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associated impetigo and folliculitis have also been
reported. The severity of CA-MRSA SSTIs varies from
mild superficial infection to deeper soft tissue infection
requiring hospital admission2,4,9,10. Severe complications
such as necrotising fasciitis, osteomyelitis, bacteraemia
and sepsis syndrome have been reported although most
of the infections usually remain confined to the skin and
soft tissues (Figure 1). It is noteworthy that recurrent
skin infections and clustering within the household are
relatively common phenomena seen in CA-MRSA
SSTIs1,3.

Necrotiszing Pneumonia
Severe necrotising pneumonia is another clinical
manifestation strongly associated with CA-MRSA
stains5,6,11. It is commonly seen in children and healthy
young adult. Unlike HA-MRSA pneumonia, this
disease is characterised by leucopenia, haemoptysis,
high fever and multiple lobar infiltrate. Rapid
progression to septic shock, acute respiratory failure
and death are commonly seen. Diffuse necrotic
haemorrhagic pneumonic change was frequently seen
in autopsies. Preceding influenza or influenza-like
prodrome was commonly associated with the disease.
In fact, the relation between influenza and severe
staphylococcal pneumonia has been well recognised.
Influenza and other viruses can damage the respiratory
epithelium and predisposes to staphylococcal
infections.

Clinical Management
The emergence of MRSA in the community heralds a

Introduction
Community acquired methicillin-resistant Staphylococcus
aureus (CA-MRSA) infection refers to an MRSA infection
with onset in the community in an individual without
established MRSA risk factors such as recent
hospitalisation, surgery, dialysis, residence in a long-
term care facility, presence of a permanent indwelling
catheter or previous isolation of MRSA. CA-MRSA
differs from their health care-associated (HA)
counterparts from an epidemiological, genotypic, and
phenotypic perspective. CA-MRSA strains have
disproportionately affected children and young adults
and have easy transmission in settings where people are
in close contact such as households1,2,3. Furthermore, the
community isolates have high prevalence of genes
encoding Panton-Valentine leukocidin (PVL), which is
rarely identified in HA-MRSA isolates1,3,4,5,6. PVL is an
exotoxin associated with skin abscess formation and
necrotising pneumonia although its role in the
pathogenesis of CA-MRSA infection has not been fully
elucidated7,8. PBP2a, a penicillin-binding protein with
decreased affinity to penicillin, is encoded by the gene
mecA, which is carried on a mobile genetic element
called staphylococcal cassette chromosomal (SCC) mec.
At least 6 types of SCCmec have been identified and were
numbered from I to VI. HA-MRSA strains harbour
SCCmec type I, II and III, which are often resistant to
multiple non-beta-lactam antibiotics whereas CA-MRSA
isolates mostly harbour the SCCmec type IV and V,
which are typically susceptible to multiple non beta-
lactam antibiotics, including co-trimoxazole, doxycycline,
minocycline and clindamycin1,2,3,4,9. The spectrum of
disease caused by CA-MRSA appears to be similar to
that of MSSA. Skin and soft tissue infections (SSTIs)
represent the majority of the CA-MRSA diseases burden.
Less commonly, it has been associated with severe and
invasive infections, including necrotising fasciitis and
necrotising pneumonia.

Clinical Presentations
Skin and Soft Tissue Infections
Abscesses and furuncles with or without accompanying
cellulitis are the commonest reported presentations of
CA-MRSA infection. The skin lesions may sometimes be
confused with spider bites by the patients and the
physicians. It is characterised by the development of
primary necrotic lesions of the skin and soft tissues that
progress to abscesses formation later. CA-MRSA
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Figure 1. Clinical photo of a patient with a MRSA abscess
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need for new approaches to the management of SSTIs
and other syndromes compatible with S. aureus
infection such as necrotising pneumonia following an
influenza-like illness12,13. The suspicion of CA-MRSA
should be particularly heightened by a history of a
household contact or failed response to the first line
antibiotic treatment although many of them have none
of these risk factors.

For SSTIs, clinicians are encouraged to collect
specimens for culture and susceptibility testing from
patients with abscesses or purulent skin lesions,
particularly those with NARES (Not responsive to
first-line antibiotic; Atypical body site or clinical
features; Recurrent SSTI; Extensive infection in
multiple sites; Spread of infections among close
contacts)12. Culture and susceptibility results are not
only useful for management of individuals but also
help to determine local prevalence of CA-MRSA and
monitor trends in susceptibility of S. aureus to non-
beta-lactam agents.

