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Abstract. Methicillin-resistant Staphylococcus aureus (MRSA), an established nosocomial and
emerging community pathogen associated with many fatalities due to its hyper-virulence and
multiple drug resistant properties, is on the continuous rise. To update the current status on
the susceptibility of local MRSA isolates to various classes of antibiotics and to identify the
most potent antibiotics, thirty-two clinical isolates comprised of hospital acquired (HA) and
community acquired (CA) infections were investigated by disk diffusion test. Of the 32 MRSA
isolates, 14 (43.75%) and 18 (56.25%) were community and hospital acquired MRSA, respec-
tively. All isolates were multiple drug resistant to more than 3 classes of antibiotics despite the
source or specimen from which it was isolated. The oxacillin MICs for all isolates ranged from
2 to ≥ 256 µg/ml. Twenty-five of 26 erythromycin-resistant MRSA isolates exhibited an induc-
ible MLSB resistance phenotype while one showed an MS phenotype.  More than half the
isolates (68.75%) were resistant to at least one of the six aminoglycosides tested, with netilmicin
as the most susceptible. The most effective antistaphylococcal agents were linezolid, vanco-
mycin, teicoplanin and quinupristin/dalfopristin exhibited 100% susceptibility. Since MRSA is
under continuous pressure of acquiring multiple drug resistance, it is imperative to focus rou-
tine surveillance on HA and CA-MRSA strains to monitor and limit the spread of this organism.

INTRODUCTION

Despite the development and introduc-
tion of many new antimicrobials, methicillin-
resistant Staphylococcus aureus (MRSA) in-
fections remain an important cause of con-
cern amongst the general public and physi-
cians alike. This genetically adaptive organ-
ism is associated with a diverse range of in-
fections, which include skin and soft tissue
infections, endocarditis, bacteremia and toxin
mediated diseases, such as scalded skin syn-

drome, toxic shock syndrome and gastroen-
teritis (Shopsin and Kreiswirth, 2001; Salgado
et al, 2003).  Although MRSA traditionally has
been confined to nosocomial settings, the fre-
quent isolation of MRSA from the community
has become a new threat (Naimi et al, 2003;
Tacconelli et al, 2003).

In Malaysia, the treatment of choice for
serious MRSA infection is vancomycin (glyco-
peptides) (Norazah et al, 2002). However, anti-
biotics from many other groups (aminogly-
cosides, folate pathway inhibitors, glycopep-
tides, lincosamides, macrolides, oxazolidi-
nones, phenicals, quinolones, tetracyclines,
ansamycins) either individually or in combina-
tion have been used for the treatment of MRSA
infections.

MRSA has acquired resistance to many
structurally unrelated antibiotics; furthermore
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resistance develops rapidly whenever a new
antibiotic is introduced (Lyon and Skurray,
1987; Lowy, 2003). Resistance to vancomy-
cin, which is a drug of choice, documented in
the United States in 2002 (CDC, 2002) is one
such example. The phenomena of multiple
drug resistance and emergence of vancomy-
cin resistant MRSA strains have limited the
therapeutic options for the treatment of MRSA
infection. Although S. aureus isolates with re-
duced susceptibility or resistant to vancomy-
cin has not been reported in Malaysia, its likely
to happen is not too far. Assessing MRSA sus-
ceptibility to alternative antibiotics can prevent
the abuse of glycopeptides and also identify
other effective antibiotics for the treatment of
S. aureus infection.

The aims of the present study were to
analyze the antimicrobial susceptibility pat-
terns of MRSA isolated from a clinical setting
in Malaysia against 28 antimicrobials (old and
new) and to identify the most effective antibi-
otics.

MATERIALS AND METHODS

Bacterial isolates

Clinical MRSA isolates were collected from
the microbiology laboratory in a tertiary hospi-
tal from October 2006 to February 2007. Only
one isolate per patient was included in the
study.  Criterion for a nosocomial infection was
an infection which developed in a patient after
48 hours of hospitalization.  Strains were con-
sidered as community acquired when isolated
from patients that had not been hospitalized
recently or within the first 48 hours of hospital-
ization.  All isolates were identified in the hos-
pital and were reconfirmed in our laboratory
based on colony morphology, Gram staining,
coagulase test and PCR assay for species spe-
cific S. aureus and the mecA gene (Murakami
et al, 1991; Martineau et al, 1998) for methicil-
lin-resistant S. aureus.  All isolates were imme-
diately stored at -80ºC for further study.

