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ABSTRACT

Aims: The ability of biofilm formation seems to play an essential role in the virulence of
Staphylococcus aureus. The aims of the present study were to test the sensitivity of the clinical
isolates of Staphylococcus aureus to antibiotics, detect the ability of these strains to form biofilm
and evaluate the correlation between biofilm formation by clinical isolates and the resistance to
antibiotics.

Place and Duration of Study: Laboratory of Virology, Microbiology and Quality/ Eco-toxicology

*Corresponding author: E-mail: achmitmohammed@gmail.com;
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and Biodiversity, Faculty of Sciences and Techniques Mohammedia, University Hassan |l
Casablanca and laboratory of Bacteriology, Virology and Hygiene, Ibn Rochd University Hospital,
Casablanca during October 2015 and January 2016.

Methodology: A total of 117 clinical isolates of staphylococci were collected at the University
Hospital Ibn Rochd of Casablanca, Morocco and examined for antimicrobial susceptibility, presence
of mecA gene and biofilm formation. Staphylococci species identification and antibiogram were
performed by standard procedures using disk diffusion method. The methicillin resistance was
confirmed by PCR using mecA specific primers. The biofilm formation assay was realised by the
tissue culture plate method (TCP).

Results: Among all strains collected, 74 were identified as Staphylococcus aureus. Out of 74
Staphylococcus aureus, 22 strains (29.7 %) were found methicillin resistant when tested with
cefoxitin disc diffusion method. 20.3 %, 18.9 % and 13.5 % were classified as resistant to
kanamicin, ciprofloxacin and erythromycin respectively. All strains were found resistant to penicillin
G and sensitive to teicoplanin. All isolates resistant to methicillin by cefoxitin disc diffusion method
were confirmed by presence the mecA gene by PCR. Of the 74 isolates 16 (21.6 %) were non
adherent, 40 (54 %) weakly adherent, 12 (16.2 %) moderately adherent and 6 (8.1 %) strongly
adherent.

Conclusion: The results of this study showed that there is a correlation between biofilm formation
and resistance to all the antibiotics tested, except to teicoplanin, which was active against the all

strains.

Keywords: Staphylococcus aureus; antimicrobial resistance; methicillin-resistant Staphylococcus
aureus; biofilm; tissue culture plate method.

1. INTRODUCTION

Staphylococcus aureus is a Gram-positive
pathogen that lives as part of the normal
microflora on the skin and mucous membranes
of humans and animals. If it passes through the
epithelial barrier and reaches internal organs, it
can cause several diseases, ranging from minor
infections such as skin, respiratory, joint and
endovascular infections, to severe infections,
such as bacteremia, pneumonia, endocarditis,
sepsis, and toxic shock syndrome. Approximately
30% of humans are S. aureus carriers without
symptoms [1]. Staphylococcus aureus is also
responsible for  foodborne intoxications
worldwide, caused by the ingestion of food
containing staphylococcal heat-stable
enterotoxins. The greatest risk of staphylococcal
food poisoning is associated with food products
contaminated with S. aureus after the normal
microflora has been destroyed or inhibited [2].

Basic antibiotic for the treatment of
Staphylococcus aureus infections is generally a
derivative of penicillin like oxacillin, cefoxitin or
methicillin [3]. During the past two decades, this
pathogen has developed resistance to commonly
prescribed antimicrobial agents. Today
methicillin-resistant ~ Staphylococcus  aureus
(MRSA) is a major cause of bacterial infection in
hospitals [4]. First reported in a British hospital,
MRSA clones rapidly spread across international
borders. Waves of clonal dissemination with

different dominant phage types were reported in
the 1960s and were responsible for a large
proportion of cases [5,6]. Genetically, MRSA
differ from susceptible strains by the presence in
their chromosome of a long sequence of DNA
(40-60 Kb) named mec, and the presence of the
mecA gene that codes for the formation of
penicillin  binding protein 2A (PBP 2A).
The mecA gene (the gene responsible for
methicillin resistance) is part of a mobile genetic
element found in all MRSA strains. It is part of a
genomic island designated as staphylococcal
cassette chromosome mec (SCC mec) [7].
Recently a new mecA homolog (mecC
or mecA gazs1, in reference to LGA251 isolates
from which it was characterized) was described
in a novel staphylococcal cassette
chromosome mec named type XI. This
new mecA homolog has been detected in
bacteria from dairy cattle in England and humans
in England, Scotland, and Denmark [8,9].

