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ABSTRACT

Infections by Community acquired Staphylococcus aureus (CA-MRSA) have drawn attention worldwide, including Brazil.
Obijective: to describe the epidemiology of CA-MRSA cases in Brazil order to understand its occurrence, risk factors and forms
of management in the country compared with the worldwide situation. Method: literature review and for articles selection
considering the databases: Scopus, Science Direct, Isi Web of Knowledge, PubMed and BVS. Results: ten national articles
describing 21 cases of CA-MRSA were identified, mostly in children, adolescents and adults with skin and soft tissue infection
progressing to severe infections related to Oceania Southwest Pacific Clone (OSPC) leading to hospitalization. Conclusion:
although CA-MRSA is considered a global important microorganism we found a lack of published data about its epidemiology
in Brazil, which hinder the design of the reality of the country against CA-MRSA.
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Community acquired methicillin-resistant staphylococcus aureus: a world problem

INTRODUCTION

Staphylococcus aureus is a Gram-positive bacteria, present
in various parts of the human body such as: nasal passages,
throat, intestines and skin, it may cause infection when there is
skin barrier disruption”. The nasal epithelium stands out as the
place with the highest colonization, whose prevalence reaches
on average 40% in the adult population. As part of the human
microbiota, this bacteria is not a risk, and may be carried for a
long period without harming the health of individuals®.

However, under immunosuppression the presence of
Staphylococcus aureus may favor the occurrence of infec-
tion™. In general, these microorganisms are associated with
skin and soft tissue infections, it may also cause severe and
even fatal diseases?.

Staphylococcus aureus is a major agent within the antibiot-
ic resistance approach since the 1960s, emerging immediately
after the introduction of penicillin®. This bacteria acquired
resistance to oxacillin, analogue to methicillin in the United
States, justifying the acronym MRSA (Methicillin-resistant
Staphylococcus aureus) used to identify them.

MRSA infections were predominantly considered a hospi-
tal problem until the 1980s, when the first cases of strains
from Community origin or CA-MRSA (Community-Acquired)
were registered. Since then, MRSA strains showing genetic
and phenotypic characteristics different from hospital strains,
HA-MRSA (Healthcare-Acquired), have been identified in the
community causing infections in healthy people, not exposed
to the usual risk factors, resulting in an epidemiology change
of these micro-organisms®.

Although the first cases were registered in the 1940s, bac-
terial resistance is still a very current problem and of such
importance that justified its proposal by the World Health Or-
ganization as a global challenge by the World Alliance for
Patient Safety in 2008%“.

Resistant microorganisms from community have been rec-
ognized as important pathogens whose incidence has grown
in many parts of the world. CA-MRSA infections have drawn
attention due to its rapid emergence®, increase in the preva-
lence® and the potential to cause serious infections?”. Howev-
er, despite the progress, Brazil still does not have a well-estab-
lished discussion of these microorganisms to provide greater
disclosure of the scenario, prevalence and aspects related to
prevention. In this sense, the following question emerged,
what is the national situation regarding the occurrence and
spread of CA-MRSA?

Thus, the aim of the study is to describe the epidemiology
of cases of CA-MRSA identified in Brazil in order to under-
stand their occurrence, associated risk factors and manage-
ment in relation to the world situation.

METHODOLOGY

This is an integrative review, which sought to identify
studies on the occurrence of CA-MRSA infections in Brazil
to describe the epidemiology of these cases comparing to
the world literature. We chose this design because it is an

under-discussed topic in Brazil and, above all, due to the need
to meet the national situation in order to enable reflections on
prevention and control at the rapid emergence of this micro-
organism in the world.

The selection of studies was conducted through searches
in the following databases: Scopus, Science Direct, Isi Web
of Knowledge, PUBMED (National Library of Medicine) and
Virtual Health Library (VHL) covering LILACS, IBECS, MED-
LINE, Cochrane and SciElo. We used the descriptors in Health
Sciences (decs.bvs.br) in English and Portuguese languages,
respectively as follows: community-acquired infections; drug
resistance, bacterial; infection control; methicillin resistant
Staphylococcus aureus and infecgées comunitdrias adquiri-
das, farmacorresisténcia bacteriana, controle de infecgées,
Staphylococcus aureus resistente a meticilina separately and
along with the connector AND.

