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ABSTRACT
Staphylococcus aureus infection remains an increasing problem for higher morbidity and mortality in burn patients. We
sought to determine the frequency of methicillin-resistant S. aureus (MRSA) in burn wound patients and study their
drug resistance genes. Samples were collected (August 2010 to October 2011) from burn unit of Dhaka Medical College Hospital (DMCH), Bangladesh. MRSA was identified by conventional culture based methods. S. aureus was confirmed in 44.44% burn wound samples and 22.5% of the isolates were oxacillin resistant. All the S. aureus isolates were
resistant to commonly used drugs like amoxicillin, azactam, erythromycin, azithromycin etc. and were sensitive to
imipenem. The isolates were devoid of plasmid and the gene mecA, femA and IS431 were detected in their chromosomal DNA. Computational analysis of mecA gene sequence showed homology to S. aureus “penicillin binding protein
2a” (PBP-2a). The higher association of MRSA is in burn unit of DMCH, Bangladesh is alarming and with inappropriate antibiotic use, and the situation gets even complicated to treat. Therefore, the detection system and control practices
for MRSA in DMCH should be improved in the hospital settings.
Keywords: Methicillin Resistant Staphylococcus aureus (MRSA); Multidrug Resistant (MDR); Minimum Inhibitory
Concentration (MIC)

1. Introduction
Burn related diseases were among the top ten diseases
according to the number of patients admitted in the Dhaka Medical College Hospital during 2011 in Bangladesh
[1]. Burn patients become susceptible to increased rate of
infection due to the loss of protective skin barrier and
decreased cellular and humoral immunity [2,3]. More
than 70% deaths of burn patients occur due to infection
with various microorganisms [4,5]. Though the infection
may be initiated by the skin flora, after entry of burn patients in a hospital nosocomial infection may initiate.
Methicillin-resistant Staphylococcus aureus (MRSA)
is also called oxacillin resistant S. aureus (ORSA) which
has long been associated as a major agent of nosocomial
infection and is a prominent reason for higher morbidity
and mortality in burn patients causing a variety of infec*
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tions such as bacteremia, pneumonia, septic arthritis, endocarditis, and surgical site infections [6-8]. The spread
of MRSA has an enormous impact on patients as well as
in the country because it dramatically increases the healthcare expenditure [9].
Higher virulence of MRSA compared to methicillinsusceptible S. aureus (MSSA) is a controversial issue
[10,11]. In 2004, Centers for Disease Control and prevention (CDC) reported that MRSA was responsible for
more than 50% of all health care associated S. aureus
infections in the United States [12]. Data from the sentry
antimicrobial surveillance program showed increasing
rates of MRSA among S. aureus isolated from intensive
care unit patients worldwide [13]. Phenotypic expression
of antimicrobial resistance to methicillin, oxacillin and
other drugs may vary depending on growth conditions,
therefore may provide improper result [14]. The genome
of MRSA bears a 21 to 67 kb staphylococcal cassette
chromosome mec (SCCmec) containing the mecA gene
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(confers methicillin resistance by encoding PBP-2a) and
other resistance determinants [15,16]. IS431, a staphylococcal genetic element can transfer gene(s) for antimicrobial resistance [17] and femA is unique to S. aureus
[16]. Therefore, detection of the femA, mecA and IS431
genes in the same organism can entail its species and
drug resistance phenotype.
Burn unit in Dhaka Medical College Hospital is the
sole burn management centre in Bangladesh but ironically the hospital hardly performs any test for the determination of MRSA in burn patients. This study was undertaken to investigate the frequency of MRSA in burn
wound patients and investigate the pattern of antimicrobial susceptibility together with molecular basis of methicillin/oxacillin resistance among the isolates.

2. Methods
2.1. Sample Collection
Samples were collected during August, 2010 to October,
2011 from burn wound patients admitted to the burn unit
of Dhaka Medical College Hospital (DMCH), Dhaka1000, Bangladesh.

2.2. Isolation and Identification
Sterile cotton-swab sticks were used for sampling and
were immediately transported to the laboratory in transport media. The swabs were streaked on the blood agar
and MacConkey agar and Mannitol salt agar (MSA)
plates (Fluka, USA). Blood agar and MacConkey agar
plates were incubated at 37˚C and MSA plate was incubated at 33˚C - 35˚C for 24 hour. S. aureus and MRSA
was confirmed by different biochemical tests.