Staphylococcus aureus displays a strong
capacity to irreversibly attach to the surface of
implanted medical devices and forms
multilayered communities of bacteria, known as
biofilms [10].

Biofilms, surface associated sessile bacterial
communities, are formed when planktonic cells
colonize a surface, aggregate and grow into
multicellular colonies, and embed themselves in
an exopolysaccharide [11]. In addition to a large




number of cell surface associated proteins,
secreted proteins, Polysaccharide Intercellular
Adhesin (PIA) and intracellular adhesin A, D, B
and C (icaA, icaD, icaB and icaC) which are
synthesized by products of the intercellular
adhesin A, D, B and C (icaA, icaD, icaB and
icaC) operon are also required for biofilm
formation in Staphylococci [10,12-14].

Biofilm formation is a major concern in
nosocomial infections because it protects
microorganisms from host immune response
(opsonophagocytosis) and antibiotics, leading to
chronic infection and sepsis [15]. The aims of the
present study were to test the sensitivity of the
clinical isolates of Staphylococcus aureus to
antibiotics, detect the ability of these strains to
form biofilm and evaluate the correlation between
biofilm formation by clinical isolates and the
resistance to antibiotics.

2. MATERIALS AND METHODS
Identification of S.

2.1 Isolation and
aureus

A total of 117 strains of Staphylococcus spp.
were isolated between October 2015 and
January 2016 from different sites of infection
(blood, pus and other) from patients hospitalized
in various services of the University Hospital lbn
Rochd in Casablanca.

The isolates were identified by classic
microbiological methods including  colony
morphology, Gram staining, catalase test,

coagulase test, mannitol fermentation and API
Staph gallery (bioMérieux, Marcy I'Etoile, France)
[16].

2.2 Antibiotic Susceptibility Test

The Antibiotic susceptibility test was done
according to Kirby bauer’s disc diffusion method
on Mueller Hinton (MH) agar using the following
antibiotic discs: penicillin G (10 units), gentamicin
(10 pg), tobramicin (10 pg), kanamicin (30 pg),
ciprofloxacin (5 pg), cefoxitin (30 pug),
erythromycin (15 pg), teicoplanin (30pg) and
trimethoprim-sulfamethoxazole (25 pg) [17]. The
zones of inhibition were interpreted following
Clinical and Laboratory Standards Institute
(CLSI) guidelines [18].

The methicillin resistance was checked using
cefoxitin disc (30 pg) on MH agar following CLSI
guidelines and the strains were identified as
methicillin  resistant S. aureus (MRSA) or
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methicillin  sensitive Staphylococcus aureus
(MSSA).
2.3 MecA Gene Detection and

Confirmation of MRSA

This test concerns only the strains which were
identified as MRSA using cefoxitin disc (30 ug)
on Muller Hinton.

The DNAs of isolates were extracted using the
commercial DNA extraction Kit (SIGMA-
ALDRICH, USA). PCR assay was performed to
detect mecA gene, encoding methicillin-
resistance gene. For amplification of the mecA
gene, primers mecA-F (5'-
GATATCGAGGCCCGTGGATT-3") and mecA-R
(5-ACGTCGAACTTGAGCTGTTA-3’) were used
to produce a 642 bp fragment. The PCR reaction
volume was in 25 pl, containing the above-
mentioned primers (10 uM each), 100 ng of the
extracted DNA, 100 pM each of dATP, dCTP,
dGTP and dTTP, 0.5 U of Tag DNA polymerase,
and buffer 5 mM. The PCR amplification protocol
for mecA was as follow: an initial 1 min
denaturation at 94<C, followed by 35 cycles of 1
min denaturation at 94°C, 1 min annealing at
52C and 1 min extension at 72T, with a final
extension at 72C for 10 min. PCR products
were analyzed by a 15% agarose gel
electrophoresis with Tris-borate/EDTA in the
presence of ethidium bromide 0.5 pg/ml.

