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Abstract

Background: This study aimed to investigate the epidemiology and antibiogram of clinical Staphylococcus
aureus isolates from three tertiary care hospitals in Dhaka, Bangladesh.

Methods: A total of 185 clinical S. aureus isolates were studied from March 2016 to February 2017 and
identified by standard microbiological methods, and an antibiogram was determined by disc diffusion
method. A duplex polymerase chain reaction (PCR) assay was performed on all isolates to detect femA
and mecA genes of S. aureus.

Results: Among the 185 isolates, all (100%) were positive for the femA gene, 76 (41.1%) were methicillin-
resistant S. aureus (MRSA), and 109 (58.9%) were methicillin-susceptible S. aureus (MSSA). The highest
and the lowest frequency of both MRSA were isolated from pus and urine specimens, respectively. All
185 S. aureus were 100% sensitive to both vancomycin and linezolid and were highly sensitive towards
rifampicin (94%), meropenem (87%), gentamicin (85.4%), and cotrimoxazole (82.2%), whereas the highest
resistance was against penicillin G (94.6%) followed by amoxicillin/clavulanic acid (82.7%), azithromycin
(72.4%), amoxicillin (66.5%), and ciprofloxacin (63.2%). After vancomycin and linezolid, MRSA showed
good susceptibility to rifampicin, cotrimoxazole, and gentamicin, while MSSA exhibited high sensitivity
toward rifampicin, gentamicin, cefoxitin, meropenem, cloxacillin, ceftriaxone, and cotrimoxazole.
Furthermore, MRSA was significantly more resistant to antibiotics than MSSA (P value<0.05), and the
majority of S. aureus (81.1%), MRSA (97.4%), and MSSA (69.7%) were multidrug-resistant (MDR).
Conclusion: Our findings can guide physicians to provide effective antibiotic therapy, implement
monitoring and control strategies to reduce antimicrobial resistance, and prevent the dissemination of
MRSA and MDR in the environment.
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Introduction

strains. MRSA is by definition resistant to beta-lactams

Staphylococcus aureus is one of the most successful
and adaptable human pathogens and a major cause of
infections in both hospital and community settings,
ranging from minor skin diseases to life-threatening
invasive infections (1,2). It has also been found to have
the extraordinary capability to react to each new antibiotic
swiftly by developing a resistance mechanism, which is a
major clinical hindrance in treating infections (3).
Infections are caused by both methicillin-susceptible S.
aureus (MSSA) and methicillin-resistant S. aureus (MRSA)

antibiotics regardless of its in vitro susceptibility results,
involving all categories of penicillins, cephalosporins,
beta-lactamase inhibitors, and carbapenems with the
exception of the anti-MRSA cephalosporins (4-6). The
first case of MRSA was reported in England, just two years
after the introduction of methicillin in 1959, and today it
has become prevalent worldwide (7). A systemic review
in Bangladesh reported the prevalence of MRSA in all
culture isolates to range from 4.8% to 78.7% (8).

The genome of MRSA bears the staphylococcal cassette
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chromosome mec containing the mecA gene which is
responsible for methicillin resistance. The mecA gene
encodes the penicillin-binding protein (PBP) 2a or PBP-
2a, which has a low affinity for beta-lactam antibiotics
in addition to other resistance determinants (9,10).
To identify MRSA, mecA gene detection is regarded
as the gold standard method (11-13). The femA gene is
specific to and universally present in all S. aureus isolates,
encoding a factor that has been postulated to have a role in
cell wall metabolism (10,14,15). Therefore, the detection
of the femA and mecA in the same organism can lead
to the identification of the species and drug resistance
phenotype.

The few antibiotics which are currently available to
treat MRSA include glycopeptides (e.g., vancomycin and
teicoplanin), linezolid (an oxazolidinone), tigecycline,
daptomycin, telavancin, Synercid (a combination
of quinupristin and dalfopristin), and anti-MRSA
cephalosporins (e.g., ceftaroline and ceftobiprole), among
which vancomycin followed by linezolid remain as the
cornerstone therapeutic options for MRSA infection
treatment (1,16).

