ademas, algunos medios suplementados cdnditbs podrian causar un crecimiento
exacerbado de cepas 8eaureususceptibles a la meticilina (Bocher et al., 2008llar en
el aislamiento de SARM. Por esta razén, se recataiémncluir siempre un medio de cultivo

libre de antibioticos, aunque el objetivo sea &nidicacion de SARM (Pu et al., 2009).

La rapida deteccion d&. aureusy SARM en animales y carne permitiria disminuir el
riesgo de exposicion a contaminacion en la cadesuptiva de la carne. En este estudio para
disminuir los tiempos de deteccion, se desarratiGnsayo de PCR multiple en tiempo real
con el fin de detectar los genesc (identificar S. aureuy mecA(asociado a SARM) y PVL
(factor de virulencia), en muestras extraidas denaes y carne. Se encontré una
concordancia total alta entre el método de cultimovencional y la técnica de PCR en tiempo
real, con una mayor deteccién al utilizar el metkoenriquecimiento secundario. Lo anterior
se deberia a la recuperacion de células dafiaddgizdr el enriquecimiento secundario y a
que niveles bajos d&. aureusho serian detectados al utilizar s6lo el enriquesito primario
en PCR en tiempo real. Sin embargo, la técnica wWtva@ convencional sigue siendo
considerada la metodologia estandar para la itEadién deS. aureugHuletsky et al., 2004;
Paule et al., 2005; Danial et al., 2011) y PCR eowional (deteccion del genecA para la
identificacion de SARM (Maes et al., 2002; Makgotht al., 2009).
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Para la técnica de PCR en tiempo real, se utibiN extraido de los caldos de
enriguecimiento de las muestras obtenidas de aményatarne, por lo cual la concentracion y
procedencia del material genético fue variable.d8eectd la presencia del gemecAen
muestras que resultaron ser negativas Paeareuspero positivas par@taphylococcuspp. a
través del método de cultivo y test bioquimicostoEgesultados son considerados falsos
positivos, ya que se ha detectado el gecAtanto enS. aureusomo en cepas staphylococci
coagulasa-negativa (Ryffel et al., 1990; Hagen.e2805; Higashide et al., 2006; Thomas et
al., 2007; Black et al., 2011). Desafortunadamesnegste estudio los resultados no pudieron
ser validados a través del método de cultivo, yaspiutilizd extractos de ADN, habiéndose

inactivado las células previamente.

El método de PCR en tiempo real utilizado en estedio debid evaluarse en términos
de sensibilidad de deteccion, determinando la cdre@dn minima de ADN para obtener
amplificacion. Ademas de utilizar las muestras rexterno, se recomienda incorporar un
control interno de amplificacion que podria indic@sultados falsos-negativos, por la
presencia de inhibidores en la reaccion, mal furasigento del termociclador, actividad baja

de la polimerasa o incorrecta solucion de PCR (fdoet al., 2004).

La similitud genética encontrada entre las cepss. dureusaisladas de cerdos y carne
de cerdo (ST9), sugiere la posible contaminaciotadmrne durante la etapa de la faena. De
las cepas positivas para el gaecA dos resultaron ser ST5, y tres ST398, todas éracas
en carne de cerdo. Ademas, se encontro una altalpneia deS. aureusST398 (no-SARM),
lo cual indica un riesgo potencial para las persate adquirir esta infeccion a través de la

cadena productiva de la carne.

Para la tipificacion molecular d& aureusa través de PFGE se sigue el protocolo de
PulseNet, que utiliza la enzima de restriccimd. Sin embargo, esta enzima no puede digerir
el ADN de las cepas ST398, debido a que presemtarenzima que metila la secuencia de
reconocimiento d&mad (Bens et al., 2006). Por lo tanto, no es posillitener un patron de
restriccion con PFGE para ser comparado con osjpasc Por esta razon, en este estudio se
utilizé una segunda enzima de restriccidmd (un isoesquizémero demad), con la cual se

obtuvo patrones de restriccion con bandas muyekede las cepas ST398. Para poder realizar
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un analisis mas preciso de la tipificacion molecd@S. aureusST398 con PFGE, se debe
buscar enzimas de restriccion que actien sobre sté@iencias de reconocimiento, diferentes
a las enzima$Smd y Xmd, y asi establecer un protocolo de PFGE para égai< que no

presenten un patrén de restriccion definido.

