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Abstract

The aim of this review article is to compare molecular typing methods of methicillin resistant Staphylococcus
aureus (MRSA) strains. Resistance to methicillin and other beta-lactam antibiotics is caused by the mecA gene,
which is situated on a mobile genetic element, the Staphylococcal Cassette Chromosome mec (SCCmec). While
hospital acquired (HA)-MRSA strains are typically multi-resistant, community associated (CA)-MRSA strains are by
large more susceptible to many antibiotics. More resently multi-resistant livestock associated (LA)-MRSA strains
have been recovered from bovine mastitis, but these strains are only prevalent in certain high-risk groups of workers
in direct contact with live animals. The epidemiology of MRSA might be investigated by pulsed-field gel
electrophoresis (PFGE), multilocus sequence typing (MLST), spa typing, DNA microarray hybridisation and SCCmec
typing.

Until recently the most useful technique was the PFGE, which has high discriminatory index, but technically
difficult and slow, the portability is limited, and multiple nomenclature and misclassification of some lineages also
can occur. The mec (SCCmec) typing has standard nomenclature wich able to distinguish between the HA-MRSA
and CA-MRSA strains. The spa typing might be a useful tool for epidemiological studies of MRSA, due to its rapidity,
accessibility, high throughput, and standardized nomenclature. The MLST has high discriminatory power, defines
core genetic population and also has portability and standard nomenclature, but the weaknessess of this method are
the low throughput and high cost. Though, the DNA miroarray hybridization test is the most modern technique, which
able to detect of presence of a huge number of genomic loci, but due to the high cost and complexity not preferred
in routine practice.

Considering all data of these molecular techniques, the most recommended methods are the spa and
staphylococcal cassette chromosome mec (SCCmec) typing. Both are informative enough to define particular strain
characteristics and utilise standardised nomenclatures, making them applicable globally.

Continuous efforts to follow up the changing epidemiology of MRSA infection in humans and animals are
necessary, not only for effective infection control and appropriate antibiotic treatment, but also monitoring the
evolution of the MRSA clones.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is a major

pathogen worldwide in the hospital and community settings. Hospital-
acquired MRSA (HA-MRSA) strains may occur in mainly elderly
patients with predisposing factors, such as hospitalization, using of
indwelling catheters or surgical procedures, whereas community-
acquired (CA-MRSA) strains usually affect healthy and younger
people without such risk factors [1]. Furthermore, HA-MRSA and
CA-MRSA belong to different genetic lineages. CA-MRSA strains are
usually sensitive to antibiotics other than beta-lactams and contain
staphylococcal cassette chromosome SCCmec type IV, V or VII, while
HA-MRSA are generally multidrug-resistant and harbour larger
SCCmec type I, II or III [2]. The presence of type I arginine catabolic
mobile element (ACME) has been proposed to contribute to the
fitness and transmissibility of the CA-MRSA isolates [3]. More
recently, the emergence of an MRSA clone colonizing different

animals such as pigs and, more rarely, other farm animals (cattle and
poultry) have been reported in Europe. These strains, designated
livestock-associated MRSA (LA-MRSA) were mostly found in
countries with high density of pig farming such as the Netherlands,
Denmark and Germany. Human infections caused by the LA-MRSA
strain ST398 have been reported in patients that have had contact with
pigs [4].

The most useful molecular methods to categorize isolates into
clones and to compare the relevant genetic features of each clone as
follows: pulsed-field gel electrophoresis (PFGE), multi-locus sequence
typing (MLST), spa typing, staphylococcal cassette chromosome
(SCC) mec typing, and DNA microarray hybridisation.

Pulsed-Field Gel Electrophoresis (PFGE)
The most widely used molecular typing method of MRSA strains is

Pulsed-Field Gel Electrophoresis (PFGE). This technique is based on
the digestion of bacterial DNA by restriction enzymes. The large
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fragments are running in agarose gel according to their size. The
orientation of electric field is changed periodically (“pulsed”). PFGE
analysis provides a restriction pattern of bacterial DNA composed of
well-defined fragments. This method has proved very successful for
the investigation of nosocomial outbreaks and has also been used to
identify MRSA clones that have a particular ability to cause major
outbreaks and to spread nationally and internationally (epidemic
MRSA clones; EMRSA). Though, PFGE has excellent discriminatory
power, major disadvantages are that this technique is labor-intensive
and difficult to standardize and compare the results from different
laboratories [5].

