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Abstract: Staphylococcus aureus (S. aureus) is a gram positive organism that serves as an
opportunistic pathogen and frequent colonizer of the epithelium causing severe diseases in
human and animals. The widespread use of antibiotics both in human and Veterinary
medicine resulted in the emergence of resistant strains of S. aureus. Methicillin-resistant
Staphylococcus aureus (MRSA) is a common bacterial pathogen responsible for a variety of
infections. Resistance to methicillin is determined by the mecA gene, which encodes the
low-affinity penicillin-binding protein PBP 2. Lately, new methicillin resistance gene, mecC
has been discovered from humans, animals and food products. MRSA infection was first
considered hospital-associated (HA-MRSA) and community-associated MRSA (CAMRSA) infections. However, another group emerged known as livestock-associated MRSA
(LA-MRSA). The isolation of MRSA from different species, food products and the
environment raised concern on the role of animals particularly livestock and wildlife in the
epidemiology of MRSA. The spatial distribution of MRSA indicates interspecies
transmission and colonization of different populations. This review summarizes the
epidemiology, current knowledge, genetic mechanisms, and transmission pattern of MRSA,
and colonization.
Keywords: Genetic Mechanism, Epidemiology, HA-MRSA, CA-MRSA, LA-MRSA,
Transmission, Colonization.
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INTRODUCTION
In 1959, shortly after the introduction of
methicillin, a semisynthetic beta-lactamase resistant
penicillin, isolates resistant to this agent were also
reported.
Outbreaks
of
methicillin-resistant
Staphylococcus aureus (MRSA) infections occurred in
Europe in the early 1960s [1]. Since these original
descriptions, MRSA, as well as coagulase negative
staphylococci (CoNS), which are commonly resistant to
methicillin, have emerged as major nosocomial and
community acquired pathogens. There have been three
pandemic MRSA clones which have been traced back
to the original 1959 MRSA isolates in Denmark and
England [2]. In addition, molecular typing of MRSA
strains collected from many geographic areas has
revealed that by 2002, five major MRSA clones
emerged worldwide [3]. The more recent epidemic
community-associated MRSA strains appear to have
emerged from earlier epidemic clones [4-6].
Methicillin-resistant Staphylococcus aureus
(MRSA) are a type of staphylococcus or "staph"
bacteria that are resistant to many antibiotics. Staph
*Corresponding Author: Iddah, M. Ali

bacteria, like other kinds of bacteria, normally live on
the skin and in the nose, usually without causing
problems. MRSA is different from other types of staph
because it cannot be treated with certain antibiotics such
as methicillin. Staph bacteria only become a problem
when they cause infection. For some people, especially
those who are weak or ill, these infections can become
serious.
MRSA infections are more difficult to treat
than ordinary staph infections. This is because the
strains of staph known as MRSA do not respond well to
many common antibiotics used to kill bacteria.When
methicillin and other antibiotics do not kill the bacteria
causing an infection, it becomes harder to get rid of the
infection. MRSA bacteria are more likely to develop
when antibiotics are used too often or are not used
correctly. Given enough time, bacteria can change so
that these antibiotics no longer work well. This is why
MRSA and other antibiotic- resistant bacteria are
sometimes called "super bugs." Methicillin-resistant
Staphylococcus aureus (MRSA) were first reported in
the early 1960's and are now regarded as a major
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hospital acquired pathogen worldwide. The term
methicillin resistant is historically used to describe
resistance to any of this class of antimicrobials.

borderline resistant strains in which the mec gene is not
present or is present in a very small resistant
subpopulation.

Resistance occurs when the organism has a
mecA gene producing an altered penicillin binding
protein, PBP2a (also known as PBP2') and either an
oxacillin MIC of 2mg/l or a methicillin MIC of
4mg/l. Infected and colonised patients are the
reservoir of MRSA both in hospitals and the
community with transmission generally being via
contact with health workers. Effective, rapid
laboratory diagnosis and susceptibility testing is
critical in treating, managing and preventing MRSA
infections. Therefore, Methicillin resistance requires
the presence of the mec gene; strains lacking a mec
gene are not methicillin resistant. Methicillin
resistance is defined in the clinical microbiology
laboratory as an oxacillin minimum inhibitory
concentration (MIC) ≥4 mcg/mL [7, 10]. Other
methods of detection, such as the use of the
cefoxitin disk or one of several polymerase chain
reactions (PCR) to detect the mec gene, are also
used. Isolates resistant to oxacillin or methicillin are
also resistant to all beta-lactam agents including
cephalosporins. MICs of 4 to 8 mcg/mL are
considered to represent borderline or low level
resistance.