The search for studies was conducted from 2007, the year
when the Guideline for Isolation Precaution® was published
changing the nomenclature for hospital infections to Health-
care-associated Infections (HAI). The new definition seems to
be more appropriate to current reality, it expands the previous
concept warning the possibility of occurrence of these dis-
eases hospital environment.

Inclusion criteria for selection of studies were: original
studies, independently of the design used, that addressed the
epidemiological profile of the affected individual or group,
pathogenesis and/or clinical outcomes, risk factors, preven-
tion, control and treatment recommended in these cases, must
being conducted in Brazil, independently of the language of
publication or design used.

We excluded studies regarding HAI acquired in the hospi-
tal environment which clinical manifestation occurred in the
community associated with CA-MRSA and those whose infec-
tions were defined as community only in accordance with the
phenotypic and microbiological characteristics of strains and
not according to the place of origin of the infection.

Initially we identified 482 studies. Of this total, 95 were se-
lected considering the title, six duplications were excluded. After
reading the abstracts, 42 were selected, and 21 of these were re-
lated to the topic of the study, and only ten of these studies were
carried out in Brazil, as previously defined as inclusion criteria.

Data collection was conducted systematically after reading
and analysis of studies, previously selected through a ques-
tionnaire developed by the authors and the results are pre-
sented in Box 1 and 2, descriptively.

RESULTS

Ten studies were identified in Box 1, which met the pre-
defined inclusion criteria.

Most study designs were case studies, clinical cases or case
series (8/10) and seven studies were published in national
journals. All cases have been reported in large urban centers
in the southern, southeast and northeast of Brazil except one
city from the countryside of Sao Paulo"®. The cases of infec-
tion by CA-MRSA described in studies that met the inclusion
criteria were compiled and are presented in Box 2.
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Box 1 — Characteristics of the studies included in the integrative review of literature (2007-2008), Belo Horizonte, 2014

ID Study location Journal Year Objective Study design
. . . . . To describe the detection of OSPC isolates in Rio de
0 Rio de Janeiro Diagn Microbial . . ) . .
¢ Porto Aleare Infec Dis 2007 | Janeiro and the emergence of other international clone multicentric study
8 of CA-MRSA in Brazil.
"0 Rio de Janeiro Braz | Infect Dis | 2008 To describe the first case of endogardltls caused by CA- Case study
MRSA in Brazil.
To report a case of sepsis in children, complicated by
m Porto Alegre Rev So%’(liras Med 2009 secondary pneumonia to soft tissue injuries by CA- Case study
P MRSA in southern Brazil.
. . Braz ] Med Biol To describe the first well characterized case of a severe
an
Rio de Janeiro Res 2009 CA-MRSA infection in a child in Rio de Janeiro. Case report
- Rev Soc Bras Med To describe a case of necrotizing pneumonia by CA-
(12)
530 Paulo Trop 2009 MRSA, which did not identify the PVL toxin. Case study
To review the clinical and epidemiological
Diagn Microbiol characteristics of patients with SCCmec IV isolates .
a3
Porto Alegre Infect Dis 2009 treated at a hospital in Porto Alegre and evaluate the Clinical case
molecular epidemiology of these isolates.
To evaluate the antimicrobial resistance profile of
4 Recife An Bras Dermatol | 2012 Staphylococcus aureus obtained from ambulatory Series of case studies
patients with infection of skin and soft tissues.
To describe the spectrum of diseases acquired in
as) Salvador Braz ] Infect Dis | 2013 the community presented by patients n?fecteq with Retrospective Cohort
Staphylococcus aureus and compare patients infected
with MSSA and MRSA.
e S0 Paulo Diagn MICI‘.ObIa[ 2013 To report a case of MRSA sepsis in a mgle patient Qf 16 Case study
Infec Dis years, from a small town in countryside of Brazil.
To describe a clinical case with literature review, in
(7| Rio Grande do Sul Rev AMRGS 2013 view of the importance of suspicion diagnoses and Case study

consequent early use of glycopeptide.

ID: identification of studies according to number of citation in the references.