2.4 Tissue Culture Plate Method (TCP)

The tissue culture plate method was conducted
as previously described [13]. Briefly, the bacterial
suspension grown in trypticase soy broth (TSB),
supplemented with 1% glucose was diluted for
1:100. 200 pl of this dilution was poured into the
wells of sterile flat-bottomed 96-well polystyrene
tissue culture plates (200 pyl of TSB
supplemented with 1% glucose was used as the
negative control) and incubated 24 hours at
37C. All tests were performed in triplicate.
Washing was then performed three times for
each well with sterile phosphate-buffered saline
(PBS; pH 7.2). After that, the fixation step was
done by air drying. Subsequently, the adherent
biofilm layer was stained by crystal violet for 15
minutes at room temperature. This was followed
by the washing steps. Then the plates were air
dried and resolubilized with ethanol (95%) for 30
minutes. Optical density (OD) of stained
adherent bacteria was determined with an
Absorbance Microplate Reader (model ELx800)
at wave length of 630 nm. The experiment was



repeated three times separately for each strain
and the average values were calculated with
standard deviation (SD). Optical density cut-off
(ODc) was determined. Formation of biofilm by
isolates was analyzed and categorized relying on
the absorbance of the crystal violet-stained
attached cells (Tablel).

Table 1. Interpretation of results

Mean OD values Biofilm formation

< 0ODc Non
ODc<0OD<20Dc Weak

2 0Dc<0OD<40Dc Moderate
> 4 ODc Strong

ODc = average OD negative control + 3 standard
deviation of negative control

2.5 Statistical Analysis

Comparison of rates of resistance to the different
antibiotics was performed between strains biofilm
producers and strains non biofilm producers. Chi-
square tests were done wherever possible.
When frequencies of five or less were present,
Fisher's exact test was used. One-sided testing
was performed. Differences were significant
when P<0.05. Statistical analyses were
performed using SPSS version 17.00.

3. RESULTS

3.11Isolation and Identification of S.

aureus

In a total of 117 clinical isolates of
Staphylococcus spp. isolated from skin surface,
blood, catheters, infected devices, bronchial
aspiration, burn surface, Protected bronchial
sampling, pus etc (Fig. 1), from different services
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National Center of burns, Dermatology,
Nephrology, Pediatric, Cardiovascular surgery)
(Fig. 2) at the University Hospital Ibn Rochd of
Casablanca, 74 strains were identified as
Staphylococcus aureus.

3.2 Antibiotic Susceptibility Test

Twenty two strains (29.7 %) of Staphylococcus
aureus were methicillin resistant when tested
with cefoxitin disc diffusion method.

The antimicrobial susceptibility patterns of the 74
strains of Staphylococcus aureus are presented
in Table 2.

3.3 MecA Gene Detection and

Confirmation of MRSA

All isolates that were resistant to cefoxitin by disc
diffusion method were analyzed by PCR to
detect the mecA gene to confirming methicillin
resistance (Fig. 3).

3.4 Detection of Biofilm Formation

The phenotypic characterization of biofilm
formation by all strains of study was realized by
the tissue culture plate method (TCP).

Among 74 isolates of Staphylococcus aureus
studied, 58 (78.4%) were positive for biofilm
prodction. 40 (54%) were classified as weakly
adherent, 12 (16.2%) as moderately adherent
and 6 (8.1%) as strongly adherent. 16 (27.6%) of
the 58 positive isolates were obtained from blood
culture, 10 (17.2%) from skin surface, 09 (15.5%)
from pus, 08 (13.8%) from burn surface, 06
(10.3%) from catheters and 03 (5.2%) from
bronchial aspiration and 06 (10.3%) from others
sources.

(Medical and Surgical Intensive Care, the
3 (4%) 2 (3%)
4 (5%)

m Blood

B Skin surfaces

M Pus

B Burn surfaces

B Catheters

M Protected bronchial sampling
Bronchial aspiration
Surgical wound

Infected devices

Fig. 1. Distribution of clinical isolates of Staphylococcus aureus

according to their origins
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%

Fig. 2. Distribution of clinical isolates of Staphylococcus aureus according to different
services of the university hospital Ibn Rochd of Casablanca
BNC: The national center of burns, CVS: Cardiovascular surgery

Table 2. Resistance rate associated to biofilm producers and non biofilm producers

