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RESUMO

Xi



A caracterizagdo das bactérias em niveis sub-especificos, estabelecendo
linhagens, tem grande aplicagdo no estudo das infecgdes que ocorrem dentro do
ambiente hospitalar. Permitem fazer inferéncias sobre a extensao de surtos, rotas

de transmissao e avaliacdo de medidas empregadas para o seu controle.

Os métodos de tipagem podem ser divididos em fenotipicos, quando se baseiam
em caracteristicas expressas pelo organismo, ou genotipicos, quando a
comparacao se da pelo seu material genético, sendo os ultimos menos sujeitos as
pressdes ambientais. O Staphylococcus aureus € uma bactéria bastante comum
tanto no ambiente hospitalar, quanto na comunidade, sendo responsavel por
quadros clinicos de gravidade variavel. A técnica considerada de escolha para
genotipagem deste microorganismo € a Eletroforese em Campo Pulsado,
(PFGE ou CHEF). Esse método exige equipamento de alto custo, é trabalhoso e
fornece resultados somente apo6s 5 ou 6 dias de trabalho. Porém, € um método de
muita reprodutibilidade e altamente discriminatorio.

Com o objetivo de avaliar a tipabilidade e poder discriminatério da tipagem de
Staphylococcus aureus pela amplificacdo por PCR da regido variavel do gene
Coagulase (coa), da regidao X do gene da Proteina A (spa) e da exploracao de
genes de “housekeeping”, desenvolveu-se o presente estudo. Foram analisadas
124 amostras de Staphylococcus aureus resistentes a oxacilina, isoladas no
periodo de setembro de 2002 a junho de 2005 pelo laboratério de Microbiologia da
Divisdo de Patologia Clinica do Hospital das Clinicas da UNICAMP e 26 amostras
foram obtidas do banco de microrganismos do Hospital das Clinicas da USP de
Ribeirao Preto (FCMRP-USP). Foram também analisadas as cepas, 257A,
20COA e 256B, gentiimente cedidas pela Dra. Maria Clara Padovese
(Padoveze et al., 2001) da Universidade Estadual de Campinas, as cepas BEC
9393 e HC562 cedidas pelo Dr. Agnes M. Figueiredo (Soares et al., 2001) da
Universidade Federal do Rio de Janeiro para fins de comparacgao.

Os resultados obtidos indicam a existéncia de trés conglomerados principais.
Baseado no fato de que a distribuicdo dos isolados é bem caracteristica,

provavelmente, existem trés linhagens principais. Quase todos os isolados obtidos
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em Ribeirdo Preto foram agrupados no conglomerado C, com poucos isolados no
conglomerado A (4 casos) e B (1 caso). Essa distribuicdo também acusa a
existéncia de uma cepa original diferente que sofreu variagdo genética
independente. Ainda, a presenca de isolados de uma cidade (Ribeirdao Preto) com
proximidade genética aos isolados de outra cidade (Campinas) reflete a provavel
disseminagéo desses isolados com o transito de pacientes entre esses locais. Os
isolados representativos do Clone Epidémico Brasileiro foram caracterizados como
os isolados do conglomerado A. Nossos resultados ainda indicam uma possivel

maior variabilidade, entre as cepas do clone brasileiro.
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ABSTRACT
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One hundred and fifty-four methicillin-resistant Staphylococcus aureus (MRSA)
strains have been isolated from patients attended in tertiary care hospitals in two
metropolitan areas (Campinas City and Ribeirdo Preto City) in the southeast region
of Brazil and analyzed through PCR-based techniques [(PCR amplification of spA,
coa, and housekeeping genes (arcC, aroE, gmk, pta, tpi, yqiL)] and further
restriction fragment typing of coa and housekeeping genes. The heterogeneity of
SpA gene was determined directly by agarose gel electrophoresis migration. The
results obtained indicate the existence of three (A, B, C) main strain clusters. Since
the strain distribution in these three clusters is much characteristic, it denotes the
existence of three main clones. All strains isolated in Campinas were grouped in
clusters A and B, while most of the strains isolated in Ribeirdo Preto were grouped
in cluster C, with a few strains in cluster A (4) and B (1). This distribution denotes
the existence of different founder strains that undergo independent genetic
variability. The presence of strains of one city (Ribeirdo Preto) with genetic
proximity to strains of another city (Campinas) may reflect the possible spread of
strains with the acquisition of the infection in one city and the medical treatment in
the other one. The strains considered representative of the Brazilian Epidemic
Clone (BEC) were categorized as clone A. These results indicate a possible
variability higher among Brazilian MRSA strains than currently described.

