‘ Ilnternational

Scholars
Journals

Advanced Journal of Microbiology Research ISSN 2241-9837 Vol. 12 (6), pp. 001-007, June, 2018. Available online at
www.internationalscholarsjournals.org © International Scholars Journals

retain the copyright of this article.

Full Length Research Paper

Fusidic acid-resistant methicillin-sensitive
Staphylococcus aureus isolates in community of
Casablanca (Morocco)

Mohamed Elazharil’z*, Driss Elhabchi3, Khalid Zerouali4, Noureddine Dersili%ean
David Perrier-Gros-Claude™ ,ZSanaa Bouhali Zriouil*, Mohgmmed Hassar ',
Rachid Saile” and Mohammed Timinouni

lLaboratoire de Bactériologie Médicale, Centre de Biologie Médicale, Institut Pasteur du Maroc, 1 place Louis Pasteur,
5 Casablanca-20360, Marocco.
Département de Biologie, Faculté des Sciences Ben M'Sik, Université Hassan I, UFR Biologie et Santé, Casablanca,
Marocco.
3 aboratoire de Bactériologie, Département de sécurité alimentaire et d’environnement, Institut Pasteur du Maroc, 1
4 place Louis Pasteur, Casablanca-20360, Marocco.
Laboratoire de Bactériologie, Faculté de Médecine et de Pharmacie, Université Hassan Il, Rue Tarik Bnou Zyad,
Casablanca-20360, Marocco.
®Laboratoire de Bactériologie Moléculaire, Département de recherche, Institut Pasteur du Maroc, 1 place Louis Pasteur,
Casablanca-20360, Marocco.

Accepted 20 March, 2018

Fusidic acid -resistant Staphylococcus aureus is poorly documented in community acquired infections in
Morocco. From 1st January, 2007 - 31 October, 2008, we collected 140 S. aureus isolates at Institute Pasteur,
Casablanca, 18 of them exhibited resistance to fusidic acid and were negative for gene encoding methicillin
resistance (mecA). seh toxin gene was found in 14 strains (14/18) along with an accessory gene regulator (agr)
group lll, 9 of them were found with two other toxin genes (sek plus seq). In conclusion, we found a close
relationship between the presence of the seh gene and the possession of agr group Il in fusidic acid-resistant
methicillin-sensitive S. aureus (FAR-MSSA) strains. In addition, our results indicate a relationship between 6
FAR -MSSA strains belonging to the same pulsotype and harbouring agr group Il with luk -PV toxin genes.
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INTRODUCTION

Staphylococcus aureus is both a commensal and an al., 1997).

extremely versatile pathogen in humans, causing three Microbial pathogenicity in this strain is a complex
superficial lesions such as skin abscesses and wound phenomenon involving a number of virulence factors,
infections, deep-seated and systemic infections such as primarily exotoxins that damage host cells and interfere
osteomyelitis, endocarditis, pneumonia, and bacteremia, with immune responses, and cell wall-associated proteins
and toxemic syndromes. It continues to be an important involved in adhesion and protection against host defences.

pathogen in both community and hospital-acquired The expression of most of these factors is orchestrated
infections (Risson et al., 2007; Ferrara, 2007; Pedersen by at least one regulatory locus, the acces-sory gene
et al., 2006; Ellington et al., 2003; Novick, 2000; Lina et reglator (agr) (Novick et al., 1993), which encodes a two-
component signalling pathway whose activating ligand is
a bacterial-density-sensing peptide (autoinducing pep-
tide) also encoded by agr (Novick, 2000). A polymorphism
*Corresponding author. E-mail: mohamed.elazhari@pasteur. in the amino acid sequence of the autoinducing peptide and its
ma. Tel: +212 665 646 376. Fax : +212 522 260 957 corresponding receptor (AgrC) has been described. S.




aureus strains can be divided into four major groups (I to
IV) on this basis: within a given group, each strain
produces a peptide that can activate the agr response in
the other member strains, whereas the autoinducing
peptides produced by the different groups are usually
mutually inhibitory (Jarraud et al., 2000; Ji et al., 1997).

It was reported that S. aureus strains causing specific
syndromes were linked to certain agr groups (Obire et al.,
2009; Jarraud et al., 2002), and it is believed that strains
within a given S. aureus agr group are related genetically
and share similar biological properties (Novick, 2000).