Antibiotics Resistance rate n (%) Number of P-value
Biofilm producer Non biofilm producer resistant
n =58 n=16 strains
Cefoxitin 21 (95.4) 01 (4.6) 22 < 0.05
Kanamicin 14 (100) 00 14 < 0.05
Tobramicin 13 (100) 00 13 < 0.05
Ciprofloxacin 12 (100) 00 12 < 0.05
Gentamicin 10 (100) 00 10 < 0.05
Erythromycin 09 (90) 01 (10) 10 <0.05
Trimethoprim-sulfamethoxazole 08 (100) 00 08 <0.05
Penicillin G 58 (78.4) 16 (21.6) 74 <0.05
Teicoplanin 00 00 00 -

- . Indeterminate value

642 bp

Fig. 3. Result of amplification of the mecA gene in 6 strains of Staphylococcus aureus
MT: Size marker, T+: Positive control, T-: Negative control, (14, 27, 36, 79, 94 and 98): Strains resistants to
cefoxitin (30 ug)



A statistical comparison of rates of antibiotic
resistance between the biofilm producers and
non biofilm producers showed a significant
difference at p < 0.05 for all the antibiotics tested,
except for teicoplanin, which was 100% active
against the two groups of Staphylococcus
aureus.

4. DISCUSSION

Staphylococcus aureus is one of the bacteria
most studied by researchers because of the
increase in infections that it causes. In a total of
117 clinical isolates of Staphylococcus spp.
collected 74 (63.2%) strains were identified as
Staphylococcus aureus. Similarly, in another
study carried out in Tehran between December
2012 and March 2013, S. aureus was
predominant and was isolated from 65 of 135
(48.14%) samples taken from pus/wounds swabs
from skin and soft tissue infections [19].

The majority of tested strains were isolated from
the intensive care units 24 (32.4%), the National
Center of burns 16 (21.6%) and dermatology unit
11 (14.9%). This result correlates with that of
Benouda et al. [20] who found that 41.7% of
Staphylococcus aureus was isolated in the
intensive care units in Morocco in 2009; while the
study directed by Gary et al. [21] in the USA in
2005 found that 24% of infections with
Staphylococcus aureus occur in the national
center of burns.

4.1 Susceptibility Pattern of S. aureus

Staphylococcus aureus has no natural resistance
to antibiotics. The massive use of penicillin G
and V has led in 1941 to the emergence of
bacteria resistant to these molecules. Currently
more than 90% of the strains isolated are
resistant to penicillin G [22]. Our study of
antibiotic susceptibility showed a high prevalence
of B-lactamase production, this mechanism is the
most commonly cause of resistance to penicillins
(100%); this result is similar to that obtained in
another study by Aydin et al. [23], this study
included 274 S. aureus and 172 coagulase
negative staphylococci strains.

Resistance rates against gentamycin,
erythromycin and trimethoprim-sulfamethoxazole
were determined as 13.5%, 13.5% and 10.8%,
respectively. In another study that was carried
out in Turkey by Ragbetli et al. [24] a total of
1116 S. aureus isolates from various clinics were
collected; they found almost the same resistance
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rates of these antibiotics; they determined
resistance to gentamycin at the rate of 13.0%, at
17.7% to erythromycin and at 6.1% to
trimethoprim-sulfamethoxazole.

4.2 MRSA

The global emergence of organisms with multiple
drug resistances (MDRs), such as methicillin-
resistant Staphylococcus aureus (MRSA), is an
important factor in acute and chronic infections
that leads to increase mortality rates and
increase healthcare costs. The prevalence rate
of MRSA in this study is 29.7% (22 strains). Ina
Tunisian study conducted by Mastouri et al. [25]
between June 2002 and December 2003, 620
strains were isolated from the different
pathological samples and 96 (15.5%) were
identified MRSA. In another study done in Egypt
by Barakat et al. [26] in 161 S. aureus isolated
from 513 pus/ wound swabs collected from
patients with evidence of surgical site infection
over the period July 2013-January 2015, 73
(45.3%) were found to be MRSA. These 22
MRSA isolates were isolated from various
services: 9 from patients in the national center of
burns, 4 in the intensive care units, 4 in the
dermatology unit, 3 in the pediatric service and 2
in the cardiovascular surgery unit. In the study of
Benouda et al. [21] 15 of 25 MRSA were found in
the intensive care units. According to origin, 5
were isolated from skin samples, 5 from burn
surfaces, 4 from blood, 4 from catheters, 2 from
surgical wounds and 2 from infected devices.
While, Skiest et al. [27] have isolated the majority
of MRSA (69%) from skin soft tissue.