Abstract
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1.1- Importancia das infeccoes estafilocdcicas

As infecgdes causadas por Staphylococcus aureus sao conhecidas ha
muito tempo. Em 1880 e 1882, 'OGSTON descreveu os aspectos clinicos da
doenca estafilocdcica, comentando a capacidade desta bactéria promover
septicemias e induzir a formacao de abscessos. As infecgdes estafilocécicas sao
bastante comuns tanto na comunidade, quanto no ambiente hospitalar. Seu
tratamento tornou-se mais dificil em razdo do aparecimento de cepas resistentes a

antimicrobianos.

O Staphylococcus aureus ¢ um coco Gram positivo, com didmetro de
0,7 a 1,2 mm, que pode ser encontrado isolado, aos pares, em tétrades e
agrupado, formando cadeias curtas ou cachos. Pertence a familia
Micrococcaceae, pode ser aerébio ou anaerébio facultativo, € imével e néao

esporulado (Kloods e Bannerman, 1999).

Em meios sodlidos, as colénias de S. aureus sdo bem definidas,
convexas, lisas e com diametro de 6 a 8 mm. Podem ter coloracdo amarelada, cor
de ouro, devido a producéo de carotendides, dai a sua denominagao. A producao
de pigmentos pode ser intensificada por incubagdo em temperatura ambiente por
24 a 48 horas (Waldvogel, et al.,1995; Kloods e Bannerman, 1999). A confirmagao
da espécie se faz por provas bioquimicas, como a Catalase e a Coagulase sendo
esta ultima utilizada para diferencia-lo dos demais membros do género
Staphylococcus, que ndo sado capazes de promover a coagulagdo do plasma

sanguineo.

A espécie humana é um reservatério natural dessa bactéria. Ela pode
colonizar e causar infecgdes tanto em pacientes hospitalizados, quanto em
individuos da comunidade. Estima-se que de 30 a 50% da populagao adulta possa
albergar o S. aureus em narinas anteriores, nasofaringe e em areas umidas e
pilificadas do corpo (Lowy, 1998). Dessa forma, esse microrganismo é capaz de

estabelecer uma relagdo simbidtica com o homem, o que favorece sua

“ OGSTON., Apud LOWY, FD, 1998. Staphylococcus aureus infections. N Engl J Méd, 339(8):520-32.
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manutencdo no meio ambiente. Em momentos onde as barreiras de protegao
naturais sdo quebradas (lesdo de pele, trauma, implantagdo de dispositivos
médicos e outros), eles podem penetrar nos tecidos e 6rgaos profundos, causando

doencgas.

A transmissdo por contato direto, pessoa a pessoa, parece ser a
principal via de transmissdo da doenga estafilococica dentro do ambiente
hospitalar. O Staphylococcus aureus pode até ser isolado em materiais
inanimados como mobiliario e superficies do ambiente hospitalar, mas o contato

pessoa a pessoa € passo fundamental para sua transmisséo.

Antes do desenvolvimento da terapia antimicrobiana, a letalidade dos
casos de bacteremia por S. aureus girava em torno de 90% (Maranan et al., 1997).
Em 1940, com o advento da penicilina G, a historia clinica da infeccéo
estafilococica pdde ser alterada. Houve, porém, o rapido aparecimento de cepas

resistentes a penicilina no meio hospitalar e na comunidade.

O mecanismo de resisténcia a penicilina € a producao de [3-lactamases,
enzimas que inativa o antimicrobiano, impedindo sua agdo (Waldvogel et al.,
1995).

Deu-se, entdo, o desenvolvimento de penicilinas que sao resistentes a
acao de B-lactamases. Em 1960, passa a ser disponivel a oxacilina e a meticilina.
Ainda na década de 60, comeca a ocorrer a identificagao de isolados resistentes a
estes compostos. Esse fendbmeno ocorreu inicialmente nos hospitais, onde houve
a rapida disseminagdo dessa cepa, que passa a ser conhecida como
Staphylococcus aureus resistente a meticilina, SAMR, ou Staphylococcus
resistentes a oxacilina, SARO. Este fendmeno também pdéde ser observado na
comunidade (Shopsin et al., 2001). A resisténcia a oxacilina é relacionada a
expressédo do gene mecA, que provoca alteragdo no sitio de agédo do antibiotico,
dessa forma comprometendo sua eficacia. Como alternativa terapéutica para as
cepas de S. aureus resistentes a oxacilina, surgiram os antibiéticos glicopeptideos:

vancomicina e teicoplanina (Kloods & Bannerman, 1999)