There are genomes for several strains of
MRSA have been published; three classes of
pathogenicity
islands
and
diverse
possible
superantigens have been identified [13-15]. The mec
gene consists of a structural component, mecA, andtwo
regulatory components that control expression of the
gene. These include;
I.
mecR1-mecI: is a negative regulator of mecA
transcription. Mutations in this set of genes
results in more highly resistant strains.
II.
The beta-lactamase genes: blaI, blaRI, and
blaZ which control expression of betalactamase and because of sequence similarity
to the mecR1-mecI genes also can down
regulate mecA gene transcription [16].
However, beta-lactamase produces resistance
by a mechanism different from mec. It
hydrolyzes the beta-lactam ring. Because this
negative regulation is not tightly controlled
(eg, it is leaky), expression of resistance
following exposure to beta-lactams is
relatively rapid. The looser control allows the
mec gene to synthesize protein that under
conditions of greater regulatory control would
not be permitted.

The prevention of horizontal transmission
of MRSA has become increasingly important as the
prevalence of this pathogen increases. Oral carriage
of MRSA may serve as a reservoir for recolonization of other body sites or for crossinfection to other patients or health care workers. At
least two cases have been reported of cross-infection
from a general dental practitioner to patients [7].
The practitioner had probably been colonised whilst
a patient in hospital. Nursing homes are another
important source of colonization and infection and
two cases of acute parotitis caused by MRSA in
elderly patients have been described [8]. Attempts
are frequently made to eradicate carriage of MRSA
from either patients or medical staff colonized by
this organism. However, clinical experience has
shown that oropharyngeal carriage of MRSA can be
difficult to eradicates [9].
MOLECULAR MECHANISM INVOLVED IN
METHICILLIN RESISTANCE
mec gene
The presence of the mec gene is s total
requirement for S. aureus to express methicillin
resistance. The mec gene is absent from susceptible
strains and present in all resistant strains [11, 12]. The
structural component of the mec gene, mecA, encodes
the penicillin binding protein 2a (PBP2A) that
establishes resistance to methicillin and other
semisynthetic penicillinase resistant beta-lactams. The
mechanism of oxacillin resistance may be different in
© East African Scholars Publisher, Kenya

Just to add on to the above mentioned
regulatory genes, there are sequences of five auxiliary
genes that can modify expression of methicillin
resistance. These are known as the fem (factor essential
for the expression of methicillin resistance) A to E
genes.
PENICILLIN BINDING PROTEIN 2a
Penicillin binding proteins are peptidase
enzymes located in the bacterial membrane that
catalyze the transpeptidation reactions of peptidoglycan
during cell wall synthesis. MecA encodes penicillin
binding protein (PBP) 2a, an inducible protein that
establishes resistance to the semisynthetic penicillinase
resistant beta-lactams: methicillin, nafcillin , oxacillin ,
and all cephalosporins [17, 18]. In contrast to the other
four PBPs (1-4), PBP2a has a low affinity for betalactam antibiotics. In susceptible staphylococcal
isolates, the beta-lactams covalently bind to PBPs 1-3,
thereby inactivating enzyme activity, preventing
transpeptidation, and ultimately contributing to bacterial
death. PBP2a, with its low affinity for the beta-lactams,
can substitute for the enzymatic activity of these PBPs
and allow completion of cell wall assembly. The
resulting peptidoglycan has a structurally different
muropeptide composition, a change that does not appear
to affect cellular function [19].
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STAPHYLOCOCCAL CHROMOSOMAL
CASSETTE mec (SCCmec)
The mec gene is part of a 21 to 67 kb mobile
chromosomal element called the staphylococcal cassette
chromosome (SCCmec). The majority of healthcareassociated (mostly nosocomial) MRSA clones is
associated with SCCmec types I, II, and III and are
multidrug resistant [20]. In contrast, most communityassociated MRSA (CA-MRSA) strains have type IV or
V SCCmec and were formerly susceptible to other
antibiotic families; this is no longer the case [21-25].
Methicillin resistance may reduce the virulence of
healthcare-associated MRSA by interfering with agr
quorum sensing [26]. In one study, healthcareassociated MRSA strains carrying SCCmec type II
produced reduced amounts of cytolytic toxins as
measured by an in vitro T cell survival assay and in
vivo murine bacteremia model. Alteration of the cell
wall appeared to affect the agr quorum sensing system
resulting in diminished virulence. This effect has not
been observed among community-associated MRSA
isolates and may help explain the failure of HA-MRSA
to spread into the community. Sequencing SCCmec
from many MRSA strains has demonstrated at least six
SCCmec types (I-VI) that vary in genetic makeup and
size [27, 28]. Transfer of SCCmec from MRSA into
well-adapted strains of methicillin-susceptible S. aureus
(MSSA) has occurred on a number of occasions,
resulting in new MRSA isolates that spread rapidly in
healthcare institutions.
ORIGIN IN COAGULASE NEGATIVE
STAPHYLOCOCCI
It is believed that the mec gene was acquired
from these closely related staphylococcal species via a
limited number of genetic events. The mec gene is
essentially the same in all staphylococcal species.
Several studies point to CoNS as the origin of
methicillin resistance in Staphylococcus aureus.
Segments of DNA from an insertion sequence found in
CoNS (IS 1272) have been identified in MRSA [29,
30]. Insertion sequence elements are DNA segments
that encode enzymes that allow for site-specific
recombination. In addition, one study reported 88
percent amino acid homology for the MRSA mec gene
in S. sciuri, another species of CoNS [31]. The presence
of different insertion sequence fragments within the
mec gene makes transposition a likely mechanism of
transfer for the gene between species [32]. Sequencing
of the MRSA strain, USA300, an epidemic clone of
community-acquired MRSA, has shown that additional
virulence and resistance genes have also been acquired
from CoNS [33]. These genes include molecular
variants of enterotoxin Q and K and a mobile element
(the arginine catabolic mobile element, ACME) that
encodes an arginine deaminase pathway and an
oligopeptide permease system. The authors hypothesize
these genes enable the strain to evade host immune
responses and contribute to its ability to survive and
spread in host tissue. The virulence of USA300 appears
© East African Scholars Publisher, Kenya

