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Abstract

Sixty-eigth out of 530 different S. aureus field strains isolated from subclinical cases of bovine mastitis from Germany (n = 26),
Indonesia (n = 16), Mexico (n = 16) and Brazil (n = 10), respectively, were selected to be studied in the present work. The strains
were tested phenotypically as well as genotypically for the presence of penicillin G- and oxacillin-resistance. For the primary
phenotypical species identification of the 530 S. aureus strains, plasmacoagulase-test and Api 32 Staph system was applied.
This was confirmed by molecular detection of the S. aureus specific genes encoding 23 S rRNA, thermostable nuclease (nuc),
clumping factor (clfA), coagulase (coa) and protein A region Xr (spa). The selection of the 68 strains was carried out by the
random selection of one strain per herd; additionally, only strains with different macrorestriction profiles were included here.
Genotypic resistance to semisynthetic penicillins (methicillin/oxacillin) and penicillin G was studied through the identification
of mecA- and blaZ-genes, respectively. The mecA gene was detected in only one S. aureus isolate from Brazil, which was
not phenotypically resistant against methcillin, as shown by the use of standard disc diffusion method, BBL-Chromoagar and
MIC-determination by Vitek II. In contrast penicillin-resistance of strains based on the presence of the blaZ-gene could be ob-
served in 50 (73.5%) of the investigated strains. However, only 40 (58.8%) of these 50 blaZ-positive strains were phenotypica-
lly penicillin-resistant. According to the presented data, resistance to semisynthetic penicillins in S. aureus field strains seems
to be not a major problem in dairy herds of the investigated countries despite the long-term use of these antibiotics in the field.

Key words: StapnyLococcus aureus, BOVINE MASTITIS, GERMANY, INDONESIA, MEXICO, BRAZIL,
OXACILLIN, PENICILLIN G, RESISTANCE.

Resumen

De 530 diferentes cepas de S. aureus aisladas de casos de mastitis subclinica bovina, se seleccionaron 68 cepas de
S. aureus procedentes de Alemania (n = 26), Indonesia (n = 16), México (n = 16) y Brasil (n = 10), para estudiarlas en la pre-
sente investigacion. Las cepas fueron analizadas fenotipica y genotipicamente para observar su resistencia a penicilina Gy
oxacilina. Para una identificacion inicial se utiliz6 el sistema Api 32 Staph y la prueba de coagulasa. El resultado se confirmé
por la deteccion molecular de los genes especificos de S. aureus 23S rRNA, nucleasa termoestable (nuc), factor aglutinante
(clfA), coagulasa (coa) y la proteina A (spa) region Xr. La seleccién primaria de las cepas sospechosas se hizo al azar, selec-
cionando una cepa por hato; ademas s6lo se incluyeron en el estudio cepas con diferentes perfiles de macrorrestriccion. La
resistencia genotipica a meticilina y penicilina se estudié mediante la identificacion de los genes mecAy blaZ, respectivamen-
te. El gen mecA fue detectado sélo en un aislamiento de S. aureus de Brasil y no fue resistente fenotipicamente a la meticilina,
lo cual se demostr6 mediante los métodos de difusion estandar en discos, el uso del Chromoagar-BBL y la determinacién de
la concentracién minima inhibitoria (MIC, por sus siglas en inglés) por Vitek Il. La deteccién genotipica de la resistencia de
las cepas a la penicilina se basé en la deteccion del gen blaZ; y se observé en 50 cepas investigadas (73.5%). Sin embargo,
so6lo 40 cepas (58.8%) fueron fenotipicamente resistentes a la penicilina. Los resultados obtenidos muestran que la resis-
tencia de las cepas aisladas de campo S. aureus a las penicilinas semisintéticas, actualmente no es un problema importante
en las vacas lecheras, a pesar del uso extensivo de esas sustancias antibiéticas en el campo en los paises investigados.
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Introduction

taphylococcus aureus is one of the major pathogens

responsible for a large variety of serious diseases

in human and animals. Mastitis is one of the main
problems caused by S. aureus, which leads to great
economic losses in the dairy industry.!

Recently, the emergence and the widespread of
methicillin-resistant  Staphylococcus — aureus (MRSA)
strains became a real threat for international public
health. This spread of MRSA led to the lack of efficient
alternative therapeutic drugs in hospitals.? Beside hu-
man cases, MRSA was isolated from several species
of animals such as mares suffering from metritis,**
wound infections,”” bovine mastitis ® and also from sick
dogs, cats and rabbits.>*!° Recently, MRSA was isolated
from the clonal lineage ST398 and ST9 in swine. ' The
transmission of MRSA between humans, animals and
the environment was reported, where animals live in
close contact with human MRSA carriers. Concerning
the role of MRSA in the induction of mastitis, MRSA
was found to be responsible for sporadic cases of mas-
titis in humans'? and from cases of subclinical bovine
mastitis.>'® However, the strains isolated from cows
could not be distinguished from those isolated from
the workers in close contact.®

The possible transmission of MRSA from bovine
subclinical mastitic milk to humans is a real concern
due to widely use of cloxacillin for more than 30 years.
This kind of semisynthetic penicillin is in use in many
countries involved in the present study.