2.3. Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed in vitro by the disc diffusion assay, which is a modification of
Kirby-Baur method. Commercially available antimicrobial discs (Oxoid Ltd. Hampshire, UK) of Amoxicillin
(30 μg/ml), Cloxacillin (1 μg/ml), Oxacillin (1 μg/ml),
Erythromycin (10 μg/ml), Azithromycin (30 μg/ml),
Nalidixic acid (30 μg/ml), Ciprofloxacin (10 μg/ml),
Tetracycline (30 μg/ml), Levofloxacillin (5 μg/ml), Cefixime (5 μg/ml), Gentamicin (10 μg/ml), Cefepime (30
μg/ml), Azactam (30 μg/ml) Doxycycline (30 μg/ml) and
Imipenem (10 μg/ml) were used for this test. E. coli
ATCC 25922 was used as control strain for susceptibility
testing. Oxacillin resistant strains were later tested for
Cefoxitin (30 μg/ml) susceptibility.
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visible growth of bacteria. MIC of the selected isolates
was calculated by the standard broth microdilution
method [18]. Cell density of S. aureus was set to 5 × 105
CFU/ml and was added as inoculum to 2% Muller Hinton broth [19] for MIC determination. The strains were
referred to as Resistant (R) and Susceptible (S) in relation to the MIC of oxacillin, erythromycin and azithromycin tested as shown on the Table 1.

2.5. Plasmid Profiling
Plasmid DNA was extracted according to the simplified
alkaline lysis method described by Kado and Liu (1981)
[21]. Extracted plasmid DNA was separated by horizontal electrophoresis in 0.8% agarose gels and stained with
ethidium bromide prior visualization. The molecular
weight of unknown plasmid was determined by compareing their position on the stained gel with that of known
molecular weight plasmid markers (500 bp - 10 kb).

2.6. DNA Extraction
Staphylococci were grown on blood agar. Bacterial inoculum was suspended in 100 μL of lysis solution containing 0.05 mg of lysostaphin (Sigma, Germany), 2 mg
of lysozyme (Sigma), 2 mg of ribonuclease A (Sigma), 2
μL of 20 mM Tris-HCl, pH 8.0, 2 μL of 2 mM EDTA
and 1 μL of Triton X-100. The suspension was incubated
at 37˚C for 45 min on a shaker at 300 rpm. Then 10 μL
of proteinase K solution and 100 μL of buffer AL (Qiagen, Germany) were added. After incubation at 56˚C for
45 min, the sample was processed for next step.

2.7. PCR Amplification and Agarose Gel
Electrophoresis
The primers and PCR condition were set according to
Pascal vannuffel et al. [22]. The methicillin resistance
Table 1. Breakpoint for interpretation of MICs for test
drugs against MRSA.
Drug tested

2.4. Determination of Minimum Inhibitory
Concentration (MIC)
MIC is the lowest concentration of drug which inhibits
Copyright © 2013 SciRes.
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MIC break point µg/ml*
S≤

R>

Oxacillin

2

2

Erythromycin

1

2

Azithromycin

1

2

Ciprofloxacin

1

1

Levofloxacin

1

2

Gentamicin

1

1

Doxycycline

1

2

Tetracycline

1

2

*

EUCAST, 2011 [20].
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determinant gene mecA specific primers (F: 5’-TGGCTATCGTGTCACAATCG-3’, R: 5’-CTGGAACTTGTTGAGCAGAG-3’), S. aureus species identification
gene femA specific primers (F: 5’-CTTACTTACTGGCTGTACCTG-3’, R: 5’-ATGTCGCTTGTTATGTGC3’) and internal negative control gene IS431 specific
primers (F: 5’-AGGATGTTATCACTGTAGCC-3’, R:
5’-GATGTACAATGACAGTCAGG-3’) were used for
PCR assay. For mecA and IS431 multiplex PCR was
performed. After amplification of the target genes, 15 µl
of the PCR sample was loaded on a 2% (wt/vol) agarose
gel for horizontal transfer. Electrophoresis was performed in 0.1 M Tris HCl (pH 8.6)-80 mM boric acid-1 mM
EDTA containing 0.5 mg of ethidium bromide/ml. DNA
fragments were visualized at 300 nm on a UV transilluminator.

2.8. Sequencing and Comparison
The PCR products of mecA gene was purified using PCR
product purification kit (QIA Quick50, Qiagen, Germany)
and the purified products were sequenced in forward
direction by DNA sequencer (Macrogen DNA sequencer,
Korea). Sequence obtained were analyzed using Chromas
2.33 software, Bio-edit 7.1.3 for comparing the sequences with GenBank, EMBL and DDBJ databases using
BLAST and sequence alignment was carried out using
Clustal 1.8.