Introdugao Geral
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Algumas linhagens de Staphylococcus aureus — MRSA, que sao
consideradas epidémicas (EMRSA) sdo capazes de se disseminar rapidamente
entre pacientes e, uma vez introduzidas em dada instituicdo hospitalar, sdo de
dificil controle e erradicagcao, tornando-se endémicas ou epidémicas. Outras
linhagens resistentes a meticilina, que ndo sdo capazes de se disseminar, séo
denominadas MRSA esporadicas (SMRSA) segundo Hoefnagels-Schuermans
et al. (1997).

Em ambientes hospitalares, podem existir as linhagens epidémicas e
esporadicas (EMRSA e SMRSA). As linhagens EMRSA s&o adquiridas,
principalmente, por pacientes internados em unidades de cuidados intensivos. As
linhagens SMRSA, por outro lado, sdo introduzidas no ambiente hospitalar por
pacientes internados recebendo tratamento prolongado (Hoefnagels-Schuermans
et al., 1997).

No inicio dos anos 80, uma unica linhagem de MRSA causou um surto
epidémico em diversos hospitais da Inglaterra e Pais de Gales, (Townsend et al.,
1987). Dez anos depois, Kerr et al. (1990) através de técnicas como: fagotipagem
e testes de susceptibilidade a antibidticos, demonstraram a existéncia de outras 14
linhagens de MRSA epidémicas que haviam afetado mais um hospital. Nessa
mesma época, Struelens et al. (1992) demonstraram por macrorrestricdo de DNA
e eletroforese em campo pulsado (PFGE), que uma mesma linhagem causou

surtos em pelo menos trés hospitais diferentes na Bélgica.

As infecgbes causadas por Staphylococcus aureus resistentes a
oxacilina (MRSA) estdo aumentando no mundo todo. Com o aumento do interesse
na resisténcia antimicrobiana, existem agora varios grandes grupos formados para
gerenciar a resisténcia antimicrobiana com bases nacionais e internacionais,
como: o National Nosocomial Infection Surveillance System, o Projeto Icare, o
Sentry e o Controle de Patdégenos de Importancia Epidemioldgica. Jarvis et al.
(1991); Edmond et al. (1999); Fridkin et al. (1999); Diekema et al. (1999);
Sahm et al. (1999); Felmingham et al. (2000).

Introdugao Geral
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Na cidade de Nova York, linhagens MRSA sao responsaveis por
aproximadamente 29% das infeccbes hospitalares, sendo que 50% dessas

infecgbes causam o 6bito dos pacientes. (Shopsin et al., 1999).

No Brasil, dados do programa Sentry, mostram que o S. aureus é a
bactéria mais frequentemente isolada de pacientes hospitalizados, sendo a
principal bactéria encontrada em infecgdes cirurgicas e na corrente sanguinea,
além de ser a segunda mais encontrada em infecgbes respiratorias
(Sader et al., 2001).

Devido ao grande poder de disseminagdo de linhagens de MRSA, a
implantacdo de um efetivo programa de monitoramento para identificacdo e

controle de epidemias tém sido necessario (Meier et al., 1996).

1.2- Técnicas de biologia molecular aplicadas a Staphylococcus aureus com

fins epidemioldgicos.

Diversas técnicas de genotipagem podem ser empregadas para a
analise epidemiologica em casos de suspeitas de surtos de infecgbes provocadas
pelo S aureus. Todas essas técnicas baseiam-se na existéncia de polimorfismos
em varios trechos do cromossomo bacteriano. Alguns desses polimorfismos
ocorrem por insergcao ou delegcdo de trechos de DNA, ao invés de trocas de
nucleotideos. Uma classe especial de polimorfismo por inser¢gao/deleg¢ao, descrita
por Frenay et al. (1994), consiste numa repeticdo de trechos de sequéncia

conhecida na regido X do gene da Proteina A (spa).

O numero dessas repeticoes € variavel em até 24 pb (variable number
of tandem repeats, VNTR), portanto, o tamanho de todo o trecho é proporcional a
quantidade de repeticdes existentes. Pode-se, entédo, estimar o numero de alelos
através da amplificacdo de todo o trecho e estimar o seu tamanho através de
eletroforese e analise computacional. Esses polimorfismos podem caracterizar
linhagens epidémicas e nao epidémicas (esporadicas), ja que sé&o

documentadamente estaveis para fins de analises genotipica.