For rapid and accurate diagnosis of MRSA, different
molecular and culture methods were developed.'*!”

In the present study 68 out of 530 S. aureus strains
isolated from four different countries in three conti-
nents were investigated phenotypically and genotypi-
cally for resistance against oxacillin and penicillin G.
These strains were isolated from cows suffering from
subclinical mastitis in Germany, Indonesia, Mexico
and Brazil. The selection of the strains was based on
size polymorphism of coa gene and Xr region of spa
gene and profile heterogenicity through the use of
macrorestriction analysis with pulsed field gel electro-
phoresis. Only strains with different genetic profiles
were further researched.

The aim of the present work was to investigate the
role of MRSA in the induction of bovine subclinical
mastitis, and their impact in public health. Addition-
ally the results of the present study give an update on
the prevalence of penicillin G and oxacillin-resistant
S. aureus isolates in bovine subclinical mastitis on the
basis of genotypic strain selection.
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Introduccion

L Staphylococcus aureus es uno de los patoégenos

principales causantes de una gran variedad de

serias enfermedades en humanos y animales.
Entre los principales problemas causados por S.
aureus esta la mastitis, que ocasiona graves pérdidas
econdémicas a la industria lechera.!

Actualmente, la emergencia y la diseminacién de
cepas de Staphylococcus aureus resistentes a meticilina
(MRSA) han llegado a ser un fuerte problema para
la salud publica internacional. La diseminacién del
MRSA ha causado ineficacia en el tratamiento alter-
nativo antes efectivo con drogas terapéuticas en los
hospitales.? Aparte de los casos en humanos, el MRSA
fue aislado de varias especies animales tales como ye-
guas con metritis,* infecciones de heridas,”” mastitis
bovina,® perros, gatos y conejos enfermos.>*!* Recien-
temente, el MRSA fue aislado de las lineas clonales
ST398 y ST9 en cerdos.' La trasmision de MRSA se
ha registrado entre humanos, animales y en el medio
ambiente, en los lugares en los que existe un contac-
to estrecho entre animales y humanos portadores del
MRSA. Respecto al papel del MRSA en el origen de la
mastitis, se encontr6 que fue el causante esporadico en
casos de mastitis en humanos'? y de mastitis subclinica
bovina.*!* Sin embargo, las cepas aisladas de las vacas
no pudieron ser diferenciadas de aquellas obtenidas
de los trabajadores en contacto estrecho con anima-
les.®

La posible transmisién del MRSA de bovinos con
mastitis bovina subclinica a humanos al consumir éstos
la leche contaminada, es un problema real, ya que ha
habido uso extensivo de la cloxacilina durante mas de
30 anos. Este tipo de penicilina semisintética esta en
uso en los paises involucrados en esta investigacion.

Para un diagnéstico rapido y seguro del MRSA se
han desarrollado diferentes métodos moleculares y de
cultivo.'"*17

En el presente estudio, de 530 cepas de S. aureus se
seleccionaron 68, procedentes de cuatro paises ubica-
dos en tres continentes, para ser investigadas fenotipi-
ca y genotipicamente, y observar su resistencia a oxa-
cilina y penicilina G. Esos aislamientos se obtuvieron
de vacas afectadas con mastitis subclinica en Alemania,
Indonesia, México y Brasil. La seleccién de los aisla-
mientos tuvo como base el tamano del polimorfismo
del gen coay del gen spa en su region Xry la heteroge-
neidad del perfil, identificados mediante el analisis de
macrorrestriccion con el uso de electroforesis en gel
de campos pulsados. Unicamente fueron investigados
los aislamientos con perfiles genéticos diferentes.

El objetivo del presente trabajo fue investigar la
diversidad genética de cepas del Staphylococcus aureus



Materials and methods
Bacterial isolation

Initially, 530 S. aureusisolates from four different coun-
tries of three continents were collected after cultiva-
tion'® (IDF 1982) of quarter milk samples from cows
suffering from subclinical mastitis (somatic cell count*
100 000 cells/ml with no macroscopic signs of masti-
tis) on 5% Columbia sheep blood agar with 1% escu-
lin.** This included strains from Germany (n=367),
Indonesia (n=35), Mexico (n=41) and Brazil (n=87).