3. Results
Out of 180 samples collected from burn wound infected
hospitalized patients, 80 were S. aureus positive. Antibiotic susceptibility pattern revealed that 22.5% of the
isolates were resistant to oxacillin (2.5% isolates were
border line resistant to oxacillin), 90% to amoxicillin,
82.5% to azactam, 57.5% to erythromycin, 55% to azithromycine, 55% to cefixime, 52.5% to ciprofloxacin,
40% to levofloxacin, 30% to tetracycline, 15% to nalidixic acid, 12.5% to cefepime and 7.5% to gentamycin.
However, all the isolates (n = 80) were truly (100%) sensitive to imipenem and to a greater extent to cloxacillin
(97.5%), gentamycin (92.5%), and nalidixic acid (85%).
Figure 1 shows pattern of drug sensitivity of the selected
isolates of this study. All the oxacillin resistant isolates
were resistant to Cefoxitin as well.
About 70% of the S. aureus isolates (n = 80) were resistant to more than two antibiotics. However, isolates
with oxacillin resistance and borderline resistance (n =
20) exhibited non-susceptibility to higher number of
drugs. All the oxacillin resistant S. aureus (ORSA) were
completely resistant to β-lactam and macrolides groups,
10% of the isolates were resistant to aminoglycosides,
and 65% were resistant to fluoroquinolone. Drug resistance phenotype among the S. aureus isolates as shown
Copyright © 2013 SciRes.
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Figure 1. Antimicrobial susceptibility patterns of S. aureus
isolated from burn wound infected patients in Dhaka Medical College Hospital, Bangladesh.

in Table 2 revealed that some of the isolates were resistant to 11 of the 15 test drugs.
MRSA/ORSA isolates (n = 20) revealed higher MIC
values for oxacillin, erythromycin and azithromycin
when compared to the standard table as shown in Table
1. For oxacillin, erythromycin, and azithromycin antibiotics, two, four, and two isolates respectively showed MIC
value of 32 µg/ml concentration.
Plasmid DNA was not present in the MRSA isolates of
this experiment (figure not shown). Since, Plasmid profile of the MRSA isolates separated on 0.8% agarose gel
revealed band for only chromosomal DNA.
The PCR amplification product of femA gene revealed
686 bp amplicon from all of the S. aureus isolates tested
and positive control (S. aureus ATCC 6538) where as the
product was absent in negative control (Salmonella typhimurium ATCC 13311) as shown in Figure 2. The
presence of femA among the isolates confirms them as S.
aureus.
All the oxacillin resistant isolates as shown in the Figure 3 provided PCR amplification products of 310 and
500 bp for mecA and IS431 control fragment respectively while no amplification product was detected for
any methicillin susceptible strain (S. aureus ATCC 6538)
regardless of the pattern of β-lactam susceptibility and
coagulase production. The amplification band of mecA
positive strains of this experiment were later compared
with that of S. aureus ATCC 49476 strain (positive control for mecA) and found similar pattern of migration on
agarose gel.
Sequencing of approximately 145 bp of DNA fragment followed by sequence alignment showed 100% homology of the amplified fragment with the mecA of S.
aureus (Accession no. NC 2952.2). Further analysis of
the mecA sequence by BLASTX displayed 100% homology with the altered penicillin binding protein (PBP2a)
of S. aureus.
AiM
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Table 2. Drug resistance phenotype of the S. aureus isolates (n = 80) from burn wound infected patients admitted in the burn
unit of Dhaka Medical College Hospital, Dhaka, Bangladesh.
No. of drugs

Drug name

Percentage of resistant isolates

AML + E

Two

72.5

AML + E + AZ

Three

70

AML + E + AZ + CIP + Lef

42.5

Seven

AML + E + AZ + CIP + Lef + NA + CFM

37.5

Eight

AML + E + AZ + CIP + Lef + NA + CFM + OX

Nine

AML + E + AZ + CIP + Lef + NA + CFM + OX + TE

17.5

Ten

AML + E + AZ + CIP + Lef + NA + CFM + OX + TE + GM

7.5

Five

25

AML + E + AZ + CIP + Lef + NA + CFM + OX + TE + GM + Clx

Eleven

5

AML = Amoxicillin, E = Erythromycin, AZ = Azithromycin, CIP = Ciprofloxacin, Lef = Levofloxacin, NA = Nalidixic acid, CFM = Cefixime, OX = Oxacillin,
TE = Tetracycline, GM = Gentamycin, Clx = Cloxacillin.

