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Abstract

Background: Methicillin resistant Staphylococcus aureus
(MRSA) as a major cause of infections in hospital and
community settings is a global health concern. The purpose
of this study was to determine the antimicrobial susceptibility
and the molecular characteristics of MRSA strains causing
community-acquired (CA) and hospital-acquired (HA)
infections in Tunisia.

Methods: A total of 135 non-duplicate MRSA strains
were consecutively collected from five Tunisian hospitals.
Antimicrobial susceptibility was done by disc diffusion
method and by MIC. The presence of pv/ (Panton Valentine
Leukocidin) and tst-1 (toxic shock syndrome toxin 1) Genes
were determined by PCR method. Strains were typed by
agr, SCCmec typing, PFGE and spa typing.

Results: Forty-nine strains (36.3%) were CA. HA strains
showed significantly higher rates of resistance than the CA
strains. One HA strain was resistant to teicoplanin (MIC = 4
pugml). The pvl gene was detected in 83.7% and 32.6% of
CA and HA strains, respectively. Only eight strains were tst-
1 positive. PFGE revealed 61 pulsotypes among HA strains
and 20 pulsotypes among CA strains. Twenty-four spa types

were identified. spa type t044 was the most common,
representing 69.4% and 25.6% among CA and HA strains
respectively. Most of t044 strains was pvi-positive, harbored
agr3 and SCCmec IV and were resistant to kanamycin,
tetracycline and fusidic acid. t037, agr1 and SCCmec Ill was
the most prevalent among HA-MRSA.

Conclusions: Genetically diverse MRSA strains were
circulating in our hospitals with relatively high prevalence
of spa type t044 and t037. Regular surveillance studies on
MRSA are needed to monitor the evolution of antimicrobial
susceptibility, to better elucidate the distribution of existing
MRSA clones and to detect the emergence of new MRSA
clones.
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Introduction

Over the last six decades, methicillin-resistant

Staphylococcus aureus (MRSA) spread over the whole
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world and has become a global public health threat.
Primarily MRSA was restricted to hospitals (hospital-
acquired MRSA, HA-MRSA) and generally affect
patients with predisposing risk factors such as recent
hospitalisation, presence of indwelling catheters,
admission to intensive care unit, exposure to a patient
who is colonised or infected with MRSA, prolonged
antibacterial therapy and surgery. For the last three
decades, MRSA could also be found outside the hospital,
in the community (community-acquired MRSA, CA-
MRSA) and generally affect healthy and younger people
without such the aforementioned risk factors [1,2].
Moreover, HA-MRSA and CA-MRSA belong to distinct
genetic lineages. HA-MRSA strains are mostly multidrug
resistant and carry the larger staphylococcal cassette
chromosome mec (SCCmec) types | ILII, however
CA-MRSA strains frequently carry smaller SCCmec
elements, usually type IV and V, and are resistant to
fewer classes of antimicrobials. Also, CA-MRSA strains
are strongly associated with virulence factors such as
Panton Valentine leukocidin (PVL) which is thought to
contribute to their pathogenicity [1-3]. Importantly, in
recent years, the distinction between HA-MRSA and
CA-MRSA has become increasingly blurred. In fact, CA-
MRSA strains have been increasingly identified as a
cause of HA-infections. On the other hand, HA-clones
have been described to cause CA-infections suggesting
that certain clones have the ability to cross barriers
between hospitals and the community [3-7]. Recently,
another development was the emergence of so-called
livestock-associated MRSA (LA-MRSA) linked with
mainly pig farming and is therefore found in people
with contact to animals. These strains mainly belonged
to the sequence type (ST) 398 [8]. In 2011, a novel
mecA homologue, mec,,.,, named mecC located in a
new SCCmec cassette designed SCCmec XlI, has been
reported from humans and animals in the Germany [9],
UK and Denmark [10], Spain [11] and Austria [12]. These
isolates mainly belonged to ST 130 [9-12].

Fortunately, whereas HA-MRSA isolates are generally
multidrug resistant, CA and livestock-associated -MRSA
tend to be resistant to fewer classes of antibiotics. The
global emergence and spread of multidrug resistant
MRSA limits the effectiveness of therapeutic options.
Vancomycin has been the mainstay of treatment for
MRSA infections and the emergence of resistance is
rare and worrying [13,14].

Few studies have focused on molecular epidemiology
of MRSA in Tunisia, so we conducted this retrospective
multicenter study to investigate the molecular
characteristics and the resistance profiles of MRSA
causing community-acquired and hospital-acquired
infections in Tunisia.

Material and Methods

Bacterial strains
From March 2011 to March 2012, 135 clinical non-
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duplicate consecutive MRSA strains recovered from
patients in five Tunisian university hospitals were
studied: Habib Bourguiba hospital of Sfax which drains
the south of Tunisia and it is located 270 km from the
capital, Tunis (49 strains), Fattouma Bourguiba hospital
of Monastir located in the center, 160 km from Tunis
(25 strains), Institute Kassab of Tunis (26 strains),
Charles Nicolle hospital of Tunis (22 strains) and
military hospital of Tunis (13 strains). For each strain,
demographic and clinical informations were recorded.
CA-MRSA infection was defined as a positive culture
of MRSA in patients with no history of hospitalization,
surgery or outpatient care, or alternatively, if the signs
of infection were present on admission. HA-MRSA
infection was assigned when the strain was obtained at
least 78h after hospitalization and when the infection
was not the reason for admission [1].

The strains were identified by conventional methods:
Gram-positive cocci, catalase positive, mannitol
fermenting, DNase-positive and producing clumping
factor (staphyslide test, bioMérieux).

Antimicrobial susceptibility testing

The antibiotic susceptibilities of the strains were
performed by a disc diffusion method on Mueller-
Hinton agar (BioRad Laboratories, France) according to
the CA-SFM criteria (http://www.sfm.asso.fr).

Methicillin resistance was confirmed by the
detection of mecA gene by PCR as described elsewhere
[15]. S. aureus ATCC 43300 was used as positive control
(MRSA).

Minimal inhibitory concentrations (MICs) of
vancomycin, teicoplanin, linezolid and tigecycline were
determined by the broth microdilution method and
were interpreted according to the CA-SFM criteria.
Detection of heteroresistant vancomycin intermediate
S. aureus strains (h-VISA) was performed by the
Macromethod Etest on BHI agar for all of MRSA strains
with a MIC 2 1 ugml™ for vancomycin or teicoplanin, as
described previously [16]. The strains h-VISA-Mu3 and
Mu50 and the vancomycin-susceptible S. aureus ATCC
29213 were tested in parallel as positive and negative
controls, respectively.

Molecular study

DNA extraction: Genomic DNA used for polymerase
chain reaction (PCR) was extracted using Instagéne
Matrix (BioRad) according to the manufacturer’s
instructions.

Toxin gene detection: All strains were screened for
the Panton Valentine Leukocidin, pv/ (lukS-PV,lukF-PV)
and toxic shock syndrome toxin 1, tst-1 genes by PCR
simplex, as described previously [17,18]. S. aureus ATCC
49775 and S19 were used as controls for detection of
pvl and tst-1 genes respectively.

Determination of agr groups: The identification
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of agr groups was performed by multiplex PCR
amplification of the hypervariable domain of the agr
locus using primers specific for each of the four major
specificity groups (forward primer, pan agr; and four
reverse primers) [19]. S. aureus RN 6390 (agr group 1),
RN 6607 (agr group 2), RN 8462/5 (agr group 3), and
RN4850 (agr group 4) were used as controls for agr
group identification.

SCCmec typing: The SCCmec types (I-IV) were
detected by using the method described by Oliveira and
de Lencastre [20]. Strains NCTC10442, N315, 85/2082,
4744, and WIS harboring, respectively, SCCmec type |-V
were used as controls.

PFGE typing: PFGE of chromosomal DNA after smal
macrorestriction was performed using the GenePath
system (Bio-Rad, France) as described previously [21].
PFGE patterns were compared by using Finger Printing 2
Software (Biorad). Similarity matrice and dendrograms
were obtained using arithmetic average (UPGMA).
Similarity coefficients were calculated according to the
dice method. Strains clustering above 80% similarity
were considered the same clone.

spa typing: spa typing was performed as previously

described [22]. The X region of the spa gene was
amplified by PCR. Purified spa PCR products were
sequenced. spa types were determined with the
Ridom Staph Type Software (Ridom, Gmbh Wirzburg,
Germany) which automatically detects spa repeats and
assigns a spa type according to http://spaserver.ridom.
de/.

Statistical analysis

X?test was used to analyse the qualitative variables. A
p value of < 0.05 was considered statistically significant.

Results

Among the 135 strains studied, 49 (36.3%) were
CA and 86 (63.7%) were HA. Clinical characteristics of
patients with MRSA infection according to the origin of
infection are summarized in Table 1.

Antimicrobial resistance

The rates of resistance to antibiotics were low in CA-
MRSA strains except for kanamycin (83.7%), tetracycline
(75.5%), and fusidic acid (75.5%) (Table 2).