After primary isolation, a selection process of the
strains was carried out according to their genetic re-
latedness. This was based on results of a DNA macror-
estriction analysis,' defined as were published.? Only
genetically unrelated isolates identified by size poly-
morphism of coa and Xr region of the spa gene and
pulsed field gel electrophoresis (PFGE) were used in
this study. In macrorestriction analysis they were classi-
fied as genetically unrelated if they showed a six band
or greater difference and a dice coefficient of correla-
tion of 60 % or less. Banding patterns were compared
visually by two independent observers.

The identification of the cultures was performed
by biochemical culture characteristics and by molecu-
lar methods. For primary characterization, tube co-
agulase test was carried out using EDTA treated rabbit
plasma** by means of the direct tube test.’ The test
was evaluated after four and 24 hours of incubation
at 37°C. This was followed by a biochemical charac-
terization using the commercial identification system
API32 Staph.*** Finally, a molecular confirmation was
performed by PCR amplification of species specific
segments of genes 23s RNA, nuc, coa, cifA and spa. %
The used primers and cycler programs are listed in
Table 1.

Polymerase Chain Reaction

PCR was applied for confirmation of the isolates as S.
aureus through the detection of S. aureus specific se-
quences"? and to investigate the strains for the presen-
ce of the blaZ and mecA antibiotic resistance gen.**!
The strains used for control purposes were S. aureus
ATCC 27626 and S. aureus ATCC 25923, respectively.
For extraction of genomic DNA, five freshly subcul-
tured S. aureus colonies were selected and suspended
in 50 pl TE buffer solution (10 mM of Tris HCI/L, 1
mM of EDTA/1, pH 8.0), followed by the addition of 1
pl lysostaphin (1.8 U/1). The solution was kept at 37°C
for 60 min. After 60 min, 1 pl proteinase K (15.1 mg/
ml) was added and the suspension incubated for 2 h at
56°C. For inactivation of proteinase K, the suspension

aisladas de mastitis subclinica bovina, y su impacto en
la salud publica. Ademas, los resultados de este estu-
dio actualizaran la prevalencia de S. aureus resistente a
penicilina Gy oxacilina, asilado de mastitis subclinica,
con base en una selecciéon genotipica de cepas.

Material y métodos
Aislamientos bacterianos

Inicialmente se recolectaron 530 cepas de S. aureus de
cuatro paises correspondientes a tres continentes, to-
madas de cultivos'® de muestras de leche de un cuarto
de la ubre de vacas afectadas con mastitis subclinica
(conteo de células somaticas* > 100,000 células/ml,
sin signos macroscopicos de mastitis) en agar sangre
de borrego Columbia al 5% con 1% de esculina.** Se
incluyeron aislamientos de Alemania (n = 367), Indo-
nesia (n = 35), México (n = 41) y Brasil (n = 87).

Después del aislamiento primario, se llevo a cabo
un proceso de seleccion de las cepas de acuerdo con
sus relaciones genéticas. El proceso se basé en los re-
sultados del analisis de macrorrestriccion del ADN,
considerando publicaciones anteriores.? Sélo se utili-
zaron en este estudio los aislamientos que no estaban
relacionados genéticamente, identificados mediante
el tamano del polimorfismo del gen coay de la region
Xr del gen spa, y por la electroforesis en gel de campos
pulsados (PFGE). La clasificacién genética para obser-
var que no hubiese relaciéon entre los aislamientos, se
hizo por analisis de macrorrestriccion; se definia que
no habia relacién genética cuando mostraban una di-
ferencia en seis o mas bandas y un coeficiente de va-
riacién de correlaciéon de 60% o menor. Los patrones
de bandeo fueron comparados visualmente por dos
observadores independientes.

La identificacion de los cultivos se hizo mediante
las caracteristicas bioquimicas del cultivo y aplicando
métodos moleculares. Para la caracterizacion primaria
se efectud la prueba de coagulasa en tubo, utilizando
plasma de conejo con EDTA,** mediante la prueba di-
recta en tubo.?! La prueba fue evaluada a las 4 h y 24
h después de haber sido incubada a 37°C. Enseguida
se realiz6 la caracterizaciéon bioquimica usando el sis-
tema de identificacién comercial API32Staph.*** Se
realiz6 una confirmacién molecular mediante la am-
plificacién por PCR de los segmentos especificos de
especie de los genes 23S RNAr, nuc, coa, clfAy spa.”*%
Los iniciadores u oligonucleotidos usados y los progra-
mas de ciclos se enlistan en el Cuadro 1.