Box 2 — Characterization of isolated cases of CA-MRSA in Brazil between 2007 and 2014

Case Primary . . Condition
N© Age group infection Secondary infection ATB Length of stay o discharge Clone Features ID
Sepsis/pneumonia/ LI OSPC
1 7a Skin abscess osteomyelitis/Liver and 50d Cure SCC meclV o
GEN o
lung abscesses Positive PVL
Septic Shock/pneumonia VAN OSPC
2 10a Furunculosis with pleural empyema/ CLI TEI 66d Cure SCC meclV an
Endocarditis /Osteomyelitis Positive PVL
OSPC
3 17a Infectlon. of the Bronchopneumonia / TEl 72d Cure SCC mec .IV a2
upper airways MER Hemolysin
Enterotoxin O
. . CEF SCC mec IV a0
4 27a Skin abscess septic shock VAN 90d Cure Positive PVL
Continua
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Box 2 (cont.)

Case Primary . . Condition
N© Age group infection Secondary infection ATB Length of stay o discharge Clone Features ID
5 Skin abscess o
6 Skin abscess ©
OSPC
7 3-56a Skin abscess ND* ND* ND* ND* SC_C.mecIV ©)
Positive PVL
Epididymis- Enterotoxin E o
8 orchitis
9 Septic arthritis 2
10 21a ’;‘g;gzg CEF ND* a3
OSPC
11 46a Pustules ND* SXT 35d Cure SCC meclV a3
Positive PVL
CFT * (13)
12 50a Abscess CLI ND
13 47a Furuncle ND* ND* od ND* ND* a4
CFL
14 14d Pneumonia ND* AMI 19d Cure ND* s
OXC
. PEN
* (15)
15 16d Pneumonia ND AMI 12d Cure
16 3a Dactylitis ND* Nao 7d Cure 1%
17 05m Pyoderma ND* OXC 15d Cure ND* (15
18 2-20a ND* ND* VAN ND* ND* (3
19 2-20a ND* ND* VAN ND* Death (%)
CFP ST5-5 spat311
20 16a Abscess Orchitis/Pneumonia/Severe | VAN 224 Cure SCC meclV a6
sepsis. IMI Positive PVL
SUT Enterotoxin A
Severe " VAN Between14d - a7
21 38a pneumonia ND PTZ and 21d Cure Positive PVL

ID: Reference; ATB: antibiotic; AMI: Amikacin; CEF: Cephalexin; CFL: Cephalotin; CFP: Cefepime; CFT: Ceftriaxone; CIP: Ciprofloxacin; CLI: Clindamycin; GEN:
Gentamicin; IMI: imipenem; MER: Meropenem; OXC: Oxacillin; PEN: Penicillin; PTZ: Piperacillin/tazobactam; SUT: sulfamethoxazole/trimethoprim; TEI: teicopla-

nin; VAN: Vancomycin; ND* - No information described in the analyzed study.

The affected patients were sequentially numbered 1-21
identifying the age or age group, primary focus of infection
and secondary infections, antibiotics used during treatment,
length of hospital stay, conditions to discharge, clone isolated
characteristics and study references.

Among the 10 studies included, 21 cases of infection by
CA-MRSA were described. Most cases were reported in chil-
dren, adolescents and adults evidenced by case report in this
age group in the analyzed studies and there were no reports
on elderly over 60 years.

Mostly, these patients were affected initially by infection
of skin and soft tissue region with previous local trauma.
Subsequently, they developed serious complications such
as sepsis"12  endocarditis"?, necrotizing pneumonia‘?,
orchitis®'® and osteomyelitis™'". These patients required

a prolonged hospital stay that lasted up to 90 days in one
case'’” with an estimated average of about 40 days. Except
for one patient who progressed to death™ all other patients
were discharged after cure, however, one of them, after dis-
charge, remained with chest tube and ileostomy? and other
splenectomized®®,

As for genotypic characterization of microorganisms in stud-
ies that provided identification, CA-MRSA clone, most common-
ly isolated, was the Oceania Pacific Southwest Clone (OSPC)
not reported in only one study"®, the Staphylococcal cassette
Chromossome (SCC) mec type IV in the same way was not iso-
lated in one study” and all the studies reported positive strains
for the gene which encodes exotoxin Panton-Valentine Leuco-
cidin (PVL). Also other toxins produced by the strains analyzed
in these studies were hemolysin, enterotoxin O, E© and A9,
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DISCUSSION

In order to improve our understanding analysis and discus-
sion, data were grouped according to the following sub-topics:
epidemiological profile of individuals/groups affected, patho-
genesis, clinical manifestations, and treatment measures as
well as possible measures to prevent and control these cases.