The degree of resistance, which might not stay constant
over time, is a crucial factor to take into account when
selecting an antibiotic (17). Studies from Bangladesh and
other countries across the world have documented changes
in the drug susceptibility profile of S. aureus (18-20). The
emergence of multidrug-resistant (MDR) strains of S.
aureus, which are known to develop non-susceptibility
to at least one agent in three or more antimicrobial
categories, has made the treatment of S. aureus infections
more challenging (2,5,7). Moreover, the emergence of
vancomycin resistance in addition to resistance against
a broad array of structurally unrelated antimicrobials
has made MRSA become an MDR superbug, increasing
its risk in both the hospital and community environment
(1,7).

Therefore, knowledge of the epidemiologic trends and
antibiotic susceptibility patterns of S. aureus in a local
setting becomes fundamental. Based on this background,
the present study aimed to investigate the epidemiology
and antibiogram of clinical S. aureus isolates collected
from three tertiary care hospitals in Dhaka, Bangladesh.
The epidemiology of MRSA and MSSA isolates was studied
by determining the overall prevalence and prevalence in
the different tertiary care hospitals and different clinical
specimens. Accordingly, the in vitro susceptibility to
antibiotics was tested, and the prevalence of MDR isolates
among MRSA and MSSA was determined.

Materials and Methods

Collection of Bacterial Isolates and Study Place

A total of 185 consecutive non-duplicate clinical isolates
of S. aureus were studied from March 2016 to February
2017. The suspected S. aureus isolates recovered from
different clinical specimens (e.g., pus, wound swab,
blood, and urine) were collected from the Microbiology
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laboratories of three tertiary care hospitals, Bangabandhu
Sheikh Mujib Medical University (BSMMU), Dhaka
Medical College (DMC), Bangladesh Institute of Research
and Rehabilitation in Diabetes, Endocrine, and Metabolic
Disorders (BIRDEM). All three hospitals are located
in close proximity to each other in Dhaka and provide
healthcare services to patients from all over the country.
Relevant clinical data for each bacterial specimen was
obtained from laboratory records and recorded in a
predesigned data sheet. All laboratory procedures were
performed in the department of Microbiology and
Immunology, BSMMU, Dhaka.

Identification of Staphylococcus aureus Isolates

The isolates were at first inoculated into blood agar
media (Oxoid Limited, Basingstoke, Hampshire, United
Kingdom) and incubated aerobically at 37°C for 24 hours
to ensure purity and viability (21). Then, the bacterial
growths were identified as S. aureus by colony morphology,
haemolytic property, and pigment production on blood
agar media, gram staining, catalase test, coagulase test
(slide and tube method), and mannitol fermentation test
in mannitol salt agar media (Oxoid Limited, Basingstoke,
Hampshire, United Kingdom) as per standard methods
(22,23). The findings were confirmed by the detection of
femA gene via polymerase chain reaction (PCR) assay. All
the isolates were preserved in nutrient agar slant (Oxoid
Limited, Basingstoke, Hampshire, United Kingdom)
inside screw-capped vials and stored at 4°C temperature
for further molecular study.

Antimicrobial Susceptibility Test and Phenotypic
Detection of MRSA Strains by Cefoxitin Disc Diffusion
Test