*Fossomatic, Aarhous, Dinamarca.
**Merck, Darmstadt, Alemania.
*##+BioMerieux, Nurtingen, Alemania.
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CUADRO 1

Lista de los iniciadores usados, de programas de termociclador, tamano de amplicones
y referencias de las reacciones de PCR aplicadas en el presente trabajo

List of used primers, thermocycler-programs, amplicon sizes and references
of the applied PCR reactions in the present work

Gene Primer sequence Program Amplicon size  Reference
F:ACG GAG TTA CAA AGG ACG AC
23S rRNA 37 x 94°C-40s, 64°C-60s, 72°C-75s 1251 22
R:AGC TCA GCC TTA ACG AGT AC
F:GCG ATT GAT GGT GAT ACG GT
nuc 37 x 94°C-60s, 55°C-30s, 72°C-30s 280 23
R:AGC CAA GCC TTC ACG AAC TAA AGC
F:ATA GAG ATG CTG GTA CAG G
coa 30 x 94°C-60 s, 58°C-60s, 72°C-60s Variable 25
R:GCT TCC GAT TGT TCG ATG C
spa F:CAA GCA CCA AAA GAG GAA
30 x 94°C-60s, 60°C-60 s,70°C-60s Variable 24
(Xrregion)  R:CAC CAG GTT TAA CGA CAT
1 :AAA ATC GAT GGT AAA GGT TGG C
mecA 40 x 94 °C-30s, 55°C-30s, 72°C-1min 533 30
2:ACT TCT GCA GTA CCG GAT TTG C
1:ACT TCA ACA CCT GCT GCT TTC
blaZ 40 x 94°C-30 s, 55°C-30s, 72°C-1 min 173 29

2:TGA CCA CTT TTA TCA GCA ACC

was boiled for 10 min, followed by centrifugation at
10 000 gfor 5 min. Finally, the supernatant was cooled
at 4°C on ice before being used in the PCR. The PCR
reaction mixture (20pl) contained 0.7 pl from both
primers (10 pm/pl), 0.4 pl the deoxynucleoside tri-
phosphate (10 mM /1; MBI), 2.0 pl of 10 x thermo-
philic buffer, 1.2 ul of MgCl, (25 mM /1), 0.1 pl of Taq
DNA polymerase (5 U/ql), and 12.9 pl of distilled wa-
ter. Finally, 2.0 pl of DNA sample was added. For the
visualization of the PCR products, electrophoresis of
10 pL of each reaction product was loaded on a 2%
agarose gel with 1 x TAE buffer (40 mM Tris- HCI, 1
mM EDTA/L, 1.14pl1/1 glacial acetic acid, pH 7,8) at
70 - 100 voltage, followed by gel staining for 5 min
with 5 pl/ml ethidium bromide solution.* The ampli-
cons were visualized under an UV transilluminator.**

Detection of genetically unrelated strains

Together with size polymorphism of gene coa and Xr
region of the gene spa, macrorestriction analysis by
Pfge was applied for the selection of genetically unre-
lated strains. Chromosomal DNA of S. aureus isolates
were digested with the restriction enzyme Smal and the
fragments were separated by pulsed-field gel electro-
phoresis (PFGE) ! by the use of the Chef-Dr II pulsed-
field electrophoresis system.** Only strains which had
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Reaccion en cadena
de la polimerasa, PCR

La PCR se utiliz6 para confirmar los aislamientos de
S. aureus por medio de deteccion de las secuencias es-
pecificas de S. aureus,"*® y para investigar en las cepas
la presencia de los genes blaZ y mecA resistentes a los
antibidticos.”™*' Las cepas utilizadas como testigo fue-
ron S. aureus ATCC 27626 y S. aureus ATCC 25923, res-
pectivamente.

Para la extraccion del ADN genémico se tomaron
cinco colonias recién subcultivadas de S. aureusy fue-
ron suspendidas en 50 pl de solucién amortiguadora
TE (10 mM de Tris HCI/1, 1 mM de EDTA/I, pH 8.0).
Enseguida se agreg6 1 pl de lysostafina (1.8 U/1). La
solucién fue incubada a 37°C durante 60 min. Des-
pués de 60 min se le agregé 1 pl de proteinasa K
(15.1 mg/ml) y la suspension fue incubada durante
2 h a 56°C. Para inactivar la proteinasa K se hirvié la
suspension durante 10 min y luego se centrifugé6 a
10 000 gdurante 5 min. Finalmente, el sobrenadante
fue enfriado a 4°C en hielo, para después utilizarlo
en la PCR. La mezcla de reaccion parala PCR (20 pl)
contenia 0.7 pl de ambos iniciadores (10 pm/pl), 0.4
pl de trifosfato deoxinucleésido (10 mM/1; MBI), 2.0
pl de 10 x amortiguador termofilico, 1.2 pl de MgCl,
(25 mM/1), 0.1 pl de Taq ADN polimerasa (5 U/pl),



differences in size polymorphism of the gene coa and
Xr region of the gene spa and restriction patternswith
at least 6 different fragments, as well as a dice coetfi-
cient of correlation of 60 % or less* were considered
as genetically unrelated isolates and were included in
the present work.