Para tener mayor precision en la tipificacién roolar de las cepas, se recomienda la
utilizacion de al menos dos técnicas molecularen@Ver et al., 1994). En este estudio se
utilizé la técnica PFGE y MLST en la tipificaciome das cepas d&. aureus Generalmente,
PFGE y MLST clasifican las cepas en clusters smslgCatry et al., 2010). Otro método de
tipificacion utilizado par&s. aureuses la tipificacion depg la cual tiene como desventaja de
gue lineas clonales no relacionadas pueden $gagipos similares (Van den Broek IV et al.,
2009; Golding et al., 2008). Por esta razon, seipnabtener discrepancias con respecto a los
resultados a través de MLST y PFGE (Golding et 2008). Sin embargo, el método de

tipificacion molecular con mayor poder de discriation es PFGE (McDougal et al., 2003).

Todas las cepas SARM detectadas en este estuslittaren ser resistentes a la
penicilina a través del test de susceptibilidadna@intobiana, obteniéndose una CMI mayor
gue en las otras cepas SeaureusAdemas, se obtuvo una alta prevalenci&daureusviR
[resistente al menos a tres agentes antimicrobigfpgdin et al., 2011)] en animales y en
carne cruda, principalmente a los antibiéticos giBna, tetraciclina, lincomicina y
eritromicina. La multirresistencia se presentd gpalmente en cepas ST398 y ST9, las cuales
se asocian a animales, especificamente a cerdeosgs(eeal, 2008; van Belkum et al., 2008;
Guardabassi et.al009; Krziwanek et al., 2009).

Los agentes antimicrobianos son drogas efectivaga los agentes infecciones. Sin
embargo, su uso imprudente contribuye a la resistdracteriana, ya sea en hospitales, en la
comunidad o en produccién animal. El uso extendiz@gentes antimicrobianos ejerce una
presion selectiva sobre las cepas resistentednaticho los competidores susceptibles (Swartz,
1997; Marinelli y Tomasz, 2010). Los glicopéptidospmo la vancomicina, son
frecuentemente utilizados para el tratamiento texaiones causadas por SARM, sin embargo,
en los dltimos afios ha aumentado la incidenciég . daureuscon resistencia y resistencia

intermedia a este antibiotico (Tiwari y Sen, 20@8).este estudio todas las cepas$daureus
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aisladas de animales y carne fueron susceptiblengomicina, asi como también a
daptomicina, linezolida y nitrofurantoina, coin@ddo con los resultados obtenidos por Pu et
al. (2011) en muestras de carne. Los estudiosiamgery los resultados de este estudio
sugieren que las infecciones @@raureusy SARM originarios de animales portadores o de
carne contaminada podrian ser tratadas con dapbt@nimezolida o nitrofurantoina por la

susceptibilidad que presentan las cepas.

En produccion animal, los antibioticos se utilizaomo profilacticos, en el tratamiento
de enfermedades y como promotores del crecimidd®@nt y Steele, 1987; Franco et al.,
1990). Esto puede generar patégenos resistentmsireales, existiendo el riesgo potencial de
gue los genes de resistencia sean incorporadosi@arias presentes en humanos. En este
estudio, la identificacion d&. aureusMR en animales y en carne plantea el riesgo de
transmision a las personas a través de la cadelaaadene y explicaria la disminucién de la

eficacia de este tipo de medicamentos utilizadasaérd humana (Smith et,a2002).

Se recomienda que los hospitales disminuyan lizadion de un antibiético antes de
gue las cepas resistentes se propaguen. Sin emipaigse ocurrir que el gen de resistencia
haya sido transpasado a plasmidos que portanamsista agentes antimicrobianos utilizados
como alternativas de la droga original (Swartz, 79%e debe aumentar los esfuerzos para
reducir el uso de antibiéticos, asegurar el contimllas infecciones y los mecanismos de
vigilancia, y seleccionar las dosis y combinaciongkzadas, para evitar la emergencia de

resistencia (Marinelli y Tomasz, 2010).