Vancomycin, teicoplanin, linezolid and tigecycline
have demonstrated excellent in vitro activity against

Table 1: Demographic and clinical characteristics of patients with MRSA infection according to the origin of infection.

Characteristics Total CA-MRSA HA-MRSA p -value
n=135 n=49 n =86
Demographic informations
Age (years)
Mean 40.07 29.81 45.98 <0.001
Range 01-85 01-77 01-85
Sex ratio (M/F) 1.65 1.3 1.89 0.31
Diagnosis, No. (%) of strains
Skin and soft tissue infections 69 (51.1) 38 (77.6) 31 (36) <0.001
Panaris 17 17 0
Cutaneous abscesses 7 3 4
Phlegmon 7 5 2
Furuncle 3 3 -
Cellulitis 1 1 -
Wound infection 5 - 5
Burn/ulcer 29 9 20
Bacteremia 25 (18.5) 1(2) 24 (27.9) <0.001
Respiratory tract infection 11 (8.1) - 11 (10.8) 0.008
ORL infection 10 (7.4) 6(12.2) 4 (4.6) 0.37
Bone and joint infection 7(5.2) 1(2) 6 (7) 0.23
Osteomyelitis 1 1 -
Osteoarthritis 2 -
Orthopedic implant infection 4 -
Catheter related infection 6 (4.4) - 6 (7) 0.03
Endocarditis 2(1.4) 2(4) - 0.17
Urinary tract infection 2(1.4) - 2 (2.3) 0.5
Other 3(2.2) 1(2) 2(2.3) 1
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Table 2: Resistance rates of community-acquired (CA) and Hospital-acquired (HA) MRSA in Tunisia.

No. (%) of strains

Total (n = 135) CA-MRSA (n = 49) HA-MRSA (n = 86) P-value
Kanamycin 110 (81.5) 41 (83.7) 69 (80.2) <0.001
Tobramycin 46 (34.1) 2(4.1) 44 (51.2) <0.001
Gentamicin 41 (30.4) 1(2) 10 (46.5) <0.001
Erythromycin 60 (44.4) 11 (22.4) 49 (57) <0.001
Lincomycin 32 (23.7) 1(2) 31 (36) <0.001
Pristinamycin 4 (2.9) 0 4 (4.6) 0.5
Chloramphenicol 23 (17) 1(2) 22 (25.6) <0.001
Tetracycline 102 (75.6) 37 (75.5) 65 (75.6) 1
Ofloxacin 47 (34.8) 5(10.2) 42 (48.8) <0.001
Rifampicin 28 (20.7) 2(4.1) 26 (30.2) <0.001
Trimethoprim-sulfamethoxazole 12 (8.9) 2(4.1) 10 (11.6) 0.3
Fosfomycin 3(2.2) 0 3(3.5) 0.6
Fusidic acid 68 (50.4) 37 (75.5) 31 (36) <0.001

Table 3: MIC distributions and activities of vancomycin, teicoplanin, linezolid and tigecycline against the 135 MRSA strains.

No. of strains with MIC (ug ml) MiC,, MIC,, % S
0.064 0.125 0.25 0.5 1 4
Vancomycin 0 0 2 59 72 0 1 1 100
Teicoplanin 0 2 45 51 28 1 0.5 1 99.2
Linezolid 0 0 1 12 55 59 8 1 2 100
Tigecycline 17 46 43 28 1 0 0 0.25 0.5 99.2
MIC minimum inhibitory concentration which 50%, 90%, respectively of the strains were inhibited.

50/90°

S: Susceptible.

MRSA strains (Table 3). Only one HA-MRSA and
multidrug resistant strain was classified glycopeptid-
intermediate S. aureus (GISA) by MIC (vancomycin MIC
=1 pugml* and teicoplanin MIC = 4 ugml?) and h-VISA by
Macromethod Etest (vancomycin MIC = 12 ugml? and
teicoplanin MIC = 24 pugml?). This strain was isolated
from blood of a 26-years-old patient with nosocomial
bacteremia acquired in an intensive care unit who failed
teicoplanin and vancomycin therapy. Only one CA-MRSA
strain was resistant to tigecycline (MIC = 1 ugml?). This
strain caused skin and soft tissue infections (SSTI).

Molecular characteristics and genetic relatedness
of strains

Among the 135 strains studied, 131 (48 CA-MRSA and
83 HA-MRSA) were typeable by smal macrorestriction.
Employing a cut off similarity value of 80% in subsequent
cluster analysis, we assigned the HA-MRSA strains to 61
different PFGE patterns. HA-MRSA strains belonged to
the same pattern were isolated in different hospitals.
In addition, there is no dominant clone suggesting
that these strains were not closely related (Figure 1).
However, twenty different pulsotypes were identified
among the 48 CA-MRSA strains. Three patternsidentified
in different hospitals were dominant: pattern 9 (n = 7),
pattern 10 (n = 8) and pattern 11 (n = 8) (Figure 2).

Maalej et al. J Infect Dis Epidemiol 2019, 5:071

All MRSA strains carried mecA gene, which was
detected by the PCR assay. The pv/ gene was detected
in 69 (51.1%) strains, 41 (83.7%) among CA-MRSA
and 28 (32.6%) among HA-MRSA. Forty-five (69.6%)
of pvl-positive MRSA strains were obtained from SSTI
especially panaris (n = 17), phlegmon (n = 7), cutaneous
abscesses (n = 5) and furuncle (n = 2).

The molecular characteristics (spa types, agr
groups, SCCmec, presence of pvl gene, along with
the drug resistance pattern of the most predominant
types according to the origin of case (CA or HA) are
summarized in Table 4.

Thirteen spa types were identified among CA-MRSA
strains. The most common spa type was t044, 34
(69.4%). A combination of the molecular typing results
revealed that thirty-two (78%) among pvi-positive CA-
MRSA strains, belonged to spa type t044, have agr3,
and most (n = 27) harbored SCCmec IV. These strains
were often resistant to kanamycin, tetracycline and
fusidic acid (Table 4). All of these characteristics were
consistent with those of the European clone ST80. PFGE
typing showed that among t044 strains, 41.7% were
grouped into three dominant patterns (Figure 2).

Among HA-MRSA strains, 18 spa types were
identified. The most prevalent were t037 (n = 25,
29.1%), followed by t311 (n = 7, 9.1%) and t052 (n =
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Figure 1: Dendrogram of PFGE patterns of HA-MRSA strains with genetic characteristics (PVL, TSST-1, agr, SCCmec and

5, 5.8%) among pvl-negative strains and t044 (n = 22,
25.6%) among pvl-positive strains. Further molecular
characterization showed that all of the strains belonging
to spa type t037 had agrl and carried SCCmec lll. In
term of drug resistance, all of them exhibited resistance
to kanamycin, tobramycin, gentamicin and tetracycline
(Table 4). These characteristics were consistent with the
ST239/247 clone.
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Of the strains tested, only eight (5.9%) were tst-1
positive. They caused a variety of clinical syndromes and
were associated to both CA infection (two endocarditis)
and HA infection (three SSTI, two prosthesis infections
and one bacteremia). These strains were not multidrug
resistant: resistant to fusidic acid (n = 5), tetracycline (n
= 1) and trimethoprim + sulfamethoxazole (n = 1) and
were not closely related after analysis by PFGE. Four spa
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— | VT T | [ ] | MO12Z POS NEG 3 IV t044 19
| | [T ]| | [ ] | MO13C POS NEG 3 .1V tD44 19
| || L] | [ 1) MOOSC POS NEG 3 IV tD44 20
Figure 2: Dendrogram of PFGE patterns of CA-MRSA strains with genetic characteristics (PVL, TSST-1, agr, SCCmec and
spa type) following digestion with sma | restriction enzyme.
CA: Community-acquired; HA: Hospital-acquired.

methods has contributed for

types were identified, t002 possessed agr2 and SCCmec
IV (n = 3); t535, agr2, SCCmec IV (n = 2); t012, agr3,
SCCmec | (n=1) and t5708, agrl, SCCmec IV (n = 1).

Discussion

MRSA strains continue to be isolated from both
healthcare-and community-associated infections in
different parts of the world [3]. The increase in the
number of MRSA infections reported worldwide has
been accompanied by changes in the characteristics
of MRSA strains emerging in different parts of the
world. Consequently, epidemiological typing using
a combination of phenotypic and genotypic typing
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understanding the
evolution and dissemination of MRSA clones [15,23]. To
date, few studies have been focused on the phenotypic
and genotypic characteristics of MRSA strains in Tunisia
[24,25]. This is the first multicenter study of molecular
epidemiology focusing on CA and HA MRSA in Tunisian
hospitals. The rate of MRSA in Tunisia was relatively low:
about 20%. However, a slightly increase was showed
(18.4 in 2004; 22.7% in 2014) [26,27].