Screening for antibiotic resistance

Phenotypical and genotypical penicillin G-/oxacillin-
resistance detection was carried out by the standard
disc diffusion method* and the molecular approach by
PCR,*® respectively. The determination of the sensiti-
vity of the strains to these antibiotics was performed by
culture of S. aureusisolates in Mueller-Hinton broth*#*%*
for 4 h at 37°C. Subsequently, 10pl of the suspension
was plated on Mueller-Hinton agar.*** Thereafter, an
antibiotic disk containing 10 IU penicillin G or 1 mg
of oxacillin was placed in the centre of the plate. The
agar plates were incubated for 24 h at 37°C. The in-
hibition zone of bacterial growth around the disk was
measured and compared to the values established by
the test. The test results were interpreted according to
National Committee for Clinical Laboratory Standards
guidelines. '® Oxacillin resistant S. aureus strains were
additionally inoculated on BBL Chromagar MRSA.
The plates were incubated aerobically at 37°C and exa-
mined after 24 hours according to the manufacturer’s
instructions. MRSA* appeared as mauve in color, other
colonies as white, blue or blue-green. For verification
of the phenotypically received results by these pheno-
typic techniques the determination of MIC was addi-
tionally performed using Vitek II system.**

Results

The 530 S. aureus strains from mastitic milk samples
were identified by the use of the plasmacoagulase-test
and the commercial identification system API 32Sta-
ph. This was confirmed genotypically by PCR amplifi-
cation of S. aureus specific gene segments encoding the
23S rRNA, thermostable nuclease (nuc), clumping fac-
tor (clfA) and coagulase (coa) and the gene segments
encoding the Xrrespective region and the IgG binding
region of protein A (spa). Depending on the size poly-
morphism of gene coa and Xrregion of gene spa and
according to macrorestriction profiles (Figure 1), 68
unrelated S. aureus strains were further investigated for
their antibiotic sensitivity.

The results of the penicillin G- and oxacillin re-
sistance-test are shown in Table 2. Fourty field strains
were resistant to penicillin G determined by pheno-
typic and genotypic methods, ten isolates were geno-
typically blaZ-gene positive (Figure 2). The genotypic

y 12.9 pl de agua destilada. Finalmente, se agregaron
2.0 pl de la muestra de ADN. Para la visualizacion de
los productos de la PCR se hizo una electroforesis de
10 pl de cada producto de la reaccién en un gel con
2% agarosa en solucién amortiguadora 1X TAE (40
mM Tris-HCI, 1 mM EDTA/I1, 1.14 pl/1 acido acético
glacial, pH 7.8) con un voltaje de 70-100, enseguida
se tino6 el gel durante 5 min en 5 pl/ml de solucién de
bromuro de etidio.* Los amplicones fueron visualiza-
dos en un transiluminador UV.**

Deteccion de cepas no
relacionadas genéticamente

Junto con la medicién del polimorfismo del gen coay
la region Xr del gen spa, se efectud el andlisis de ma-
crorrestriccion por PFGE para seleccionar las cepas no
relacionadas genéticamente. E1 ADN cromosomal de
S. aureus se digiri6 con la enzima de restriccion Smal y
los fragmentos se separaron utilizando la electrofore-
sis en gel de campos pulsados (PFGE)," con el uso del
sistema de electroforesis de campos pulsados Chef-Dr
IL.#=+* Solamente se consideraron genéticamente no re-
lacionados los aislamientos que tenian diferencias en
el tamano del polimorfismo del gen coay en la region
Xr del gen spa y que tenian patrones de restriccion
con al menos seis fragmentos diferentes, asi como un
coeficiente de variacién de correlaciéon de 60% o me-
nor.?” Estos aislamientos se incluyeron en la presente
investigacion.

Control de la resistencia a antibioticos

La deteccion de la resistencia fenotipica y genotipica
a la penicilina G y la oxacilina se realiz6 aplicando el
método de la difusion estindar en disco® y la prueba
molecular con la PCR,*? respectivamente. La deter-
minacién de la sensibilidad de los aislamientos a los
antibiéticos antes mencionados se realiz6 haciendo
cultivo de las cepas de S. aureus en caldo de Mueller-
Hinton*** durante 4 h a 37°C. Subsecuentemente, 10
pl de la suspension fue inoculada en agar Mueller-Hin-
ton.*** Enseguida se coloc6 un disco con antibiético,
que contenia 10 UI de penicilina G o 1 mg de oxa-
cilina en el centro del medio de cultivo. Los medios
de agar se incubaron durante 24 h a 37°C. Se midié6
la zona de inhibicién del crecimiento bacteriano al-
rededor del disco y se compar6 con los parametros
establecidos para estas pruebas. Los resultados de las
pruebas se interpretaron de acuerdo con las normas
del National Committee for Clinical Laboratory Stan-