Fusidic acid is a narrow spectrum antibiotic derived
from Fusidium coccineum, which has an unusual spec-
trum of activity that includes Corynebacteria, Nocardia,
Anaerobes, and Neisseria species, but is used almost
exclusively as an anti-staphylococcal agent (Collignon
and Turnidge, 1999; Falagas and Kopterides, 2007; Pan
et al., 2008). This antibiotic inhibits bacterial protein syn-
thesis by binding to elongation factor G (EF-G) and
preventing its release from the ribosome (Bodley et al.,
1969) . Although frequencies of resistance to this anti-
biotic have remained generally low, emerging resistance
is a problem that could limit the therapeutic options
available for treatment of staphylococcal infections
(Norén et al., 2007; Rennie, 2006; Osterlund et al., 2006).

The aim of the present study is to determine the
prevalence of fusidic acid-resistant methicillin-susceptible
S. aureus (FAR-MSSA) isolated from community infec-
tions, and to define whether there are links between the
antibiotic susceptibility of these strains, their origin and
agr groups, and to correlate them with their toxic gene
profile.

MATERIALS AND METHODS
Bacterial isolates

In this study, community clinical S. aureus were collected from the
Laboratory of Microbiology, Institute Pasteur of Morocco, and from
14 clinical laboratories located in Casablanca, from the 1st January,
2007 - 31st October, 2008.

Identification of S. aureus isolates. Species were identified by
colony morphology, gram staining, catalase test, coagulase activity
on rabbit plasma (Bio-Mérieux, Marcy [|'Etoile, France), and
production of clumping factor (Pastorex Plus-Staph, Bio-Rad,
Marnes-la-Coquette, France).

Antimicrobial resistance to penicillin G (PG-6 g), kanamycin (K-

30 UI), tobramycin (Tm-10 g), gentamicin (Gm-15 g), tetracycline
(Te-30 UI), erythromycin (E-15 Ul), lincomycin (L-15 g), pristine-
mycin (PT-15 g), chloramphenicol (C-30 g), pefloxacin (Pef-5 g),
fosfomycine (Fos-5 g), cefoxitin (Fox-30 g), fusidic acid (FA-
10 g), rifampicin (RF-30 g), vancomycin (VA-30 g) and
trimethoprim-sulfamethoxazole (SXT- 1.25/23.75 g) was deter-
mined by the disc (Bio-Rad, Marnes-la-Coquette, France) diffusion
method. Fusidic acid (Leo pharma, Denmark) minimum inhibitory
concentrations (MICs) were determined by agar dilution technique
on Mueller-Hinton agar; the range of dilution used was 0.004 - 128
mg/l. Results were interpreted according to the Committee for
Antimicrobial Testing of the French Society of Microbiology guide-
lines (http://www.sfm.asso.fr) (Comité de I'Antibiogramme de la So-
ciété Francaise de Microbiologie, 2007). Strains with MICs higher

than 2 mg/l were taken as being resistant to fusidic acid. S. aureus
ATCC 29213 and S. aureus ATCC 25923 were used as quality
control organisms.

DNA extraction

Fusidic acid-resistant S. aureus (FAR-SA) strains were grown in
brain heart infusion at 37°C overnight. Their genomic DNA used for
polymerase chain reaction (PCR) was extracted by using a stan-
dard phenol-chloroform procedure as described by Sambrook et al.
(1989). Amplification of nuc gene which encodes an extracellular
thermostable nuclease of S. aureus was used for identification and
to confirm the quality of each DNA extract (Brakstad et al., 1992,
Kizaki et al., 1994). The mecA gene was sought by PCR (Vannuffel
et al, 1995) in all FAR-SA. Two reference strains: U2A1593
(methicillin-resistant S. aureus) and U2A1594 (methicillin-sensitive
S. aureus) from the Antibacterial Agents Unit of Pasteur Institute,
Paris, France, were used as controls.

Determination of agr groups

A multiplex PCR of the agr was used to determine the agr group (I-
IV) (Jarraud et al., 2002). S. aureus strains RN6390 (agr group ),
RN6607 ( agr group ), RN8465 (agr group Ill), and RN4850 (agr
group V) from the National Research Center of Lyon (CNR-Lyon,
France) were used as positive controls.

Detection of staphylococcal toxins

All FAR- MSSA isolates were screened for genes encoding staphy-
lococcal enterotoxins A, B, C, D, H, K, L, M, O, P, Q and R (sea,
seb, sec, sed, seh, sek, sel , sem, seo, sep, seq and ser), exfoliatin
toxins A, B and D (eta, etb and etd), toxic shock syndrome toxin 1
(tst), leukocidins (lukS-PV, lukF-PV, and lukM), epidermal cell diffe-
rentiation inhibitor (edin A, B, C) and -hemolysin (hlb), as previously
described (Jarraud et al., 2002; Tristan et al., 2003).