Epidemiological profile of individuals/groups affected

Most studies were published in 2009 (4/10) and no publi-
cations were found last year (2014). This fact reflects the dy-
namic nature of the problem of bacterial resistance that pro-
gresses rapidly with the isolation of new strains, previously
unknown, reflecting the multiple microorganisms that deserve
attention in this matter.

Most cases described in Brazil are in children, adolescents
and young adults with previous skin lesion which progressed
to complications. It is noteworthy that the presence of risk fac-
tors for infections was not addressed in these studies.

In international studies, CA-MRSA infections have been
recorded since the 1980s. These studies point to the occur-
rence of these infections primarily in healthy populations,
well-defined, living or exposed to conditions of agglomera-
tions, with strict physical contact between them and with little
or no contact with health services® being commonly reported
in children®2% and young adults®?". However, with regard
to the description of the epidemiological profile of individu-
als affected by infection with CA-MRSA in Brazil, due to the
reduced number of studies relating to this subject, we still can-
not provide a clear profile.

In the world, a higher incidence of these infections has
been demonstrated in Aboriginals in Australia?” and male
homosexuals in the United States?? when compared to the
general population. In Denmark, a study conducted between
1999 and 2006 identified 35.6% and 3% of CA-MRSA infec-
tions were, respectively, in foreign individuals and patients
with a recent history of travel to areas of high endemic-
ity (United States, Thailand, Philippines and Mediterranean
countries)®. And yet, athletes were also found to be individu-
als more likely to acquire and spread CA-MRSA because of
the frequency of contact between them, sharing items and
frequent skin lesions??,

Regarding the possible factors related to cases of infection/
colonization by CA-MRSA international studies described
their association with frequent physical contact, breaking of
skin integrity, sharing items®??, poor housing and hygiene con-
ditions, previous antibiotic use®'?¥ illicit drug use, multiple
sexual partners®??, nasal colonization with CA-MRSA, people
without higher education, previous MRSA skin infection, pre-
vious contact with health workers®¥ and contact with indi-
viduals from high endemicity areas®.

The incidence of these infections as well as colonization
cases vary geographically” and over time. In San Francisco,
the annual incidence of infections by USA 300, common CA-
MRSA strain in the US was estimated at 275 cases/100,000 in-
habitants??. In Denmark the incidence of CA-MRSA infections
increased from 0.21 to 2.81/100,000 inhabitants between

1999 and 2006 with the last year exceeded the incidence rate
of infection by HA-MRSA strains®. It is noteworthy that, in this
country, MRSA infections were systematically reported to the
Statens Serum Institut (SSI) by physicians and general practi-
tioners for characterization purposes since 1986. These data,
however, reinforces the importance of reporting the cases in
the country in order to favor the adoption of early measures
considering that the prevalence of this microorganism in the
country is not known.

Pathogenesis

In Brazil, CA-MRSA strains, especially the clone OSPC,
have been associated with cases of community-acquired in-
fections. However, CA-MRSA infections in the country are not
limited to the community setting also been identified in HAI
related to the USA 300 and USA 400 clones in Rio de Janeiro
and Porto Alegre®?> and these are also important internation-
ally identified clones®7:24,

CA-MRSA infections occur in tissue invasion and sub-
sequent inflammation, however, it is very important in the
expression of virulence factors and production of toxins.
Therefore, these infections can be associated with clinical
manifestations even more severe than those observed in infec-
tions caused by strains of HA-MRSA®®,

CA-MRSA strains can produce up to 18 different toxins from
those found in hospital strains including PVL, staphylococcal
enterotoxin B, y hemolysin'® and arginine catabolic mobile
element (ACME)"™. In cases associated with the occurrence of
infections in Brazil, all the isolates were positive for the gene
which encodes exotoxin PVL while some presented the ability
to produce hemolysin and the enterotoxins O""?, E® and A"®.

The PVL constitutes one of the most common virulence
factors among strains of CA-MRSA and relates to the lysis of
neutrophils and subsequent damage to the underlying tis-
sues". Encoded by the genes LukF and LukS™ the PVL is
present in most CA-MRSA strains and its prevalence varies
geographically". It has been identified in strains involved in
cases of serious infections® especially lung and skin™. Al-
though significant associations between necrotizing pneumo-
nia and CA-MRSA PVL positive strains have been shown'®,
this association was not observed by Geng et al (2010). Thus,
the controversial of whether such toxin constitutes the main
virulence factor in these strains remains.

