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Abstract

An increased incidence of nosocomial and community-acquired infections caused by methicillin-resistant Staphylococcus aureus 
(MRSA) has been observed worldwide. The molecular characterization of MRSA has played an important role in demonstrating 
the existence of internationally disseminated clones. The use of molecular biology methods in the surveillance programs has 
enabled the tracking of MRSA spread within and among hospitals. These data are useful to alert nosocomial infection control 
programs about the potential introduction of these epidemic clones in their areas. Four MRSA blood culture isolates from pa-
tients hospitalized at two hospitals in the city of São Paulo, Brazil, were analyzed; one of them was community acquired. The 
isolates were characterized as SCCmec, mecA and PVL by PCR, pulsed-field gel electrophoresis (PFGE) profile and molecular 
sequence typing (MLST) genotyping. The isolates presented type IV SCCmec, and none proved to be positive for PVL. The 
isolates showed a PFGE profile similar to the pediatric clone. MLST genotyping demonstrated that the isolates belonged to 
clonal complex 5 (CC5), showing a new yqiL allele gene, resulting in a new sequence typing (ST) (1176). Our results showed 
that strains of MRSA carrying a new ST are emerging in community and nosocomial infections, including bacteremia, in São 
Paulo, Brazil.
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Staphylococcus aureus has been the most important 
pathogen related to nosocomial infections in Brazil and 
remains the main agent isolated from community-acquired 
infections in most countries (1). Among species of Staphylo-
coccus, they account for 30 to 50% of nosocomial infections 
and this number is on the rise (2,3). After the description of 
the Brazilian epidemic clone (BEC) in 1992 (4), other studies 
further demonstrated the persistence of this microorganism 
in Brazilian hospitals (3). In these studies, the molecular 
characterization of methicillin-resistant S. aureus (MRSA) 
has been conducted primarily by pulsed-field gel electro-
phoresis (PFGE) and plasmid analysis, which showed the 
existence of internationally disseminated clones, reflecting 
epidemiological and geographical relatedness (5). The 
ability to correctly identify the MRSA strains is important 
for epidemiological understanding and decision making in 
public health (6).

 Genetic structure models of bacterial populations were 

demonstrated in 1998 when the multilocus sequence typing 
(MLST) technique was introduced (http://www.mlst.net/). 
Molecular biology methods in monitoring programs have 
permitted the determination of inter- and intra-hospital 
spread of MRSA. Moreover, the MLST data obtained can 
be used to answer basic questions about the evolution 
and biology of the population of bacterial species (7). 
Such information can be of help, for example, in the de-
velopment of more efficient vaccines against pathogenic 
microorganisms or for the planning and implementation 
of epidemiological measures. The generated data can 
be useful to alert the committees of nosocomial infec-
tion control about the introduction of potentially epidemic 
clones in their areas. The aim of the present study was 
to detect MRSA gene rearrangements with subsequent 
acquisition or loss of genetic determinants through different 
molecular typing techniques, including SCCmec typing, 
PFGE, and MLST.
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Material and Methods

The study was carried out using selected bloodstream 
MRSA isolates obtained from a patient with community- 
acquired pneumonia admitted to a private general hospital 
in 2006 (A26151), from 2 patients with nosocomial infection 
admitted to a public university hospital in 2004 (A13357 
and A14711), and from a patient with nosocomial infection 
admitted to a public general hospital in 2007 (A30988). 
The identification of S. aureus was confirmed by positive 
DNAse and tube coagulase tests. Resistance to methicil-
lin was determined according to Clinical and Laboratory 
Standard Institute guidelines (8). All strains were tested 
for the presence of the nuclease (nuc) and mecA genes. 
DNA was isolated from the reference strain by the method 
of van Soolingen et al. (9). SCCmec was determined by 
the multiplex PCR protocol developed by Oliveira and de 
Lencastre (10). All samples previously classified as SCC-
mec type IV were subjected to PCR for the detection of the 
lukF-LUKS-PV and PV genes encoding the virulence factor 
PVL (Panton-Valentine leukocidin) (11). PFGE of total DNA 
was performed as described elsewhere (3). Global and local 
representative MRSA clones were included in the experi-
ments. BEC, SCCmec type I (NCTC 10422), SCCmec type 
II (N315), SCCmec type III (85/2082), SCCmec type IVa 
(JCSC 1968), WB72 (USA300/ST8), WB49 (OSPC/ST30), 
and 481 (USA400/ST1) were used as control isolates. 

PFGE patterns were compared using the BioNumerics 
version 5.0 software (Applied Maths, Belgium). The PFGE 
profiles of MRSA were classified as clone “A” with subtypes 

“A1” and “A2”, sharing more than 80% of Dice coefficient 
similarity between them. The dendrogram was constructed 
using the unweighted pair-group with arithmetic mean 
(UPGMA) method algorithm for phylogenetic analysis. The 
molecular typing by MLST was based on the sequence 
of seven housekeeping genes according to procedures 
previously described (12). The resulting sequences were 
analyzed and compared with those deposited in the data-
base at the http://saureus.mlst.net/site. Using the START 
program and eBURSTv2 at http://pubmlst.org/software/
analysis/start, a dendrogram on sequence typing (ST) was 
built based on the data bank of each sample to illustrate 
the sample relationship and also to separate it into groups, 
representing clonal complexes, when available (13).

Results and Discussion 

The MRSA samples studied here were resistant to 
oxacillin and showed the presence of the nuc and mecA 
genes. SCCmec determination showed that the A14711, 
A13357 and A26151 samples were SCCmec type IVa, and 
the A30988 sample was SCCmec type II. 