In our study, 36.3% of MRSA strains caused
CA-infection. The prevalence of CA-MRSA varies
geographically; with detection rate remain low in
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Table 4: Molecular characteristics of MRSA strains isolated in Tunisia.

spa type agr group SCCmec type Non-R-lactam resistance
CA-MRSA
(n=49)
PVL positive (n = 41) 1044(32) 3(32) IV(27), NT(5) KAN(29), TE(27), TIG (1), ERY(5), Lin(1), FUC(28), OFL(2), RA(1)
t311(1), t376(1), t131(1), t693(1), t1109(1), t639(1), 3(6), 2(2), NT(1) IV(4), 1(1), NT(4) KAN(9), TE(8), ERY(4), FU (7), OFL(1), C(2)
113635(1), t13713(1), t13714(1)
PVL negative (n=8) | t002(2) 2(2) IV(2) FUC(1)
1044 (2) 3(2) NT(2) KAN(2), ERY(1), FUC(1), OFL(1)
t037(1) 1(1) (1) KAN(1), TOB(1), GEN(1), TE (1), ERY(1), OFL(1), RA(1), SXT(1)
899(1), t311(1), ND(1) 1(2), 2(1) V(1) TE(1), SXT(1)
HA-MRSA (n = 86)
PVL positive (n =28) | t044(22) 3(22) IV(15), NT(7) KAN(20), TOB(1), GEN(1), TE(16), ERY(9), LIN(2), PT(1), FUC(16), OFL(2),
RA(3), CHL(2)
t42(1), t127(1), t131(1), t1109(1), t1201(1), ND(1) 3(6) 1(1), (1), M), IV(1), NT(2) KAN(5), TOB(2), GEN(2), TE(5), ERY(4), LIN(1), FUC(4), OFL(2), R (2),
FOS(1), SX (1)
PVL negative (n = 58) | t037(25) 1(25) 111(25) KAN(25), TOB(25), GEN(25), TE(25), ERY(22), LIN(16),FUC(1), OFL(23),
RA(8), FOS(1), SX (5), C(19)
311(7) 27) 11(4), IV(1), NT(1) KAN(7), TOB(7), GE (3), TE(7), ERY(4), LIN(3), PT(3), FUC(3), OFL(3),
RA(3)
1052(5) 1(5) I(5) KAN(5), TOB(5), GEN(5), TE(5), ERY(5), LIN(5), OFL(5), RA(5)
1044(5) 3(5) V(2) KAN(5), TOB(2), GEN(2), TE(3), ERY(1), LIN(1), FU (3), OFL(1), RA(2)
1535(2) 2(2) V(2) TE(1), FUC(2)
t002(1), t008(1), t012(1), t688(1), t855(1), t899(1), 1(9), 2(3), 3(2) 1(6), 111(2), IV(4), NT(2) KAN(2), TOB(2), GEN(2), TE(5), ERY(4), LIN(3), FUC(2), OFL(6), R (3),
4358(1), t5708(1), ND(6) FOS(1), SXT(4), C(1), TEC(1)

ND: Not Detected; NT: Non Typeable.

MRSA: Methicillin Resistant Staphylococcus aureus; PVL: Panton-Valentine Leukocidin; CA: Community Acquired; HA: Hospital
Acquired; spa type: Staphylococcal Protein A Type; KAN: Kanamycin; TOB: Tobramycin; GEN: Gentamicin; TE: Tetracycline;
TIG: Tigecycline; ERY: Erythromycin; LIN: Lincomycin; PT: Pristinamycin; FUC: Fusidic acid; OFL: Ofloxacin; RA: Rifampicin;
FOS: Fosfomycine; SXT: Trimethoprim-Sulfamethoxazole; C: Chloramphenicol; TEC: Teicoplanin.

most European countries: ranges from less than 1% in
Switzerland to less than 10% in Austria and 7% in Russia
[28,29]. This rate is highest in other countries such as
Colombia(12.6%) [30], Kuwait (17%) [31], Algeria (34.3%)
[32], Saudi Arabia (59%) [31] and Argentina (62.9%)
[7]. CA-MRSA strains predominantly infect young and
previously healthy patients. They cause mainly SSTI and
some strains are particularly virulent and induce life-
threatening infections such as necrotizing pneumonia
or invasive osteomyelitis [2,3,7,31]. In our study, CA-
MRSA strains were more frequently isolated from
younger patients than HA-MRSA strains (p < 0.001). SSTI
were significantly predominated in CA-MRSA infections
(77.6% versus 36%; p < 0.001). However, bacteremia,
respiratory tract infections and catheter related
infections were significantly related with HA-infections.

Antimicrobial susceptibility testing is a crucial
step in selection of the appropriate antibiotic for
treatment. Surprisingly, the rates of resistance to
tobramycin, gentamicin, rifampicin and trimethoprim-
sulfamethoxazole among MRSA strains found in
the present study were lower than that reported in
previously studies in Tunisia [26,27]. This event could
be explained by the emergence of CA-MRSA strains in
our hospitals.

Maalej et al. J Infect Dis Epidemiol 2019, 5:071

Our Study showed a low rate of resistance to
antibiotics in CA-MRSA strains except for kanamycin
(83.7%), tetracycline (75.5%), and fusidic acid (75.5%).
Only 2% of the CA-MRSA strains were resistant to
lincomycin. Then, lincosamides (clindamycin and
lincomycin) remains a useful option for outpatient
treatment. HA-MRSA is generally multidrug resistant
[33]. In our study, more than 45% of HA-MRSA strains
were resistant to aminosides, erythromycin, ofloxacin,
tetracycline and fusidic acid (Table 2). Four strains
(2.9%) were resistant to pristinamycin. In Tunisia, this
resistance was rare [26,27] and first emerged among S.
aureus in 2007 in Sfax university hospital [34].

In our study, only one HA-MRSA and multidrug
resistant strain (0.8%) isolated from blood was classified
as GISA by MIC, and h-VISA by macroEtest method.
In Tunisia, GISA strains were uncommon [26,27,35].
Previous studies have demonstrated that h-VISA/GISA
are prevalent among bacteremic specimens, and that
these strains can persist in the blood stream for a long
time [14]. In the literature, the incidence of GISA is low
[13,14,36]. However, the rate of h-VISA among MRSA
strains varied from countries (13% in Australia, 32% in
Turkey, 11% in France and 7% in China) [14,37] and was
parallels with the increase of vancomycin MIC level [38].
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Vancomycin resistant S. aureus, due to the acquisition
of the vanA gene from enterococci are currently very
low [36,39,40]. Although the prevalence of GISA is very
low in our country (0.8% among MRSA), a continuous
surveillance of susceptibility to glycopeptides is
necessary particularly among MRSA strains.

Systematic review and meta-analysis of genetic
backgrounds of h-VISA/GISA demonstrated that the
majority of these strains harbored SCCmec Il or lll,
rarely SCCmec | and IV and belonged to ST239 and ST5
[14,40,41]. In our study, the h-VISA strain contained
SCCmec | and was not typeable by spa typing.

Linezolid and tigecycline have demonstrated
excellent in vitro activity against S. aureus including
MRSA. Only one strain was resistant to tigecyclin
(MIC = 1 pgml?). Thus, they constitute a therapeutic
alternative in severe infections especially due to GISA
or h-VISA strains [33,42,43]. However, emergence of
linezolid resistance in S. aureus has been reported in
USA, in Europe and in Asia. This resistance was observed
following exposure to linezolid [44-46].

A high rate of pvi/-positive MRSA (50.4%) was found
in our study especially in the community (83.7%). This
finding has been reported in other studies [28,32,47-
51]. pvl gene was strongly associated with SSTI
especially panaris, phlegmon and cutaneous abscesses.
In the literature, although the majority of MRSA-pv/
positive infections are SSTI, sever life-threatening cases
of necrotizing pneumonia and necrotizing fasciitis
have been reported [1,3]. Fifty-four (78.3%) of the pvl/-
positive MRSA strains have characteristics of CA-MRSA
European clone ST80-IV (spa type t044, agr3, SCCmec IV,
pvl +). This clone accounted for 65.3% of CA-MRSA and
25.6% of HA-MRSA, thus proving its current emergence
as an HA-pathogen.

CA-MRSA is particularly well established in the USA.
Although USA400 (pv/-positive ST1 SCCmec IV) strains
were responsible for initial cases, USA300 (pv/-positive
ST8-1V) is now the predominant cause of North American
infection and has begun to replace health-care-
associatedstrains[5,23,28,31,52]. By contrast, USA300is
uncommon in Europe, where CA-MRSA is characterized
by clonal diversity [48,50,53]. The most common
European CA-MRSA clone is pv/ positive ST80-1V, which
have a characteristic antimicrobial susceptibility pattern
of resistance to kanamycin, tetracycline and fusidic
acid. European clone ST80 was reported in Greece since
2003, the country with the highest CA-MRSA incidence
in Europe, where it is responsible for the majority
of both CA-MRSA and HA-MRSA infections [53]. The
European clone has been reported in many European
countries [28,48,53], however, it is not very common
in Slovenia [54]. CA-MRSA ST80 clone has been also
identified in other countries from Africa, particularly in
Algeria [32,55] and in the Middle East such as Kuwait,
Lebanon, Jordan and Egypt [49,51].
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Since their emergence, CA-MRSA ST80 strains
were susceptible to several antibiotics and are usually
resistant to kanamycin, tetracycline and fusidic acid [28].
However, new strains appeared to develop resistance
to other antibiotics. In our study, among the CA-MRSA
strains identified, we found multidrug resistant pv/-
positive strains, showing resistance to other antibiotics
such as rifampicin, gentamicin and ofloxacin as in the
Algiers study [32]. These results prove that CA-MRSA
are able to expand their resistance profiles in hospital
setting where volumes of antimicrobial consumption
are higher than in the community.