CA-MRSA is also characterized by possessing genetic is-
lands known as SCCmec type IV and to a lesser degree, type
V2519 or new variant?. SCCmec contains the mec A gene?,
involved in the production of penicillin binding protein (PB-
P2a), responsible for resistance to B-lactam antibiotics®?.

The SCCmec type IV, found on all the strains identified in
the national studies evaluated, it is one of the smallest known
chromosomal cassettes!™? |osing resistance genes and introduc-
ing susceptibility to various classes of non-B-lactam/?. Its small
size facilitates its intense horizontal transfer between strains®
which may have contributed to the origin of these micro-organ-
isms through the acquisition of SCCmec by strains of multi-sus-
ceptible Staphylococcus aureus (MSSA) with subsequent dis-
semination of these clones on the environment®. This theory
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is supported by the study of Tong et al (2009) which showed
similar behavior between strains of CA-MRSA and MSSA.

In USA 300 strains it was observed that the genes encod-
ing the SCCmec type IV are physically linked to the encoding
type | toxin ACME, which has been observed in experimental
animal models such a reduction of the pathogenic strains after
deletion of this element®??”.

The type of genetic element associated with methicillin
resistance to toxins produced are important to identify CA-
MRSA strains from molecular methods such as MLST (Multi-
locus Sequence Typing) and PFEG (Pulsed-fielEletrophoresis
Gel)” allowing the classification of strains in different clones
as: Pacific clone - ST59, OSPC - ST30, European clone - ST80,
USA 300- ST8 Pandemic clone, Midwest clone (ST1). How-
ever, the classification of these strains is still a challenge in
addressing these microorganisms since none of these known
criteria are unique to CA-MRSA strains ?.

Clinical implications

In Brazil, severe cases of CA-MRSA infections such as infec-
tive endocarditis''?, sepsis!"'""'® and necrotizing pneumonia?
were registered in the south, southeast and northeast of the
country. In general, these patients were admitted to the emer-
gency service or hospitalization for extended periods or died.

In hospitalized children in Taiwan the infectious conditions
related to CA-MRSA included similarly to those complications
in Brazil such as sepsis, necrotizing pneumonia, osteomyeli-
tis/arthritis with or without septic pulmonary embolism, pyo-
myositis and necrotizing fasciitis, which 29% of them devel-
oped shock or serious illness and remained on average 18
days in intensive care unit'®. In addition, 36.4% of children
with primary pneumonia showed necrotizing pneumonia as-
sociated with empyema. Episodes of acute hemorrhage syn-
drome necrotizing pneumonia has largely been associated
with CA-MRSA strains affecting children®® generally after flu
condition?”,

Tables of necrotizing fasciitis is characterized by pain,
swelling, erythema and subsequent appearance of local bul-
lous lesions and should be considered when there is soft tis-
sue infection associated with systemic signs of toxicity"?.

Treatment measures

In therapeutic approach, the selection of antimicrobial
should be performed according to the site of infection and the
pattern of the micro-organism sensitivity. CA-MRSA strains are
typically sensitive to various antibiotics showing resistance to
B-lactam additionally to one or two other drugs??, different to
the HA-MRSA strains, resistant to multiple antibiotics®.

In Brazil, most antimicrobials used to treat infections by
CA-MRSA in hospitals were vancomycin and clindamycin.
Other international studies reported that sulfamethoxazole/
trimethoprim and clindamycin have been widely used in the
treatment of CA-MRSA infections in outpatients as vancomy-
cin has been the main drug of choice in hospital treatment?®,
sepsis, pulmonary disease or multifocal™ and infection of the
nervous system and/or in the presence of endocarditis""??. In
skin and soft tissue infections to early incision and drainage

with wide resection of necrotic tissues proved critical to the
success of treatment’*??. Patients undergoing drainage associ-
ated with antibiotic therapy showed a failure rate of 25% com-
pared to 60% failure in patients who received only drainage®.

Besides these, fluoroquinolones, linezolid, minocycline,
teicoplanin, tigecycline and daptomycin constitute therapeu-
tic options for the treatment of CA-MRSA infections®2).