*Sigma, Taufkirchen, Alemania.
**Bjo-Rad, Munich, Alemania.
###Merck, Darmstadt, Dinamarca.
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investigation for the presence of gene mecA among the
68 investigated S. aureus strains revealed the presence
of the gene in a single isolate originating from Brazil
(Figure 3). However, this field strain was according to
the results achieved by the use of BBL-Chromoagar,
standard disc diffusion methods and MIC determi-
nation sensitive to oxacillin. In contrast to oxacillin-
resistance and mecA gene, the genotypic and pheno-
typic examination of penicillin G-resistance and gene
blaZ showed otherwise the spread of blaZ gene among
the selected strains of four countries from three con-
tinents. In total, most of the investigated S. aureus
strains harboured blaZ gene, 50 (73.5%). In detail, 18
(65.2%) German, 11 (68.75%) Mexican, 8 (80.0%) In-
donesian and 13 (81.3%) Brasilian field strains were
positive for blaZ-gene. In contrast, only 30 (58.8%)
isolates were phenotypically penicillin G resistant. The
exact distribution was: 10 (38.5%) field strains in Ger-
many, 5 (13.3%) in Mexico, 5 (50%) in Indonesia and
10 (62.4%) in Brazil.

Discussion

The B-lactam antibiotics represent one of the most
widely used antimicrobial agents for the treatment of
bovine mastitis. The aim of the present study was to
investigate the possible role of MRSA in the induction
of bovine mastitis, and to compare the efficiency of
MRSA specific PCRs and the time consuming MRSA
selective medium in detecting MRSA-positive strains,
as well as B-lactam antibiotics, by phenotyping and
genotyping methods. To achieve these two aims, 68
genetically unrelated isolates representing 68 herds
out of 530 S. aureus field strains from four countries
were included in the present work. The 68 strains
showed heterogenic genetic profiles as determined by
size polymorphism of the coa and Xr region of the spa
gene and macrorestriction analysis by PFGE. Previous
isolation of MRSA from human cases was reported in
Indonesia,'>* Mexico,'®% Brazil*** and in Germany.*
With the exception of Germany,” MRSA has not been
able to be isolated from mastitic cows. In the present
work, one strain isolated from bovine mastitis showed
to be mecA gene positive, which could not be confir-
med phenotypically. The origin of this MRSA isolate
was unclear. In previous reports about the isolation
of MRSA in veterinary samples®* as well as food sam-
ples,*! it was concluded that the isolates were not of
animal origin and were most likely from humans who
were in close contact with these animals. Additionally,
other studies reported about a possible transfer of S.
aureus between humans and cattle.*** The origin of
the mecA positive strain described in the present work
could not be identified. Previous works compared the
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dards.'® Las cepas de S. aureus resistentes a oxacilina
también fuero inoculadas en BBL Cromoagar MRSA.*
Los medios se incubaron de forma aerobia a 37°Cy se
leyeron después de 24 horas. Los MRSA tuvieron una
coloracion violeta y las otras colonias un color blan-
co, azul o azul-verde. Para verificar los resultados fe-
notipicos obtenidos, adicionalmente se determiné la
concentracion minima inhibitoria MIC utilizando el
sistema Vitek IT.%*

Resultados

Las 530 cepas de S. aureus de muestras de leche con
mastitis fueron identificadas con el uso de la prueba
de plasmacoagulasa y el sistema comercial de identifi-
cacion API 32 Staph. Ello se confirmé fenotipicamen-
te por la amplificacién, mediante la PCR, de los seg-
mentos especificos de S. aureus, que codifican para los
genes 23S rRNA, nucleasa termoestable (nuc), clum-
ping factor o factor aglutinante (clfA), coagulasa (coa)
y el segmento del gen que codifica para la region res-
pectiva Xry la region enlazante de IgG de la proteina
A (spa). Dependiendo del tamano del polimorfismo
del gen coa y la region Xr del gen spa, y de acuerdo
con los perfiles de macrorrestriccion mediante PFGE
(Figura 1), como resultado de este estricto proceso se
seleccionaron 68 aislamientos de S. aureus de los 530
aislamientos de campo iniciales, para continuar con
las investigaciones. Finalmente se seleccionaron 26 ais-
lamientos de Alemania, 16 de Indonesia, 16 de México
y 10 de Brasil.