PFGE typing

Pulsed-field gel electrophoresis (PFGE) of chromosomal DNA of
FAR-MSSA was performed using the CHEF DR |l System (Bio-Rad,
Marnes-la- Coquette, France), as described elsewhere (Maslow et
al., 1993). PFGE patterns were compared by physical examination
and patterns (pulsotypes) considered being indistinguishable if all
bands were shared.

RESULTS

Prevalence and distribution of the FAR-MSSA
isolates

Of the 140 isolates studied,18 (12.9 %) fusidic acid-
resistant methicillin-sensitive strains were obtained from
different clinical samples, with 9 (50%) being from
pus/wound/abscess, 6 (33%) from urinary/genital tract
infections and 3 (17%) from Sputum/transtracheal
aspirates. Ten of these exhibited a minimum inhibitory
concentration (MIC) of 16 g ml-1 for fusidic acid (Table 1).
No FAR S. aureus strain with mecA gene was detected.



Table 1. MICs of fusidic acid against S. aureus isolates (n = 18).

Fusidic acid MIC (g mi™)?

No of isolates resistant to fusidic acid (%)

4 8 16
1(55) 7(38.9) 10 (55.6)

% The resistance breakpoint for fusidic acid by the Committee for Antimicrobial Testing of the

French Society of Microbiology is 4 g ml'l.

Table 2. Distribution of fusidic acid-resistant S. aureus strains according to their sources and pattern of resistance.

Source of strains Number of strains with pattern resistance Total (%)
FA P-FA RF-FA  P-E-FA  P-K-Te-FA P-K-Te-E-FA
Urinary/genital tract infections 2 4 6 (33)
Sputum/transtracheal aspirates 1 1 3(17)
Pus/wound/abscess 3 2 1 3 9 (50)
Total (%) 5(27.7) 6(33.3) 1(56) 1(5.6) 2 (11.1) 3(16.7) 18 (100)

P = Penicillin G, K = Kanamycin, Te = Tetracycline, RF = Rifampicin, FA = Fusidic acid, E = Erythromycin.

Antimicrobial resistance phenotypes of the FAR-
MSSA isolates

We primarily examined the resistance of the FAR -MSSA
(n = 18) to antibiotics of different classes and our finding
showed that 12 (66.7%), 5 (27.8%), 5 (27.8%), 4 (22.2%)
and 1 (5.6%) of the strains were resistant to penicillin G,
kanamycin, tetracycline, erythromycin and rifampicin,
respectively. Table 2 shows the resistance phenotypes of
the respective FAR-MSSA strains. Five strains (27.7%)
showed resistance to only fusidic acid. In addition to
being resistant to fusidic acid, 6 strains (33.3%) were also
resistant to penicillin G, 1 strain (5.6%) was also resistant
to rifampicin, 1 strain (5.6%) was also simultaneously
resistant to penicillin and erythromycin, 2 strains (11.1%)
were also resistant to penicillin, kanamycin tetracycline
and 3 strains (16.7%) showed a wide resistance pattern
to fusidic acid, penicillin G, kanamycin, tetracycline and
erythromycin. Antimicrobial susceptibility revealed that all
FAR-MSSA isolates were sensitive to cefoxitin,
tobramycin, gentamicin, lincomycin, pristinamycin,
chloramphenicol, pefloxacin, fosfomycine, trimethoprim-
sulfamethoxazole and vancomycin.

Analysis of agr group

As shown in Table 3, the 18 FAR-MSSA isolates were
classified according to the four agr groups and 14
(77.8%) were found to belong to agr group Ill; 3 were agr
group |, and only one isolate was agr group IV. No strain
was found to be agr group Il

Analysis of toxin genes

Seventeen (94%) of the 18 FAR-MSSA isolates studied
were found to possess one or more virulent genes, with
the seh gene being the most frequent (78%), and always
in combination with at least one other (Table 3). These
seh genes were only detected in isolates harbouring the
agr group lll. Fourteen of the above 17 strains possessed
more than one virulent gene, and they were all of the agr
group Il (Table 3).

Two of the 3 strains with an agr group | were found to
possess only one virulent gene (the -hemolysin gene =
hib); the third possessed no virulent gene. The last strain
with an agr group IV also possessed a single virulent
gene (the sem gene) (Table 3). All isolates were found to
be negative for genes encoding exfoliatinve toxins A, B
and D, the other staphylococcal enterotoxins B, D, P and
R, the epidermal cell differentiation inhibitor genes (edin
A/B/D) and the toxic shock syndrome toxin gene (tst).