Introdugao Geral
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Os estudos de Tang et al. (2000) indicam que a organizagao do gene
spa é bastante estavel entre linhagens MRSA epidemiologicamente relacionadas,
coletadas num periodo de 2 anos. A variabilidade e estabilidade desse gene
indicam que a analise de sua sequéncia poderia ser usada como um sistema
alternativo para a tipagem molecular. Sao necessarias analises genotipicas
adicionais para maximizar a resolugao, pois o poder discriminatério de um unico
sitio polimorfico €, normalmente, limitado. Linhagens com sequéncias spa
diferentes ndo sdo geneticamente relacionadas, entretanto o contrario pode nao
ser verdadeiro, ou seja, se as linhagens possuem sequéncias idénticas, nao
significa que elas sejam relacionadas epidemiologicamente devido ao baixo poder

discriminatorio.

Frenay et al., (1994) tentaram discriminar as linhagens EMRSA das
SMRSA com base no polimorfismo desta regido. Estes autores demonstraram que
linhagens com mais de sete repeticdes na regiao X desta proteina, tendiam a ser
epidémicas, enquanto que, a presenca de sete ou menos repeti¢des, era indicativo

de linhagens MRSA n&o epidémicas.

Recentemente, melhores resultados tém sido obtidos com o
sequenciamento dessa regido, ja que o calculo de tamanho é dificil de ser feito e

pode ocasionar erros (Shopsin et al., 1999).

O gene produtor da coagulase, uma constituinte natural do S. aureus e
que é um importante fator de viruléncia, pode também ser usado para a
caracterizagdo genémica de isolados, com fins epidemioldgicos. Existem regides
variaveis em trechos desse gene que podem ser explorados através de técnicas

de amplificagéo e restricédo (RFLP).

Goh et al. (1992) relacionaram, com sucesso, linhagens de MRSA,
através da amplificagédo, por PCR, da regiao variavel do gene da coagulase (coa),
seguida de restricdo por Alu |, Hae Ill e analise por RFLP, fazendo com que as
variacdes nas sequéncias dos genes da coagulase (coa) pudessem ser Utilizadas

nos estudos de tipagem  molecular de S. aureus. Estes estudos demonstraram
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haver boa correlagdo com a caracterizacao através de PFGE (Hookey et al, 1998).
Numerosas formas alélicas tém sido descritas para o gene coa, devido as

variagdes na sequéncia 3’ final

Van Wamel et al. (1995) tentaram diferenciar EMRSA de SMRSA,
baseando-se na expressao de proteinas com capacidade de se ligarem a matriz
extracelular, tais como: as fibronectinas, vitronectinas e Fragmentos Fc de

imunoglobulina G.

Dessa maneira, a utilizacdo da técnica de PCR, para amplificagcao de
determinados trechos de genes de S. aureus, como por exemplo, coa e spa,
seguida ou nao de restricdo e sequenciamento pode ser utilizada para o estudo de
linhagens de S. aureus meticilina-resistentes isolados no ambiente hospitalar,
podendo inclusive, serem comparadas com relacdo ao seu poder de discriminacao
entre linhagens MRSA epidémicas e esporadicas, com a técnica considerada
padrao (PFGE). Além disso, a rapida obtencao de resultados e confiabilidade dos

mesmos pode fazer com que essas técnicas substituam o PFGE.

Os genes de “Housekeeping”, ou genes Constitutivos, se expressam
em todas as células do organismo, estdo sempre em atividade e codificam
proteinas essenciais, podendo ser uma ferramenta para o estudo de S. aureus
(Diep et al., 2003). Nesse estudo, foi usada uma combinagéo de técnicas de PCR
(amplificagdo de trechos dos genes spa, coa e genes de “housekeeping”
(arcC,aroE, gmk, pta, tpi, yqiL), seguida de restricdo dos fragmentos btidos dos
genes coa e “housekeeping”). Para os fragmentos do gene spa, através da
migragcdo por eletroforese em gel de agarose, foram determinados os alelos

correspondentes ao numero de repeticoes da seqliéncia em “tandem”.
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e Determinar, com fins epidemiolégicos, o poder discriminatério das
seguintes técnicas de genotipagem combinadas: amplificacdo de
trecho do gene coa, seguido de restricdo por Alu | e Hae llI;
amplificagdo e determinacdo do tamanho do fragmento amplificado
do gene spa e amplificacédo e restricdo de genes de “housekeeping”
(arcC, aroE, gmk, pta, tpi, yqiL) de Staphylococcus aureus resistentes

a oxacilina.

