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ABSTRACT
Methicillin-Resistant Staphylococcus aureus (MRSA) has long been a common pathogen in healthcare facilities, but

now, it has emerged as a problematic pathogen in the community setting as well. Healthcare-Associated Methicillin-

Resistant S. aureus (HA-MRSA) and Community-Associated Methicillin-Resistant S. aureus (CA-MRSA) strains have

appeared as a significant pathogen in healthcare and community-associated settings. The CA-MRSA used to be

susceptible to mostly used antibiotics, but the criteria have been changed for past decade. Although HA-MRSA most

commonly found in urine but CA-MRSA responsible for causing UTI. So Polymerase Chain Reaction (PCR) can be

used as gold standard to characterize S. aureus (nuc gene), MRSA (mecA gene), CA-MRSA (PVL gene in

SCCmec types IV). On the other hand, HA-MRSA can be detected by the detection of SCCmec types I, II, or III. But

detection of PVL gene may reduce cost and time to screen CA-MRSA and HA-MRSA. After identifying targeting

gene, sequencing can be carried out to know amino acid changes or any mutation that may occur in PVL gene and

may change the characteristics of CA-MRSA. Whole genome sequencing can play a vital role for shaping the future

and identifying transmission of MRSA in outbreak or endemic settings. Another way to control infection associated

with HA-MRSA and CA-MRSA is to control risk factors and important to identify the antibiotics before prescribing

to the infected person. Though vancomycin has susceptibility to most of MRSA but resistant pattern has also been

found. Development of vaccines against MRSA may have dramatic impacts upon morbidity and mortality caused by a

number of infection associated with HA-MRSA and CA-MRSA. However, further work is required to assess their

long-term roles in controlling infection associated with MRSA
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INTRODUCTION

The pervasiveness of the gram positive bacteria in nature makes
the exposition of their recovery from patient specimens
occasionally difficult, unless the clinical manifestations of an
infectious disease are apparent. Among other gram positive
bacteria Staphylococcus aureus is the most important and

commonly isolated human bacterial pathogens. S. aureus isolates
are resistant to methicillin, termed Methicillin-Resistant S. aureus
(MRSA), first identified in the 1960s [1,2]. They are usually
found to be resistant to other b-lactam antimicrobial drugs [3].
Methicillin-Resistant S. aureus (MRSA) is one of the most
frequent cases of Hospital-Associated (HA) infection [4,5]. But it
reported in community settings in the year 1980s, they are
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phenotypically, and genetically distinct from healthcare-
associated Methicillin-Resistant S. aureus (HA-MRSA) and there
has chance to replace HA-MRSA [6-9]. Meticillin-resistance in all
of these clones was due to the same mechanism, with the
responsible gene, mecA. Expression of mecA conferred
resistance to all available beta-lactam antibiotics, while resistance
to non-beta-lactam antibiotics commonly accumulated in HA-
MRSA due to a variety of mechanisms.

LITERATURE REVIEW

HA-MRSA, which reached almost 50% of all S. aureus isolated
in some countries like in Bangladesh, Australia because of using
high level of antibiotic in healthcare facilities [3,10]. Prolonged
length-of-stay in hospital settings increase the morbidity and
mortality rate associated with HA-MRSA.

Despite of this HA-MRSA, Community-associated methicillin-
resistant S. aureus (CA-MRSA) also been observed as emerging
pathogen. In Bangladesh, the percentages of CA-MRSA is
noticeable which is 57.89% [3]. Cluster of CA-MRSA infection
have been described among aboriginals in rural Native
American communities in the United States, prisoners,
children, and Injecting Drug Users (IDUs) [6,11-13]. Most of the
CA-MRSA associated with Skin and Soft Tissue Infection (SSTI)
and bacteremia respectively. But study showed that CA-MRSA
responsible for 25% of UTI infection as well [14]. CA-MRSA
has also been found to be composed of more-diverse clonal
groups than HA-MRSA and to usually contain an unique SCC
mec type IV element and Panton Valentine Leukocidin (PVL)
encoding genes LukS-PV and LukF-PV [3,15]. On the other
hand, HA-MRSA strains carry SCCmec types I, II, or III [16,17].