Antimicrobial susceptibility testing

Susceptibilities to penicillins, cefotaxime,
ampicil l in, imipenem, cefoxitin, oxacil l in,
amikacin, gentamicin, kanamycin, netilmycin,
streptomycin, neomycin, sulphamethoxazole/
trimethoprim, trimethoprim, vancomycin,
teicoplanin, clindamycin, erythromycin, line-
zolid, chloramphenicol, norfloxacin, ofloxacin,
c iprof loxacin,  quinupr ist in/dal fopr ist in,
minocycline, tetracycline, fusidic acid, and
rifampin  were determined  by the disk diffu-
sion technique according to the guidelines of
Clinical Laboratory Standards Institute (CLSI,
2005).  MIC values for oxacillin were deter-
mined by E-test (AB Biodisk, Solna, Sweden)
according to the manufacturer’s recommen-
dations included in the packaging inserts.
ATCC 29247 and ATCC 700698 were used
as quality controls. The breakpoints for re-
sistance were those recommended by the
CLSI.  For fusidic acid, neomycin and strep-
tomycin, which are not stated in the CLSI
guidelines, the following were used; ≤ 18 mm
- fusidic acid (Skov et al, 2001), ≤ 16 mm -
neomycin, and ≤ 14 mm - streptomycin
(Kim et al, 2004). Inducible clindamycin
resistance was determined by the double
disc diffusion test (D-test) by placing a 2-µg
disk of clindamycin 15 mm away from the
edge of a 15-µg disk of erythromycin on an
agar plate. A truncated or blunted clin-
damycin zone of inhibition (D-shape) indi-
cated inducible resistance. Constitutive re-
sistance was recognized by a clindamycin
zone diameter of ≤ 14 mm (Fiebelkorn et al,
2003). The resistant rate was calculated as
the number of intermediate and resistant iso-
lates divided by the total number of isolates.
Multiple drug resistance was defined as re-
sistance to β-lactams plus three or more of
the following groups: aminoglycosides, gly-
copept ides,  fo late pathway inh ib i tors,
tetracylines, quinolones, macrolides, pheni-
cals, lincosamides, oxazolidinones, fusidic
acid, ansamycins and streptogramins.
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Specimen HA-MRSA (n=18, 56%) CA-MRSA (n=14, 44%)

n % n %

Pus/wound/abscess 10 55.5 8 57.1
Urine 2 11.1
Tracheal aspirate 3 16.7
Blood 3 16.7 6 42.9

Table 1
Distribution of MRSA positive specimens from hospital and community sources.

RESULTS

A total of 32 MRSA isolates were stud-
ied, consisting of 14 (44%) community ac-
quired MRSA specimens (CA) and 18 (56%)
hospital acquired specimens, excluding con-
secutive samples from the same patient, were
collected (Table 1). Concerning the origin of
CA-MRSA isolates, 8 (57.1%) were from pus/
wounds/abscesses and 6 (42.9%) were from
blood specimens.  For HA-MRSA, 10 (55.5%)
were from pus/wound/abscess, 2 (11.1%)
from the urine and 3 each (16.7%) from blood
and tracheal aspirate specimens. All isolates
showed gram-positive cocci in clusters and
gave positive reactions on mannitol salt fer-
mentation, catalase, tube coagulase, Sa442
and mecA PCR assay. The oxacillin MICs for
all isolates ranged from 2 to ≥ 256 µg/ml, only
6.25% of the isolates were inhibited at an MIC
below 256 µg/ml. Among the β-lactams
tested, all isolates showed resistance to peni-
cillins, ampicillin, oxacillin and cefoxitin, while
with cefotaxime and imipenem, resistance
rates ranged from 78% to 94% (Table 2).  All
isolates were multiple drug resistant, resistant
to more than 3 classes of antibiotics (Table 3).

Of the 26 erythromycin-resistant MRSA
isolates, 25 exhibited an inducible MLSB re-
sistance phenotype and one exhibited an MS
phenotype.  None of the isolates showed con-
stitutive MLSB resistance

Of the 32 isolates, 22 (68.7%) were resis-

tant to at least one of the six aminoglycosides
tested. Isolates were resistant to kanamycin in
98%, gentamicin in 95%, and amikacin in 90%.
Most of the MRSA isolates were resistant to
multiple aminoglycosides, there was resistance
to amikacin in 78.1%, gentamicin in 78.1%,
kanamycin in 75%, streptomycin in 81.2%, and
neomycin in 87.5% (Table 2). Rates of resis-
tance to netilmicin in less than 70%, the most
effective aminoglycosides tested.

