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a b s t r a c t

Background: Staphylococcus aureus has been recognized as an important pathogen associated

with inpatients and community infections. Community-acquired methicillin-resistant S.

aureus (CA-MRSA) infections commonly present as skin and soft-tissue infections (SSTIs).

Treatment often includes incision and drainage with or without adjunctive antibiotics.

Objectives: This study aimed to identify CA-MRSA infections both phenotypically and geno-

typically, to determine their spectrum of antibiotic resistance, and to establish the best

scheme for molecular distinction between hospital-acquired MRSA (HA-MRSA) and CA-

MRSA by staphylococcal cassette chromosome mec (SCCmec) typing and detection of Panton

Valentine leukocidin (PVL).

Materials: 50 swabs, from skin and soft tissue of infected lesions of outpatients attending

the dermatology department of the Medical School, Alexandria University, were collected.

Additionally, a nasal swab was taken from every participant.

Methods: Collection of swabs from the infected skin and soft tissues, followed by laboratory

testing to phenotypically and genotypically identify MRSA. Also, nasal swabs were taken

from every patient to identify MRSA colonization.

Results: Staphylococcus aureus strains were identified in 38 (76%) of the 50 clinical isolates. 18

(47.37%) out of the 38 S. aureus strains were resistant to oxacillin and cefoxitin discs, were

penicillin binding protein 2a (PBP2a) producers, and were initially diagnosed as MRSA. All of

the 18 strains were definitively diagnosed as MRSA by mecA gene detection using real time

PCR, while only six (33.33%) strains were PVL positive. Using the sets of primers of Zhang

et al.: nine (50%) out of the 18 CA-MRSA strains were SCCmec type V, and one (5.56%) was

SCCmec type IVc. Then, using the set of primers by Oliveira et al., two (25%) out of the eight

untypable MRSA strains were found to be SCCmec type IV, and six (75%) remained untypable.
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Conclusions: CA-MRSA must be considered when treating skin and soft tissue infections,

especially in developing countries. Empirical use of agents active against CA-MRSA is warr-

anted for patients presenting with serious SSTIs.

Introduction

Among staphylococcal species, Staphylococcus aureus is the

most pathogenic organism. The spread of antibiotic resis-

tance among strains of S. aureus is a major concern in

the treatment of staphylococcal infections. It is well known

that the organism acquires resistance soon after the intro-

duction of new antibiotics. Methicillin was developed in

1960 for the treatment of multi-drug resistant S. aureus.

However, in the same year, methicillin-resistant S. aureus

(MRSA) was discovered.1–3MRSA infections have usually been

associated with exposure to health care settings, but they

have recently been identified in people without traditional

risk factors. These infections have been called community-

acquired or community-associated MRSA (CA-MRSA).1 Most

cases have been associated with skin and soft-tissue infection

(SSTI), and have been reported among selected populations,

including correctional facility inmates, homosexual men, and

athletes.4–6

CA-MRSA was first described in the 1980s in drug users

and in the 1990s the epidemic emerged in persons without

antecedent healthcare exposure. It became a major con-

cern worldwide. CA-MRSA is responsible for a wide array of

infections from superficial skin infections to life-threatening

diseases.5,7

The accurate and early determination of methicillin resis-

tance is of key importance in the prognosis of infections

caused by S. aureus. Although multiple methods of detection of

this resistance have been developed, identification of the mecA

gene is the most reliable method of detecting MRSA isolates.7,8

Asymptomatic carriers usually act as reservoirs for infec-

tion during outbreaks caused by S. aureus,9,10 and colonization

is a predisposing factor for infection with CA-MRSA.11,12

CA-MRSA has been reported to carry the loci for Panton-

Valentine leukocidin (PVL), in high frequency in association

with the type IV and type V SCCmec.13–15 PVL is a virulance

determinant factor for MRSA.

The aim of this study was to identify CA-MRSA infections

both phenotypically and genotypically, to determine their

spectrum of antibiotic resistance, and to establish the best

method for molecular distinction between hospital acquired

MRSA (HA-MRSA) and CA-MRSA by SCCmec typing and detec-

tion of PVL.