In recent years, several CA-MRSA clones have arisen
in Europe, most notably the LA-MRSA, CC398, which
was first detected in the Netherlands and Denmark
in 2003 [8]. MRSA CC398 has been reported mostly in
Europe and also in Asia and in the USA. It accounted for
only a small proportion ranging from 0 to 25% of human
MRSA isolates depending on regional differences in
livestock density [5,8]. Methicillin-susceptible S. aureus
belonging to CC398 have also been reported from
animals and humans and have been associated with CA
and HA infections in humans, many without livestock
contacts [56-58]. Studies have revealed that LA-MRSA
CC398 originated in humans as metbhicillin-susceptible S.
aureus and then spread to livestock, where it acquired
resistance to methicillin and tetracycline [57-58]. To
data, in Tunisia, only one MRSA ST398-spa type t899
isolate in the nasal sample of a farmer patient was
reported, representing the first report of ST398 in
humans in North Africa in our knowledge [59].

Among HA-MRSA strains, twenty-five (29.1%) have
the following characteristics: pvl-negative, spa type
t037, SCCmec lll and agrl. These strains were related to
the Brazilian/Hungarian clone of HA-MRSA ST239 and
ST like (ST239/240/241). This clone is an epidemic clone
responsible for several HA-MRSA outbreaks. It has been
found to be a cause of HA-infection in African countries
including Algeria [55], Ghana, Morocco, South Africa,
Nigeria and Kenya [23,60-62], and has been reported
in the USA, Europe, Austria [63], Russia [29], Turkey
[41], Asia, Argentina [7], China [64], and Romania
[50]. This clone was also identified in the Middle East
[65-68]. In fact, its broad distribution may be due to
its advantageous properties with respect to other
clones, such as an enhanced ability to form biofilm and
a tendency to acquire genes that confer resistance to
different classes of antimicrobial agents [29]. In this
study, all of the HA-MRSA t037 strains were multidrug
resistant, which is in agreement with previous reports
[7,29,41,55,60-65].

Other spa types were also detected in our study such
as t311 (n = 9) and t052 (n = 5) especially among HA-
MRSA, pvl negative strains. t311 was also detected in
CA and HA MRSA strains in previous study conducted in
Military hospital of Tunis [59] and in some African towns
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in Morocco, Cameroun and Senegal [61]. ST5-11/t311 is
a major prevalent clone that is widespread in a tertiary
hospital in China (45.8%) [64], and in Argentina [4,7]. In
our study, the five t052 strains were isolated from the
military hospital of Tunis. All of them harbored SCCmec
| and agrl and showing the same profile (kanamycin,
tobramycin, gentamicin, tetracycline, erythromycin,
lincomycin, ofloxacin and rifampicin resistance). These
strains were related to ST235/247 clone. This finding
has also been reported in a previous study conducted in
the military hospital of Tunis [59].

We also identified other minor spa types amongst
CA-MRSA and HA-MRSA accounting for 2% each (one
strain) such as t002, t008, t131, and t376 which have
only one repetition of difference with spa type t044.
These spa types were also described in many parts of
World accounting for less than 10% among MRSA [4-
7,30,52,64,69]. spa type t012, t127, t688 and t535 were
rarely reported [6,33,64,66].

In our study, the tst-1 gene was detected in only 8
strains (5.9%). There have been few reports of MRSA
isolates producing tst-1 in Japan, Germany and in France
[70]. However, high prevalence of tst-1 gene among
MRSA was found in Gaza hospitals (27.4%) [66] and
in Kuwait hospitals (62.2%) [71]. tst-1 positive MRSA
strains appear to be highly virulent and to cause a variety
of illness, ranging from toxic shock syndrome to various
suppurative infections [72] such as SSTI, pneumonia,
osteoarthritis [70-73]. Few cases of endocarditis have
been reported [74,75]. In our study, three patients had
SSTI, two had prosthesis infection, two had endocarditis
and one bacteremia. The tst-1 positive MRSA belonged
to two clones: a major clone ST5 Geraldine clone, mainly
spa type t002, and agr2, SCCmec IV, rarely SCCmec |, and
one minor clone ST30, agr3, SCCmec IV [70]. However, in
the middle East, other clone has been identified among
tst-1 positive strains, ST22, SCCmec IV, t233 (middle
Eastern variant) in Kuwait and Gaza hospitals [66,71].
In our study, only three strains have the characteristics
of the Geraldine clone. One strain t5708, SCCmec, agrl
was also detected in Kuwait [71].

In conclusion, we reported that pv/-positive MRSA
spa type t044 was spreading in both the community and
hospital setting in different city of Tunisia. These strains
have the characteristics of the European clone ST80
and were susceptible to most of the antistaphylococcal
antibiotics and usually resistant to kanamycin,
tetracycline and fusidic acid. However, the risk that
multidrug resistant MRSA strains will spread to the
community in Tunisia is @ worrying prospect. spa type
t037 clone which was multidrug resistant was found to
be dominant in HA-infection. These findings support the
need for measures designed to limit the spread of both
CA and HA-MRSA, together with regular and systematic
surveillance of MRSA infections in our country.

Maalej et al. J Infect Dis Epidemiol 2019, 5:071

Acknowledgements

We thank Helene Meugnier (National Reference
Center for Staphylococci, Lyon, France) for technical
assistance.

Conflicts of Interest

There is no conflict of interest.

References

1. Maltezou HC, Giamarellou H (2006) Community-acquired
methicillin-resistant Staphylococcus aureus infections. Int J
Antimicrob 27: 87-96.

2. Deleo F, Otto M, Kreiswirth B, Chambers HF (2010)
Community-associated meticillin-resistant Staphylococcus
aureus. Lancet 375: 1557-1568.

3. Otter JA, French GL (2012) Community-associated
meticillin-resistant Staphylocccus aureus: The case for a
genotypic definition. J Hosp Infect 81: 143-148.

4. Sola C, Paganini H, Egea AL, Moyano AJ, Garnero A, et al.
(2012) Spread of epidemic MRSA-ST5-IV clone encoding
PVL as a major cause of community onset staphylococcal
infections in Argentinean children. PLoS One 7: e30487.

5. Stefani S, Chung DR, Lindsay JA, Friedrich AW, Kearns
AM, et al. (2012) Methicillin-resistant Staphylococcus
aureus (MRSA): Global epidemiology and harmonisation of
typing methods. Int J Antimicrob Agents 39: 273-282.

6. Espadinha D, Faria NA, Miragaia M, Lito LM, Melo-Cristino
J, et al. (2013) Extensive dissemination of methicillin-
resistant Staphylococcus aureus (MRSA) between
the hospital and the community in a country with a high
prevalence of nosocomial MRSA. PLoS One 8: €59960.

7. Egea AL, Gagetti P, Lamberghini R, Faccone D, Lucero
C, et al. (2014) New patterns of methicillin-resistant
Staphylococcus aureus (MRSA) clones, community-
associated MRSA genotypes behave like healthcare-
associated MRSA genotypes within hospitals, Argentina.
Int J Med Microbiol 304: 1086-1099.

8. Graveland H, Duim B, Van Duijkeren E, Heederik D,
Wagenaar JA (2011) Livestock-associated methicillin-
resistant in animals and humans. Int J Med Microbiol 301:
630-634.

9. Cuny C, Layer F, Strommenger B, Witte W (2011) Rare
occurene of methicillin-resistant Staphylococcus aureus
CC130 with a novel mecA homologue in humans in
Germany. PLoS One 6: €24360.

10. Garcia-Alvarez L, Holden MT, Lindsay H, Webb CR,
Brown DF, et al. (2011) Meticillin-resistant Staphylococcus
aureus with a novel mecA homologue in human and bovine
populations in the UK and Denmark: A descriptive study.
Lancet Infect Dis 11: 595-603.

11. Garcia-Garrote F, Cercenado E, Marin M, Bal M, Trincado
P, et al. (2014) Methicillin resistant Staphylococcus aureus
carrying the mecC gene : Emergence in Spain and report
of a fatal case of bacteraemia. J Antimicrob Chemother 69:
45-50.

12. Kercshner H, Harrison EM, Hartl R, Holems MA, Apfalter P
(2015) First report of mecC MRSA in human samples from
Austria: Molecular characteristics and clinical data. New
Microbes New Infect 3: 4-9.