Objetivo
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Abstract

One hundred and fifty-four methicillin-resistant Staphylococcus aureus (MRSA)
strains have been isolated from patients attended in tertiary care hospitals in two
metropolitan areas (Campinas City and Ribeirdo Preto City) in the southeast region
of Brazil and analyzed through PCR-based techniques [(PCR amplification of spA,
coa, and housekeeping genes (arcC, aroE, gmk, pta, tpi, yqiL)] and further
restriction fragment typing of coa and housekeeping genes. The heterogeneity of
SpA gene was determined directly by agarose gel electrophoresis migration. The
results obtained indicate the existence of three (A, B, C) main strain clusters. Since
the strain distribution in these three clusters is much characteristic, it denotes the
existence of three main clones. All strains isolated in Campinas were grouped in
clusters A and B, while most of the strains isolated in Ribeirao Preto were grouped
in cluster C, with a few strains in cluster A (4) and B (1). This distribution denotes
the existence of different founder strains that undergo independent genetic
variability. The presence of strains of one city (Ribeirdo Preto) with genetic
proximity to strains of another city (Campinas) may reflect the possible spread of
strains with the acquisition of the infection in one city and the medical treatment in
the other one. The strains considered representative of the Brazilian Epidemic
Clone (BEC) were categorized as clone A. These results indicate a possible
variability higher among Brazilian MRSA strains than currently described.
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Introduction

Methicillin-resistant strains of Staphylococcus aureus (MRSA) have
become some of the most significant nosocomial pathogens worldwide, being
capable of causing a wide range of hospital infections and clinical syndromes
associated with severe diseases, including bacteremia, pneumonia, endocarditis,
septic arthritis, osteomyelitis, and deep abscess formation (Ayliffe, 1997). As
MRSA strains can disseminate very rapidly, it is necessary to implement effective
monitoring programs for the identification and control of epidemic strains
(Meier et al., 1996).

Phenotype and genotype markers may be used to identify epidemic
MRSA. The principal disadvantage of phenotype methods is in the variability of
strain characteristics, which may be increased either by horizontal transmission or
by the loss of extra chromosomal genetic elements (Blanc et al., 1996). The
introduction of DNA analysis-based genotyping methods has significantly
increased the resolution of epidemiologic typing (Na'was et al., 1998). Among
these methods, pulsed-field gel electrophoresis (PFGE) has become the most
reliable MRSA typing method and has been used to identify outbreak strains
(Peacock et al., 2002; Shopsin et al., 1999, Tenover et al., 1995). Alternatively to
PFGE, a difficult and expensive technique, other molecular techniques such as
multilocus sequence typing (MLST) and spA and coa typing have been
successfully used to differentiate between MRSA strains (Enright et al., 2000).
Previous PFGE studies have documented the emergence of two particularly widely
disseminated multi-resistant MRSA clones. One of these, the lberian MRSA, first
identified as the dominant clone in a major MRSA disease outbreak in a hospital in
Spain in 1989 (Dominguez et al., 1994), was subsequently detected in at least
eight Portuguese hospitals (Aires de Souza et al., 1996) as well as in hospitals in
Western Scotland, United Kingdom, ltaly, Belgium, and Germany (Mato et al.,
1998), and in one hospital in the USA (Rubin et al., 1999). A second multi-resistant
clone (Brazilian Epidemic clone - BEC) was shown to be widely spread in Brazilian
hospitals several thousands of kilometers apart (Teixeira et al., 1995) and later it
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was also associated with infections in Portugal, Argentina, Uruguay, Czech
Republic, and Canada (Melter et al., 1999; Sanches et al., 1995; Coimbra et al.,
2000; de Sousa et al., 1998). Several other studies in Brazil (dos Santos Soares
et al., 2000; Soares et al., 2001; Branchini et al., 1993) accomplished with Brazilian
MRSA isolates indicated a low variability between the analyzed strains by PFGE.