Methods

Patients

Fifty patients suffering from skin and or soft tissues infections

were chosen according to the criteria of the Centers for Dis-

ease Control and Prevention (CDC), which defined CA-MRSA

infection as: identification of MRSA in a patient with signs

and symptoms of infection, either in the outpatient setting or

within 48 hours after admission to a hospital, with no history

of MRSA infection or colonization; no history of admission to

a hospital or a nursing home during the previous year; and

absence of dialysis, surgery, permanent indwelling catheters,

or medical devices that pass through the skin to the body.16–18

All the patients attended the dermatology department of

the Faculty of Medicine, Alexandria University.

Demographic data of the patients

Age: from 5 to 40 years.

Gender: 40 males and 10 females.

Occupations: 10 school children, 30 military personnel (one

family member of military personnel); 10 patients were adults

working in bad hygiene and crowded conditions.

Residence: 30 patients from overcrowded bad hygienic con-

dition from rural area, 20 patients from urban area. Type

of skin lesions: eight patients had impetigo, ten had boils,

seven had carbuncle, three had infected pediculosis, seven

had infected scabies, five had infected tinea capitis, and ten

had infected wounds. Sites of skin lesions: eight on back of

neck, seven on the groin, five on the buttock, five on the armpit,

four on the beard area of males, three on the scalp, eight on

the abdomen, four on the back, three on the leg, and three on

the foot.

Method

Swabs from infected skin and soft tissue lesions were taken by

inserting a swab into the lesion and rotating it for a count of

five seconds. The swab was then placed carefully into its con-

tainer, labeled as skin or soft tissue, and patient details were

completed clearly before being inserted into a microbiology

form.

Nasal swabs were taken by inserting a swab into a nostril,

and rotating it for a count of five seconds before repeating

the process with the other nostril. It is not necessary to insert

the swab very far into the nasal passage. The swab was then

placed carefully into its container, labeled “nasal swab”, and

patient details were completed clearly before being inserted

into a microbiology form.

The swabs were obtained after the signing of an informed

consent (in the case of children, their parents signed the

informed consent). The study was approved by the Research

Ethics Committee of the Alexandria Faculty of Medicine.

Identification of staphylococcal isolates

All samples were inoculated on blood agar and MacConkey

agar plates. Staphylococcal isolates were identified by their

colonial appearance. Colonies suspected as staphylococci

were Gram-stained and tested by catalase, oxidase, slide coag-

ulase, and tube coagulase test.19,20
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Antibiotic susceptibility testing

Susceptibility profile of staphylococci was determined by disc

diffusion method including oxacillin and cefoxitin discs.21,22

Detection of penicillin binding protein 2a (PBP2a) latex

agglutination test

The PBP2a latex agglutination test was performed to detect

the presence of PBP2a, which is responsible for methicillin

resistance.23

Polymerase chain reaction (PCR) staphylococcal DNA

extraction

Using SYBR Green 1 technique.24–26

Procedures:

1. Staphylococcal DNA extraction: staphylococcal isolates

were subcultured overnight at 37◦ C on blood agar media.

Some colonies were emulsified in 200 �L sterile distilled

water to produce a heavy suspension. The bacterial sus-

pension was heated at 100 ◦C for 15 min. The suspension

was then centrifuged at 14.000 rpm (Hettich zentrifugen)

for 5 min.

2. Amplification protocol: each PCR tube contained the fol-

lowing:

� 12.5 �L SYBR Green universal PCR master mix 2-fold con-

centrate were added to the reaction mixture.

� 6.5 �L PCR grade water, bringing the reaction volume to

25 (L.

� 0.5 �L forward primer.

� 0.5 �L reverse primer.

� 5 �L DNA extract.

A negative control was prepared by adding the same con-

tents to a tube with water instead of extract.

3. The tubes were placed in the thermal cycler for amplifica-

tion according to the following thermal profile (Fig. 1).