NC

10 17

18 19

20 22

23

C

39 M

800 bp
686 bp
500 bp
300 bp
100 bp

Figure 2. PCR products on 2% agarose gel after amplification of femA gene (686 bp). Lane M indicate marker, lane C
indicate positive control, NC indicate negative control and
lane 10, 17, 18, 19, 20, 22, 23, 39 indicates sample ID. The
lengths of amplified fragments and molecular size markers
(in base pairs) are indicated on the right and left, respectively.
M 10

17 18 19

20 22 23

NC M

500 bp

500 bp

300 bp

310 bp

Figure 3. PCR products for the detection of mecA and
IS431 on 2% agarose gel. Lane M indicate marker, lane NC
indicate negative control and lane 10, 17, 18, 19, 20, 22, 23
indicates sample ID. The lengths of amplified fragments
and molecular size markers (in base pairs) are indicated on
the right and left, respectively.

4. Discussion
Methicillin resistant S. aureus is a wide spread pathogen
both in the community and in hospital settings. Infection
of burn wound patients with MRSA and pathogen causes
Copyright © 2013 SciRes.

higher morbidity and mortality which may contribute
death in about three fourths of the burn wound infected
patients [23]. Burn wound infections in Bangladesh become of more concern due to lower socioeconomic status
and tropical weather that intensify the occurrence and
spread of various pathogens. Due to imprudent uses and
suboptimal doses of antibiotics, common pathogenic microorganism develops antimicrobial resistance against
commonly used drugs. It increases the burden of patient
as well as national cost in the health care sectors. In
Bangladesh frequency of MRSA at different hospitals
and cities may vary form 32% - 63% [24]. In this study,
the isolation rate of MRSA among the clinical specimens
was 25% which was in agreement with the findings of
Sadia Afroz et al. (2008) as they reported 28% frequency
of MRSA in hospitalized burn patients. Methicillin resistant S. aureus can spread from one patient to another patient during their nursing, and the hospital personnel may
promote the transmission [25].
A large proportion of Bangladeshi people live below
the poverty line and they are unable to complete the
treatment course, where more expensive third-line antibiotics may not be available or affordable. On the other
hand due to arbitrary use of antibiotics, common pathogen develops resistance against frequently used drugs.
Negligence of infection worsens the condition and makes
treatment complicated to unaffordable. In most cases,
patients initially take antibiotic without consulting an expert. As a result microorganisms get suboptimal pressure
at which they are not killed conversely, they acquire their
ability to withstand the antibiotic pressure and emerge as
antibiotic resistant strain. This study reports higher rate
of resistance to amoxicillin and azactam in the MRSA
isolates. Resistance to erythromycin, azithromycin and
cefixime was noted in more than 50% of the isolates.
However the isolates were sensitive to imipenem, cloxacillin and gentamycin. Methicillin resistance in S. aureus
AiM
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is a gold standard for multidrug resistance, mainly to penicillin family (such as cephalosporins, ampicillin, amoxicillin), ticarcillin-clavulanic acid, piperacillin-tazobactam, and the carbapenems regardless of the susceptibility
testing results [25,26] and this study also supports the
same. The drug resistance pattern of MRSA isolates of
this study coincides with the findings of Chambers et al.
(2009) [27]. Such higher degree of drug resistance complicates the treatment process [27]. Plasmid DNA was
not found in MRSA isolates of this study, however, evidence for both plasmid free and plasmid borne methicillin resistance among S. aureus has been reported by
Gelmi et al. (1987) [28] and Coia et al. (1988) [29]. PCR
is a rapid and sensitive technique for detecting various
genes in genetic materials over conventional sucseptibility testing methods. Presence of mecA and femA in the
methicillin resistant isolates of this study confirms the isolates to be MRSA. Further sequencing of mecA product
showed 100% homology with the “penicillin binding
protein 2a” (PBP2a) sequence of S. aureus (Accession no
NC 002952.2). PBP2a binds to altered penicillin binding
site therefore methicillin fails to inhibit synthesis of bacterial cell wall and the cell becomes resistant to drug.
In Bangladesh, more than 250,000 people get injured
due to burn and of them more than 3000 die each year
[30]. Since burn unit in Dhaka Medical College Hospital
is the only burn management centre in Bangladesh, therefore, the frequency of MRSA occurrence in burn wound
and its antimicrobial profile obtained in this study are
alarming. Burn patients may acquire the pathogen from
hospitals or visitors, however, the source of infection was
not documented in this study. Proper arrangement and
synchronized endeavor by the concerned person in controlling MRSA distribution in the burn unit of DMCH are
necessary to manage the disease successfully. Regular
monitoring of the drug resistance profile of the pathogen
is necessary and rapid diagnostic method for MRSA detection in the burn unit of DMCH is urgently needed in
this regard. This will help the physicians in determining
appropriate control strategy for the pathogen in question.
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