However, an increase in resistance to B-lactam antibiotics
have not been observed worldwide in recent years. In China,
children with pneumonia caused by CA-MRSA, resistance pro-
files were identified for vancomycin 100%, three or more drugs
73%, four and over 65.4% or five or more 55.8%%®. Important
to highlight the high clindamycin and erythromycin index re-
sistance rate seen in this study were associated by researchers
to great use of these drugs in the country by this age group.
A study performed in Denmark found that approximately 50%
of the evaluated CA-MRSA strains were multidrug-resistant, i.e.
resistant’s to oxacillin and/or kanamycin (53.6%), fusidic acid
(44.4%), tetracycline (43.8%), streptomycin (37.1%), erythro-
mycin (27%), clindamycin (18.8%), fluoroquinolones (18%),
rifampicin (2%) and glycopeptides (0,5%)®.

Measures to prevent and control

Although not the subject of investigation of this study, we
highlight the fact that preventive measures were not addressed
in any of the national studies analyzed considering that they
are extremely important aspects to discuss the occurrence of
CA-MRSA.

On the other hand, the measures of prevention of CA-MRSA
infections registered in the international literature were mul-
tiple and highlighted by studies as a way to halt the spread.
Preventing and controlling the spread of CA-MRSA covers the
general recommendations applicable to infection control and
surveillance to multiresistant microorganisms, standardiza-
tion of protocols and rational use of antibiotics, educational
measures for health professionals, precaution applications of
contact and hygiene of hands, cohort for infected or colonized
patients and decolonization when there is indication, invest-
ment in more sensitive analytical methods, fast and easy to
use for the detection of patients infected or colonized®?® as
well as curative maintenance on lesions until they heal®?.

In the community, strategies like enhance environmental
and personal hygiene measures, especially hand, besides the
use of dressing over the lesion at home, should be encour-
aged22439 For people in situations of agglomerations or con-
finement is recommended to frequent washing clothes and
towels avoiding sharing of these items in addition to the use
of liquid soap, as CA-MRSA can be transmitted through bar
soap®”. Regarding decolonization although a practice ad-
opted in health institutions, there are no formal recommen-
dations for their use in household contacts of patients with
CA-MRSA infection”?%.

CONCLUSION

In Brazil, despite the progressive registration of the spread
of bacterial resistance in hospitals environment, we were
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identified only ten studies describing infections associated
with CA-MRSA. So, even though this is considered a micro-
organism that is a national problem, the lack of published data
on its occurrence, risk factors and management, hinder the
estimation of its prevalence and implementation of control
measures, management and prevention aimed mainly in its
community origin.

The cases reported in Brazil occurred generally in children,
adolescents and adults, with initial skin and soft tissue infec-
tion progressing to severe infections related to clone OSPC,

requiring hospitalization and use of antibiotics for prolonged
periods.

The registry of few studies in the national context still raises
a concern related to the professional training, lack of resourc-
es, technology and access to clinical laboratories to enable
the identification of CA-MRSA which has serious implications
for a reliable and fast diagnosis. These factors together hinder
the identification, approach and implementation of measures
which can impact directly on the knowledge of the true preva-
lence of CA-MRSA.

REFERENCES

1. Gelatti LC, Sukiennik T, Becker AP, Inoue FM, Carmo MS,
Castrucci FMS, et al. Sepse por Staphylococus aureus re-
sistente a meticilina adquirida na comunidade no sul do
Brasil. Rev Soc Bras Med Tropl. 2009;42(4):458-60.

2. Skov RL, Jensen KS. Community-associated meticillin-
-resistant Staphylococcus aureus as a cause of hospital-
-acquired infections. ) Hosp Infect. 2009;73(4):364-70.

3. Bassetti M, Nicco E, Mikulska M. Why is community-
-associated MRSA spreading across the world and how
will it change clinical practice? Int ] Antimicrob Agents.
2009;34 (Suppl 1):S15-9.

4. World Health Organization. The evolving threat of anti-
microbial resistance: options for action [Internet]. Gene-
va: WHO; 2012 [cited 2014 December 20]. Available
from: http://www.who.int/patientsafety/implementation/
amr/publication/en/

5. Leclercqg R. Epidemiological and resistance issues in
multidrug-resistant staphylococci and enterococci. Clin
Microbiol Infect. 2009;15(3):224-31.

6. Larsen AR, Stegger M, Bocher S, Sorum M, Monnet DL,
Skov RL. Emergence and characterization of community-
-associated methicillin-resistant Staphyloccocus aureus
infections in Denmark, 1999 to 2006. J Clin Microbiol.
2009;47(1):73-8.