13. Song JH, Hiramatsu K, Suh JY, Ko KS, Ito T, et al. (2004)
Emergence in Asian countries of Staphylococcus aureus

e Page 9 of 12 e



https://doi.org/10.23937/2474-3658/1510071
https://www.ncbi.nlm.nih.gov/pubmed/16423509
https://www.ncbi.nlm.nih.gov/pubmed/16423509
https://www.ncbi.nlm.nih.gov/pubmed/16423509
https://www.ncbi.nlm.nih.gov/pubmed/20206987
https://www.ncbi.nlm.nih.gov/pubmed/20206987
https://www.ncbi.nlm.nih.gov/pubmed/20206987
https://www.ncbi.nlm.nih.gov/pubmed/22622448
https://www.ncbi.nlm.nih.gov/pubmed/22622448
https://www.ncbi.nlm.nih.gov/pubmed/22622448
https://www.ncbi.nlm.nih.gov/pubmed/22291965
https://www.ncbi.nlm.nih.gov/pubmed/22291965
https://www.ncbi.nlm.nih.gov/pubmed/22291965
https://www.ncbi.nlm.nih.gov/pubmed/22291965
https://www.ncbi.nlm.nih.gov/pubmed/22230333
https://www.ncbi.nlm.nih.gov/pubmed/22230333
https://www.ncbi.nlm.nih.gov/pubmed/22230333
https://www.ncbi.nlm.nih.gov/pubmed/22230333
https://www.ncbi.nlm.nih.gov/pubmed/23593155
https://www.ncbi.nlm.nih.gov/pubmed/23593155
https://www.ncbi.nlm.nih.gov/pubmed/23593155
https://www.ncbi.nlm.nih.gov/pubmed/23593155
https://www.ncbi.nlm.nih.gov/pubmed/23593155
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/25240872
https://www.ncbi.nlm.nih.gov/pubmed/21983338
https://www.ncbi.nlm.nih.gov/pubmed/21983338
https://www.ncbi.nlm.nih.gov/pubmed/21983338
https://www.ncbi.nlm.nih.gov/pubmed/21983338
https://www.ncbi.nlm.nih.gov/pubmed/21931689
https://www.ncbi.nlm.nih.gov/pubmed/21931689
https://www.ncbi.nlm.nih.gov/pubmed/21931689
https://www.ncbi.nlm.nih.gov/pubmed/21931689
https://www.ncbi.nlm.nih.gov/pubmed/21641281
https://www.ncbi.nlm.nih.gov/pubmed/21641281
https://www.ncbi.nlm.nih.gov/pubmed/21641281
https://www.ncbi.nlm.nih.gov/pubmed/21641281
https://www.ncbi.nlm.nih.gov/pubmed/21641281
https://www.ncbi.nlm.nih.gov/pubmed/23975743
https://www.ncbi.nlm.nih.gov/pubmed/23975743
https://www.ncbi.nlm.nih.gov/pubmed/23975743
https://www.ncbi.nlm.nih.gov/pubmed/23975743
https://www.ncbi.nlm.nih.gov/pubmed/23975743
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4337937/
https://www.ncbi.nlm.nih.gov/pubmed/15561884
https://www.ncbi.nlm.nih.gov/pubmed/15561884

DOI: 10.23937/2474-3658/1510071

ISSN: 2474-3658

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

with reduced susceptibility to vancomycin. Antimicrob
Agents Chemother 48: 4926-4928.

Zhang S, Sun X, Chang W, Dai Y, Ma X (2015) Systematic
review and meta-analysis of the epidemiology of
vancomycin-intermediate Staphylococcus aureus isolates.
PLoS One 10: e0136082.

Murakami K, Minamide W, Wada K, Nakamura E, Teraoka
H, et al. (1991) Identification of methicillin-resistant strains
of staphylococci by polymerase chain reaction. J Clin
Microbiol 29: 2240-2244.

Tenover FC (2010) The quest to identify heterogeneously
resistant vancomycin-intermediate Staphylococcus aureus
strains. Inter J Antimicrob Agents 36: 303-306.

Lina G, Piemont Y, Godail-Gamot F, Bes M, Peter MO,
et al. (1991) Involvement of panton-valentine leukocidin-
producing Staphylococcus aureus in primary skin infections
and pneumonia. Clin Infect Dis 29: 1128-1132.

Johnson WM, Tyler SD, Ewan EP, Asthon FE, Pollard DR,
et al. (1991) Detection of genes for enterotoxins, exfoliative
toxins, and toxic shock syndrome toxin 1 in Staphylococcus
aureus by the polymerase chain reaction. J Clin Microbiol
29: 426-430.

Shopsin B, Mathem B, Alcabes P, Said-Salim B, Lina G,
et al. (2003) Prevalence of agr specifity groups among
Staphylococcus aureus strains colonizing children and their
guardians. J Clin Microbiol 41: 456-459.

Oliveira DC, de Lancastre H (2002) Multiplex PCR strategy
for rapid identification of structural types and variants of
the mec elements in methicillin-resistant Staphylococcus
aureus. Antimicrob Agents Chemother 46: 2155-2161.

Bannerman TL, Hancock GA, Tenover FC, Miller JM
(1995) Pulsed-field gel electrophoresis as a replacement
for bacteriophage typing of Staphylococcus aureus. J Clin
Microbiol 33: 551-555.

Harmsen D, Claus H, Witte W, Rothgénger J, Claus H, et
al. (2003) Typing of methicillin-resistant Staphylococcus
aureus in a university hospital setting by using novel
software for spa repeat determination and database
management. J Clin Microbiol 41: 5442-5448.

Uhlemann AC, Otto M, Lowy FD, DelLeo FR (2014)
Evolution of community and health-associated methicillin-
resistant Staphylococcus aureus. Infect Genet Evol 21:
563-574.

Ben Jomaa-Jeili M, Ito Teruyo, Zhang M, Jin J, Li S, et al.
(2013) Molecular characterization of methicillin-resistant
panton-valentine leukocidin  positive  Staphylococcus
aureus clones disseminating in Tunisian hospitals and in
the community. BMC Microbiol 13: 2.

Ben Nejma M, Mastouri M, Bel Hadj Jrad B, Nour M (2013)
Characterization of ST80 panton-valentine leukocidin-
positive community-acquired methicillin resistant
Staphylococcus aureus clone in Tunisia. Diagn Microbiol
Infect Dis 77: 20-24.

L’antibio-Résistance en Tunisie.

Mezghani Maalej S, Ghozzi R, Smaoui H, Mnif B, Znazen
A, et al. (2011) Evolution of the sensitivity to antibiotics of
strains of Staphylococcus aureus in Tunisia: Results of a
multicenter study (199-2008). Rev Tun Infect 5: 244-248.

Otter JA, French GL (2010) Molecular epidemiology of
community-associated meticillin-resistant Staphylococcus
aureus in Europe. Lancet Infect Dis 10: 227-239.

Baranovic T, Zaraket H, Shabana IlI, Nevzorova V,

Maalej et al. J Infect Dis Epidemiol 2019, 5:071

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Turcutyuicov V, et al. (2010) Molecular characterization and
susceptibility of methicillin-resistant Staphylococcus aureus
isolates from hospitals and the community in Vladivostok,
Russia. Clin Microbiol Infect 16: 575-582.

Jimenez JN, Ocampo AM, Vanegas M, Rodriguez EA,
Mediavilla JR, et al. (2012) CC8 MRSA strains harboring
SCCmec Type IVc are predominant in Colombian hospitals.
PLoS One 7: e38576.

Chuang YY, Huang YC (2013) Molecular epidemiology of
community-associated meticillin-resistant Staphylococcus
aureus in Asia. Lancet Infect Dis 13: 698-708.

Antri K, Rouzic N, Dauwalder O, Boubekir I, Bes M,
et al. (2011) High prevalence of methicillin-resistant
Staphylococcus aureus clone ST80-1V in hospital and
community setting in Algiers. Clin Microbiol Infect 17: 526-
532.

Huang V, Cheung CM, Kaatz GW, Rybak MJ (2010)
Evaluation of dalbavancin, tigecycline, minocycline,
tetracycline, teicoplanin and vancomycin against
community-associated and multidrug-resistant hospital-
associated meticillin-resistant Staphylococcus aureus. Int J
Antimicrob Agents 35: 25-29.

Mezghani S, Malbruny B, Leclercq R, Hammami A (2012)
Emergence of Staphylococcus aureus strains resistant
to pristinamycin in Sfax (Tunisia). Pathol Biol (Paris) 60:
e71-e74.

Zribi M, Etienne J, El Euch D, Zribi H, Bes M, et al. (2011)
Detection of the first strain of glycopeptide intermediary
Staphylococcus aureus in Tunis Rabta hospital. Pathol Biol
(Paris) 59: 334-335.

Howden BP, Davies JK, Johnson PD, Stinear TP,
Grayson ML (2010) Reduced vancomycin susceptibility in
Staphylococcus aureus, including vancomycin-intermediate
and heterogeneous vancomycin-intermediate strains:
Resistance mechanisms, laboratory detection, and clinical
implications. Clin Microbiol Rev 23: 99-139.