Antimicrobial susceptibility testing of the 185 S. aureus
isolates and the phenotypic detection of MRSA by cefoxitin
disc diffusion test (CDDT) were carried out by Kirby-Bauer
disc diffusion method on the same Mueller-Hinton agar
medium (Oxoid Limited, Basingstoke, Hampshire, United
Kingdom) as per the Clinical and Laboratory Standards
Institute (CLSI, 2014) recommendations (4). The isolates
were tested for susceptibility against the antibiotics such
as penicillin G (10 pg), cloxacillin (1 pg), amoxicillin (30
ug), amoxicillin/clavulanic acid (20/10 pg), ceftriaxone (30
ug), cefoxitin (30 ug), meropenem (10 ug), gentamicin (10
ug), azithromycin (30 pg), cotrimoxazole (1.25/23.75 pg),
ciprofloxacin (5 pg), rifampicin (5 pg), vancomycin (30
ug), and linezolid (30 ug). Antibiotic discs were purchased
from HiMedia (HiMedia Laboratories, Mumbai, India).
Briefly, the Mueller-Hinton agar plates were inoculated
with bacterial suspension adjusted with the turbidity of a
0.5 McFarland standard tube and left on the level surface
for 10 to 15 minutes, and discs were then placed on the
inoculated surface at an appropriate distance using sterile
forceps. The plates were then incubated at 37°C for 24
hours. The following day, the reading of the inhibition
zone was taken by measuring scale against good light



and noted in millimeters, and the zone of inhibition was
compared with the CLSI recommended standard values
and recorded as sensitive or resistant (4). The findings
of CDDT were confirmed by the detection of the mecA
gene through PCR assay, and S. aureus ATCC 25923 was
utilized as a reference control organism.

Identification of Multi-Drug Resistant Staphylococcus

aureus on Phenotypic Basis

Based on the antibiotic susceptibility results, S. aureus

isolates that fulfilled either one or both of the following

criteria were categorized as MDR (5):

1. Resistance to cefoxitin: Here, cefoxitin represents
all B-lactams and predicts non-susceptibility to all
categories of B-lactam antimicrobials (i.e., penicillins,
cephalosporins/cephamycins, f-lactamase inhibitors,
and carbapenems) with the exception of the anti-
MRSA cephalosporins.

2. Non-susceptible to one or more agents in three or
more antimicrobial categories.

In this study, antibiotics from the following antimicrobial
categories were tested: penicillins, cephalosporins/
cephamycins, P-lactamase inhibitors, carbapenems,
aminoglycosides, macrolides, folate pathway inhibitors,
fluoroquinolones, glycopeptides, and
oxazolidinones.

ansamycins,

Polymerase Chain Reaction

The duplex polymerase chain reaction (PCR) assay was
carried out on all of the study isolates for the detection
of the S. aureus genes: femA and mecA. The detection
of the femA gene was used to confirm the identity of S.
aureus, and it was also used as an internal positive control
to validate the PCR conditions (14,24). Moreover, the
detection of the mecA gene was used as the confirmatory
method for the identification of the MRSA strains. As a
negative control, sterile water (1 pL) was tested during
each PCR run (14).

(i) DNA Extraction from Bacterial Pellets

At first, preserved colonies from the nutrient agar slants
were thawed and inoculated onto blood agar plates and
incubated at 37°C for 18 hours to ensure purity. Single
colonies from here were taken and inoculated into 0.5
ml brain heart infusion broth (HiMedia Laboratories,
Mumbai, India) in a sterile 1.5 mL microcentrifuge tube
and incubated overnight at 37°C temperature. Next, the
total DNA was extracted from the broth cultures by using
the QIAamp DNA mini kit (Qiagen, Hilden, Germany)
in accordance with the manufacturer’s instructions for
gram-positive bacteria. The extracted DNA was kept in
microcentrifuge tubes and stored at -20°C until PCR assay.

(ii) Primers Used for the Duplex PCR Assay

The duplex PCR assay was carried out using fernA and
mecA gene-specific primers previously described by
Mehrotra et al (14) and synthesized by Integrated DNA

Technologies (New York, USA). The primer sequences
are presented in Table 1.