7. Hidron Al, Low CE, Honig EG, Blumberg HM. Emer-
gence of community-acquired meticillin-resistant Sta-
phylococcus aureus strain USA300 as a cause of necro-
tising community-onset pneumonia. Lancet Infect Dis.
2009;9:384-92.

8. Siegel JD, Rhinehart E, Jackson M, Chiarello L. 2007 Gui-
deline for isolation precautions: preventing transmission
of infectious agents in health care settings. Am ] Infect
Control [Internet]. 2007 [cited 2014 December 20];35(10
Suppl 2):S65-5164. Available from: http://www.ajicjour-
nal.org/article/S0196-6553(07)00740-7/pdf

9. Ribeiro A, Coronado AZ, Silva-Carvalho MC, Ferreira-
-Carvalho BT, Dias C, Rozenbaum R, et al. Detection and
characterization of international community-acquired
infections by methicillin-resistant Staphylococcus aureus
clones in Rio de Janeiro and Porto Alegre cities causing
both community- and hospital-associated diseases. Diagn
Microbiol Infect Dis [Internet]. 2007 [cited 2014 Decem-
ber 20];59(3):339-45. Available from: http://www.ncbi.

nlm.nih.gov/pubmed/17662563

10. Fortes CQ, Espanha CA, Bustorff FP, Zappa BC, Ferreira
AL, Moreira RB, et al. First reported case of infective en-
docarditis caused by community-acquired methicillin-re-
sistant Staphylococcus aureus not associated with health-
care contact in Brazil. Braz ] Infect Dis. 2008;12(6):541-3.

11. Rozenbaum R, Sampaio MG, Batista GS, Garibaldi AM,
Terra GMF, Souza M), et al. The first report in Brazil of se-
vere infection caused by community-acquired methicillin-
-resistant Staphylococcus aureus (CA-MRSA). Braz ] Med
Biol Res. 2009;42(8):756-60.

12. d’Azevedo PA, Inoue FM, Andrade SS, Tranchesi R, Pig-
natari ACC. Pneumonia necrotizante por Staphylococcus
aureus resistente a meticilina. Rev Soc Bras Med Trop.
2009;42(4):461-2.

13. Scribel LV, Silva-Carvalho MC, Souza RR, Superti SV, Kvi-
tko CH, Figueiredo AM, et al. Clinical and molecular epi-
demiology of methicillin-resistant Staphylococcus aureus
carrying SCCmeclV in a university hospital in Porto Alegre,
Brazil. Diagn Microbiol Infect Dis [Internet]. 2009 [acesso
em 20 de janeiro de 2013];65(4):457-61. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19766425

14. Caraciolo FB, Maciel MA, Santos JB, Rabelo MA, Maga-
Ihaes V. Antimicrobial resistance profile of Staphylococ-
cus aureus isolates obtained from skin and soft tissue in-
fections of outpatients from a university hospital in Recife
-PE, Brazil. An Bras Dermatol [Internet]. 2012 [cited 2014
December 20];87(6):857-61. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/23197204

15. Gomes RT, Lyra TG, Alves NN, Caldas RM, Barberino
MG, Nascimento-Carvalho CM. Methicillin-resistant and
methicillin-susceptible community-acquired Staphylococ-
cus aureus infection among children. Braz J Infect Dis.
2013;17(5):573-8.

16. Camargo CH, Cunha ML, Bonesso MF, Cunha FP, Barbo-
sa AN, Fortaleza CM. Systemic CA-MRSA infection follo-
wing trauma during soccer match in inner Brazil: clinical
and molecular characterization. Diagn Microbiol Infect
Dis. 2013;76(3):372-4.

17. Golin NA, Tregnago R, Costa RC, Tier AZ, Almeida LMD.
Pneumonia comunitaria causada por Staphylococcus au-
reus MRSA - cepa positiva para Leucocidina de Panton-
-Valentine. Rev AMRGS [Internet]. 2013 [acesso em 20 de

134 Rev Bras Enferm. 2015 jan-fev;68(1):128-35.



18.

19.

20.

21.

22.

23.