De acuerdo con los resultados de la resistencia a
penicilina Gy a oxacilina (Cuadro 2), 40 cepas mostra-
ron mediante métodos fenotipicos resistencia a la pe-
nicilina G y 50 cepas fueron positivas genotipicamen-
te al gen blaZ (Figura 2). La investigacién genotipica
para detectar el gen mecA en las 68 cepas de S. aureus
analizadas revel6 la presencia del gen sé6lo en un aisla-
miento originario de Brasil (Figura 3), si bien este re-
sultado no concuerda con resultado negativo obtenido
mediante el método estandar de difusion en disco de
BBL-Cromoagar y la determinacion de MIC sensible a
oxacilina, por Vitek II.

En contraste a la resistencia a oxacilina y el gen
mecA, el examen genotipico y fenotipico de la resisten-
cia a penicilina Gy al gen blaZ, la mayoria de las cepas
de S. aureus mostraron la diseminacién del gen blaZ,
al hacer la prueba genotipica por PCR. En la mayoria
de las cepas de S. aureus investigadas se localizé el gen
blaZ 50 (73.5%). Detalladamente, 18 cepas de Alema-
nia (65.2%), 11 de México (68.75%), 8 de Indonesia
(80.0%) y 13 de Brasil (81.3%) fueron positivas al gen

*BBL; Becton Dickinson, Sparks, MD.
**BioMerieux, Nirtigen, Alemania.
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FIGURA 1. PFGE, patrén de restriccion del ADN cromosomal de 6
cepas aisladas de S. aureus después de la digestion con la enzima de
restriccion Smal. M = marcador de peso molecular (Marcador de
PFGE cargado lambda, 50-1,000 Kb, Sigma +).

FIGURE 1. PFGE chromosomal DNA restriction pattern of six S.
aureus isolates after digestion with the restriction enzyme Smal .
M= molecular weight marker (lambda ladder PFGE marker, 50-
1,000 Kb, Sigmat+).
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Ficura 2. Amplificados de los genes que codifican la B-lactamasa
(blaZ) del S. auwreus con un tamano de 170 pb (blaZ carriles 1-4),
carril 5 control negativo, carril 6: control positivo, M: marcador de
peso molecular del ADN (Serva DNA standard pBR328Mix, Hei-
delberg, Germany).

Ficura 2. Amplicons of the genes encoding staphylococcal B-lac-
tamase (blaZ) of S. aureuswith size of 170 bp (blaZ lanes 1-4), lane 5
negative control, lane 6: positive control, M: DNA molecular weight
marker (Serva DNA standard pBR328Mix, Heidelberg, Germany)

use of molecular and in-vitro culture methods for de-
termination of antibiotic resistance.'*!"* The recom-
mendations given by these authors are unclear. While
van Hal et al'” reported that molecular methods were
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M 1 2 3 4 5 M

F1curA 3. Amplificados de los genes que codifican la resistencia de
estaphylococcica a meticilina (mecA) de S. aureus con un tamano
de 530 pb (carril 1: cepa positiva a mecA cepa de campo de Brasil)
carriles 2-4: cepas negativas, carril 5: control positivo M: marcador
de peso molecular del ADN (Serva DNA standard pBR328Mix,
Heidelberg, Germany).

FIGURE 3. Amplicons of the genes encoding staphylococcal me-
thicillin resistance (mecA) of S. aureus with size of 530 bp (lane 1
positive mecA field strain from Brazil) lanes 2-4: negative strains,
lane 5: positive control M: DNA molecular weight marker (Serva
DNA standard pBR328Mix, Heidelberg, Germany).

blaZ. En contraste, en el andlisis fenotipico, inicamen-
te 40 cepas (58.8%) fueron resistentes a la penicilina
G. La distribuciéon detallada fue: 10 cepas de campo en
Alemania (38.5%), 5 en México (13.3%), 5 en Indone-
sia (50%) y 10 en Brasil (62.4%).

Discusion

Los antibiéticos B-lactamicos son los agentes antimi-
crobianos mas ampliamente utilizados en el tratamien-
to de la mastitis bovina. El objetivo del estudio fue
investigar la presencia de diferentes linajes genéticos
del Staphylococcus aureus, su papel en el origen de la
mastitis bovina, y comparar la eficiencia de las PCR es-
pecificas de MRSA con la de los medios selectivos para
MRSA, que requieren mas tiempo para la deteccioén de
los aislamientos positivos a MRSA, asi como también a
los antibiéticos B-lactamicos, por métodos fenotipicos
y genotipicos . Para lograr ese proposito se incluyeron
en el presente estudio 68 cepas aisladas de S. aureus
sin relacion genética alguna, que representaban 68 ha-
tos de 530 aislamientos de S. aureus provenientes de
cuatro paises. Las 68 cepas mostraron perfiles gené-
ticos heterogéneos, como se observé mediante el uso
del tamano del polimorfismo del gen coa, de la regién
Xr del gen spa, y del analisis de macrorrestricciéon por
PFGE. El aislamiento previo de MRSA en casos de hu-
manos se realizé en Indonesia,'>** México, %% Brasil***7
y Alemania.® A excepcién de Alemania,™ el MRSA no
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CUADRO 2