In this work, it was used a combination of PCR-based techniques [(PCR
amplification of spA and coa genes and housekeeping genes (arcC , aroE, gmk,
pta, tpi, yqiL)] with further restriction and fragment typing of the coa gene and
housekeeping genes, plus the direct determination of the heterogeneity of the spA
gene by agarose gel electrophoresis migration, to assess the existing genomic
variability of 154 methicillin-resistant Staphylococcus aureus (MRSA) strains
isolated in two metropolitan areas in Southeast Brazil. The strains were isolated
from patients attended in two tertiary care hospitals, at the Medical School Hospital
of Campinas State University (UNICAMP) in Campinas City and the Medical
School Hospital of Sdo Paulo University in Ribeirdo Preto City (FCMRP-USP), both
located in Sdo Paulo State. Because of the large number of towns served by these
hospitals, the isolated strains may be representative of regional strains. Besides
that, as these two industrial and agricultural regional centers attract migrants from
other regions of Brazil, the genetic variability possibly detected in the strains herein

studied might reflect that existing in Brazil.

2. Material and Methods
2.1. Isolates

Isolates were obtained from patients attended in two tertiary cares,
Medical School Hospitals located in two metropolitan areas of Sdo Paulo State,
Southeast Brazil between 2002 and 2005.. In the Medical School Hospital of
Campinas State University, it was obtained 124 isolates, and in the Medical School
Hospital of Sdo Paulo University in Ribeirdo Preto City (FCMRP-USP), it was
obtained 26 isolates. Four strains (257A, 20COA, 256B, and 24COA) also isolated
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in the Medical School Hospital of Campinas State University were a gift from Dr.
Maria Clara Padoveze (Padoveze et al., 2001). As control strains and for
comparison sake in the clustering analysis, another 02 isolates (BEC 9393; HC
562) to Dr. Agnes M. Figueiredo (Soares et al., 2001) from Universidade Federal
do Rio de Janeiro were used.

2.2 Genomic DNA Extraction

For genomic DNA extraction, the MRSA strains were grown overnight in
LB medium (Sambrook et al., 1989) at 37 °C and total DNA was extracted as
described by Ausubel et al., 1988.

2.3. PCR amplification and analysis of the polymorphism of the coa
gene

The amplification of DNA fragments of the coa gene and further
restriction with endonucleases and agarose gel electrophoresis followed the
protocol described by Montesinos et al., 2002.

2.4. PCR amplification and analysis of the polymorphism of spA gene

The amplification of DNA fragments of the spA gene was accomplished
as described by Koreen et al., 2004. The polymorphisms of the fragments were

analyzed by agarose gel electrophoresis as described by Koreen et al., 2004.

2.5. PCR amplification of housekeeping genes and polymorphism
analysis

Housekeeping genes (arcC, aroE, gmk, pta, tpi, yqiL) amplification by
PCR and amplified fragment restriction with endonucleases were performed as
described by Diep et al., 2003. The resulting fragments were analyzed by agarose
gel electrophoresis as described by Sambrook et al., 1989.
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2.6. Genomic similarity and statistical analysis

The genomic similarity between strains was assessed throughout the
construction of a similarity Dendrograma generated by the NTSys software
(UPGMA algorithm) using the combination of all generated fragments obtained by
all PCR-based techniques (Rohlf, 1997).

3. Results

The similarity dendrogram (Figure 3) obtained using the joint results of
PCR amplification of spA (Figure 1), and PCR and restriction of coa (Figure 1) and
housekeeping genes (Figure 2) for 154 methicillin-resistant Staphylococcus aureus
(MRSA) isolates demonstrated the existence of three main clusters (A, B, and C)
with low identity between them, approximately 15% between clusters A and B and
C, and 30% between clusters A and B (Figure 3). Clusters A, B, and C contained
45 (29.22%), 88 (57.14%), and 21 (13.64%) of the isolates, respectively (Figure 3,
Table 1). Clusters

A and B contained all the strains (n= 128; 100%) isolated in the
metropolitan area of Campinas City and five (19.23%) of the strains isolated in the
metropolitan area of Ribeirdo Preto (strains 1RP, 2RP, 77RP, 79RP, 95RP). On
the other hand, cluster C contained most (n=21; 80.77%) of the strains isolated in
Ribeirao Preto City.