Vancomycin is commonly used to treat infections
caused by MRSA. Nowadays the options for
treatment of MRSA infections are considerably
limited and vancomycin remained as the last
choice for MRSA treatment until recent years
[28]. The dramatic increase in use of vancomycin
to treat infections caused by methicillin-resistant
staphylococci (both coagulase-positive and -
negative) preceded the emergence of
vancomycin-resistant staphylococci [29].

All strains in this study were susceptible to
teicoplanin. This finding is in agreement with
other studies that have reported that
Staphylococcus aureus is almost always
susceptible to this antibiotic [30,31].

4.3 Biofilm Production

Biofilms pose a serious problem for public health
due to the increased resistance of biofilm-



associated bacteria to antibiotics and host
defenses. Staphylococcus aureus is ranked
among the bacteria that possess great ability to
form a biofilm on host tissues and implanted
medical devices. This capacity of staphylococcus
to form biofilms is one of the major virulence
traits underlying persistent and chronic infections
[32].

In this study, a tissue culture plate method (TCP
method) was selected for assay biofilm formation
and to quantify attachment. 74 isolates of
Staphylococcus aureus were screened for biofilm
production by this method.

By TCP method 58 (78.4%) Staphylococcus
aureus were positive for biofilm production. Our
results are correlating well with Gunti et al. [33]
and Khan et al. [34] who reported 76 % positivity
and 64.9% positivity, respectively by TCP
method while Mathur T. et al. [35] and bose et al.
[36] reported a less number of biofilm production
by Staphylococcal species. The distribution of
these 58 biofilm producers according to service
was as follows:

17 from patients in the intensive care units,
14 in the national center of burns, 7 in the
dermatology department, 4 in the pediatric
service, 3 in the nephrology service, 2 in the
cardiovascular surgery unit and 11 in the
other services. In the majority of cases
(70.7%) strains were isolated from blood,
skin samples, burns surfaces and catheters.
these results are in accordance with those
obtained by Taj et al. [37].

4.4 MRSA and Biofilm Formation

The majority of MRSA strains (95.4%) were
positive for biofilm production, and only one
isolate was considered to be a non-biofilm-
producing strain. These results are similar to
studies conducted by several researchers such
as Mirzaee et al. [38] and Solmaz et al. [19]
which  showed that 100% and 97.5%
respectively, of the studied strains have an ability
to produce a biofilm.

The majority of non-producing biofilm strains are
susceptible to all tested antibiotic except
penicillin G whereas strains which have
resistances are almost all producing biofilm. In
this study the comparison of rates of antibiotic
resistance between the biofilm producers and
non biofilm producers showed a significant

Achmit et al.; BJI, 17(3): 1-9, 2017; Article no.BJ1.31232

difference at p < 0.05 for all the antibiotics tested
(Table 2).

5. CONCLUSION

Staphylococcus aureus has a great ability to
produce biofilms. This characteristic is one of the
virulence markers of this pathogen and gives it
the ability to resist to antibiotics and to immune
defense. Our results indicate that there is a
significant  association between antibiotics
resistance and presence of biofilm in methicillin
resistant Staphylococcus aureus isolates.

ACKNOWLEDGEMENT

The authors would like to express their gratitude
and thanks to Dr. Hafida Messaouri for her
assistance in statistical analysis, Mr.
Fakhreddine Maaloum and Mrs Zineb Barrech for
correction of English.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ma'Y, Xu Y, Yestrepsky BD, Sorenson RJ,
Chen M, Larsen SD, Sun H. Novel
inhibitors  of  Staphylococcus aureus
virulence gene expression and biofilm
formation. Plos One. 2012;7:e47255.

2. Va'zquez-Sa’'nchez D, Habimana O, Holck
A. Impact of foodrelated environmental
factors on the adherence and biofilm
formation of natural Staphylococcus
aureus isolates. Curr Microbiol. 2013;66:
110-21

3. Weigelt, John A. MRSA. New York:
Informa Healthcare USA, Inc.; 2007.

4, Reardon CM, Brown TP, Stephenson AJ,
Freedlander E. Methicillin-resistant
Staphylococcus aureus in burns patients-
why all the fuss? Burns. 1998;24:393-7.