Real time PCR was used to determine the occurrence of

PVL as a virulence factor in CA-MRSA. The presence of PVL

genes in selected MRSA isolates was assessed by using PCR

as previously described by Lina et al.27

Characterization and concomitant subtyping of

staphylococcal cassette chromosome mec types

The characterization and subtyping were performed according

to Zhang et al.,26 and rapid identification of structural types

and variants of the mec element in MRSA were performed

according to Oliveira et al.28

Results

S. aureus was identified by slide and tube coagulase tests in

38 (76%) out of the 50 clinical isolates. 29 (76.31%) out of the

38 S. aureus isolates were mannitol fermenters. The antibiotic

sensitivity of CA-MRSA ranged from 22.22% for ceftriaxone to

94.44% for imipenem and rifampicin. 18 (47.37%) out of the 38

S. aureus isolates were resistant to oxacillin and cefoxitin discs

and were initially diagnosed as MRSA.

All the 18 strains were finally diagnosed as MRSA by detec-

tion of mecA gene using real time PCR using SYBR Green 1

technique. All 18 MRSA strains (100%) were PBP2a producer.

Out of the 18 CA-MRSA, ten were typable by the set of primers

by Zhang et al.: nine (50%) belonged to SCCmec type V, and one

(5.56%) to SCCmec type IVc.

Using Oliveira et al.28 set of primers, two (25%) of the eight

untypable MRSA strains were found to be type IV, and six (75%)

remained untypable. Out of the 18 MRSA isolates, only six

(33.33) were PVL positive.

Regarding skin lesions CA-MRSA isolates were recovered

from abscess, furuncles and carbuncles, and from infected

surgical wounds. Regarding nasal swabs: nasal swabs were

positive for CA-MRSA in all cases infected with CA-MRSA.

Regarding the site of the lesions CA-MRSA isolates were recov-

ered from back of neck, groin, buttock, armpit, and beard area

of males. Most of cases diagnosed as CA-MRSA came from

overcrowded and rural areas.
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Fig. 1 – Thermal profile of amplification of mecA using SYBR Green 1 technique followed by melting curve analysis.
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Discussion

In the present study, a total of 50 swabs were collected from

skin and soft tissue of infected lesions in outpatients attend-

ing the dermatology department of the Faculty of Medicine,

Alexandria University, from October 2009 to December 2010.

Nasal swabs were also taken from every participant.

In the present study, 50 isolates were collected from differ-

ent skin infections. 42 (84%) were identified as Staphylococcus

spp., four (8%) as Streptococci spp., and four (8%) as Proteus

spp. 38 (90.48%) out of the 42 staphylococci were diagnosed

as S. aureus. Similar results were found by Abdallah et al.,29

Mohanty et al.,21 and Moet et al.30

The accurate and early determination of methicillin resis-

tance is of key importance in the prognosis of infections

caused by S. aureus. Although multiple methods of detection

of this resistance have been developed, they are often too slow

or not sufficiently sensitive or specific to ensure appropriate

treatment of the MRSA-infected patients.19,20

Identification of the mecA gene is the most reliable method

for detecting MRSA isolates; however, not all laboratories can

include molecular biology techniques in their routine clinical

practice. For this reason, it is essential to evaluate phenotypic

techniques for MRSA detection in a rapid and accurate man-

ner, in order to ensure correct antibiotic treatment and to avoid

the spread of MRSA isolates in the environment.19,20

Methods based on disc diffusion, as well as microdilution

with oxacillin, are often not entirely reliable at detecting some

strains that harbor the mecA gene.31

In the present study, out of the 38 S. aureus strains isolated

from the different skin lesions, 18 (47.37%) were positive for

the mecA gene. All strains were resistant to both cefoxitin disc

and oxacillin disc (sensitivity 100%).

Swenson et al. assessed cefoxitin disc diffusion for pre-

dicting mecA-mediated oxacillin resistance in S. aureus and

found that the sensitivity and specificity of the test were 98%

and 100%, respectively, for S. aureus. They demonstrated that

oxacillin MIC, oxacillin disc diffusion tests, and cefoxitin disc

diffusion are essentially equivalent in performance for both

sensitivity and specificity.32

Velasco et al. found that three (5.9%) out of the 51 clini-

cal strains that were positive for the mecA gene yielded false

negative results with the oxacillin disc diffusion, (sensitivity

94.1%). They explained the lower sensitivity by the absence of,

or reduced expression of, the mecA-encoded protein, PBP2a.