(iii) Preparation of Master Mix and Primer with
Template DNA

Sterile 0.2 mL microcentrifuge tubes/PCR tubes were taken
and labeled with the date and identification number. Then,
15 uL master buffer (Texas Bio Gene Inc, Texas, United
States) composed of a mixture of PCR buffer, MgCL,
deoxynucleoside triphosphate (dNTP), 0.1 pL of Taq
polymerase (Geneaid Biotech Ltd., New Taipei, Taiwan),
and 3 pL of sterile distilled water were loaded in each PCR
tube. This was followed by adding 0.5 pL of each gene-
specific primer into the tubes. The mixture containing the
master mix, Taq polymerase, and primers was vortexed
and spun for a short time. Next, 2 pL of extracted DNA
from each separate sample was added to the tubes. Then,
PCR tubes were centrifuged in a microcentrifuge for 5
seconds.

(iv) DNA Amplification in Thermal Cycler

An automated DNA thermal cycler (Applied Biosystem
2720, Life Technologies, California, USA) was used for
DNA amplification. After placing the PCR tubes in the
thermal cycler, a protocol was run (14) involving initial
denaturation at 94°C for 5 minutes, followed by 35 cycles
of amplification. Each amplification cycle consisted of
denaturation at 94°C for 2 minutes, annealing at 57°C for
2 minutes, and extension at 72°C for 1 minute, and after
the completion of 35 cycles, a final extension was done at
72°C for 7 minutes.

(v) Amplicon Detection by Agarose Gel Electrophoresis

The amplified PCR products were detected by
electrophoresis in 2% agarose gel with ethidium bromide
(0.5 ug/mL) prepared in 1xTris acetate-EDTA buffer
(Tris Acetic Acid EDTA- Ethylene diamine tetra acetic
acid). The prepared gel with the stand was placed in
a horizontal electrophoresis tank (Biometra Compact
Multi-Wide; Analytik Jena, Jena, Germany) containing
1 x Tris acetate-EDTA buffer. Next, approximately 10 pL
of amplified products were loaded into the wells using
disposable micropipette tips, and 10 pL of amplified
product of negative control was loaded into a different
well. Afterward, 7 uL of DNA molecular size marker (100
bp ladder; Texas Bio Gene Inc, Texas, USA) was added in
one well to assess the size of amplified PCR products, and

Table 1. The Oligonucleotide Primer Sequences Used for Amplification of
the S. aureus Genes

Target Gene/ Size of
Prir?\er Primer Sequences (5’-3') Amplified  Reference
Product (bp)*
AAAAAAGCACATAACAAGCG
i GATAAAGAAGAAACCAGCAG 132 a4
A ACTGCTATCCACCCTCAAAC 163 0
me CTGGTGAAGTTGTAATCTGG

Note. *bp: base pairs.
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electrophoresis was run at 110 V for 90 minutes.

(vi) Visualization and Documentation by UV Trans-
illuminator

Following electrophoresis, the visualization of the DNA
bands was carried out using an ultra-violet transilluminator
(Vilber Lourmat, Eberhardzell, Germany). A digital
camera was used to take photos of the gel, and the data
were then transferred to a computer for additional
documentation. The identification of the bands was done
according to their molecular size by comparing them
with the DNA molecular size marker (100 bp ladder).
Samples were recorded as positive when PCR products of
approximately 132 bp in the case of femA gene and 163 bp
in the case of mecA gene were observed, and no amplicons
were detected for the negative control (Figure 1).

Data Analysis

For data analysis, the Statistical Package for the Social
Sciences (SPSS) software version 21 (SPSS Inc., Chicago,
USA) was used. For comparison of differences in the
antibiotic susceptibility data between MRSA and MSSA
strains, the P value was calculated by the chi-square test
or Fisher’s exact test when applicable, and a P value <0.05
was regarded to be statistically significant.