En la actualidad se estan desarrollando nuevostesyentimicrobianos que sean
efectivos contra los patdgenos resistentes. Lasstigaciones que se desarrolllen en este
ambito debieran considerar la evaluacién de laepiszlidad deS. aureusa estos nuevos
antimicrobianos y combinaciones de ellos y, adenraggstigar aiun mas acerca de los
diferentes mecanismos de resistencia que puedsanpaese en los microorganismos. De esta
forma, se podra contar con la informacién necegania poder controld&. aureusesistente y
disminuir la exposicion de las personas en lageafites etapas de la cadena productiva de la

carne.
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En Estados Unidos existe un sistema de vigilaharmado National Antimicrobial
Resistance Monitoring System (NARMS), creado en6188 colaboracién con FDA (Food
and Drug Administration), CDC, USDA (U.S. Departrhenf Agriculture) y los
departamentos de salud estatales y locales. NARJI&a un monitoreo de la susceptibilidad
antimicrobiana de bacterias entéricas aisladasuemhos, carne y animales de produccion.
Los patogenos que se incluyen en NARMS sBalmonella spp., Escherichia coli
Campylobacterspp., Shigella spp. y Enterococcusspp. (FDA, 2012). Sin embargo, la
evidencia que existe de la presencia de SARM gureusMR en la cadena productiva de la
carne, sugiere que se debiera ampliar el monitaretsos patégenos resistentes, no solo las
bacterias entéricas que se incluyen actualmenteesize forma, al incluis. aureusen este
sistema nacional de monitoreo se podria conoceraaf@dio la prevalencia de las cepas
resistentes, la susceptibilidad antimicrobiana guesentan, evaluar la susceptibilidad a
nuevos agentes antimicrobianos y establecer egittatde control y mitigacion para disminuir

la exposicion de las personas.

En este estudio se analizaron cepas SARM obteniegsacientes enfermos, de las
cuales tres fueron negativas para el gpecA Esto podria deberse a la obtencion de resultados
falsos positivos en el hospital 0 a la presenciaudenuevo homélogo del gemecA
recientemente identificado conmoecC el cual ha sido detectado en SARM negativo phra e
gen mecA aislado de humanos y animales (Garcia-Alvareal.et2011; lto et al., 2012;
Laurent et al., 2012; Monecke et al., 2013; Peterseal., 2013). Ademas, se extrajeron
muestras de personas sanas para determinar largtopae portadores de SARM sanos,
resultando ser negativo para todos los individiReza obtener una mayor precision en la
identificacion y caracterizacion de SARM en estagesiras, se recomienda la deteccion de
ambos genesr(ecAy mecQ, ademas de la determinacion de la susceptibikadidnicrobiana,

y tipificacion molecular a través de PFGE y MLST.
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IV. CONCLUSIONES GENERALES

De los resultados obtenidos en este estudio skepancluir que:

Existe una alta prevalencia & aureusen animales productores de carne y carne
cruda y una baja proporcion de personas portadares. Las cepas 8e aureusaisladas de
animales, carne y personas sanas en este estudmnruortadoras de los genes PVL. Cepas
de S. aureusextraidas de pacientes enfermos que padecen ioriescpresentan los genes
mecA asociado a la resistencia y PVL, asociado arldencia. A pesar de que la prevalencia
de SARM en carne cruda es baja, la alta prevalatet aureusMR, y cepas ST398 en la
cadena productiva de la carne, sugiere que existeeggo de transmision a las personas.
Ademas, la similitud genética entre las cepa$daureusencontradas en animales y carne,

sugiere la contaminacion de la carne durante lzefae

Se recomienda incorporar la deteccion de SARSI rureusVIR y la determinacion
de la susceptibilidad antimicrobiana de las cepabe sistemas de vigilancia que existen a
nivel federal, como es NARMS (National AntimicrobiResistence Monitoring System),
considerando el monitoreo de la cadena de la calmeyacientes en los hospitales y de

personas sanas en la comunidad.

La utilizacion de medios de enriguecimiento sélest previo a la etapa de cultivo
permite aislaiS. aureusy SARM, obteniéndose 100% de concordancia coédaita de PCR
convencional. La utilizacién de un medio de enrapmento secundario junto con PCR en
tiempo real mejora la deteccion 8e aureusen muestras de animales y carne. La técnica de
PCR en tiempo real permite una deteccion rapidéSdaureusy el genmecA siendo

recomendable confirmar la presencia de SARM a $rdeda metodologia estandar.

Para establecer medidas de control de la propagat® las cepas resistentes Sle
aureusen la cadena productiva de la carne es necesgteonginar la tipificacion molecular y

la susceptibilidad antimicrobiana.
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