The results of their study confirmed that antibiotics that are

able to induce the expression of methicillin resistance, such

as cefoxitin, are the most appropriate for detecting MRSA

isolates, as all mecA-positive isolates were detected with the

cefoxitin disc, with a sensitivity of 100%.31

Identification of MRSA is more accurate either by directly

detecting the gene encoding the methicillin resistance deter-

minant (mecA) or its product (PBP2a).22,23 This is in accordance

with Cavassini et al.33 and Sakoula et al.34 In this study, the 18

MRSA strains were PBP2a producers.

In the present study, 27.78% of the strains were found to be

resistant to gentamycin, 11.11% were found to be resistant to

co-trimoxazole, and 22.2% to ofloxacin.

Both CA-MRSA and HA-MRSA are resistant to tradi-

tional anti-staphylococcal beta-lactam antibiotics. CA-MRSA

isolates tend to be more susceptible to other antibiotics

(including sulfa drugs and tetracyclines) than HA-MRSA iso-

lates, and their narrow spectrum of resistance is solely

due to determinants harboured on genetic elements present

on the SCCmec. HA-MRSA may contain resistance elements

for numerous antibiotic classes, including macrolides, lin-

cosamides, aminoglycosides, fluoroquinolones, tetracyclines,

and sulfonamides.7

Kaplan noted that most of the CA-MRSA isolates are

susceptible to vancomycin, gentamycin, rifampicin, co-

trimoxazole, clindamycin, doxycycline, and linezolid.35

In the present study, 100% of the CA-MRSA isolates were

resistant to fusidic acid. The prolonged use of fusidic acid as

topical monotherapy for chronic skin conditions appears to

have resulted in the emergence of resistance among S. aureus

in some countries, making this agent less active both for topi-

cal and systemic therapy. Resistance to this antibiotic has also

been detected in community-acquired methicilin-susceptible

S. aureus (CA-MSSA) strains, as well as CA-MRSA strains in

other European countries.36

SCCmec typing is one of the most important molecular

tools available for understanding the epidemiology and clonal

strain relatedness of MRSA, particularly with the emerging

outbreaks of CA-MRSA occurring on a worldwide basis.19,20

In the present study, the mec gene complex of the 18 MRSA

strains could not be classified as class A or B using Zhang

et al.26. Conversely, by using Zhang et al. specific primers for

identification of SCCmec types and sub-types I, II, III, IVa, IVb,

IVc, IVd, and V, nine (50%) of the 18 MRSA strains were classi-

fied as SCCmec type V, one (5.56%) was classified as type IVc,

and eight (44.44%) were untypable.

In the present study, using Oliveira et al. primers, two out

of the eight untypable MRSA strains were classified as SCCmec

type IV, while six remained untypable.

Similar results were reported by Hanssen et al., who found

strains that did not fit into the SCCmec typing, which were

designated as possibly new SCCmec types.37

In the present study, three (16.67%) out of the 18 CA-MRSA

strains were classified as SCCmec type IV using the schemes of

Zhang et al. and those of Oliveira et al.26,28

There has been much interest in PVL, due to its involve-

ment in severe disease among children and young adults with

no known exposure to healthcare establishments. CA-MRSA

has been reported to carry the loci for PVL at high frequency,

and to be associated with the SCCmec type IV.27

In the present study, six (33.33%) out of the 18 MRSA iso-

lates were PVL positive while among the 20 MSSA isolates

only three (15%) were PVL positive. Among the six PVL pos-

itive MRSA isolates, three were SCCmecV, one SCCmecIV, and

two were untypable.

In the present study, PVL positivity was not related to

SCCmec typing since one third of the PVL positive strains were

untypable while only 33.3% of each of type IV and V were PVL

positive.