Multilocus Sequence Typing (MLST)
Multilocus Sequence Typing (MLST) is a highly discriminatory

method of characterizing bacterial isolates on the basis of the
sequences of approximately 450-bp internal fragments of seven
housekeeping gene amplified by PCR. Sequence Type (ST) is obtained
based on the alleles identified at each of the seven loci using the SA
MLST database. As there are many alleles at each of seven loci, isolates
are highly unlikely to have identical allelic profiles by chance, and
isolates with the same allelic profile can be assigned as members of the
same clone. The major advantage of MLST is the ability to compare
the results obtained in different studies. In addition, the data obtained
by MLST can be used to address basic questions about the
evolutionary and population biology of bacterial species [6].
Disadvantage of MLST is that it uses only seven loci, which limits the
ability to detect some switches. It is requires performing PCR and
sequencing of the PCR products using an automated sequencer, which
is not available in most clinical laboratories. All in all, MLST is not
suitable for routine infection control or outbreak investigation due to
high cost, labor intensity, and lack of broad access to high-throughput
DNA sequencing [6].

Spa Typing
The method is based on the detection of polymorphic X region of

the protein A gene (spa). By application of the Based Upon Repeat
Pattern (BURP) algorithm implemented by the software, spa types
with more than five repeats are clustered into different groups, with
the calculated cost between members of a group being less than or
equal to 6 [7]. It is clear; that spa typing has a high degree of type
ability, as well as excellent reproducibility and this method can give
interchangeable information. However, to overcome the limitations of
spa typing the use of additional markers is indispensable. Additional
targets can be SCCmec, lineage-specific virulence or resistance genes,
or alternative polymorphic regions of the S. aureus chromosome. In
most cases a variety of spa types corresponded to a single MLST.
Considering that the majority of these genes reside on mobile genetic
elements, frequent exchange between different lineages can occur.
Another disadvantage is that spa typing is less discriminatory than
PFGE [8].

SCCmec Typing
MRSA strains are characterized by the presence of a large

heterologous mobile genetic element called the staphylococcal cassette
chromosome mec (SCCmec), which includes the mecA gene, the
central element of methicillin resistance. Besides the mec gene
complex SCCmec contains the ccr gene complex, which encodes
recombinases responsible for the mobility of SCCmec. The remaining

parts of the gene complex are called J regions (regions J1, J2, and J3),
which constitute nonessential components of the cassette. Although,
in some cases these regions harbour additional antibiotic resistance
determinants. Multiplex PCR strategy enables the rapid presumptive
assignment of all known SCCmec types to MRSA strains, especially
CA-MRSA isolates, which are mostly associated with specific SCCmec
type [9]. One of the disadvantages of this technique is the complexity
of the typing system since SCCmec region is variable and newer types
are permanently being defined.

DNA Microarray
DNA microarray hybridization test is contains covalently

immobilized probes specific for approximately 180 genes and 300
alleles of S. aureus, including resistance genes, toxins and microbial
surface components. The great potentiality of the method is the
simultaneous detection of presence of a large number of genomic loci.
The test is able to detect potentially new epidemiological markers such
as mer operon, which recovered only in the ACME-negative USA300
strains. It can be an alternative molecular typing technique, providing
additional features that are complementary to the characterization of
the MRSA strains. This new method can evaluate MRSA lineages, but
its complexity and cost make it not suitable for clinical purposes at this
time [10].

Summary
Monitoring the global epidemiology of MRSA strains and to

standardize the typing techniques is a need for a consensus and to
agree on a nomenclature that would allow the evaluate and compare
the data at national and international levels. Until now, the most
commonly used genotypic technique was the PFGE, recently the spa
typing or SCCmec methods are the most preferred.
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