Analysis of PFGE typing

PFGE typing produced 12 fingerprints, which were classi-
fied as pulsotypes class A to L (Figure. 1). Pulsotype
class A was detected in 33.3% (6 isolates) of all FAR-
MSSA (Table 3), 5 of these were isolated from pus/
wound/abscess, and one from pulmonary aspirates. Pul-
sotype class B was represented by two strains that were
detected from pus or urine and which had two virulent
genes: she plus hib. The remaining 12 isolates belonged
to 10 other DNA classes.



Figure 1. Genomic typing of 18 fusidic acid-resistant methicillin-susceptible S. aureus. Lanes 1 and 20: A
chromosomal DNA digest of S. aureus NCTC 8325 served as the mass standard. Lanes 2 to 19: all 18
strains; Lanes 4, 6, 9, 10, 11, 14: strains class A (predominant class); Lanes 8, 13: strains class B and

Lanes 2, 3,5, 7, 12, 15 - 19: the other strains.

Table 3. Distribution of fusidic acid-resistant methicillin-sensitive S. aureus strains according to their agr group, sources, pattern of resistance
virulent genes and their pulsotype groups.

Strain Agr group Source of samples Antibiotic resistance  Positive PCR result for Pulsotype: letter
phenotype designation
SA18 3 Pus/wound/abscess P-K-Te-Fu seh/seq/sek/pvl A
SA22 3 Sputum/transtracheal aspirates Rif-Fu seh/seq/sek/pvl A
SA30B 3 Pus/wound/abscess Fu seh/seq/sek/pvl/sea A
SA31B 3 Pus/wound/abscess P-K-Te-E-Fu seh/seq/sek/pvl/sea A
SA32B 3 Pus/wound/abscess P-K-Te-E-Fu seh/seq/sek/pvl A
SA64 3 Pus/wound/abscess P-K-Te-E-Fu seh/seg/sek/pvl/seo A
SA26 3 Urinary/genital tract infections P-Fu seh/hlb B
SA42 3 Pus/wound/abscess Fu seh/hlb B
SA2 3 Urinary/genital tract infections Fu seh/sec/sealsel Cc
SA6 3 Urinary/genital tract infections P-Fu seh/sea D
SA24 3 Urinary/genital tract infections Fu seh/hlb E
SA100 3 Sputum/transtracheal aspirates P-K-Te-Fu seh/seq/sek F
SA101B 3 Pus/wound/abscess Fu seh/seq/sek/hib G
SA102AZ 3 Urinary/genital tract infections P-Fu seh/seq/sek/sec/sel H
SA20B 1 Pus/wound/abscess P-Fu hib I
SA37 1 Urinary/genital tract infections P-Fu hlb J
SAl111 1 Pus/wound/abscess P-Fu none K
SA88 4 Sputum/transtracheal aspirates P-E-Fu sem L

pvl = luk-PV genes, P = Penicillin G, K = Kanamycin, Te = Tetracycline, RF = Rifampicin, FA = Fusidic acid, E = Erythromyci



DISCUSSION

Our finding showed a fairly significant resistance to fusi-
dic acid, which was expressed in 18, strains (~13%), this
rate of resistance is greater than that reported in
Casablanca by Belabbés et al. (2001), which gave only
4.5% rate as well as those reported by other authors,
ranging from 0 - 7.7% for both MSSA and community-
acquired methicillin- resistant S. aureus (CA-MRSA) (Ho
et al., 2008; Denton et al., 2008; BenNejma et al., 2008).
The present rate however, is about the same as that of
Elhamzaoui et al. (2009), who recently reported a
resistance rate of 14.21% in a study conducted during the
same period (2007 - 2008) on series of MSSA isolated
from two hospitals in Rabat, Morocco. This resistance
may be the result of the prescription of this antibiotic for
outpatient empirical treatment of community-associated
skin and soft tissue infections that may be attributable to
MRSA, or even use it inappropriately, knowing that S.
aureus may rapidly develop resistance to this antibiotic
when it is used as monotherapy (Darley and MacGowan,
2004). In fact, a causal association between mono-
therapy and resistance is biologically plausible because
of the high spontaneous chromosomal mutation fre-
guency for development of fusidic acid resistance in S.
aureus, resulting in the emergence of resistant mutants
during therapy (O'Neill et al., 2001). For this reason,
combination of fusidic acid with other antibiotics is
recommended for the treatment of severe and chronic
infections but with careful monitoring for the development
of resistance.