Results

The 185 S. aureus isolates included in the study were
initially identified by colony characteristics and various
biochemical tests, and all (100%) isolates tested positive
for the femA gene by PCR assay which confirmed their
identity as S. aureus. PCR assay for the mecA gene showed
that out of the 185 isolates, 76 (41.1%) were MRSA
(positive for the mecA gene), and 109 (58.9%) were MSSA
(negative for the mecA gene), as depicted in Table 2. Out
of the three tertiary care hospitals, MRSA was detected
to be the highest in DMC (49.2%), followed by BSMMU

200bp

100bp

Figure 1. Agarose Gel Electrophoresis Patterns Showing Amplified DNA
Products of 132 bp for femA Gene and 163bp for mecA Gene. Note.
Lane M: DNA molecular size marker (100bp ladder; Texas Bio Gene Inc,
Texas, USA), Lane N: Negative control. Lane 1: femA, lane 2: femA, lane
3: femA+mecA, lane 4: femA, lane 5: femA + mecA, lane 6: femA + mecA,
lane 7: femA, lane 8: femA +mecA, lane 9: femA

Alam et al

(39%), and BIRDEM (35.8%), as displayed in Table 2.

Regarding clinical specimens, most of the S. aureus (108,
58.4%) were isolated from pus followed by 32 (17.3%)
from blood, 31 (16.7%) from wound swabs, and 14 (7.6%)
isolates from urine (Table 3).

Table 4 presents the antibiotic susceptibility pattern of
the 185 S. aureus isolates, 76 MRSA, and 109 MSSA against
14 antimicrobial agents. All the isolates were sensitive to
vancomycin (100%) and linezolid (100%), followed by
high levels of sensitivity to rifampicin (94%), meropenem
(87%), gentamicin (85.4%), cotrimoxazole (82.2%),
cloxacillin (75.1%), ceftriaxone (64.3%), and cefoxitin
(61.1%). Regarding the resistance pattern, the majority
of isolates were resistant to penicillin G (94.6%), followed
by amoxicillin/clavulanic acid (82.7%), azithromycin
(72.4%), amoxicillin (66.5%), and ciprofloxacin (63.2%).

The results of the MRSA screening by CDDT indicated
that 7 (9.2%) out of 76 MRSA (positive for mecA gene by
PCR) were sensitive to cefoxitin, and 3 (2.8%) out of 109
MSSA (negative for mecA gene by PCR) were resistant to
cefoxitin (Table 4).

In this study, since all of the MRSA and MSSA were
sensitive to vancomycin, and linezolid statistical analysis
was not applicable for the two antibiotics, and for the
remaining 12 antibiotics tested, MRSA exhibited higher
levels of resistance compared to the MSSA, and the results
were statistically significant (P<0.05), as depicted in
Table 4.

Moreover, the overall prevalence of MDR . aureus was
81.1% (150 out of 185 isolates). Among the MRSA, the
majority were MDR at 97.4% (74 out of 76 isolates), while

Table 2. The Frequency of the Detection of MRSA and MSSA by PCR Assay

The Number
Name of of Collected
Tertiary Care MRSA No. (%)  MSSA No. (%)
. Staphylococcus
Hospital
aureus Isolates
BSMMU 16 (39) 25 (61) 41
DMC 31 (49.2) 32 (50.8) 63
BIRDEM 29 (35.8) 52 (64.2) 81
Total 76 (41.1%) 109 (58.9%) 185

Abbreviations: MRSA, Methicillin resistant S. aureus; MSSA, Methicillin
sensitive S. aureus; PCR: Polymerase chain reaction; BSMMU, Bangabandhu
Sheikh Mujib Medical university; DMC, Dhaka Medical College; BIRDEM,
Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine,
and Metabolic Disorders.

