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ABSTRACT: Since 1961, methicillin-resistant Staphylococcus aureus (MRSA) has evolved through both single locus gene variation
and horizontal gene transfer. By the late 1970s, the emergence of new SCCmec allotypes marked the beginning of a worldwide MRSA
pandemic. The continuous and rapid evolution of MRSA, in response to new antibiotics, remains a major public health issue worldwide.
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This essay is part of a continuing series of student class work completed in a second-year biology course at The University of Western
Ontario, introduced here. The essay illustrates one or more principles of evolution on a topic of the student's own choice.

Methicillin-resistant Staphylococcus aureus
(MRSA) is a type of staph bacteria, commonly
referred to as a superbug, and it is resistant to many
antibiotics. There are two general types of MRSA:
health care-associated MRSA (HA-MRSA) and
community-associated MRSA (CA-MRSA), which
have different genetic characteristics and were
traditionally found in different locations1,2,3. MRSA
can lead to more invasive and potentially fatal
infections such as pneumonia and is the most
common cause of skin and soft tissue infections in
emergency rooms in the United States1.

MRSA in 19611,6. The methicillin resistant gene,
mecA, was most likely acquired from a distantly
related species through horizontal gene transfer
(Figure 1)6. The methicillin-resistant penicillinbinding protein (PBP2a or PBP2’), encoded by
mecA, does not exist in MSSA6. Methicillin resistance
applies to the entire β-lactam class of antibiotics,
including
penicillin,
cephalosporin,
and
carbapenems7. Thus, MRSA exhibits a very broad
spectrum of resistance compared with penicillinresistant strains of S. aureus.

As Staph bacteria, MRSA are commonly
located on the skin or in the nose4. Approximately
one-third of the Canadian population is carrying
Staph bacteria at any given time, but not all these
bacteria will be MRSA4. In addition, being a carrier of
MRSA does not guarantee that an individual will
become infected4. Non-infected carriers are referred
to as being colonized1. MRSA can be spread by
physical contact with a carrier or infected individual,
by contact with infected bodily fluids, or in some
cases, it may even be airborne4. The ancestors of
MRSA are penicillin-resistant strains of S. aureus,
also known as methicillin-susceptible S. aureus
(MSSA), that arose in the 1940s and are still present
today1,2,5. These penicillin-resistant strains utilize a
plasmid-encoded penicillinase that hydrolyzes the βlactam ring of penicillin, disrupting antimicrobial
activity1. The introduction of methicillin provided the
selective pressure required for the emergence of
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Figure 1 – Resistance to methicillin in
Staphylococcus aureas. Surface protein adhesins
and wall teichoic acid are expressed and are
important factors in nasal and skin colonization.
Resistance to methicillin is acquired by insertion of a
horizontally transferred DNA element called
SCCmec. Five different SCCmec elements can
integrate at the same location by site-specific
recombination. A novel β-lactam–insensitive
penicillin binding protein, PBP2a, is encoded by the
mecA gene7.
There are two mechanisms by which MRSA
can evolve: single locus variations from ancestral
MRSA clones or horizontal gene transfer of mec
determinants into MSSA5. MRSA evolution relies
primarily on the method of gene transfer into MSSA
lineages through the action of mobile elements,
including SCCmec, νSaβ, φSA3 and MES-related
elements2.
MRSA isolates with the same sequence type
(ST), but different staphylococcal cassette
chromosome mec (SCCmec) types, suggest that the
emergence of MRSA clones on multiple occasions is
due to the transfer of mecA between S. aureus
lineages5. The original MRSA clone is thought to be
ST250–MRSA5. ST8, a successful MSSA strain that
developed into ST250–MSSA via a single nucleotide
polymorphism, acquired SCCmec type I, which
becomes ST250–MRSA (Fig. 2)5.

Figure 2 – Evolutionary origin of MRSA5.
Before the late 1970s, there was only one
SCCmec allotype: SCCmecI1,7. The emergence of
new SCCmec allotypes, SCCmecII and SCCmecIII,
in MRSA marked the beginning of the worldwide
pandemic that continues today1. The increased use
of vancomycin—the last remaining antibiotic to which
MRSA was readily susceptible—to treat MRSA led to
vancomycin-intermediate S. aureus strains, which
progressed to vancomycin-resistant S. aureus
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strains in the early 2000s1. Vancomycin resistance
was likely acquired from Enterococcus, a
vancomycin-resistant bacterium7. The emergence of
community-associated MRSA (CA-MRSA) in the
1990s was a significant evolutionary event1.
Although most antibiotics other than β-lactams are
effective against CA-MRSA, it is an especially
virulent strain of MRSA and is more easily
transmitted1. The presence of two molecular markers
not found in common hospital strains—a new
SCCmec allotype, SCCmecIV, and various virulent
factors including Panton-Valentine leukocidin
(PVL)—indicates that CA-MRSA is unrelated to HAMRSA in terms of virulence and antibiotic
resistance1. SCCmecIV, believed to have evolved
from SCCmecI, is now the most widely distributed
SCCmec type and is related to faster MRSA growth
rates1.
A recent study of MRSA evolution in Taiwan
led to the analysis of a new SCCmec type:
SCCmecV2. The major Taiwanese ST59 MRSA
clones—PVL-negative SCCmecIV and PVL-positive
SCCmecV—descended from a common ancestral
MSSA genotype, CC59, whose vSaβ mobile element
contained a ϕSA3-related fragment with immune
evasion cluster (IEC) type C2. The specialization of
PVL-positive SCCmecV began with the acquisition of
MESPM1 and the PVL-positive ϕSA2 mobile element
in CC59 MSSA, followed by the introduction of
SCCmecV, converting MSSA to MRSA2. The
translocation of mobile element ϕSA3 and the gain
of MES6272-2, followed by the acquisition of
SCCmecIV, produced PVL-negative SCCmecIV
MRSA2. The success of ST59–MRSA clones results
from increased antimicrobial resistance and
virulence due to mobile genetic elements2.
Another factor that contributes to MRSA
reproductive success is bacterial colonization2,7.
Beta-hemolysin causes the breakdown of red blood
cells and influences the initial stages of MRSA nasal
colonization2.
Beta-hemolysin
production
is
regulated by the hlb gene2. A novel mutation in CC59
S. aureus results in the ability to keep the hbl gene
active after acquiring IEC in the νSaβ mobile
element2. In addition, the removal of φSA3 in the CAMRSA clone MW2 increases its ability to colonize
skin2. Both the presence of IEC and active hlb
enhances MRSA’s ability to colonize humans,
leading to a rise in infection rates2. Acquiring these
mutations that increase colonization is considered a
selective advantage due to elevated opportunity for
reproductive success.
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MRSA and MSSA continue to evolve as new
antibiotics introduce novel selective pressures. The
transfer of genes by mobile elements has a
significant influence on the evolution of MRSA,
increasing antibiotic resistance, virulence and
colonization1,2,7. The continuous and rapid evolution
of MRSA remains a major public health issue
worldwide.
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