In cluster A (n=45), only 09 strains were genetically identical. This clone
is represented by strain 7 (Figure 3) and includes strains 14, 35, 72, 131, 157, and
185. All the other strains grouped in this cluster had varying similarity among them.
Strain BEC 9393, representative of the Brazilian Epidemic Clone, was assigned to
cluster A, with just 58% of similarity with the strains within the same cluster, but
with a higher similarity with strains 257A, 24COA, and 256B, all isolated in the
Medical School Hospital of Campinas State University. In addition, four strains
isolated in the metropolitan area of Ribeirao Preto, 2RP, 77RP, 79RP, 95RP, were
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assigned to cluster A. Three of these strains (2RP, 77RP, 79RP) were grouped
close together, with approximately 75% similarity.

Cluster B (Figure 3) (n=88) presented nine identical clones represented
by strains 4, 5, 6, 9, 10, 12, 106, 162, and 180 (Table 1). From all cluster B strains,
only one (1RP) was isolated in metropolitan Ribeirdo Preto. All cluster C strains
(n=21) were isolated in metropolitan Ribeirdo Preto.

4. Discussion

Methicillin-resistant Staphylococcus aureus (MRSA) has emerged and
spread globally over the years since the first clinical use of the antibiotic methicillin
(Coimbra et al., 2000). The study of these MRSA isolates by various chromosomal
typing techniques has demonstrated the predominance of some MSRA clones.
One of these clones is the Brazilian Epidemic Clone (BEC), which is believed to
have disseminated from North to

South Brazil (Teixeira et al., 1995; dos Santos Soares et al., 2000) and
is cited as a reference among other MRSA clones (de Souza et al., 1998). BEC
isolates have also been detected in other countries, including Argentina, Uruguay,
Paraguay, Chile, Portugal, ltaly, and the Czech Republic (Oliveira et al., 1998;
Campanile et al., 2001; de Souza et al., 2003; Melter et al., 1999).

In this work, the genomic variability of 154 methicillin-resistant
Staphylococcus aureus (MRSA) strains isolated in two metropolitan areas of
Southeast Brazil 250 Km apart was investigated. Since both metropolitan areas are
industrial and agricultural centers and migration poles for other regions of Brazil,
the variability detected among the herein studied strains should reflect that of other
regions and therefore demonstrate the possible existence of other yet undescribed
clone(s).
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Although PFGE is considered to be the most reliable technique for the
study of genomic variability of MRSA strains (Diep et al., 2003), it is time
consuming, difficult to accomplish, and expensive and techniques such as PCR-
rybotyping (Oliveira and Ramos, 2002) and Restriction Enzyme Analyses of
Plasmid DNA (REAP) (Branchini et al., 1993) might show a smaller genetic
variability for the studied strains than the actual one. In this way, to assess the
polymorphism of these MRSA strains, we used a combination of PCR-amplified
fragments [spA (Koreen et al. (2004), coa (Montesinos et al., 2002)
and housekeeping genes (arcC, aroE, gmk, pta, tpi, yqiL) (Diep et al., 2003;
Enright et al., 2000)] with further RFLP analysis.

The results herein obtained indicate the existence of three main strain
clusters in these two metropolitan areas. Since the distribution of the strains in
these three clusters is very characteristic, it denotes the existence of three main
clones. Although the first clone (A) does not have most of the strains, it contains
the representative BEC strain (BEC9393) and strain HC562, which were previously
studied (Santos-Soares et al., 2000). Clone A also contains four strains that were

isolated in metropolitan Ribeirdo Preto.

The second clone (B) comprises most of the strains, and with the
exception of only one strain, (1RP), it contains only strains isolated in the Ribeirdao
Preto area. This clone has a higher similarity with clone A than with clone C, which

indicates a close ancestral for theses two clones.

The genetic proximity of the strains isolated in two different geographic
areas might be due to the acquisition of the infection in a geographic area and the
outcome and treatment of the disease in another one, with the possible spread of
strains between cities and regions. Since patients’ profiles are not available, this
theory has to be established yet. Another possibility would be the existence of
convergent genetic evolution in which some essential genotypes would be
preserved independently of the selective pressures.
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The third clone (C) contains only strains isolated in metropolitan
Ribeirdo Preto, indicating the presence and spread of a different founder MRSA

ancestral strain.

Considering that the strains were isolated recently, from 2002 to 2005,
the genetic profiles observed show that genetic divergent events occur
considerably fast. This genetic recombinant events, preserving certain successful
“variable” genotypes. In summary, the results herein obtained indicate the possible
existence of three main MRSA strain clones in Southeast Brazil, all of them raised
possibly due to local selective pressures and to genetic recombination events. This
suggests that a high genetic variability would also exist in other Brazilian regions.
The so-called Brazilian Epidemic Clone (Souza et al., 1998) would be one of the

existing clones in Brazil, but others yet undetected must also exist.