Resistencia fenotipica y genotipica a penicilina G y oxacilina del S. aureus aislado de mastitis subclinica bovina
de diferentes origenes geograficos

Phenotypic and genotypic penicillin G- and oxacillin- resistance of S. aureus isolated from bovine subclinical
mastitis of different geographical origin

L Vo Genotypi St
Origin Country — No of Strains enolyprc resistance

Genotypic resistance

Phenotypic resistance™*  Phenotypic resistance™

mecA blaz Penicillin Oxacillin
Germany 26 0 18 (65.2%) 10 (38.5%) 0
Mexico 16 0 11 (68.75%) 5 (13.3%) 0
Brazil 10 1 8 (80%) 5 (50%) 0
Indonesia 16 0 13 (81.83%) 10 (62.4%) 0
Total 68 1 (1.5%) 50 (73.5%) 40 (58.8%) 0

* Standard disc diffusion test, BBL- Chromoagar, MIC- determination (Vitek II).

## Standard disc diffusion test.

found to be more accurate for the detection of MRSA
than the conventional agar-based methods, Flayhart
et al."* indicated that the use of C-MRSA is confiden-
tial and more trustworthy than other methods with an
overall specificity of 99.7% in this study. The obtained
results by phenotypic examination of oxacillin resis-
tance and the molecular detection of mecA gene were
comparable. But there was a great variation between
the use of phenotyping and genotyping methods for
the detection of penicillin G resistance. The presented
data disagree with the results of Flayhart et al.'"* who re-
ported (97.6%) agreement between different molecu-
lar and culture methods. On the other hand, although
the use of molecular methods is limited due to their
high costs, the use of PCR saves time as the results can
be obtained in 2-3 hours compared with 18-24 hours
needed by culture method."” Alternatively, data pre-
sented here indicate the need to combine the use of
different methods for an accurate diagnosis. This is re-
commended due to the confusion and great variation
between both phenotypic and genotypic detection of
antibiotic resistance as seen in the present work, and
also the detection of false positive and negative culture
results as reported previously.*®

The present data support other published data con-
cerning the complete absence or the low incidence of
MRSA in dairy samples. This indicates that MRSA has
not yet emerged as a major pathogen in dairy herds,
despite long-term use of semisynthetic penicillins in
this therapeutic area. The low incidence of detected
MRSA strains in milk samples suggest the possible con-
tamination of the milk samples by human or environ-
mental strains.
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ha podido ser aislado de vacas con mastitis. En la pre-
sente investigacion se encontro inicamente una cepa
positiva al gen mecA, aislada de un caso de mastitis bo-
vina, pero fenotipicamente fue negativa. El origen de
este aislamiento de MRSA no fue claro. En informes
previos sobre aislamientos de MRSA de muestras ve-
terinarias®* y de muestras de alimentos," se concluy6
que esos aislamientos no eran de origen animal, la ma-
yoria procedia de humanos que estaban en contacto
cercano con animales. Ademads hay otros estudios que
informan sobre la posibilidad de una trasmisién de S.
aureus de humanos a bovinos.** El origen de la cepa
positiva de mecA, descrita en la presente investigacion,
no pudo ser identificado. Investigaciones anteriores
compararon el uso de los métodos de cultivo con los
moleculares in vitro para la determinacion de la resis-
tencia a antibiéticos.'*'"* Las recomendaciones dadas
por esos autores no son claras. Mientras que Van Hal
et al.’ informan que los métodos moleculares fueron
mas confiables para detectar el MRSA que los métodos
convencionales basados en agares, Flayhart et al.'"* indi-
can que el uso del C-MRSA es confiable y mds seguro
que otros métodos, ya que alcanza un promedio de es-
pecificidad de 99.7% en esa investigacién. En los pre-
sentes resultados el analisis fenotipico de resistencia a
oxacilina y la deteccion molecular del gen mecA fueron
comparables. Pero pudo observarse una gran varia-
cion entre los métodos fenotipicos y genotipicos para
la deteccion de la resistencia a penicilina G. Los pre-
sentes resultados no concuerdan con los resultados ob-
tenidos por Flayhart et al.,'* quienes registraron 97.6%
de coincidencia entre los diferentes métodos mole-
culares y de cultivo. Por otra parte, si bien el uso de
los métodos moleculares es limitado debido a los altos
costos de la PCR, ahorra tiempo, ya que los resultados
pueden obtenerse en 2 o 3 horas, que son muy pocas,
comparadas con las 18 a 24 horas necesarias para los
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