The treatment of SSTI depends on an assessment of the
type and severity of the clinical presentation (Figure
2). In general, incision and drainage continue to be the
mainstay therapy for abscesses and furuncles.
Empirical antimicrobial therapy is recommended as an
adjunct to surgical incision and drainage to some
patients with purulent SSTI and presence of the
following factors: 1) severe and rapid progression of
the infection 2) presence of systemic symptoms and
signs 3) presence of associated cellulitis 4) presence of
co-morbidities 5) extremes of age, 6) location of the
abscess which cannot be drained easily or that can be
associated with severe complications such as face and
periorbital areas. As MSSA is still more prevalent than
MRSA in Hong Kong, the choices for empirical
therapy of uncomplicated SSTIs in outpatient settings
includes penicillinase-resistant penicillin (e.g.
cloxacillin), first generation cephalosporin and oral
beta-lactam/beta-lactamase inhibitor combinations
(such as amoxicillin-clavulanate), which have good
coverage for both MSSA and Group A streptococcus.
When there is no or only little clinical improvement,
culture should be obtained (if not taken yet) and
alterative antibiotic therapy with CA-MRSA coverage
should be considered. However, the optimal antibiotic
therapy for suspected or confirmed CAMRSA is not
clear9,14,15. Local susceptibility data should be used to
guide to the antibiotic treatment. A study in Hong
Kong reported that 25 of 29 CA-MRSA isolates were
susceptible to all but 1 or 2 antibiotic agents in
addition to cloxacillin but all 29 isolates were
susceptible to cotr imoxazole , minocycl ine,
doxycycline, and vancomycin1. In the same study,
clindamycin resistance displaying constitutive
phenotype was found in a few isolates but none had
inducible MLSB phenotype, which can be detected by
the D-zone test. Isolates with inducible MLSB
phenotype that are erythromycin resistant and are
initially susceptible to clindamycin can develop
clindamycin resistance during the course of
clindamycin therapy. Treatment failure with
clindamycin may happen in infection with inducible
MLSB isolate.

Table 1 lists oral agents that are useful in outpatient
management of uncomplicated CA-MRSA SSTIs.

Cotrimoxazole (trimethoprim-sulfamethoxazole) has
been reported to be useful in the treatment of S. aureus
infections, including MRSA16. However, Group A
streptococcus (GAS), one of the commonest organisms
causing SSTIs, is usually resistant to cotrimoxazole.
Thus clinicians should avoid using cotrimoxazole as the
sole empirical therapy for SSTIs of unknown cause. In
addition, cotrimoxazole is contraindicated in women in
the third trimester of pregnancy or in infants less than
two months of age. Doxycycline and minocycline are
long-acting analogues of tetracycline and possess much
better activity and susceptibility profile for
staphylococcus than tetracycline. Therefore, they are
recommended for MRSA SSTIs. Like co-trimoxazole,
they are not recommended as empirical monotherapy
for SSTIs of unknown cause because of their limited
activities against GAS. They are contraindicated in
pregnant women and young children. Clindamycin has
been widely used in SSTIs, including necrotising
fasciitis because of its good soft tissue penetration, good
activity against gram positive coccus such as beta-
haemolytic streptococci and staphylococcus, and
potential inhibition of toxin production. As mentioned
above, D-zone test should be performed to detect the
inducible MLSB phenotype. In fact, increasing
clindamycin resistance has been reported recently.
Moxifloxacin, a newer fluoroquinolone, has enhanced
potency against S. aureus as compared with
ciprofloxacin and levofloxacin. However, a major
limitation of fluoroquinolone use is that MRSA strains
readily develop resistance which may lead to treatment
failure and relapse17. In addition, fluoroquinolone is not
recommended in pregnant women and young children.
Linezolid, an oxazolidinone, is indicated for the
treatment of SSTIs and hospital-acquired pneumonia
due to MRSA. However, its use is limited by high cost
and potential haematological side effects.