All isolates were susceptible to vancomy-
cin, quinupristin/dalfopristin and linezolid
(Table 2).

DISCUSSION

The widespread use of antibiotics has led
to changes in the antibiotic susceptibility pat-
terns of microorganisms, evidenced by in-
creasing occurrences of antibiotic resistance
among bacterial populations (Pfaller et al,
1999; Witte, 1999). Resistance rates vary from
country to country depending on antibiotic
policies, the strictness of infection control
committees and under reporting. It is impera-
tive to perform a local surveillance of frequently
encountered dangerous pathogens, l ike
MRSA, that are prone to acquire resistance
rapidly. The antibiograms obtained update
changes in susceptibility patterns.

The current study is limited by the small
number of isolates, however, it is the total
number of non-duplicate isolates obtained
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Antibiotic Total isolates Hospital-acquired MRSA Community acquired
(N=32) n(%) (N=18) n(%) MRSA (N=14) n(%)

β-lactams
Penicillin 32 (100) 18 (100) 14 (100)
Cefotaxime 30 (93.7) 18 (100) 12 (85.7)
Ampicillin 26 (100) 12 (66.6) 14 (100)
Imipenem 25 (78.1) 15 (83.3) 10 (71.4)
Cefoxitin 32 (100) 18 (100) 14 (100)
Oxacillin 32 (100) 18 (100) 14 (100)

Aminoglycosides
Amikacin 25 (78.1) 14 (77.7) 11 (78.5)
Gentamicin 25 (78.1) 15 (83.3) 10 (71.4)
Kanamycin 24 (75) 12 (66.6) 12 (85.7)
Netilmycin 22 (68.7) 12 (66.6) 10 (71.4)
Streptomycin 26 (81.2) 15 (83.3) 11 (78.5)
Neomycin 28 (87.5) 15 (83.3) 13 (92.8)

Folate pathway inhibitors
Sulphamethoxazole / Trimethoprim 24 (75) 15 (83.3) 9 (64.2)
Trimethoprim 29 (90.6) 18 (100) 11 (78.5)

Glycopeptides
Vancomycin 0 (0) 0 (0) 0 (0)
Teicoplanin 0 (0) 0 (0) 0 (0)

Lincosamides
Clindamycin 0 (0) 0 (0) 0 (0)

Macrolides
Erythromycin 26 (81.2) 14 (77.7) 12 (85.7)

Oxazolidinones
Linezolid 0 (0) 0 (0) 0 (0)

Phenicals
Chloramphenicol 7 (21.8) 4 (22.2) 3 (21.4)

Quinolones
Norfloxacin 25 (78.1) 14 (77.7) 11 (78.5)
Ofloxacin 17 (53.1) 7 (38.8) 10 (71.4)
Ciprofloxacin 27 (84.3) 15 (83.3) 12 (85.7)

Streptogramins
Quinupristin / Dalfopristin 0 (0) 0 (0) 0 (0)

Tetracylines
Minocycline 21 (65.6) 13 (72.2) 8 (57.1)
Tetracycline 27 (84.3) 16 (88.8) 11 (78.5)

Fusidic acid 11 (34.3) 6 (33.3) 5 (35.7)
Ansamycins

Rifampin 5 (15.6) 3 (16.6) 2 (14.2)

Table 2
Numbers and percentages of MRSA isolates resistant to antimicrobial agents by CLSI

diffusion method.
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from a tertiary hospital over a 5 months pe-
riod. The prevalence rates for CA and HA-
MRSA in the hospital were similar, which
shows that both strains are equally potent in
causing infections.  The prevalence of MRSA
has increased worldwide, as is evidenced by
many surveillance studies (Diekema et al,
2001; Jones et al, 2003).  The highest rates
of MRSA prevalence have been noted in de-
veloped countries, especially in Western Pa-
cific regions, both in community-acquired and
hospital infections (Diekema et al, 2001).  In
Malaysia the prevalence of MRSA increased
from the range of 10-25% in 1985-1986 to
more than 40% in 1996 according to surveys
conducted in several hospitals (Lim et al, 1988;
Rohani et al, 2000).  The current study identi-
fied a large number (43.7%) of CA-MRSA from
infectious samples isolated within 48 hours of
admission. CA-MRSA identification was fur-
ther supported by genetic analysis through
staphylococcal cassette chromosome mec
(SCCmec)  typing. A posit ive s ignal for
SCCmec type V in CA-MRSA, and SCCmec
type III in HA-MRSA isolates, reconfirms the
MRSA isolate source as either HA or CA. Al-
though there was no CA-MRSA reported from
the hospital setting in Malaysia, a previous
study by us on nasal carriage of MRSA in