Table 3. The Frequency of Staphylococcus aureus lsolation According to
Clinical Specimen

Clinical Specimen S. aureus Isolates MRSA MSSA
No. (%) No. (%) No. (%)
Pus 108 (58.4) 38 (50) 70 (64.2)
Wound Swab 31(16.7) 19 (25) 12(11)
Blood 32(17.3) 14 (18.4) 18 (16.5)
Urine 14 (7.6) 5(6.6) 9(8.3)
Total 185 76 109

Abbreviations: MRSA, Methicillin resistant S. aureus; MSSA, Methicillin
sensitive S. aureus.
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Table 4. Antibiotic Susceptibility Pattern of S. aureus (n=185), MRSA (n=76), and MSSA (n=109) isolates

S. aureus Isolates (n=185) MRSA (n=76) MSSA (n=109)
Name of Antibiotic Sensitive Resistant Sensitive Resistant Sensitive Resistant P Value

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Penicillin G 10 (5.4) 175 (94.6) 76 (100) 10(9.2) 99 (90.8) 0.003
Cloxacillin 139 (75.1) 46 (24.9) 35 (46.1) 41 (53.9) 104 (95.4) 5 (4.6) 0.000
Amoxicillin 62 (33.5) 123 (66.5) 12 (15.8) 64 (84.2) 50 (45.9) 59 (54.1) 0.000
Amoxicillin + Clavulanic acid 32(17.3) 153 (82.7) 4(5.3) 72 (94.7) 28 (25.7) 81 (74.3) 0.000
Ceftriaxone 119 (64.3) 66 (35.7) 16 (21.1) 60 (78.9) 103 (94.5) 6 (5.5) 0.000
*Cefoxitin 113 (61.1) 72 (38.9) 7(9.2) 69 (90.8) 106 (97.2) 3(2.8) 0.000
Meropenem 161 (87) 24 (13) 55(72.4) 21 (27.6) 106 (97.2) 3(2.8) 0.000
Gentamicin 158 (85.4) 27 (14.6) 51 (67.1) 25(32.9) 107 (98.2) 2(1.8) 0.000
Azithromycin 51 (27.6) 134 (72.4) 13 (17.1) 63 (82.9) 38 (34.9) 71 (65.1) 0.004
Cotrimoxazole 152 (82.2) 33(17.8) 57 (75) 19 (25) 95 (87.2) 14 (12.8) 0.030
Ciprofloxacin 68 (36.8) 117 (63.2) 19 (25) 57 (75) 49 (45) 60 (55) 0.006
Rifampicin 174 (94) 11 (6) 67 (88.2) 9(11.8) 107 (98.2) 2(1.8) 0.029
Vancomycin 185(100) 00 76 (100) 00 109 (100) 00 N/A
Linezolid 185 (100) 00 76(100) 00 109 (100) 00 N/A

Abbreviations: MRSA, Methicillin resistant S. aureus; MSSA, Methicillin sensitive S. aureus; PCR: Polymerase chain reaction; N/A: Not applicable.

*Results of the cefoxitin disc diffusion test.

69.7% (76 out of 109 isolates) of the MSSA were MDR.
The 2 MRSA isolates (positive for mecA gene by PCR) that
were not MDR were each resistant to only 2 antimicrobial
categories, penicillins, and B- lactamase inhibitors.

Discussion

It is well established that multiplex PCR can be utilized to
identify staphylococcal strains and associated methicillin
resistance (14,15,24). In this study, all of the 185 clinical
S. aureus isolates were subjected to the duplex PCR assay
for the simultaneous detection of the fernA and the mecA
genes. The femA gene was used to confirm the identity of
S. aureus and used as an internal positive control for PCR
assay; moreover, it was present in all of the 185 isolates
(100%). Regarding the detection of the mecA gene by PCR
assay, 76 (41.1%) were MRSA and 109 (58.9%) were MSSA.
This correlates with previous studies from Bangladesh by
Haque et al and Dutta et al in which MRSA prevalence was
43.5% and 46.0%, respectively (25,26). Similar findings
were also reported from India (43.6%), Pakistan (45.3%),
and Cameroon (45.5%), respectively (27-29).