S. aureus isolates became resistant to methicillin termed as
Methicillin-Resistant S. aureus (MRSA) [4]. According to
NCCLs, (2013) S. aureus isolates with zone of inhibition of

worldwide [3].

aureus
(HA-MRSA)

According to CDC, an MRSA isolate as HA associated if the
original entry criteria of hospitalization for >72 hours before
culture acquisition was met and if in the year before the present
hospitalization, the patient had any 1 of the following:
hospitalization, surgery, residency in a long-term care facility,
and hemodialysis or peritoneal dialysis, or at the present
admission had indwelling percutaneous devices or catheters [18].

aureus
(HA-MRSA)

fi
isolated ≤ 72 h after hospital admission and there is no history
in the previous 12 months of hospitalization or surgery,
permanent indwelling catheters or percutaneous medical
devices, residence in a long-term care facility, dialysis or prior
culture of MRSA [18].

Of note, in the CDC definition, an infection is considered HA
if it occurs >48 hours after admission and CA if it occurs <48
hours after admission [18]. But evidence showed that >72 hours
and ≤ 72 hours as a cut-off to more conservatively capture HA
infections and CA infections respectively, that may minimize the
miscategorization of HA-MRSA infections as CA-MRSA
infections.

Antibiotic susceptibility pattern of HA-MRSA and
CA-MRSA

A study found that, in Bangladesh prevalence of MRSA was
72% and United States is 60% [3,19]. In 2007, CA-MRSA
found more susceptible to mostly common antibiotic than HA-
MRSA [20]. But in 2018, CA-MRSA showed highest pattern of
resistant to Cefoxitin, Oxacillin, Ceftazidime, Chloramphenicol,
Tetracyclin and HA-MRSA showed resistant to Cefoxitin,
Oxacillin, Tetracyclin which is an alarming resistant pattern. A
Minimal Inhibitory Concentration (MIC) was also studied
against Ceftriaxone and Gentamicin and almost 35% isolates
showed 2048 MIC value against both antibiotic [20]. Only
Vancomycin showed susceptible pattern for both HA-MRSA and
CA-MRSA in that study. But there also evidence of Vancomycin
Resistance S. aureus (VRSA) which may be a Vancomycin
treatment failure [21].

Characterization of HA-MRSA and CA-MRSA

Detection pattern can be categorized into conventional
detection (such as biochemical identification, antibiogram) and
molecular detection (such as PCR, sequencing). Antibiotic
susceptibility pattern is a valuable tool for the detection of
methicillin resistance pattern by using cefoxitin disk (30 µg) (≤
21 zone diameter known as MRSA) [3]. But it is not well enough
for the characterization of HA-MRSA and CA-MRSA. Most
study showed HA-MRSA highly resistant to beta-lactam
antibiotic and as well non-beta-lactam antibiotics due to
inadequate and extensive use of antibiotic in hospital settings
[11]. We also found in our statistical analysis that urine could be
suitable for detecting HA-MRSA. But recent study showed that
CA-MRSA became more resistant to commonly used antibiotics
and along with skin, soft-tissue infection they also responsible
for causing UTI [3]. So, antibiotic profile and clinical
manifestation are not quite enough to detect HA-MRSA and
CA-MRSA.

Molecular method (polymerase chain reaction, Sequencing)
could be an extensive way to classified them easily and we can
also detect S. aureus and MRSA by detect nuc and mecA gene
individually [3]. By using Polymerase Chain Reaction (PCR) CA-
MRSA is distinguishable from HA-MRSA based on the
production of Panton-Valentine leukocidin (PVL), a powerful
cytotoxin in human mononuclear cells or SCCmec type IV in
the variable genome CA clones [3,8,22]. On the other hand,
HA-MRSA can be detected by the detection of SCCmec types I,
II, or III using PCR as shown (Figure 1) [22]. After detection of
gene, sequencing of identified gene will add a promising result
to combat the infection associated with HA-MRSA and CA-
MRSA [23].
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Figure 1: Comparison between HA-MRSA (healthcare-
associated methicillin-resistant Staphylococcus aureus) and CA-
MRSA (Community-associated methicillin-resistant
Staphylococcus aureus) strains in human. The figure represents
when S. aureus isolates with zone of inhibition of cefoxitin disk ≤
21 mm were phenotypically considered as MRSA (methicillin-
resistant Staphylococcus aureus) worldwide and CA-MRSA are
phenotypically, and genetically distinct from healthcare-
associated methicillin-resistant S. aureus (HA-MRSA).