healthy individuals in the community identified
3 CA-MRSA strains (Neela et al, 2007). Al-
though this study is the first report of the iso-
lation of CA-MRSA from hospital setting in
Malaysia, CA-MRSA is increasingly being re-
ported in the neighboring country of Singapore
(Hsu et al, 2006; Chua and Lee, 2006). Our
findings are in accordance with Gonzalez et
al (2006) who reported 24 (65%) of 37 MRSA
isolates from blood cultures were CA-MRSA.
For most of the MRSA isolates (93.7%), the
oxacillin MIC was ≥ 256 µg/ml.  The high level
of oxacillin resistance attained through acqui-
sition of the mecA gene was detected by PCR
on all isolates tested, and is in accordance
with the report by Kim et al (2004).

No matter what the origin of the isolates,
all were multidrug resistant (Table 3). This find-
ing is in agreement with Randrianirina et al
(2007), who also found no difference in the
rates of resistance in strains isolated from
nosocomial infections and community ac-
quired infections. Although 20 different mul-
tiple drug resistant patterns were identified,
only 3 patterns (Table 3) were found to domi-
nate.

About 81.2% of MRSA strains were re-
sistant to erythromycin, but all were suscep-
tible to clindamycin.  An inducible MLSB phe-

AM FPI GLY LIN MAC OXA PHE QUI STR TET FD AN
(CN) (SXT) (TEC) (DA) (ERY)  (LZD) (C) (CIP) (QD) (TE) (FD) (RD)

R R S S R S R R S R S S
R R S S R S S R S R S S
R R S S R S S R S R R S

Table 3
Most common phenotypic resistance patterns of multi-resistant MRSA for 12 antimicrobial

classes.

AM=aminoglycosides, FPI=folate pathway inhibitors, GLY=glycopeptides, LIN=Lincosamides, MAC= macrolides,
OXA=oxazolidinones, PHE=phenicals, QUI=quinolones, STR=streptogramins, TET=tetracyclines, FD=fusidic
acid, AN=ansamycins, CN=gentamicin, SXT=sulphamethoxazole/trimethoprim, TEC=teicoplanin,
DA=clindamycin, ERY=erythromycin, LED= linezolid, C=chloramphenicol, CIP=ciprofloxacin, QD=quinupristin/
dalfopristin, RD=rifampin
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notype was detected in 96.1% of MRSA
strains, while 3.9% showed an MS phenotype.
A recent survey in South Africa found that
100% of MRSA strains were D-test positive
(Shittu and Lin, 2006) which is in accordance
with our observations. However, in Korea 86%
of MRSA strains exhibited constitutive resis-
tance (Kim et al, 2004). The constitutive type
MLSB phenotype is a common feature among
MRSA isolates in Turkey (Aktas et al, 2007)
and Belgium (Denis et al, 2004). These obser-
vations indicate the incidence of constitutive
and inducible MLSB resistance in staphylococ-
cal isolates varies by geographic region. Out
of the 26 erythromycin resistant strains tested
in the current study only one isolate exhibited
an MS phenotype. It is important to distinguish
inducible MLSB strains from those that con-
tain the msrA (MS phenotype) gene to encode
an efflux pump that affects only macrolides,
not clindamycin. The D-test plays an impor-
tant role in identification of clindamycin resis-
tant strains, which is not possible by routine
antimicrobial susceptibility testing. Our study
found, more than 90% of erythromycin resis-
tant strains are also clindamycin resistant,
which emphasizes the point that the D-test
can reduce treatment fa i lures due to
clindamycin.

High numbers of isolates were resistant
to aminoglycosides, which is in agreement
with Kim et al (2004) who found more than
90% of MRSA isolates are resistant to
aminoglycosides. Although most MRSA iso-
lates are resistant to aminoglycosides, when
given in combination with beta-lactam antibi-
otics or vancomycin, they are effective in treat-
ing serious staphylococcal infections due to
their synergistic effect (Lowy, 1998).

The rates of MRSA resistance to rifampin,
fusidic acid and chloramphenicol were much
lower (14 to 36%) than those of other antibio-
tics (Table 2). Although vancomycin is the
mainstay of therapy for systemic MRSA infec-
tions, not all infections are death causing,

hence oral antibiotics can provide an alterna-
tive mode of therapy, particularly when pro-
longed therapy is needed. Rifampin in combi-
nation with fusidic acid, chloramphenicol or
clindamycin are widely available oral agents
in Malaysia, which demonstrate better tissue
penetration than glycopeptides.