Community acquired methicillin-resistant staphylococcus aureus: a world problem

dezembro de 2014];57(1):49-52. Disponivel em: http:/
www.amrigs.com.br/revista/57-01/947.pdf

Chen CJ, Su LH, Chiu CH, Lin TY, Wong KS, Chen YY,
et al. Clinical features and molecular characteristics of
invasive community-acquired methicillin-resistant Sta-
phylococcus aureus infections in Taiwanese children.
Diagn Microbiol Infect Dis [Internet]. 2007 [cited 2014
December 20];59(3):287-93. Available from: http:/www.
ncbi.nlm.nih.gov/pubmed/17662565

Tobena Rué M, Coll Usandizaga F, Garcia Fontecha C,
Bartolomé Comas R, Moraga Llop FA. Fascitis necrosante
por Staphylococcus aureus resistente a la meticilina ad-
quirido en la comunidad productor de leucocidina de
Panton-Valentine. An Pediatria. 2009;70(4):374-8.

Geng W, Yang Y, Wu D, Zhang W, Wang C, Shang Y, et al.
Community-acquired, methicillin-resistant Staphylococcus
aureus isolated from children with community-onset pneu-
monia in China. Pediatr Pulmonol. 2010;45(4):387-94.

Tong SY, Bishop EJ, Lilliebridge RA, Cheng AC, Spaso-
va-Penkova Z, Holt DC, et al. Community-associated
strains of methicillin-resistant Staphylococcus aureus
and methicillin-susceptible S. aureus in indigenous Nor-
thern Australia: epidemiology and outcomes. ] Infect Dis.
2009;199(10):1461-70.

Diep BA, Chambers HF, Graber CJ, Szumowski JD, Miller
LG, Han LL, et al. Emergence of multidrug-resistant, com-
munity-associated, methicillin-resistant Staphylococcus
aureus clone USA300 in men who have sex with men.
Ann Intern Med. 2008;148(4):249-57.

RogersSD. A practical approach to preventing CA-MRSA infec-
tions in the athletic setting. Athletic Therapy Today [Internet].
2008 [cited 2014 December 20];13(4):37-41. Available from:
http://connection.ebscohost.com/c/articles/33375951/prac-
tical-approach-preventing-ca-mrsa-infections-athletic-setting

24.

25.

26.

27.

28.

29.

30.

Maree CL, Eells SJ, Tan J, Bancroft EA, Malek M, Harawa
NT, et al. Risk factors for infection and colonization with
community-associated methicillin-resistant Staphylococ-
cus aureus in the Los Angeles County jail: a case-control
study. Clin Infect Dis. 2010;51(11):1248-57.

Scribel LV, Silva-Carvalho MC, Souza RR, Superti SV,
Kvitko CHC, Figueiredo AMS, et al. Clinical and mole-
cular epidemiology of methicillin-resistant Staphylo-
coccus aureus carrying SCCmeclV in a university hos-
pital in Porto Alegre, Brazil. Diagn Microbiol Infec Dis.
2009;65(4):457-61.

Siegel JD, Rhinehart E, Jackson M, Chiarello L. Mana-
gement of multidrug-resistant organisms in health care
settings, 2006. Am ] Infect Control. 2007;35(10 Suppl
2):5165-93.

Diep BA, Stone GG, Basuino L, Graber CJ, Miller A, Eta-
ges SA, et al. The arginine catabolic mobile element and
staphylococcal chromosomal cassette mec linkage: con-
vergence of virulence and resistance in the USA300 clo-
ne of methicillin-resistant Staphylococcus aureus. ] Infect
Dis. 2008;197(11):1523-30.

Frei CR, Miller ML, Lewis JS, Lawson KA, Hunter JM, Ora-
masionwu CU, et al. Trimethoprim-sulfamethoxazole or
clindamycin for community-associated MRSA (CA-MRSA)
skin infections. ] Am Board Fam Med. 2010;23(6):714-9.

Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK,
Gorwitz RJ, et al. Clinical practice guidelines by the in-
fectious diseases society of america for the treatment of
methicillin-resistant Staphylococcus aureus infections in
adults and children. Clin Infect Dis.2011;52(3):e18-55.

Cdc.gov/mrsa [Internet]. Atlanta (US): CDC; 2013 [upda-
ted 2013 September 10; cited 2014 December 20]. Avai-
lable from: http://www.cdc.gov/mrsa/.

Rev Bras Enferm. 2015 jan-fev;68(1):128-35. 135