However, whole genome sequencing in identifying transmission
of HA-MRSA and CA-MRSA in outbreak or endemic settings
need to be applying. Further studies are required to determine
its long-term impact on infection control programmes. In
addition, real-time sequencing and analysis remains problematic
for many institutions, despite signifi cant reductions in costs.
Further work is required in this area, though results to date are
promising [24-27].

Risk factors

Patients with CA-MRSA infections have often lacked risk factors
[28]. For example, skin infections due to S. aureus in general and
CA-MRSA in particular are well known to be in

fl

uenced by
climate, having higher incidence in warmer and more humid
months in temperate regions but are generally more common in
tropical climates [29,30]. Younger people have frequently been
found to be at greater risk of CA-MRSA. Socio-economic
deprivation and overcrowding also act as risk factors [31-34].
Other factors associated with social disadvantage have been
implicated including higher levels of fomite and environmental
contamination, diabetes, obesity, smoking in the household and
skin infections in household contacts. Antibiotic use in the
previous 12 months has been associated with increased risk in
both the general population and in prison populations [35-38].

The commonly associated risk factors for HA-MRSA infection
are prolonged hospitalization, intensive care admission, recent
hospitalization, recent antibiotic use, invasive procedures, HIV
infection, and admission to nursing homes, open wounds,
hemodialysis, and discharge with long-term central venous
access or long-term indwelling urinary catheter. A higher
incidence of HA-MRSA infection is also seen among healthcare

workers who come in direct contact with patients infected with
this organism.

Although advancing age by itself is not considered a risk factor
for HA-MRSA infection, age more than 65 years is a significant
risk factor for hospitalization. Hence, advancing age is indirectly
linked to HA-MRSA acquisition. Living in an area with a high
prevalence of CA-MRSA or admission to a hospital with a high
prevalence of HA-MRSA also is considered a significant risk
factor for HA- MRSA colonization [39].

Prevention strategy for HA-MRSA

Many different strategies have been assessed for their impact in
controlling HA-MRSA, but signi

fi

cant controversy still exists as
to which infection control practices are most effective. Often
when studied or employed in healthcare settings, these practices
make up part of a bundle of care, and therefore it is often
dif

fi

cult to assess for each strategy as a stand-alone intervention
[40-42]. An example of this, is the utility of contact precautions
and isolation, which in the absence of effective hand hygiene,
are unlikely to demonstrate a signi

fi
cant reduction in the

transmission of HA-MRSA.
fi

potential for interference in patient care and an inability to
eradicate endemic transmission. It worthy to note that the
comparison of data within different settings may be difficult due
to inconsistencies, varied study populations and differences in
baseline prevalence rates of MRSA. Despite national guidelines
in many countries mandating prospective surveillance, the focus
of this reporting is to guide institutions on benchmarking and
monitoring of control strategies, not necessarily to demonstrate
signi

fi
cant success from a single intervention employed amongst

a bundle of healthcare activities. Therefore, although the
following discussion focuses on interventions individually, the
greatest reduction in MRSA acquisition and infection is likely to
be achieved through a multi-faceted approach like as source
identification, contact precaution, decolonization, and last but
not least antibiotic stewardship will be the key interventions to
reduce MRSA within the hospital and region [43-45]. A
retrospective ecological study with time series analysis in
Scotland suggested an association between the restriction of
Coamoxyclav, Cephalosporins, Clindamycin, Fouroquinolones
and macrolides and a reduction in the acquisition of HA-MRSA
in hospital and the community [46].

Prevention strategy for CA-MRSA

Control of CA-MRSA is in compared to that of HA-MRSA is
difficult due to lack of information and reports. Efforts at
prevention and control strategy require an understanding of the
epidemiology and of risk factors that are amenable to
modi

fi
cation. While those for HA-MRSA have been well

established, but data of CA-MRSA is not studied well. It will be
obvious that some risk factors apply generally while others apply
to particular geographic and demographic conditions.