Some reports have stated that there are clinical trends
according to each agr group. For example, Yoon et al.
(2007) have suggested the relationship between the agr
group | clones and ear infections; Ji et al. (1997) argued
that the presence of the tst gene in S. aureus is coupled
to agr group lll; while Jarraud et al. (2002) have reported
an over representation of agr genotype Il in S. aureus
isolates from patients with infective endocarditis. Most
exfoliatin-producing strains responsible for staphylococ-
cal scalded skin syndrome (SSSS) belonged to agr group
IV (Jarraud et al., 2000). On the other hand, the ability of
S. aureus to cause a variety of diseases in humans and
animals may be attributed to its ability to produce a
plethora of virulence factors. Thus, we analysed the agr
group specificity of the different 18 FAR-MSSA strains,
and found that 14 of them belong to agr-type Ill, and were
all found with at least one virulent gene (seh). However,
El-Huneidi and co-workers previously reported that the
seh gene was infrequently detected in clinical isolates of
S. aureus from Jordan (El-Huneidi et al., 2006). Interes-
tingly, FAR-MSSA that harboured agr group Il and seh
gene (14 isolates) were isolated from pus/wound/abscess
(50%), urinary/genital tract infections (35.7%) and
sputum/transtracheal aspirates (14.3%) and belonged to
different clones: the pulsotype A was found in 6 strains,
pulsotype B in 2 strains and six other strains were found
each with a different pulsotype C to H. We wonder whe-

ther these structures ( agr group Il and seh gene) are
molecular markers for strains resistant to fusidic acid,
whatever their origin, or the existence of any such two
structures (agr group lll and seh gene) must coexist with
the presence of the other when the strains are resistant to
this antibiotic. Moreover, 9 of the 14 strains with agr
group lll and harbouring the seh gene were isolated with
two other toxin genes: seq and sek genes. It has been
reported that these two genes have been carried by many
community-acquired methicillin-resistant S. aureus strains
(CA-MRSA) such as ST8:USA300, S. aureus COL,
ST59:USA1000 and ST1:MW2 (Baba et al., 2002) and
were detected in all isolates belonging to Brazilian/
Hungarian clone, a well-known hospital-acquired
methicillin-resistant S. aureus (HA-MRSA) and having an
agr group 1 (Deurenberg et al., 2007). As a matter of fact,
these toxin genes that encode pyrogenic toxin superan-
tigens were mainly found among S. aureus isolated from
pus or sputum (8 isolates from 9), suggesting that there
might be a relationship between FAR S. aureus strains,
with an agr group lll, the simultaneous presence of seh,
seq and sek genes and sources of these strains.

Besides the dominant genes mentioned above, we
noted that luk-PV genes, were detected in 6 FAR- MSSA
strains that belonged to the same agr group Ill, and which
possess seh, seq, sek genes. Remarkably, these 6
strains were identified with isolates that were identified
from pus (5 cases) or sputum (1 case), and they were in
most multidrug-resistant and were found to belong to the
same clone “pulsotype A”. It is known that PVL is a
bicomponent exotoxin that causes dermal necrosis and
possesses particular cytolytic activity against neutrophils
and monocytes (Popovich et al.,, 2008), and whether
caused by MRSA or MSSA, it is associated with
suppurative cutaneous disease and necrotizing infections
(Gillet et al., 2002; Hidron et al., 2005; Wertheim et al.,
2005). Although PVL commonly is found in S. aureus
isolates responsible for suppurative infections, currently it
is found in fewer than 15% of colonizing MRSA isolates in
the general community (Gorwitz et al., 2008) . It has been
postulated that the product of this virulent toxin is the
principal factor responsible for the epidemic spread of
many CA- MRSA strains (Chambers, 2005), including
ST1: MW2 in the Midwest of the United States (Baba et
al., 2002), ST30 in Australia (Robinson et al, 2005) and
the United States (Pan et al, 2003), and ST80 in Europe
(Vandenesch et al., 2003).

It should be noted that the virulence genes studied
were significantly more prevalent among the fusidic acid-
intermediate or fusidic acid- resistant strains. These
virulence genes have detected among our isolates from
pus/wound/abscess, and in all strains identified from
urine and sputum/transtracheal aspirates. Therefore, the
prevalence of virulent genes was found to be higher in
fusidic acid-resistant S. aureus regardless of their
sources. These results are in accordance with those of
Van der Mee-Marquet et al. (2004). Thus, resistance to fusi-
dic acid appears to be a pertinent marker of virulent strains.



This resistance marker (fusidic acid-resistance) has been
previously identified in community-acquired, non multi-
resistant, oxacillin-resistant S. aureus strains (Andersen
et al., 1999), especially in the PVL-producing strains that
are spreading in France (Dufour et al, 2002) and in
Germany (Witte et al., 2004).