to be linked to the differential expression of selected
virulence determinants that were already present in the
progenitor strain (USA500) of USA300 [34].
EXPRESSION OF METHICILLIN RESISTANCE
Even though the presence in MRSA of the mec
gene, the phenotypic expression of methicillin
resistance varies. There are three different forms for the
expression of methicillin resistance: homogeneous,
heterogeneous, and borderline. For instance, under
routine growth conditions (37ºC, unsupplemented
media), ≥99.9 percent of MRSA appear to be
susceptible to the beta-lactams (eg, oxacillin 4
mcg/mL). However, if the cells are grown at 30 to 35ºC
or in the presence of 6.5 percent sodium chloride, they
become more homogeneously resistant and express
beta-lactam resistance at a much higher frequency [35].
It is also good to note that the growth of heterogeneous
strains in the presence of a beta-lactam results in the
selection of a homogeneous phenotype. Serial passage
of these cells in the absence of antibiotic leads to slow
reversion back to the heterogeneous state. A similar
trend is evident in experimental endocarditis. It has
been observed that when rabbits infected with MRSA
are treateded with a beta-lactam results in a greater
percentage of the total bacterial population being
resistant than in untreated controls [36]. There was also
a correlation between the potential efficacy of the
antibiotic and its affinity for binding to PBP2a in vitro.
fem genes
The fem genes and other genes are necessary
for the homogeneous expression of resistance [37].
These auxiliary genes affect different steps in the
synthesis of peptidoglycan. Inactivation of these genes
can convert a homogeneously resistant strain to a
heterogeneous resistant one [38].
Borderline resistance
Borderline resistance refers to isolates that are
at the margin of resistance with an MIC to methicillin
of 4 to 8 mcg/mL. This type of resistance may be due to
one of several mechanisms. (a).Some strains with
borderline resistance possess the mecA gene. In these
strains, the resistant subpopulation may be extremely
small and therefore more susceptible to beta-lactams.
(b).In strains that lack the mecA gene (and therefore
PBP2a), there may be alterations in or overexpression
of the other PBPs, resulting in reduced affinity for betalactams or the availability of more enzyme for
peptidoglycan synthesis. Overproduction of betalactamase with slow hydrolysis of the beta-lactam
antibiotic has also been hypothesized as a potential
mechanism for borderline resistance in mecA negative
strains [39, 40].
LABORATORY DETECTION
The most accurate methods to detect MRSA
are polymerase chain reaction (PCR) for detection of
the mecA gene and latex agglutination tests for the
25
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protein product of mecA, penicillin binding protein 2a
[41-44]. When these tests are not available, traditional
microbiology laboratory techniques are acceptable, such
as oxacillin -salt agar screening plates and cefoxitin
disk diffusion tests.
Culture
Surveillance cultures are performed at body
sites (mostly the anterior nares) that are frequently
colonized with MRSA. The majority of patients with
asymptomatic MRSA colonization will be detected by
screening culture from the anterior nares (sensitivity 73
to 93 percent) [41-44]. The sensitivity can be increased
by also screening open lesions, such as surgical
wounds, pressure (decubitus) ulcers, and areas of skin
breakdown.
In patients without open lesions, a one-year
study of multisite screening (nares, rectum, and axilla)
found that nares culture alone missed 27 percent of
MRSA carriers [45]. Throat swabs also may be helpful.
In a screening study of almost 3000 individuals for S.
aureus carriage, 37 percent had nasal carriage and 13
percent were colonized only in the throat, increasing the
sensitivity of screening by 26 percent [46]. A similar
increase in yield with throat swabs (22 percent) was
seen in the small subset of MRSA carriers. Traditional
methods used to process surveillance cultures take 48 to
72 hours to yield results. However, newly available
techniques shorten the amount of time required to detect
MRSA in surveillance cultures. A chromogenic
selective agar containing cefoxitin detects a majority of
MRSA isolates within 24 hours, while commercially
available real-time PCR tests for mecA can detect
MRSA within two hours [40].
Antimicrobial susceptibility testing
In the past, most healthcare-associated MRSA
strains were multidrug resistant. Isolates that are
resistant to oxacillin but remain susceptible to most
non-beta-lactam
agents
(eg,
trimethoprimsulfamethoxazole, clindamycin , and ciprofloxacin ) are
usually community-associated MRSA. Such strains
should be tested using a confirmatory test such as a
mecA probe, PCR assay for mecA, oxacillin-salt agar
screening plates, or cefoxitin disk diffusion tests.
Antibiotic susceptibility testing for methicillin
resistance has been modified to enhance the detection of
these isolates, a large number of which are
heterogeneously resistant to methicillin. Susceptibility
testing now includes use of the more stable oxacillin
rather than methicillin disk, incubation at ≤35ºC for 24
rather than 18 hours, and the incorporation of 6.5
percent sodium chloride into the media. It is important
to remember that isolates resistant to oxacillin are also
resistant to all beta-lactam agents including
cephalosporins. Specific recommendations exist for the
different methods of susceptibility testing such as
automated turbidometric or disk diffusion assays [47].
© East African Scholars Publisher, Kenya