In the United States a high incidence of CA-MRSA in
incarcerated populations has been associated with risk factors
including previous skin infection, nasal colonization, lower
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educational level, less frequent showering, sharing soap and less
healthcare contact [38]. When it comes for Asian country like
Bangladesh, nasal colonization, geographical differences in
typical antimicrobial resistance profiles became the risk factor in
community people [47]. Population-based studies have generally
found very low levels of nasal carriage of MRSA including CA-
MRSA. An agent-based model of Chicago CA-MRSA data
indicated that contact with colonized individuals was probably
the major source of acquisition and that this was most likely to
occur in households with school/daycare, hospital, sport and
jails being of much less importance in descending order [48]. A
whole genome sequencing study of household transmission of
USA300 CA-MRSA in Los Angeles and Chicago demonstrated
that single strains were transmitted within households and
could persist for 2.5–8.5 years long [49]. A screening and
eradication of carriage of MRSA infection associated with
patients has been a mainstay of control in HA-MRSA, a similar
approach should be attempted with CA-MRSA.

Furthermore, the generalizability of that fi nding to other HA-
MRSA clones and indeed to CA-MRSA has yet to be
established. While vaccination has proven successful in
controlling a number of bacterial pathogens and could be of
great benefi t in the control of all invasive infection due to S.
aureus. Study suggested that efforts to provoke protective
immunity speci

fi
c to invasive staphylococcal infection have

proven more dif

fi

cult and complex than those for other
pathogens. An effective vaccine is still awaited and issues related
to achievement of that have been reviewed elsewhere [50,51].

DISCUSSION

Diagnosis and treatment

Healthcare providers are encouraged to obtain appropriate
specimens for culture and susceptibility testing. Incision and
drainage are useful in the treatment of localized skin abscesses
only [51]. Empiric therapy should be based on local
susceptibility patterns and the clinical evaluation of the patient.

Treatment option for HA-MRSA and CA-MRSA is not absolute
due to lack of proper data and information associated with
MRSA infection. Vancomycin remains the drug of choice for
treatment of infections caused by MRSA in Bangladesh [3,52].
But S. aureus isolates were found resistance to vancomycin in
Bangladesh and has been increasing in various parts of the
world like in India, United States, Brazil, France and so on
[53-57]. Treatment should be modified depending on the culture
and susceptibility results and on the clinical course of the
patient.

A very recent review has structured to know the role of antibody
and animal models in the design of staphylococcal vaccines. So
vaccination can be another possible way to treat HA-MRSA and
CA-MRSA with proper understanding of clinical medicine and
basic epidemiology of HA-MRSA and CA-MRSA [58,59].

CONCLUSION

This review aimed that prevalence of MRSA increasing day by
day and remains a major healthcare challenge. CA-MRSA
infections appear to be an emerging phenomenon and has
possibility to replace HA-MRSA. Antibiotic susceptibility
pattern, clinical features of HA-MRSA and CA-MRSA has been
changed from past decade. So far, for characterization of them
PCR and sequencing should be the prime concern as
identification strategy. PCR is found to be the gold standard for
the detection of MRSA, CA-MRSA and HA-MRSA. Detection
of PVL gene and sequencing of PVL gene can be widely used to
detect the prevalence, amino acid pattern, or mutation of CA-
MRSA worldwide. In addition to cost of Whole genome
sequencing, it can play a vital role for shaping the future and
identifying transmission of MRSA in outbreak or endemic
settings. The pragmatic use of bundles of interventions to long
term control of HA-MRSA and CA-MRSA can be achieved by
controlling factors associated with MRSA infection.

Every strain of bacteria is susceptible to a specific antibiotic;
hence, it is important to identify the antibiotics before
prescribing to the infected person. Removal of unnecessary
antibiotic selective pressure by curtailing inappropriate use as
mandated in objective 4 of the WHO Global Action Plan on
Antimicrobial Resistance should be achievable. Though results
to date are promising, further study is required for clear image
of infection associated with HA-MRSA and CA-MRSA and to
delineate optimum control strategies.
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