Conclusion

FAR-MSSA is present in the community of Casablanca
(Morocco). Resistance to fusidic acid is a pertinent mar-
ker of virulent strains. In our study, the majority of these
strains had agr type lll, and a variety of virulent genes
dominated by seh, sek, seq and luk -PV genes. It seems
that there is relationship between FAR-MSSA strains
belonging to the same pulsotype and harbouring agr
group Il with luk -PV toxin genes.

So fusidic acid prescription should be limited and if
indicated it should be used in combination therapy.

ACKNOWLEDGEMENTS

The authors gratefully thank the staff and directors of pri-
vate clinical laboratories located in Casablanca for their
collaboration, and the Leo Pharma Company (Leo-
Pharma, Ballerup, Danemark). Special thank also go to
the leaders of the French National Reference Centre for
Staphylococci, Lyon, France; and the Antibacterial
Agents Unit at the medical research centre Institute
Pasteur, Paris, France, for their reference strains.

REFERENCES

Andersen BM, Bergh K, Steinbakk M, Syversen G, Magnaes B, Dalen
H, Bruun JN (1999). A Norwegian nosocomial outbreak of
methicillin-resistant Staphylococcus aureus resistant to fusidic acid
and susceptible to other antistaphylococcal agent. J. Hosp. Infect.
41 (2): 123-132.

Baba T, Takeuchi F, Kuroda M, Yuzawa H, Aoki K, Oguchi A, Nagai Y,
Iwama N, Asano K, Naimi T, Kuroda H, Cui L, Yamamoto K,
Hiramatsu K (2002). Genome and virulence determinants of high
virulence community-acquired MRSA. Lancet. 359: 1819-1827.

Belabbés H, Elmdaghri N, Hachimi K, Marih L, Zerouali K, Benbachir M
(2001). Résistance de Staphylococcus aureus isolé des infections
communautaires et hospitalieres a Casablanca. Communication
bréve. Med. Mal. Infect. 31: 25-28.

BenNejma M, Mastouri M, Bel Hadj Jrad B, Nour M (2008). Charac-
terization of ST80 Panton-Valentine leucocidin-positive community-
acquired methicillin-resistant Staphylococcus aureus clone in Tunisia.
Diagn. Microbiol. Infect. Dis. (In Press).

Bodley JW, Zieve FJ, Lin L, Zieve ST (1969). Formation of ribosome-G
factor-GDP complex in the presence of fusidic acid. Biochem.
Biophys. Res. Commun. 37: 437-443.

Brakstad OG, Aasbakk K, Maeland JA (1992). Detection of
Staphylococcus aureus by polymerase chain reaction amplification of
the nuc gene. J. Clin. Microbiol. 30: 1654-1660.

Chambers HF (2005). Community-associated MRSA--resistance and
virulence converge. N. Eng. J. Med. 352: 1485-1487.

Collignon P, Turnidge J (1999). Fusidic acid in vitro activity. Int. J.
Antimicrob. Agents. 12(Suppl2): S45-S58.

Darley ESR, MacGowan AP (2004). Antibiotic treatment of gram posi-
tive bone and joint infections. J. Antimicrob. Chemother. 53: 928-935.

Denton M, O'Connell B, Bernard P, Jarlier V, Wiliams Z, Santerre
Henriksen A (2008). The EPISA Study: antimicrobial susceptibility of
Staphylococcus aureus causing primary or secondary skin and soft
tissue infections in the community in France, the UK and Ireland. J.
Antimicrob. Chemother. 61(3): 586-588.

Deurenberg RH, Vink C, Kalenic S, Friedrich AW, Bruggeman CA,
Stobberingh EE (2007). The molecular evolution of methicillin-resis-
tant Staphylococcus aureus. Clin. Microbiol. Infect. 13: 222-235.

Dufour P, Gillet Y, Bes M, Lina G, Vandenesch F, Floret D, Etienne J,
Richet H (2002). Community-acquired methicillin-resistant Staphylo-
coccus aureus infections in France: emergence of a single clone that
produces Panton-Valentine leukocidin. Clin. Infect. Dis. 35: 819-824.

Elhamzaoui S, Benouda A, Allali F, Abouqual R, Elouennas M (2009).
Antibiotic susceptibility of Staphylococcus aureus strains isolated in
two university hospitals in Rabat, Morocco. Med. Mal. Infect. (In
press).