However, five of the PVL positive strains were sensitive

to the majority of the tested antibiotics, indicating their

community-acquired origin.
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More recently, cases of community-acquired pneumonia

due to PVL-positive S. aureus have been reported in France,

Sweden, the Netherlands, and the United Kingdom. In addi-

tion, the PVL genes have been identified as a stable marker of

CA-MRSA strains worldwide.27,38

When isolates were categorized according to type of

staphylococcal infection, the PVL genes were strongly asso-

ciated with skin and soft tissue infections, such as abscesses,

skin lesions, and boils (furuncles).27,38

Conversely, PVL genes were seldom found in the general

S. aureus population, a result in concordance with a Swedish

study that showed a low prevalence of PVL among S. aureus iso-

lates from patients with primary skin infections, pneumonia,

and staphylococcal bacteremia.27,38

In the present study, the combination of SCCmec typing

and PVL positivity was not sufficient to identify all CA-MRSA

isolates, due to the absence of PVL among several CA-MRSA

strains, and due to the presence of untypable MRSA.

The combination of phenotypic characteristics in conjunc-

tion with certain antibiograms is useful to a degree, but further

work is required to find a reliable marker or combination of

markers to facilitate the recognition of CA-MRSA. It appears

that, to date, there is no unique marker or combination of

markers that can substitute for descriptive epidemiology in

the recognition of CA-MRSA.

The nasal swab was positive for CA-MRSA in every patient

who was positive for CA-MRSA skin and soft tissue infection,

demonstrating that colonization is a predisposing factor for

infection with CA-MRSA.

Conflict of interest

All authors declare to have no conflict of interest.

r e f e r e n c e s

1. Salgado CD, Farr BM, Calfee DP. Community-acquired

methicillin resistant Staphylococcus aureus: a meta-analysis of

prevalence and risk factors. Clin Infect Dis. 2003;36:131–9.

2. Main CL, Jayaratne P, Haley A, Rutherford C, Smaill F, Fisman

DN. Outbreaks of infection caused by community acquired

methicillin-resistant Staphylococcus aureus in a Canadian

correctional facility. Can J Infect Dis Med Microbiol.

2005;16:343–8.

3. Centers for Disease Control and Prevention (CDC). Outbreaks

of community-associated methicillin-resistant Staphylococcus

aureus skin infections — Los Angeles County, California,

2002-2003. MMWR Morb Mortal Wkly Rep. 2003;52:88.

4. Centers for Disease Control and Prevention (CDC).

Methicillin-resistant Staphylococcus aureus infections among

competitive sports participants — Colorado, Indiana,

Pennsylvania, and Los Angeles County, 2000-2003. MMWR

Morb Mortal Wkly Rep. 2003;52:793–5.

5. Centers for Disease Control and Prevention (CDC).

Methicillin-resistant Staphylococcus aureus, infections in

correctional facilities — Georgia, California, and Texas,

2001-2003. MMWR Morb Mortal Wkly Rep. 2003;52:992–6.

6. Millar BC, Loughrey A, Elborn JS, Moore JE. Proposed

definitions of community-associated meticillin-resistant

Staphylococcus aureus (CA-MRSA). J Hosp Infect. 2007;67:109–13.

7. Naimi TS, LeDell KH, Como-Sabetti K, et al. Comparison of

community- and health care-associated methicillin resistant

Staphylococcus aureus infection. JAMA. 2003;290:2976–84.

8. Okuma K, Iwakawa K, Turnidge JD, et al. Dissemination of

new methicillin-resistant Staphylococcus aureus clones in the

community. J Clin Microbiol. 2002;40:4289–94.

9. Dufour P, Gillet Y, Bes M, et al. Community-acquired

methicillin resistant Staphylococcus aureus infections in

France: emergence of a single clone that produces

Panton-Valentine leukocidin. Clin Infect Dis. 2002;35:819–24.

10. Herold BC, Immergluck LC, Maranan MC, et al. Community

acquired methicillin-resistant Staphylococcus aureus in

children with no identified predisposing risk. JAMA.