The study of MRSA strains by a sum of techniques like the ones
employed in this work also demonstrates that MRSA has a high genetic variability.
These techniques may be used either before PFGE or in place of PFGE, but
comparative studies are still required. If this is true, the study of bacterial

population in a fast and little expensive way is an open possibility.
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Table 1. Strains with identical similarity and the cluster in which these strains are

grouped.
Representative Strains with 100% of similarity Cluster [TOTAL
Strains
7 14;35;72;131;157;185 A 7
257A 20COA A 2
5 8,34,35,36,37,39,41,43,45,48,50,123,124,125, B 23
139,146,152,161,169,170,171,179

B 14

4 46,102,107,109,122,142;150,164,167,168,172,184,187
12 16,17,20,58,141; B 6
106 130 B 2
180 181;135,140 B 4
06 18;19;21;22;23;28;30;31;32;66;71;74;75;80;8 B 27

:86:94;97;99:110;143;149;155;156;173;174;9;162
10 89 B 2
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Figure 1. Agarose (1.5%) gel electrophoresis of PCR-amplified fragments spa and
coa genes. (1) Molecular weight 1Kb marker; (A) amplified spa
fragments; (B) coa fragments obtained after PCR; (C) coa fragments
obtained after digestion with enzyme Hae lll; (D) coa fragments obtained

after digestion with enzyme Alu I.
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Figure 2. Agarose (1.5%) gel electrophoresis of PCR-amplified fragments of
housekeeping genes and fragments obtained after digestion with
different restriction enzymes. (1) Molecular weight 1Kb marker; (A)
locus aroE (enzyme Cfol); (B) locus yqiL (enzyme Vspl); (C) locus pta
(enzyme Rsal); (D) locus yqgiL (enzyme Ddel); (E) locus tpi (enzyme
Bbul);(F) locus tpi (enzyme Mbal); (G) locus arcC (enzyme Hinfl); (H)
locus aroE (enzyme Alul); (I) locus gmk (enzyme Cfol).
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Figure 3
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Figure 3. Dendrogram of genetic similarity of strains.
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Os métodos empregados foram capazes de discriminar e agrupar 0s
isolados de S. aureus resistentes a oxacilina analisados em conglomerados e

estabelecer linhagens.

Na pratica, esses métodos se mostraram trabalhosos e de custo

elevado.

Trés linhagens principais foram caracterizadas, provavelmente

selecionadas por pressdes e eventos de recombinacao genética.

A linhagem representativa do Clone Brasileiro Epidémico foi

caracterizada como pertencendo ao conglomerado A.

A caracterizacao de outras linhagens (B e C) leva a supor que devem
existir outras linhagens de S. aureus oxacilina resistente, ndo relacionadas ao

Clone Brasileiro Epidémico.

Conclusao Geral
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Tabela 2. “Primers” usados para amplificacdo dos diferentes fragmentos

gendmicos.

Oligonucleotideos Sequéncia 5’- 3’ Descricao
coal ! AACAAAGCGGCCCATCATTAAG coa forward
coa2 TAAGAAATATGCTCCGATTGTCG coa reverse
spa1® TCAAGCACCAAAAGAGGAAGA spa forward
spa2® GTTTAACGACATGTACTCCGTTG spa reverse

arcC1 @ TTGATTCACCAGCGCGTATTGTC arcC forward
arcC2 @ AGGTATCTGCTTCAATCAGCG arcC reverse
aroE1 @ ATCGGAAATCCTATTTCACATTC aroE forward
aroE2 @ GGTGTTGTATTAATAACGATATC aroE reverse
Gmk1@ ATCGTTTTATCGGGACCATC gmk forward
Gmk2® TCATTAACTACAACGTAATCGTA gmk reverse
Pta1® GTTAAAATCGTATTACCTGAAGG pta forward
Pta2® GACCCTTTTGTTGAAAAGCTTAA pta reverse
Tpi1®@ TCGTTCATTCTGAACGTCGTGAA toi forward
Tpi2® TTTGCACCTTCTAACAATTGTAC toi reverse
yqiL1® CAGCATACAGGACACCTATTGGC yqil forward
yqiL2® CGTTGAGGAATCGATACTGGAAC yqil reverse

(1)

Montesinos et al. (2002); (2) Enright et al. (2000)
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