Van Hal SJ, Paterson DL (2011) Systematic review
and meta-analysis of the significance of heterogeneous
vancomycin-intermediate Staphylococcus aureus isolates.
Antimicrob agents Chemother 55: 405-410.

Chen H, Liu Y, Sun W, Chen M, Wang H (2011) The
incidence of heterogeneous vancomycin-intermediate
Staphylococcus aureus correlated with increase of
vancomycin MIC. Diag Microbiol Infect Dis 71: 301-303.

Limbago BM, Kallen AJ, Zhu W, Eggers P, McDougal
LK, et al. (2014) Report of the 13th vancomycin-resistant
Staphylococcus aureus isolate from the United States. J
Clin Microbiol 52: 998-1102.

Fasihi Y, Saffari F, Mansouri S, Kalantar-Neyestanaki
D (2018) The emergence of vancomycin-resistant
Staphylococcus aureus in an intensive care unit in Kerman,
Iran. Wien Med Wochenschr 168: 85-88.

Oksuz L, Dupieux C, Tristan A, Bes M, Etienne J, et al.
(2013) The high diversity of MRSA clones detected in a
university hospital in Istanbul. Int J Med Sci 10: 1740-1745.

Chong YP, Park SJ, Kim HS, Kim ES, Kim MN, et al. (2012)
In vitro activities of ceftobiprole, dalbavancin, daptomycin,
linezolid, and tigecycline against methicillin-resistant
Staphylococcus aureus blood isolates: Stratified analysis
by vancomycin MIC. Diagn Microbiol Infect Dis 73: 264-266.

Flamm RK, Farrell DJ, Mendes RE, Ross JE, Sader HS,
et al. (2012) LEADER surveillance program results for
2010: an activity and spectrum analysis of linezolid using

e Page 10 of 12 »



https://doi.org/10.23937/2474-3658/1510071
https://www.ncbi.nlm.nih.gov/pubmed/19681959
https://www.ncbi.nlm.nih.gov/pubmed/19681959
https://www.ncbi.nlm.nih.gov/pubmed/19681959
https://www.ncbi.nlm.nih.gov/pubmed/19681959
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380008/
https://www.ncbi.nlm.nih.gov/pubmed/23827369
https://www.ncbi.nlm.nih.gov/pubmed/23827369
https://www.ncbi.nlm.nih.gov/pubmed/23827369
https://www.ncbi.nlm.nih.gov/pubmed/20518793
https://www.ncbi.nlm.nih.gov/pubmed/20518793
https://www.ncbi.nlm.nih.gov/pubmed/20518793
https://www.ncbi.nlm.nih.gov/pubmed/20518793
https://www.ncbi.nlm.nih.gov/pubmed/20518793
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/19900792
https://www.ncbi.nlm.nih.gov/pubmed/22265593
https://www.ncbi.nlm.nih.gov/pubmed/22265593
https://www.ncbi.nlm.nih.gov/pubmed/22265593
https://www.ncbi.nlm.nih.gov/pubmed/22265593
https://www.ncbi.nlm.nih.gov/pubmed/19942369
https://www.ncbi.nlm.nih.gov/pubmed/19942369
https://www.ncbi.nlm.nih.gov/pubmed/19942369
https://www.ncbi.nlm.nih.gov/pubmed/19942369
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21856109
https://www.ncbi.nlm.nih.gov/pubmed/21856109
https://www.ncbi.nlm.nih.gov/pubmed/21856109
https://www.ncbi.nlm.nih.gov/pubmed/21856109
https://www.ncbi.nlm.nih.gov/pubmed/24371243
https://www.ncbi.nlm.nih.gov/pubmed/24371243
https://www.ncbi.nlm.nih.gov/pubmed/24371243
https://www.ncbi.nlm.nih.gov/pubmed/24371243
https://www.ncbi.nlm.nih.gov/pubmed/28424995
https://www.ncbi.nlm.nih.gov/pubmed/28424995
https://www.ncbi.nlm.nih.gov/pubmed/28424995
https://www.ncbi.nlm.nih.gov/pubmed/28424995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804798/
https://www.ncbi.nlm.nih.gov/pubmed/22621914
https://www.ncbi.nlm.nih.gov/pubmed/22621914
https://www.ncbi.nlm.nih.gov/pubmed/22621914
https://www.ncbi.nlm.nih.gov/pubmed/22621914
https://www.ncbi.nlm.nih.gov/pubmed/22621914
https://www.ncbi.nlm.nih.gov/pubmed/22704791
https://www.ncbi.nlm.nih.gov/pubmed/22704791
https://www.ncbi.nlm.nih.gov/pubmed/22704791
https://www.ncbi.nlm.nih.gov/pubmed/15561884
https://www.ncbi.nlm.nih.gov/pubmed/15561884
https://www.ncbi.nlm.nih.gov/pubmed/26287490
https://www.ncbi.nlm.nih.gov/pubmed/26287490
https://www.ncbi.nlm.nih.gov/pubmed/26287490
https://www.ncbi.nlm.nih.gov/pubmed/26287490
https://www.ncbi.nlm.nih.gov/pubmed/1939577
https://www.ncbi.nlm.nih.gov/pubmed/1939577
https://www.ncbi.nlm.nih.gov/pubmed/1939577
https://www.ncbi.nlm.nih.gov/pubmed/1939577
https://www.ncbi.nlm.nih.gov/pubmed/20674281
https://www.ncbi.nlm.nih.gov/pubmed/20674281
https://www.ncbi.nlm.nih.gov/pubmed/20674281
https://www.ncbi.nlm.nih.gov/pubmed/10524952
https://www.ncbi.nlm.nih.gov/pubmed/10524952
https://www.ncbi.nlm.nih.gov/pubmed/10524952
https://www.ncbi.nlm.nih.gov/pubmed/10524952
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793/
https://www.ncbi.nlm.nih.gov/pubmed/12517893
https://www.ncbi.nlm.nih.gov/pubmed/12517893
https://www.ncbi.nlm.nih.gov/pubmed/12517893
https://www.ncbi.nlm.nih.gov/pubmed/12517893
https://www.ncbi.nlm.nih.gov/pubmed/12069968
https://www.ncbi.nlm.nih.gov/pubmed/12069968
https://www.ncbi.nlm.nih.gov/pubmed/12069968
https://www.ncbi.nlm.nih.gov/pubmed/12069968
https://www.ncbi.nlm.nih.gov/pubmed/7751356
https://www.ncbi.nlm.nih.gov/pubmed/7751356
https://www.ncbi.nlm.nih.gov/pubmed/7751356
https://www.ncbi.nlm.nih.gov/pubmed/7751356
https://www.ncbi.nlm.nih.gov/pubmed/14662923
https://www.ncbi.nlm.nih.gov/pubmed/14662923
https://www.ncbi.nlm.nih.gov/pubmed/14662923
https://www.ncbi.nlm.nih.gov/pubmed/14662923
https://www.ncbi.nlm.nih.gov/pubmed/14662923
https://www.ncbi.nlm.nih.gov/pubmed/23648426
https://www.ncbi.nlm.nih.gov/pubmed/23648426
https://www.ncbi.nlm.nih.gov/pubmed/23648426
https://www.ncbi.nlm.nih.gov/pubmed/23648426
https://www.ncbi.nlm.nih.gov/pubmed/23289889
https://www.ncbi.nlm.nih.gov/pubmed/23289889
https://www.ncbi.nlm.nih.gov/pubmed/23289889
https://www.ncbi.nlm.nih.gov/pubmed/23289889
https://www.ncbi.nlm.nih.gov/pubmed/23289889
https://www.ncbi.nlm.nih.gov/pubmed/18394845
https://www.ncbi.nlm.nih.gov/pubmed/18394845
https://www.ncbi.nlm.nih.gov/pubmed/18394845
https://www.ncbi.nlm.nih.gov/pubmed/18394845
https://www.ncbi.nlm.nih.gov/pubmed/18394845
https://www.infectiologie.org.tn/resistance.php
https://www.ncbi.nlm.nih.gov/pubmed/20334846
https://www.ncbi.nlm.nih.gov/pubmed/20334846
https://www.ncbi.nlm.nih.gov/pubmed/20334846
https://www.ncbi.nlm.nih.gov/pubmed/19681959

DOI: 10.23937/2474-3658/1510071

ISSN: 2474-3658

44.

45.

46.

47.

48.

49.

50.

51.

52.

53

54.

55.

56.

57.

58.

6801 clinical isolates from the United States (61 medical
centers). Diagn Microbiol Infect Dis 74: 54-61.

Gu B, Kelesidis T, Tsiodras S, Hindler J, Humphries
RM (2013) The emerging problem of linezolid-resistant
Staphylococcus. J Antimicrob Chemother 68: 4-11.

Iguchi S, Mizutani T, Hiramatsu K, Kikuchi K (2016) Rapid
acquisition of linezolid resistance in methicillin-resistant
Staphylococcus aureus: Role of hypermutation and
homologous recombination. PLoS One 11: e0155512.