In the future, it is likely that clinical isolates will be
screened for methicillin resistance by polymerase chain
reaction (PCR) or with probes specific for segments of
the mec gene. Kits for the detection of the mec gene are
becoming more common. Alternative approaches
including screening with cefoxitin disks and the MRSA
latex agglutination test [48, 49].
TRANSMISSION
Healthcare-associated methicillin-resistant S.
aureus (HA-MRSA) strains are most commonly
transmitted to patients via the transiently contaminated
hands of healthcare workers. Hospitalized patients may
also
acquire
HA-MRSA
from
contaminated
environmental
surfaces.
Community-associated
methicillin-resistant S. aureus (CA-MRSA) strains are
most commonly transmitted by direct contact with a
colonized or infected individual. At the community
level, individuals may also acquire CA-MRSA by
contact with contaminated fomites used by an affected
individual. Among 188 household contacts of 148
patients known to be colonized with MRSA prior to
hospital discharge, 19 percent acquired MRSA
colonization, though none developed MRSA infection
[50]. Older age and providing healthcare to the
discharged patient were associated with MRSA
acquisition. Adherence to infection control measures is
critical for interrupting MRSA transmission.
COLONIZATION
Individual MRSA colonization is an important
risk factor for subsequent development of MRSA
infection. Individuals colonized with MRSA serve as a
reservoir for transmission. MRSA can colonize the skin
and nares of hospitalized patients, health care workers,
and healthy individuals (up to 7 percent) [51-53].
Colonization increases the risk for MRSA infection.
Colonization can occur in the following ways [54]:
 Contact with contaminated wounds or
dressings of infected patients
 Contact with another individual's colonized
intact skin
 Contact with contaminated inanimate objects
 Inhalation of aerosolized droplets from chronic
nasal carriers
The anterior nares is the most common site of
MRSA colonization [55-57]. Individuals with nasal
MRSA carriage transmit MRSA more readily in the
setting of concomitant sinus infection or upper
respiratory infection [58, 59]. A majority of individuals
with nasal colonization are also colonized on other
areas of intact skin including the hands, axillae,
perineum, and umbilicus (in infants) [60-62]. Other
potential sites of MRSA colonization include surgical
wounds, decubitus ulcers, intravascular catheter sites
and other invasive devices, throat, sputum, stool and the
genitourinary tract. In one study of 71 hospitalized
patients with S. aureus colonization, 67 percent had
colonization of the gastrointestinal tract, which was
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associated with increased frequency of S. aureus skin
colonization [63]. The durability of MRSA colonization
can vary from a few days or weeks to up to several
years [64].
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