1998;279:593–8.

11. Shahin R, Johnson IL, Jamieson F, McGeer A, Tolkin J,

Ford-Jones EL. Methicillin-resistant Staphylococcus aureus

carriage in a child care center following a case of disease.

Toronto Child Care Center Study Group. Arch Pediatr Adolesc

Med. 1999;153:864–8.

12. Baggett HC, Hennessy TW, Rudolph K, et al.

Community-onset methicillin-resistant Staphylococcus aureus

associated with antibiotic use and the cytotoxin

Panton-Valentine leukocidin during a furunculosis outbreak

in rural Alaska. J Infect Dis. 2004;189:1565–73.

13. Jayaratne P, Rutherford C. Detection of methicillin-resistant

Staphylococcus aureus (MRSA) from growth on mannitol salt

oxacillin agar using PCR for nosocomial surveillance. Diagn

Microbiol Infect Dis. 1999;35:13–8.

14. Vandenesch F, Naimi E, Enright MC, et al.

Community-acquired methicillin-resistant Staphylococcus

aureus carrying Panton-Valentine leukocidin genes: worldwild

emergence. Emerg Infect Dis. 2003;9:978–84.

15. Etienne J. Panton-Valentine leukocidin: a marker of severity

for Staphylococcus aureus infection? Clin Infect Dis.

2005;41:591–3.

16. Centers for Disease Control (CDC). Community-acquired

methicillin resistant Staphylococcus aureus infections —

Michigan. MMWR Morb Mortal Wkly Rep. 1981;30:185–7.

17. Centers for Disease Control and Prevention (CDC). Four

pediatric deaths from community-acquired

methicillin-resistant Staphylococcus aureus — Minnesota and

North Dakota, 1997-1999. JAMA. 1999;282: 1123–5.

18. Centres for Disease Control and Prevention (CDC).

Community associated methicillin-resistant Staphylococcus

aureus in Pacific Islanders — Hawaii, 2001-2003. MMWR Morb

Mortal Wkly Rep. 2004;53:767–70.

19. Shittu A, Lin J, Morrison D, Kolawole D. Identification and

molecular characterization of mannitol salt positive,

coagulase-negative staphylococci from nasal samples of

medical personnel and students. J Med Microbiol. 2006;55 Pt

3:317–24.

20. Shittu A, Lin J, Morrison D. Molecular identification and

characterization of mannitol-negative methicillin-resistant

Staphylococcus aureus. Diagn Microbiol Infec Dis. 2007;57:93–5.

21. Mohanty S, Kapil A, Dhawan B, Das BK. Bacteriological and

antimicrobial susceptibility profile of soft tissue infections

from Northern India. Indian J Med Sci. 2004;58:10–5.

22. Gerberding JL, Miick C, Liu HH. Comparison of conventional

susceptibility tests with direct detection of penicillin-binding

protein 2a in borderline oxacillin-resistant strains of

Staphylococcus aureus. Antimicrob Agents Chemother.

1991;35:2574–9.

23. Hussain Z, Stoakes L, Garrow S, Longo S, Fitzgerald V. Rapid

detection of mecA-positive and mecA-negative

coagulase-negative staphylococci by an anti-penicillin

binding protein 2a slide latex agglutination test. J Clin

Microbiol. 2000;38:2051–4.

24. Ririe M, Rasmussen RP, Wittwer CT. Product differentiation by

analysis of DNA melting curves during the polymerase chain



b r a z j i n f e c t d i s . 2 0 1 2;16(5):426–431 431

reaction. Analytical Biochemistry. 1997;245:

154–60.

25. Killgore G, Holloway B, Tenover FC. A 5’ nnuclease PCR

(TaqMan) high-throughput assay for detection of the mecA

gene in staphylococci. J Clin Microbiol. 2000;38:2516–9.

26. Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel

multiplex PCR assay for characterization and concomitant

subtyping of staphylococcal cassette chromosome mec types I

to V in methicillin-resistant Staphylococcus aureus. J Clin

Microbiol. 2005;43:5026–33.