El-Huneidi W, Bdour S, Mahasneh A (2006). Detection of enterotoxin
genes seg, seh, sei, and sej and of a novel aroA genotype in
Jordanian clinical isolates of Staphylococcus aureus. Diagn.
Microbiol. Infect. Dis. 56: 127-132.

Ellington JK, Harris M, Webb L, Smith B, Smith T, Tan K, Hudson M
(2003). Intracellular Staphylococcus aureus. A mechanism for the
indolence of osteomyelitis. J. Bone. Joint. Surg. Br. 85: 918-921.

Falagas ME, Kopterides P (2007). Old antibiotics for infections in
critically ill patients. Curr. Opin. Crit. Care. 13: 592-597.

Ferrara AM (2007). Treatment of hospital -acquired pneumonia caused
by methicillin-resistant Staphylococcus aureus . Int. J. Antimicrob.
Agents 30: 19-24.

Gillet Y, Issartel B, Vanhems P, Fournet PGC, Lina G, Bes M,
Vandenesch F, Piemont Y, Brousse N, Floret D, Etienne J (2002).
Association between community-acquired Staphylococcus aureus
strains carrying gene for Panton-Valentine leukocidin and highly
lethal necrotizing pneumonia in young immunocompetent patients.
Lancet. 359: 753-759.

Gorwitz RJ, Kruszon-Moran D, McAllister SK, McQuillan G, McDougal
LK, Fosheim GE, Jensen BJ, Killgore G, Tenover FC, Kuehnert MJ
(2008). Changes in the prevalence of Staphylococcus aureus nasal
colonization in the United States, 2001-2004. J. Infect. Dis. 197:
1226-1234.

Hidron Al, Kourbatova EV, Halvosa JS, Terrell BJ, McDougal LK,
Tenover FC, Blumberg HM, King MD (2005). Risk factors for coloni-
zation with methicillin-resistant Staphylococcus aureus (MRSA) in
patients admitted to an urban hospital: emergence of community-
associated MRSA nasal carriage. Clin. Infect. Dis. 41: 159-166.

Ho PL, Chuang SK, Choi YF, Lee RA, Lit ACH, Ng TK, Que TL, Shek
KC, Tong HK, Tse CWS, Tung WK, Yung RWH and for the Hong

Kong CA-MRSA surveillance network (2008). Community-associated
methicillin-resistant and methicillin-sensitive Staphylococcus aureus:
skin and soft tissue infections in Hong Kong. Diagn. Microbiol. Infect.
Dis. 61(3): 245-250.

Jarraud S, Lyon GJ, Figueiredo AM, Lina G, Vandenesch F, Etienne J,
Muir TW, Novick RP (2000). Exfoliatin-producing strains define a
fourth agr specificity group in Staphylococcus aureus. J. Bacteriol.
182: 6517-6522.

Jarraud S, Mougel C, Thioulouse J, Lina G, Mengnier H, Fory F, Nesme
X, Etienne J, Vandenesch F (2002). Relationships between
Staphylococcus aureus genetic background, virulence factor, agr
groups (alleles), and human disease. Infect. Immun. 70: 631-641.

Ji G, Beavis R, Novick RP (1997). Bacterial interference caused by
autoinducing peptide variants. Science 276: 2027-2030.

Kizaki M, Kobayashi Y, Ikeda Y (1994). Rapid and sensitive detection of
the femA gene in staphylococci by enzymatic detection of polymerase
chain reaction (ED-PCR): comparison with standard PCR analysis. J.
Hosp. Infect. 28: 287-295.

Lina G, Gillet Y, Vandenesch F, Jones ME, Floret D, Etienne J (1997).
Toxin involvement in staphylococcal scalded skin syndrome. Clin.
Infect. Dis. 25: 1369-1373.

Maslow JN, Mulligan ME, Arbeit RD (1993). Molecular epidemiology:
application of contemporary techniques to the typing of microor-
ganisms. Clin. Infect. Dis. 17: 153-162.

Norén T, Akerlund T, Wullt M, Burman LG, Unemo M (2007). Mutations
in fus A associated with posttherapy fusidic acid resistance in Clos-



tridium difficile. Antimicrob. Agents Chemother. 51: 1840-1843.

Novick RP, Ross HF, Projan SJ, Kornblum J, Kreiswirth B, Moghazeh S
(1993). Synthesis of staphylococcal virulence factors is controlled by
a regulatory RNA molecule. EMBO. J. 12: 3967-3975.

Novick RP (2000). Patfgenicity factors and their regulation. In: Fischetti
et al. (eds). Gram-positive pathogens. Washington DC, ASM Press,
pp 392-407.