5. Jessen O, Rosendal K, Bulow P, Faber V,
Eriksen KR. Changing staphylococci and
staphylococcal infections. A ten-year study
of bacteria and cases of bacteremia. N
Engl J Med. 1969;281:627-35.

6. Parker MT, Hewitt JH. Methicillin
resistance in Staphylococcus aureus.
Lancet. 1970;1:800-4.

7. Katayama Y, Ito T, Hiramatsu K. A new
class of genetic element, Staphylococcus



10.

11.

12.

13.

14.

15.

16.

17.

cassette chromosome mec, encodes
methicillin resistance in Staphylococcus
aureus. Antimicrob Agents Chemother.
2000;44:1549-55.

Shore AC, Deasy EC, Slickers P, Brennan
G, O'Connell B, Monecke S, Ehricht R,
Coleman DC. Detection of staphylococcal
cassette chromosome mec type Xl
carrying highly divergent mecA, mecl,
mecR1, blaz, and ccr genes in human
clinical isolates of clonal complex
130 methicillin-resistant Staphylococcus
aureus. Antimicrob  Agents  Chemother.
2011;55:3765-73.

Garcia-Alvarez L, Holden MT, Lindsay H,
Webb CR, Brown DFJ, Curran MD et al.
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. 2011;11:595-603.

Gotz F. Staphylococcus and biofilms. Mol
Microbiol. 2002;43:1367—78.

Murugan K, Usha M, Malathi P, Al-
Sohaibani AS, Chandrasekaran M. Biofilm
forming multi drug resistant
Staphylococcus spp. among patients with
conjunctivitis. Pol J Microbiol. 2010;59:
223-39.

Gowrishankar S, Duncun MN, Karutha PS.
Coral-associated bacteria as a promising
antibiofilm agent against methicillin-
resistant and —susceptible Staphylococcus
aureus biofilms. Evid Based Complement
Alternat Med. 2012;862374.

Atshan SS, Nor SM, Sekawi Z, Lung LTT,
Hamat RA, Karunanidhi A et al
Prevalence of adhesion and regulation of
biofilm-related genes in different clones of
Staphylococcus  aureus. J  Biomed
biotechnol. 2012;1-10.

Yarwood JM, Bartels DJ, Volper EM,
Greenberg EP. Quorum sensing in
Staphylococcus  aureus  biofilms. J

Bacteriol. 2004;186:1838-50.

Marti M, Trotonda MP, Tormo-Mas MA,
Vergara-Irigaray M, Cheung AL, Lasa I, et
al. Extracellular proteases inhibit protein-
dependent biofilm formation in
Staphylococcus aureus. Microbes Infect.
2010;12:55-64.

Mahon CR, Lehman DC, Manuselis G.
Text book of diagnostic microbiology. 3"
ed. Philadelphia, PA, USA. 2007;367-81.
Bauer AW, Kirby WMM, Sherries JC, Jurek
M. Antibiotic susceptibility testing by a

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Achmit et al.; BJI, 17(3): 1-9, 2017; Article no.BJ1.31232

standardized single method. Am J Clin
Pathol. 1966;45:493-6.

CLSI, Performance  standards  for
antimicrobial susceptibility testing, 25" ed.
Wayne, PA: Clinical and Laboratory
Standards Institute. 2014;34:76-9.

Solmaz OM, Mohammad RP, Farzaneh A.
Biofilm  formation and antimicrobial
resistance in methicillin-resistant
Staphylococcus aureus isolated from burn
patients, Iran. J Infect Dev Ctries. 2014;
8(12):1511-7.

Benouda A, Elhamzaoui S.
Staphylococcus aureus Epidemiologie et
prévalence des souches résistantes a la
méticilline (SARM) au Maroc. Rev Tun
Infectiol. 2009;3(1):15-20.

Gary AN, Robert JR, Jerome JS,
Kluytmans J, Hedblom EC, Smulders M, et
al. The Burden of Staphylococcus aureus
infections on hospitals in the United States.
Arch Intern Med. 2005;165:1756-61.
Grundmann H, Aires-de-Sousa M, Boyce
J, Tiemersma E. Emergence and
resurgence of meticillin-resistant
Staphylococcus aureus as a public-health
threat. Lancet. 2006;368:874-85.