27. Lina G, Piemont Y, Godail-Gamot F, et al. Involvement of

Panton-Valentine leukocidin-producing Staphylococcus aureus

in primary skin infections and pneumonia. Clin Infect Dis.

1999;29:1128–32.

28. Oliveira DC, Lencastre H. Multiplex PCR strategy for rapid

identification of structural types and variants of the mec

element in methicillin-resistant Staphylococcus aureus.

Antimicrob Agents Chemother. 2002;46:2155–61.

29. Abdallah M, Zaki SMI, El-Sayed A, Erfan D. Evaluation of

secondary bacterial infection of skin diseases in diseases in

Egyptian in and outpatients and their sensitivity to

antimicrobials. Egyptian Dermatology Online J. 2007;3:

1–15.

30. Moet GJ, Jones RN, Biedenbach DJ, Stilwell MG, Fritsche TR.

Contemporary causes of skin and soft tissue infections in

North America, Latin America, and Europe: report from the

SENTRY Antimicrobial Surveillance Program (1998-2004).

Diagn Microbiol Infect Dis. 2007;57:7–13.

31. Velasco D, Del Mar Tomas M, Cartelle M, Beceiro A, Perez A,

Molina F. Evaluation of different methods for detecting

methicillin (oxacillin) resistance in Staphylococcus aureus. J

Antimicrob Chemother. 2005;55:379–82.

32. Swenson JM, Tenover FC, the cefoxitin disk study group.

Results of disk diffusion testing with cefoxitin correlate with

presence of mecA in Staphylococcus spp. J Clin Microbiol.

2005;43:3818–23.

33. Cavassini M, Wenger A, Jaton K, Blanc D, Bille J. Evaluation of

MRSA-screen, a simple anti-PBP 2a slide latex agglutination

kit, for rapid detection of methicillin resistance in

Staphylococcus aureus. J Clin Microbiol. 1999;37:1591–4.

34. Sakoulas G, Gold HS, Venkataraman L, Degirolami PC,

Eliopoulos GM, Qian Q. methicillin-resistant Staphylococcus

aureus: comparison of susceptibility testing methods and

analysis of mecA-positive susceptible strains. J Clin Microbiol.

2001;39:3946–51.

35. Kaplan SL. Clinical implications of community-acquired

methicillin-resistant Staphylococcus aureus. Program and

abstracts of the Pediatrics Academic Societies Annual

Meeting; May 14-17, 2005. Washington, DC. Course # 5102.

36. Katopodis GD, Grivea IN, Tsantsaridou AJ, Pournaras S,

Petinaki E, Syrogiannopoulos GA. Fusidic acid and

clindamycin resistance in community-associated,

methicillin-resistant Staphylococcus aureus infections in

children of Central Greece. BMC Infect Dis. 2010;10:1–10.

37. Hanssen AM, Fossum A, Mikalsen J, Halvorsen DS, Bukholm

G, Ericson Sollid JU. Dissemination of community-acquired

methicillin-resistant Staphylococcus aureus clones in Northern

Norway: sequence types 8 and 80 predominate. J Clin

Microbiol. 2005;43:2118–24.

38. Liassine N, Auckenthaler R, Descombes MC, Bes M,

Vandenesch F, Etienne J. Community-acquired

methicillin-resistant Staphylococcus aureus isolated in

Switzerland contains the Panton-Valentine leukocidin or

exfoliative toxin genes. J Clin Microbiol. 2004;42:825–8.


	Community-acquired methicillin-resistant Staphylococcus aureus from skin and soft tissue infections (in a sample of Egyptian population): analysis of mec gene and staphylococcal cassette chromosome
	Introduction
	Methods
	Patients
	Demographic data of the patients

	Method
	Identification of staphylococcal isolates
	Antibiotic susceptibility testing
	Detection of penicillin binding protein 2a (PBP2a) latex agglutination test
	Polymerase chain reaction (PCR) staphylococcal DNA extraction
	Characterization and concomitant subtyping of staphylococcal cassette chromosome mec types


	Results
	Discussion
	Conflict of interest
	References