Musumeci R, Calaresu E, Gerosa J, Oggioni D, Bramati
S, et al. (2016) Resistance to linezolid in Staphylococcus
spp. clinical isolates associated with ribosomal binding site
modifications: Novel mutation in domain V of 23S rRNA.
New Microbiol 39: 269-273.

Ramdani-Bouguessa N, Bes M, Meugnier H, Forey F,
Reverdy ME, et al. (2006) Detection of methicillin-resistant
Staphylococcus aureus strains to multiple antibiotics and
carrying the panton-valentine leukocidin genes in an Algiers
hospital. Antimicrob agents Chemother 50: 1083-1085.

Rolo J, Miragaia M, Turlej-Rogacka A, Empel J, Bouchami
O, et al. (2012) High genetic diversity among community-
associated Staphylococcus aureus in Europe: Results from
a multicenter study. PLoS One 7: e34768.

Harastani H, Araj GF, Tokajian ST (2014) Molecular
characteristics of Staphylococcus aureus isolated from a
major hospital in Lebanon. Inter J Infect Dis 19: 33-38.

Monecke S, Muller E, Dorneanu OS, Vremera T, Ehricht
R (2014) Molecular typing of MRSA and of clinical
Staphylococcus aureus isolates from lasi, Romania. PLoS
One 9: €97833.

Bazzoun DA, Harastani H, Shehabi A, Tokajian ST (2014)
Molecular typing of Staphylococcus aureus collected from
a major hospital in Amman, Jordan. J Infect Dev Ctries 8:
441-447.

Tickler 1A, Goering RV, Mediavilla JR, Kreiswirth BN,
Tenover FC (2017) Continued expansion of USA300-like
methicillin-resistant Staphylococcus aureus (MRSA) among
hospitalized patients in the United States. Diag Microbiol
Infect Dis 88: 342-347.

.Mediavilla JR, Chen L, Mathema B, Kreiswirth BN (2012)

Global epidemiology of community-associated methicillin
resistant Staphylococcus aureus (CA-MRSA). Curr Opin
Microbiol 15: 588-595.

Dermota U, Jurca T, Harlander T, KoSir M, Zajc U, et
al. (2016) Infections caused by community-associated
methicillin-resistant Staphylococcus aureus European
clone (ST80) in Slovenia between 2006 and 2013. Zdr
Varst 55: 131-135.

Alioua MA, Labid A, Amoura K, Bertine M, Gacemi-Kirane
D, et al. (2014) Emergence of the european ST80 clone of
community-associated methicillin-resistant Staphylococcus
aureus as a cause of healthcare-associated infections in
Eastern Algeria. Med Mal Infect 44: 180-183.

Mediavilla JR, Chen L, Uhlemann AC, Hanson BM,
Rosenthal M, et al. (2012) Methicillin-susceptible
Staphylococcus aureus ST398, New York and New Jersey,
USA. Emerg Infect Dis 18: 700-702.

Price LB, Stegger M, Hasman H, Aziz M, Larsen J, et al.
(2012) Staphylococcus aureus CC398: Host adaptation
and emergence of methicillin resistance in livestock. MBio
3: e00305-e00311.

Brennan GI, Abbott Y, Burns A, Leonard F, McManus BA, et

Maalej et al. J Infect Dis Epidemiol 2019, 5:071

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

al. (2016) The emergence and spread of multiple livestock-
associated clonal complex 398 methicillin-resistant and
methicillin-susceptible Staphylococcus aureus strains
among animals and humans in the Republic of Ireland,
2010-2014. PLoS One 11: e0149396.

Elhani D, Gharsa H, Kalai D, Lozano C, Gomez P, et al.
(2015) Clonal lineages detected amongst tetracycline
resistant meticillin-resistant Staphylococcus aureus isolates
of a Tunisian hospital, with detection of lineage ST398. J
Med Microbiol 64: 623-629.

Shittu AO, Okon K, Adesida S, Oyedara O, Witte W, et al.
(2011) Antibiotic resistance and molecular epidemiology of
Staphylococcus aureus in Nigeria. BMC Microbiology 11:
92.

Breurec S, Zriouil SB, Fall C, Boisier P, Brisse S, et al.
(2011) Epidemiology of methicillin-resistant Staphylococcus
aureus lineages in five major African town: Emergence and
spread of atypical clones. Clin Microbiol Infect 17: 160-165.

Omuse G, Nel Van Zyl K, Hoek K, Abdulgader S, Kariuki S,
et al. (2016) Molecular characterization of Staphylococcus
aureus isolates from various healthcare institutions in
Nairobi, Kenya: A cross sectional study. Ann Clin Microbiol
Antimicrob 15: 51.

Coombs GW, Pearson JC, Nimmo GR, Collignon PJ, Bell JM,
et al. (2013) Antimicrobial susceptibility of Staphylococcus
aureus and molecular epidemiology of meticillin-resistant
S. aureus from Australian hospital inpatients: Report from
the Australian group on antimicrobial resistance 2011
Staphylococcus aureus surveillance programme. J Glob
Antimicrob Resist 3: 149-156.

Kong H, Yu F, Zhang W, Li X, Wang H (2017) Molecular
epidemiology and antibiotic resistance profiles of methicillin-
resistant Staphylococcus aureus strains in a tertiary hospital
in China. Front Microbiol 8: 838.

Parhizgari N, Khoramrooz SS, Malek Hosseini SA,
Marashifard M, Yazdanpanah M, et al. (2016) High
frequency of multidrug-resistant Staphylococcus aureus
with SCCmec type Il and spa types t037 and t631 isolated
from burn patients in southwest of Iran. APMIS 3: 221-228.

AL Laham N, Mediavilla JR, Chen L, Abdelateef N,
Elamreen FA, et al. (2015) MRSA clonal complex 22
strains harboring toxic shock syndrome toxin (TSST-1) are
endemic in the primary hospital in Gaza, Palestine. PLoS
One 10: e0120008.

Darban-Sarokhalil D, Khoramrooz SS, Marashifard M,
Malek Hosseini SA, Parhizgari N, et al. (2016) Molecular
characterization of Staphylococcus aureus isolates from
southwest of Iran using spa and SCCmec typing methods.
Microb Pathog 98: 88-92.

Goudarzi M, Bahramian M, Satarzadeh Tabrizi M, Udo EE,
Figueiredo AM, et al. (2017) Genetic diversity of methicillin
resistant Staphylococcus aureus strains isolated from burn
patients in Iran: ST239-SCCmec [11/1037 emerges as the
major clone. Microb Pathog 105: 1-7.

Fenner L, Widmer AF, Dangel M, Frei R (2008) Distribution
of spa types among meticillin-resistant Staphylococcus
aureus isolates during a 6 year period at a low-prevalence
university hospital. J Med Microbiol 57: 612-616.

Durand G, Bes M, Meugnier H, Enirght MC, Forey F, et al.
(2006) Detection of new methicillin-resistant Staphylococcus
aureus clones containing the toxic shock syndrome toxin
1 gene responsible for hospital- and community-acquired
infections in France. J Clin Microbiol 44: 847-853.

e Page 11 of 12 »