Aydin N, Gultekin B, Eyigor M, Gurel M.
The antibiotic resistance of Staphylococci
isolated of clinical specimens. Adnan
Menderes Universitesi Tip Fakultesi
Dergisi. 2001;2(3):21-6.

Ralbetli C, Parlak M, Bayram Y,
Guducuoglu H, Ceylan N. Evaluation of
Antimicrobial Resistance in
Staphylococcus aureus Isolates by Years.
Interdiscip Perspect Infect Dis; 2016.
Article ID 9171395, 4 pages.

Mastouri M, Nour M, Ben Nejma M,
Bouallegue O, Hammami M, Khedher M.

Résistance aux antibiotiques de
Staphylococcus aureus résistant a la
méticilline:  Détection des premiéres

souches de sensibilité diminuée aux
glycopeptides en Tunisie. Pathol Biol.
2006;54:33-6.

Barakat Gl, Nabil YM. Correlation of
mupirocin resistance with biofilm
production in methicillin-resistant

Staphylococcus aureus from surgical site
infections in a tertiary centre. Egypt. J Glob
Antimicrob Resist. 2016;4:16—20.

Skiest DJ, Brown K, Travis WC, Hoffman-
Roberts H, Mussa HR, Elliott AC.
Prospective comparison of methicillin-
susceptible and methicillin-resistant
community-associated Staphylococcus



28.

29.

30.

31.

32.

33.

aureus infections in hospitalized patients. J
Infect. 2007;54:427-34.
Ruef C. Epidemiology and clinical impact

of glycopeptides resistance in
Staphylococcus aureus. Infect. 2004;32:
315-27.

Kirst HA, Thompson DG, Nicas TI.

Historical yearly usage of vancomycin.
Antimicrob Agents Chemother. 1998;42:
1303-4.

Naimi TS, LeDell KH, Como-Sabetti K,
Borchardt SM, Boxrud DJ, Etienne J et al.
Comparison of community- and health
care-associated methicillin-resistant
Staphylococcus aureus infection. JAMA.
2003;290:2976-84.

Popovich KJ, Hota B. Treatment and
prevention of community-associated
methicillin-resistant Staphylococcus aureus
skin and soft tissue infections. Dermatol
Ther. 2008;21:167-79.

Merino N, Toledo-Arana A, Vergara-
Irigaray M, Valle J, Solano C, Calvo E, et
al. Protein A-Mediated Multicellular
Behavior in Staphylococcus aureus. J
Bacteriol. 2009;191(3):832-43.

Gunti R, Usha RA, Durga RA. Detection of
biofilm production in Staphylococcus

34.

35.

36.

37.

38.

Achmit et al.; BJI, 17(3): 1-9, 2017; Article no.BJ1.31232

aureus and coagulase
Staphylococci  using  three
methods. J Pharm Biomed Sci.
37(37):1952-6.

Khan F, Shukla |, Rizvi M, Mansoor T,
Sharma SC. Detection of biofilm formation
in S. aureus. Does it have a role in t/t of
MRSA infections? Trends Med Res. 2011;
6(2):116-23.

Mathur T, Singhal S, Khan S, Upadhyay
DJ, Fatma T, Rattan A. Detection of biofilm
formation among the clinical isolates of
staphylococci: An evaluation of three
different screening methods. Indian J Med
Microbiol. 2006;24(1):25- 9.

Bose S, Khodke M, Basak S, Mallick SK.
Detection of Biofilm producing
staphylococci; Need of the hour. J Clin
Diagn Res. 2009;3(6):1915-20.

Taj Y, Farhan E, Faisal A, Shahana UK.
Study on biofilm-forming properties of
clinical isolates of Staphylococcus aureus.
J Infect Dev Ctries. 2012;5(6):403-9.
Mirzaee M, Peerayech SN, Ghasemian A.
Detection of icaABCD genes biofilm
formation in clinical isolates of methicillin
resistant Staphylococcus aureus. Iran J
Pathol. 2014;9(4):257-62.

negative
different
2013;

© 2017 Achmit et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/17849