Linezolid showed excellent activity, equal
to that of vancomycin. The complete suscep-
tibility of S. aureus to quinupristin/dalfopristin
observed in this study agrees with the data
from a previous study in Malaysia (Norazah et
al ,  2005) indicat ing that quinupr ist in/
dalfopristin is an excellent and effective agent
for the treatment of S. aureus infections in
Malaysia. Based on the results of the current
study, the most effective therapeutic options
for MRSA infections identified are vancomy-
cin, teicoplanin, linezolid and quinupristin/
dalfopristin.

In summary, the rates of multiple drug
resistance in MRSA isolates obtained from a
tertiary hospital, both in community and in
hospital acquired infections, are very high. First
line anti-staphylococcal antibiotics are less
effective against MRSA. Antibiotic suscepti-
bility testing is crucial to monitor the chang-
ing patterns of resistance. The most effective
antibiotics in this t ime are vancomycin,
te icoplanin,  l inezol id and quinupr ist in/
dalfopristin.  We are left with few choices of
antibiotics, so let us preserve the effective
ones by judicial use.

ACKNOWLEDGEMENTS

This work was supported by the Ministry
of Higher Education, Malaysia through the
Fundamental Research Grant Scheme (FRGS).
The authors thank the post-graduate students
for their contributions during the study.

REFERENCES

Aktas Z, Aridogan A, Kayacan CB, Aydin D. Resis-
tance to macrolide, lincosamide and strepto-



IN VITRO ANTIMICROBIAL ACTIVITY AGAINST MRSA

Vol  39  No. 5  September  2008 891

gramin antibiotics in staphylococci isolated in
Istanbul, Turkey. J Microbiol 2007; 45: 286-90.

Center for Disease Control and Prevention. Vanco-
mycin -resistant Staphylococcus aureus-
Pennsylvania, 2002. MMWR Morb Mortal Wkly
Rep 2002; 51: 565-7.

Chua AP, Lee KH. Fatal bacteremic pneumonia due
to community-acquired methicillin- resistant
Staphylococcus aureus. Singapore Med J
2006; 47: 546-8.

Clinical and Laboratory Standards Institute (CLSI).
Performance standards for antimicrobial sus-
ceptibility testing: 15th informational supple-
ment. (M-100-S15) Wayne, PA: Clinical and
Laboratory Standards Institute, 2005.

Deikema DJ, Pfaller MA, Schmitz FJ, et al.  Survey
of infections due to Staphylococcus species:
frequency of occurrence and antimicrobial sus-
ceptibility of isolates collected in the United
States, Canada, Latin America, Europe, and the
Western Pacific region for the SENTRY Antimi-
crobial Surveillance Program, 1977-1999. Clin
Infect Dis 2001; 32 (suppl 2): S114-32.

Denis O, Deplano A, Nonhoff C, et al. National sur-
veillance of methicillin-resistant Staphylococ-
cus aureus in Belgian hospitals indicates rapid
diversification of epidemic clones. Antimicrob
Agents Chemother 2004; 48: 3625-9.

Fiebelkorn KR, Crawford SA, McElmeel  ML,
Jorgensen JH. Practical disk diffusion method
for detection of inducible clindamycin resis-
tance in Staphylococcus aureus and coagu-
lase-negative staphylococci. J Clin Microbiol
2003; 41: 4740-4.

Gonzalez BE, Rucda AM, Shelburne SM, et al.
Community-associated strains of methicillin-
resistant Staphylococccus aureus as the
cause of healthcare-associated infection. In-
fect Control Hosp Epidemiol 2006; 27:1051-
6.

Hsu LY, Koh TH, Tan TY, et al. Emergence of com-
munity-associated methicillin-resistant Sta-
phylococcus aureus in Singapore: a further
six cases. Singapore Med J 2006; 47: 20-6.

Jones ME, Karlowsky JA, Draghi DC, et al. Epide-
miology and antibiotic susceptibility of bacte-
ria causing skin and soft tissue infections in the

USA and Europe: a guide to appropriate anti-
microbial therapy. Int J Antimicrob Agents
2003; 22: 406-9.

Kim HB, Jang H, Nam HJ, et al. In vitro activities of
28 antimicrobial agents against Staphylococ-
cus aureus isolates from tertiary-care hospitals
in Korea: a nationwide survey. Antimicrob
Agents Chemother 2004; 48: 1124-7.