https://doi.org/10.23937/2474-3658/1510071
https://www.ncbi.nlm.nih.gov/pubmed/26886749
https://www.ncbi.nlm.nih.gov/pubmed/26886749
https://www.ncbi.nlm.nih.gov/pubmed/26886749
https://www.ncbi.nlm.nih.gov/pubmed/26886749
https://www.ncbi.nlm.nih.gov/pubmed/26886749
https://www.ncbi.nlm.nih.gov/pubmed/25878168
https://www.ncbi.nlm.nih.gov/pubmed/25878168
https://www.ncbi.nlm.nih.gov/pubmed/25878168
https://www.ncbi.nlm.nih.gov/pubmed/25878168
https://www.ncbi.nlm.nih.gov/pubmed/25878168
https://www.ncbi.nlm.nih.gov/pubmed/21545717
https://www.ncbi.nlm.nih.gov/pubmed/21545717
https://www.ncbi.nlm.nih.gov/pubmed/21545717
https://www.ncbi.nlm.nih.gov/pubmed/21545717
https://www.ncbi.nlm.nih.gov/pubmed/20298267
https://www.ncbi.nlm.nih.gov/pubmed/20298267
https://www.ncbi.nlm.nih.gov/pubmed/20298267
https://www.ncbi.nlm.nih.gov/pubmed/20298267
https://www.ncbi.nlm.nih.gov/pubmed/27647271
https://www.ncbi.nlm.nih.gov/pubmed/27647271
https://www.ncbi.nlm.nih.gov/pubmed/27647271
https://www.ncbi.nlm.nih.gov/pubmed/27647271
https://www.ncbi.nlm.nih.gov/pubmed/27647271
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pubmed/27873625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427121/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427121/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427121/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427121/
https://www.ncbi.nlm.nih.gov/pubmed/26709106
https://www.ncbi.nlm.nih.gov/pubmed/26709106
https://www.ncbi.nlm.nih.gov/pubmed/26709106
https://www.ncbi.nlm.nih.gov/pubmed/26709106
https://www.ncbi.nlm.nih.gov/pubmed/26709106
https://www.ncbi.nlm.nih.gov/pubmed/25781188
https://www.ncbi.nlm.nih.gov/pubmed/25781188
https://www.ncbi.nlm.nih.gov/pubmed/25781188
https://www.ncbi.nlm.nih.gov/pubmed/25781188
https://www.ncbi.nlm.nih.gov/pubmed/25781188
https://www.ncbi.nlm.nih.gov/pubmed/27392699
https://www.ncbi.nlm.nih.gov/pubmed/27392699
https://www.ncbi.nlm.nih.gov/pubmed/27392699
https://www.ncbi.nlm.nih.gov/pubmed/27392699
https://www.ncbi.nlm.nih.gov/pubmed/27392699
https://www.ncbi.nlm.nih.gov/pubmed/28179118
https://www.ncbi.nlm.nih.gov/pubmed/28179118
https://www.ncbi.nlm.nih.gov/pubmed/28179118
https://www.ncbi.nlm.nih.gov/pubmed/28179118
https://www.ncbi.nlm.nih.gov/pubmed/28179118
https://www.ncbi.nlm.nih.gov/pubmed/18436595
https://www.ncbi.nlm.nih.gov/pubmed/18436595
https://www.ncbi.nlm.nih.gov/pubmed/18436595
https://www.ncbi.nlm.nih.gov/pubmed/18436595
https://www.ncbi.nlm.nih.gov/pubmed/16517865
https://www.ncbi.nlm.nih.gov/pubmed/16517865
https://www.ncbi.nlm.nih.gov/pubmed/16517865
https://www.ncbi.nlm.nih.gov/pubmed/16517865
https://www.ncbi.nlm.nih.gov/pubmed/16517865
https://www.ncbi.nlm.nih.gov/pubmed/22704791
https://www.ncbi.nlm.nih.gov/pubmed/22704791
https://www.ncbi.nlm.nih.gov/pubmed/22949625
https://www.ncbi.nlm.nih.gov/pubmed/22949625
https://www.ncbi.nlm.nih.gov/pubmed/22949625
https://www.ncbi.nlm.nih.gov/pubmed/27182700
https://www.ncbi.nlm.nih.gov/pubmed/27182700
https://www.ncbi.nlm.nih.gov/pubmed/27182700
https://www.ncbi.nlm.nih.gov/pubmed/27182700
https://www.ncbi.nlm.nih.gov/pubmed/27727405
https://www.ncbi.nlm.nih.gov/pubmed/27727405
https://www.ncbi.nlm.nih.gov/pubmed/27727405
https://www.ncbi.nlm.nih.gov/pubmed/27727405
https://www.ncbi.nlm.nih.gov/pubmed/27727405
https://www.ncbi.nlm.nih.gov/pubmed/16495274
https://www.ncbi.nlm.nih.gov/pubmed/16495274
https://www.ncbi.nlm.nih.gov/pubmed/16495274
https://www.ncbi.nlm.nih.gov/pubmed/16495274
https://www.ncbi.nlm.nih.gov/pubmed/16495274
https://www.ncbi.nlm.nih.gov/pubmed/22558099
https://www.ncbi.nlm.nih.gov/pubmed/22558099
https://www.ncbi.nlm.nih.gov/pubmed/22558099
https://www.ncbi.nlm.nih.gov/pubmed/22558099
https://www.ncbi.nlm.nih.gov/pubmed/24280321
https://www.ncbi.nlm.nih.gov/pubmed/24280321
https://www.ncbi.nlm.nih.gov/pubmed/24280321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028265/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028265/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028265/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028265/
https://www.ncbi.nlm.nih.gov/pubmed/24727509
https://www.ncbi.nlm.nih.gov/pubmed/24727509
https://www.ncbi.nlm.nih.gov/pubmed/24727509
https://www.ncbi.nlm.nih.gov/pubmed/24727509
https://www.ncbi.nlm.nih.gov/pubmed/28529090
https://www.ncbi.nlm.nih.gov/pubmed/28529090
https://www.ncbi.nlm.nih.gov/pubmed/28529090
https://www.ncbi.nlm.nih.gov/pubmed/28529090
https://www.ncbi.nlm.nih.gov/pubmed/28529090
https://www.ncbi.nlm.nih.gov/pubmed/23044073
https://www.ncbi.nlm.nih.gov/pubmed/23044073
https://www.ncbi.nlm.nih.gov/pubmed/23044073
https://www.ncbi.nlm.nih.gov/pubmed/23044073
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845773/
https://www.ncbi.nlm.nih.gov/pubmed/24556453
https://www.ncbi.nlm.nih.gov/pubmed/24556453
https://www.ncbi.nlm.nih.gov/pubmed/24556453
https://www.ncbi.nlm.nih.gov/pubmed/24556453
https://www.ncbi.nlm.nih.gov/pubmed/24556453
https://www.ncbi.nlm.nih.gov/pubmed/22469250
https://www.ncbi.nlm.nih.gov/pubmed/22469250
https://www.ncbi.nlm.nih.gov/pubmed/22469250
https://www.ncbi.nlm.nih.gov/pubmed/22469250
https://www.ncbi.nlm.nih.gov/pubmed/22354957
https://www.ncbi.nlm.nih.gov/pubmed/22354957
https://www.ncbi.nlm.nih.gov/pubmed/22354957
https://www.ncbi.nlm.nih.gov/pubmed/22354957
https://www.ncbi.nlm.nih.gov/pubmed/26886749

DOI: 10.23937/2474-3658/1510071 ISSN: 2474-3658

71.Udo E E, Boswihi SS, Al-Sweih N (2016) High prevalence of study in 2008. Antimicrob Agents Chemother 55: 1734-
toxic shock syndrome toxin-producing epidemic methicillin- 1739.
resistant Staphylococcus aureus 15 (EMRSA-15) strains in

Kuwait hospitals. New Microbes New Infect 12: 24-30. 74.Margat E, Dargére S, Daural C, Fines-Guyon M, Michon

J, et al. (2013) Endocardite a Staphylococcus aureus

72.Tristan A, Ferry T, Durand G, Dauwalder O, Bes M, et al. communautaire resistant a la méticilline appartenant au
(2007) Virulence determinents in community and hospital clone emergent Géraldine: Un diagnostic microbiologique
meticillin-resistant Staphylococcus aureus. J Hosp Infect difficile. Med Mal Infect 43: 299-301.
65:105-109. 75. Tinelli M, Monaco M, Maffezzini E, Cerri MC, Piazza M, et
73.Robert J, Tristan A, Cavalié L, Decousser JW, Bes M, et al. (2014) Staphylococcus aureus toxic shock syndrome
al. (2011) Panton-valentine leukocidin-positive and toxic toxin-1 endocarditis with muscular metastatic abscesses.
shock syndrome toxin 1-positive methicillin-resistant New Microbiol 37: 113-118.

Staphylococcus aureus: A French multicenter prospective

#

CLINMED

INTERNATIONAL LIBRARY

Maalej et al. J Infect Dis Epidemiol 2019, 5:071 e Page 12 of 12 »



https://doi.org/10.23937/2474-3658/1510071
https://www.ncbi.nlm.nih.gov/pubmed/21220529
https://www.ncbi.nlm.nih.gov/pubmed/21220529
https://www.em-consulte.com/en/article/824981
https://www.em-consulte.com/en/article/824981
https://www.em-consulte.com/en/article/824981
https://www.em-consulte.com/en/article/824981
https://www.em-consulte.com/en/article/824981
https://www.ncbi.nlm.nih.gov/pubmed/24531180
https://www.ncbi.nlm.nih.gov/pubmed/24531180
https://www.ncbi.nlm.nih.gov/pubmed/24531180
https://www.ncbi.nlm.nih.gov/pubmed/24531180
https://www.ncbi.nlm.nih.gov/pubmed/27222714
https://www.ncbi.nlm.nih.gov/pubmed/27222714
https://www.ncbi.nlm.nih.gov/pubmed/27222714
https://www.ncbi.nlm.nih.gov/pubmed/27222714
https://www.ncbi.nlm.nih.gov/pubmed/17540252
https://www.ncbi.nlm.nih.gov/pubmed/17540252
https://www.ncbi.nlm.nih.gov/pubmed/17540252
https://www.ncbi.nlm.nih.gov/pubmed/17540252
https://www.ncbi.nlm.nih.gov/pubmed/21220529
https://www.ncbi.nlm.nih.gov/pubmed/21220529
https://www.ncbi.nlm.nih.gov/pubmed/21220529
https://www.ncbi.nlm.nih.gov/pubmed/21220529

	Title
	Corresponding authors
	Abstract
	Keywords
	Introduction
	Material and Methods 
	Bacterial strains 
	Antimicrobial susceptibility testing 
	Molecular study 
	Statistical analysis 

	Results
	Antimicrobial resistance 
	Molecular characteristics and genetic relatedness of strains 

	Discussion
	Acknowledgements
	Conflicts of Interest 
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	References