Obire O, Isosiya D, Putheti RR (2009). Biological hazards in vended
crude oil and ammonia used as medication. J. Pharm. Res. 2 (3):
320-326.

O'Neill AJ, Cove JH, Chopra | (2001). Mutation frequencies for
resistance to fusidic acid and rifampicin in Staphylococcus aureus. J.
Antimicrob. Chemother. 47: 647-650.

Osterlund A, Kahimeter G, Haeggman S, Olsson-Liljequist B (2006).
Staphylococcus aureus resistant to fusidic acid among Swedish
children: a follow-up study. Scand. J. Infect. Dis. 38: 332-334.

Pan A, Lorenzotti S, Zoncada A (2008). Registered and investigational
drugs for the treatment of methicillin-resistant Staphylococcus aureus
infection. Recent Pat. Antiinfect. Drug Discov. 3: 10-33.

Pan ES, Diep BA, Carleton HA, Charlebois ED, Sensabaugh GF, Haller
BL, Perdreau-Remington F (2003). Increasing prevalence of
methicillin-resistant Staphylococcus aureus infection in California
jails. Clin. Infect. Dis. 37: 1384-8.

Pedersen M, Benfield TL, Skinhoej P, Jensen AG (2006). Haemato-
genous Staphylococcus aureus meningitis. A 10-year nationwide
study of 96 consecutive cases. BMC Infect. Dis. 6:49.

Popovich KJ, Winstein RA, Hota B (2008). Are community-associated
methicillin resistant Staphylococcus aureus (MRSA) strains replacing
traditional nosocomial MRSA strains? Clin. Infect. Dis. 46: 787-794.

Rennie RP (2006). Susceptibility of Staphylococcus aureus to fusidic
acid: Canadian data. J. Cutan. Med. Surg. 10: 277-280.

Risson DC, O'Connor ED, Guard RW, Schooneveldt JM, Nimmo GR
(2007). A fatal case of necrotising pneumonia due to community-
associated methicillin-resistant Staphylococcus aureus. Med. J. Aust.
186: 479-480.

Robinson DA, Kearns AM, Holmes A, Morrison D, Grundmann H,
Edwards G, O'Brien FG, Tenover FC, McDougal LK, Monk AB,
Enright MC (2005). Re-emergence of early pandemic Staphylococcus
aureus as a community-acquired methicillin-resistant clone. Lancet.
365: 1256-1258.

Sambrook J, Fritsch EF, Maniatis T (1989). Extraction with phenol:
chloroform, in Molecular Cloning: A Laboratory Manual, 2nd edn.,
Cold Spring Harbor Laboratory Press, Plainview, NY, pp E.3-E.4.

Tristan A, Ying L, Bes M, Etienne J, Vandenesch F, Lina G (2003). Use
of multiplex PCR to identify Staphylococcus aureus adhesins involved
in human hematogenous infections. J. Clin. Microbiol. 41: 4465-4467.

Van der Mee-Marquet N, Blanchard M, Domelier AS, Quentin R, The
Infection Survey study group of the Relais d’Hygiéne du Centre
(2004). Virulence and antibiotic susceptibility of Staphylococcus
aureus strains isolated from various origins. Path. Biol. 52: 579-583.

Vandenesch F, Naimi T, Enright MC, Lina G, Nimmo GR, Heffernan H,
Liassine N, Bes M, Greenland T, Reverdy ME, Etienne J (2003).
community-acquired methicillin-resistant  Staphylococcus aureus
carrying Panton-Valentine leukocidin genes: worldwide emergence.
Emerg. Infect. 9: 978-984.

Vannuffel P, Gigi J, Ezzedine H, Vandercam B, Delmee M, Wauters G,
Gala JL (1995). Specific detection of methicillin-resistant Staphyloco-
ccus species by multiplex PCR. J. Clin. Microbiol. 33(11): 2864-2867.

Wertheim HF, Melles DC, Vos MC, van Leeuwen W, van Belkum A,
Verbrugh HA, Nouwen JL (2005). The role of nasal carriage in
Staphylococcus aureus infections. Lancet Infect. Dis. 5: 751-762.

Witte W, Cuny C, Strommenger B, Braulke C, Heuck D (2004). Emer-
gence of a new community acquired MRSA strain in Germany. Euro.
Surveil. 9 (1): 1-2.

Yoon HJ, Choi JY, Lee K, Yong D, Kim JM, Song YG (2007). Ac-
cessory gene regulator group polymorphisms in methicillin-resistant
Staphylococcus aureus: An association with clinical significance.
Yonsei Med. J. 48(2): 176-183.