Patients with severe CA-MRSA infections require
hospital admission and intravenous antibiotic
therapy12,13. Vancomycin is still considered the first line
treatment for severe infections caused by MRSA. Other
potentially useful intravenous antibiotics include
clindamycin, minocycline, linezolid and daptomycin
(Table 2).

Figure 2. Guideline for clinical management of skin and soft tissue
infections (SSTIs) and clinical syndromes compatible with staphylococcal
infections.
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(1) Clinicians should consult complete drug prescribing information. Antibiotic
therapy should be modified according to results of culture and susceptibility testing.
Information available at present showed that most CA-MRSA isolates in HKSAR
are susceptible to the above oral antibiotics1. The duration of therapy for most SSTI
is 5 to 7 days; longer therapy may be necessary depending on severity of infection
and clinical response. Oral antibiotics are not indicated for MRSA
carriage/colonisation.
(2) If clindamycin is considered, isolate resistant to erythromycin but apparent
"sensitivity" to clindamycin should undergo laboratory testing for inducible
clindamycin resistance using the "D" test. Organisms that show flattening of the
clindamycin zone adjacent to the erythromycin disk should be reported as resistant
to clindamycin.
Abbreviations: BD, twice daily; QD, once daily; TDS, three times daily.

Table 1. Oral Antimicrobial agents for outpatient therapy of
uncomplicated CA-MRSA SSTI
Agents-note (1) Potential

advantages
Precautions Usual dose

for adult
Usual

Usual Dose for
Children

Cotrimoxazole

Doxycycline

Minocycline

Clindamycin

Moxifloxacin

Oral

High skin
concentration

As above

Inhibit toxin
production

Oral

Not for patients
with sulfur allergy,
women in the third
trimester and
infants less than 2
months

Not for children
<12yrs or pregnant
women

As above

Diarrhoea caused
by C. difficile
Note (2)

Resistance may
develop during
therapy

Trimethoprim, 8-
12mg/kg/day, and
sulfamethoxazole,
40-60mg/kg/day, in
two divided doses

-

-

30mg/kg of body
weight/ day,in three
or four divided
doses

-

960mg BD

200mg
once, then
100mg BD

100mg BD

300-450mg
TDS

400mg QD

(1) Clinicians should consult complete drug prescribing information. Antibiotic
therapy should be modified according to results of culture and susceptibility testing.
(2) If clindamycin is considered, isolate resistant to erythromycin but apparent
"sensitivity" to clindamycin should undergo laboratory testing for inducible
clindamycin resistance using the "D" test. Organisms that show flattening of the
clindamycin zone adjacent to the erythromycin disk should be reported as resistant
to clindamycin.

Table 2. Parenteral Antimicrobial agents for severe CA-MRSA infection

Agents (note 1) Potential
advantages

Precautions Usual dose
for adult
Usual

Usual dose for
children

Vancomycin

Clindamycin
(Note 2)

Minocycline

Linezolid

Long
experience of
use

Inhibit toxin
production

High skin
concentration

High tissue
concentration

Red-man
syndrome

Diarrhoea caused
by C. difficile

Not for children
<12yrs or pregnant
women

Myelosuppression,
mostly with
prolonged use

40mg/kg/day, in
three to four
divided doses

30mg/kg/day, in
three divided doses

-

10 mg/kg every 8-12
hr

1gm Q12H

300mg
Q8H

100mg
Q12H

600mg
Q12H
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ReferencesConclusion
MRSA is well known as a cause of hospital associated
infection and is now emerging as an important infection in
the community with the strains distinct from nosocomial
ones in term of epidemiology, genotype and phenotype.
The community strains are commonly harbouring gene
encoding PVL and SCCmec IV and V. Unlike hospital
strains, CA-MRSA strains are usually susceptible to many
non-beta-lactam antibiotics. SSTIs represent the majority
of CA-MRSA disease burden. Severe and invasive
diseases caused by community strains are less commonly
seen, including necrotising pneumonia, necrotising
fasciitis, pyomyositis, and osteomyelitis and sepsis
syndrome. A decreased in the threshold for obtaining
cultures to document MRSA is warranted especially for
those with risk factors (i.e. NARES). Purulent skin and soft
tissue infections can generally be managed with surgical
incision and drainage with or without oral antibiotics.
Patients with severe infection require in-patient care and
intravenous antibiotic therapy.
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