All samples classified as SCCmec type IV were exam-
ined for the detection of the PVL virulence factor by PCR 
and were shown to be negative (data not shown).

 The A13357 and 14711 isolates showed 85.7% similarity 
despite a difference in the yqiL allele and both had 82.9% 
similarity compared to the A26151 isolate. These isolates 
showed 76.7% similarity to the pediatric clone (Figure 1). 
The dendrogram constructed using the isolates character-

Figure 1. Pulsed-field gel electrophoresis (PFGE) dendrograms representing genetic relatedness using the Dice coef-
ficient similarity and unweighted pair-group with arithmetic mean (UPGMA) method. Also included are the international 
methicillin-resistant Staphylococcus aureus (MRSA) clones. The right dendrogram columns indicate the number of al-
leles, sequence typing (ST) and SCCmec type, respectively. 
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ized in the present study revealed more than 82% similarity 
between the A13357, A26151, and A14711 samples. When 
these samples were compared to the A30988 isolate the 
similarity was 70.5% and to the BEC 50.8%.

MLST was identified by the PCR amplification of the S. 
aureus housekeeping genes in genomic DNA and resulted 
in approximately 500-bp fragments. For each isolate, the 
sequences obtained at each locus were compared to the 
database, and the alleles were numbered consecutively. 
Sequences were assigned as distinct alleles even though 
they differed at a single nucleotide site. Based on the num-
bers of the seven alleles identified for each sample, they 
received a number representing the ST. The evolutionary 
origins were examined by the eBURST algorithm in order to 
group the received allelic profiles into clonal complexes. The 
grouping was based on the similarities between sequence 
types at seven loci and was defined as a set sharing seven 
loci with any other in the data set.

The genetic similarity among isolates was also analyzed 
by the neighbor joining method. In this case, the allele nucle-
otide sequences of the seven genes were grouped into a 
single 3298-bp nucleotide sequence for each isolate. The 
sequences of different isolates were compared by determin-
ing the different nucleotide number between each sequence, 
for example in the genetic distance between isolates. These 
distances are represented in the gene tree branches con-
structed by this method (Figure 2). It was observed that the 
A30988 isolate was located in the same genogroup with a 
genetic distance of 86.4% showing similarity of 85.7% to 
A26151, A14711, A13357, and the pediatric clone. There 
is a clear bifurcation dividing the isolates belonging to the 
Brazilian epidemic clone, located at the bottom of the tree 
showing 86.1% similarity.

We found 4 different alleles for the glpF and tpi genes, 
5 alleles for the arcC and gmk 
genes, 6 alleles for the aroE and 
pta genes, and 8 alleles for the 
yqiL gene. The polymorphic sites 
between nucleotides ranged 
from 7 (tpi gene) to 12 (yqiL 
gene). Analysis of the eBURSTv2 
allelic frequency of the S. aureus 
samples studied showed that 
the most common alleles were 
number 1 for the arcC, glpF, gmk, 
and tpi genes (50, 78.6, 35.7, and 
50%, respectively), number 4 for 
the aroE gene (42.9%), number 
12 for the pta gene (42.9%), and 
numbers 3 and 10 for the yqiL 
gene (21.4% each). The genes 
of the S. aureus isolates were 
relatively uniform and polymor-
phic site distribution apparently 
occurred in conserved regions. 

The number of polymorphic sites among the 7 loci in the 
test samples ranged from 9 (arcC) to 2 (pta and tpi).

There were 12 ST between 9 and 5 control strains and the 
clinical isolates. The ST5 (ID: 19922) for A13357 SCCmec 
type IVa and ST105 (ID: 2184) for A30988, SCCmec type 
II samples were found among our isolates. Furthermore, 
we observed a new allele of the yqiL gene sequences for 
A14711 (ID: 1990) and A26151 (ID: 1991) samples. As a 
result, we describe a new ST belonging to clonal complex 
5 (CC5) (ST1176) carrying SCCmec type IVa. 

In an attempt to determine the molecular epidemiology 
of MRSA strains in São Paulo, Brazil, from 2006 to 2007, 
four isolates (A13357, A14711, A26151, and A30988) 
were characterized by different molecular typing methods. 
Two isolates (A13357 and A14711) were characterized as 
ST1176 in the present study, belonging to CC5 with other 
Brazilian isolates (ST641, 744, and 1204). The BEC from 
São Paulo belongs to CC8, together with other Brazilian 
isolates (ST8, 239, 644, and 250). 

MRSA have become a global concern. The dissemi-
nation of the MRSA clone probably reflects their ability to 
cause infection and to persist and spread from one region 
to another, including different continents (5). The predomi-
nance of BEC (SCCmec III) in Brazilian hospitals has been 
well documented (3,4,14). Recent changes in the profile 
of clonal MRSA isolated in hospitals have been observed, 
which have increased the number of MRSA isolates be-
longing to SCCmec type IV (pediatric clone), as shown in 
the study by Trindade et al. (15), who reported a 13% rate 
of occurrence of MRSA isolates in patients carrying this 
SCCmec admitted to a São Paulo hospital.

Different typing methods are necessary to determine the 
molecular epidemiology of MRSA strains and their genetic 
diversity. Enright et al. (16), by analyzing MRSA samples 

Figure 2. Dendrogram showing the neighbor joining phylogenetic tree, based on the sequence 
substitution number of 3298 nucleotides. The scale bar below the tree indicates the branch 
size equivalent to 10 substitutions.
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