Lim VK. Staphylococcal infections in Malaysian
hospitals. J Hosp Infect 1988; 11(suppl A):
S103-8.

Lowy FD. Staphylococcus aureus infections. N Engl
J Med 1998;  339: 520-32.

Lowy FD. Antimicrobial resistance: the example of
Staphylococcus aureus. J Clin Invest 2003;
111: 1265-73.

Lyon BR, Skurray R. Antimicrobial resistance of
Staphylococcus aureus :  genet ic basis.
Microbiol Rev  1987; 51: 88–134.

Martineau F, Picard FJ, Roy PH, Ouellette M,
Bergeron MG. Species-specific and ubiqui-
tous-DNA-based assays for rapid identifica-
t ion of  Staphylococcus aureus .  J Cl in
Microbiol 1998; 36: 618-23.

Murakami K, Minamide W, Wada K, Nakamura E,
Teraoka H. Identification of methicillin-resistant
strains of staphylococci by polymerase chain
reaction. J Clin Microbiol 1991; 29: 2240-4.

Naimi TS, LeDell KH, Como-Sabetti K, et al. Com-
parison of community- and health care-asso-
ciated methicillin-resistant Staphylococcus
aureus infection.  JAMA 2003; 290: 2976-84.

Neela V, Mariana NS, Zamberi S. Molecular patterns
of community-acquired methicillin-resistant
Staphylococcus aureus. Clin Microbiol Infect
2007; 13 (suppl 1): S444.

Norazah A, Lim VK, Rohani MY, et al. In-vitro activ-
ity of quinupristin/dalfopristin, levofloxacin and
moxifloxacin against fusidic acid and rifampi-
cin-resistant strains of methicillin-resistant
Staphylococcus aureus (MRSA) from Malay-
sian hospitals. Med J Malaysia 2005; 60: 411-
5.

Norazah VK, Lim E, Koh YT, et al. Molecular finger-
printing of fusidic acid- and rifampicin-resis-
tant strains of methicillin-resistant Staphylo-



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

892 Vol  39  No. 5  September  2008

coccus aureus (MRSA) from Malaysian hospi-
tals. Med Microbiol 2002; 51: 1113-6.

Pfaller MA, Jones RN, Doern GV, et al. Survey of
blood stream infections attributable to gram-
positive cocci: frequency of occurrence and
antimicrobial susceptibility of isolates collected
in 1997 in the United States, Canada, and
Latin America from the SENTRY Antimicrobial
Surveillance Program. Diagn Microbiol Infect
Dis 1999; 33: 283-97.

Randrianirina F, Soares JL, Carod JF, et al. Antimi-
crobial resistance among uropathogens that
cause community-acquired urinary tract infec-
t ions in Antananar ivo,  Madagascar.  J
Antimicrob Chemother 2007; 59: 309-12.

Rohani MY, Raudzah A, Lau MG, et al. Susceptibil-
ity pattern of Staphylococcus aureus isolated
in Malaysian hospitals. Int J Antimicrob Agents
2000; 13: 209-13.

Salgado CD, Farr BM, Calfee DP. Community-ac-
quired methicillin-resistant Staphylococcus
aureus: a meta-analysis of prevalence and risk

factors. Clin Infect Dis 2003; 36: 131-9.

Shittu AO, Lin J. Antimicrobial susceptibility pat-
terns and characterization of clinical isolates of
Staphylococcus aureus in KwaZulu-Natal
province, South Africa. BMC Infect Dis 2006;
6: 125.

Shopsin B, Kreiswirth BN. Molecular epidemiology
of methicillin-resistant Staphylococcus aureus.
Emerg Infect Dis 2001; 7: 323-6.

Skov R, Frimodt-Moller N, Espersen F. Correlation
of MIC methods and tentative interpretive cri-
teria for disk diffusion susceptibility testing
using NCCLS methodology for fusidic acid.
Diagn Microbiol Infect Dis 2001; 40: 111-6.

Tacconelli E, D’Agata EM, Karchmer AW. Epidemio-
logical comparison of true methicillin-resistant
and methicillin-susceptible coagulase-nega-
tive staphylococcal bacteremia at hospital
admission. Clin Infect Dis 2003; 37: 644-9.

Witte W. Antibiotic resistance in gram-positive bac-
teria: epidemiological aspects. J Antimicrob
Chemother 1999; 44: 1-9.