Among the three institutions, the MRSA isolation rate
was detected to be the highest at 49.2% in DMC, followed
by 39% in BSMMU and 35.8% in BIRDEM. Our findings
are in concordance with the multicentre study from
Bangladesh by Hagq et al, which reported that the isolation
rate of MRSA among five hospitals ranges between 32.1%
and 63.0%. Their study found that the incidence of MRSA
was high in the hospitals investigated from different parts
of Bangladesh (30). The reason for the high prevalence
of MRSA in our study might be due to the fact the study
isolates were taken from tertiary care hospitals where
patients are at risk for MRSA infections, particularly the
elderly, immunocompromised and intensive care unit

patients, burn patients, and patients with surgical wounds
and intravenous lines. Further contributing factors are the
duration of hospitalization, previous antibiotic treatment,
person-to-person transmission of MRSA generally via the
hands of healthcare workers, and the proximity to other
patients colonized or infected with MRSA (31). Compared
to the present study, MRSA prevalence was observed at
higher levels in studies from Iraq (73.2%) and Saudi
Arabia (82%), respectively (32,33), whereas lower MRSA
detection rates were reported from France (6%), Ireland
(5%), and United Kingdom (1.8%) (34).

Geographic variations in the prevalence of MRSA
between countries and variations between different
medical institutions within a given regional area may
be attributed to several factors such as the efficacy
of infection control practices, the rationale use of
antibiotics in healthcare facilities which varies from one
hospital to another, population variations, differences in
microbiological methods, and differences in the biological
characteristics of the S. aureus strains in the region in
terms of the clone and its epidemic nature (29,35-37).

In this study, the highest frequency of S. aureus (58.4%),
MRSA (50%), and MSSA (64.2%) was isolated from pus
specimens. The findings of this study are in agreement
with studies from Pakistan, Cameroon, Nepal and India,
which found the highest numbers of isolates recovered
from pus specimens (28,29,37,38). This highlights the
crucial role of S. aureus in the formation of abscesses
and the pyogenic nature of the infections (19,28,39).
The frequency of S. aureus (17.3%) and MRSA (18.4%)
bacteraemia in this study was compatible with studies
conducted in Pakistan (18.9% of S. aureus), Nepal (17.1%
of S. aureus and 15.8% of MRSA) and Nigeria (18.7% of S.
aureus) (28,37,40). In contrast, low levels of bacteraemia
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have been reported by Iileka et al (19) from Nigeria (4.2%
of S. aureus). Compared with the wound swab isolation
levels of our study (16.7% of S. aureus and 25% of MRSA),
most researchers reported higher levels (26,40,41). The
frequency of isolates from urine specimens was the lowest
in this study (7.6% of S. aureus and 6.6% of MRSA) and
similar to the figures in studies from Nigeria (6.7% of S.
aureus) and Jordan (3.6% of S. aureus and 2.7% of MRSA)
(40,41); however, higher values were observed by Rashmi
etal (38) from India (30.9% of S. aureusand 31% of MRSA).
These results illustrate that the type of S. aureus infections
differs between different countries. These variations may
be related to many reasons such as the patient population,
types of skin normal flora, collection procedures, and the
number of specimens (41).

Cefoxitin is widely used as a marker for the detection
of mecA gene-mediated methicillin resistance because
it is a strong inducer of the mecA regulatory system
(11,27,42). In this study, the CDDT found 7 (9.2%) out of
the 76 MRSA (mecA positive) strains sensitive to cefoxitin.
This sort of disparity was also found in studies by Bhutia
et al (27) and Jain et al (43). The reason underlying
this is that the phenotypic methods depend on various
factors such as the growth conditions (e.g., temperature,
incubation period, inoculum size, osmolarity, pH of the
medium, culture medium supplements such as sodium
chloride concentration, and reading of endpoints)
which have a significant effect on the expression and
therefore the detection of resistance. It also depends
on the over-expression of mecR and mecl genes which
are co-repressors of mecA gene, the carriage of a non-
functional or a non-expressed mecA gene which is
not expressed unless selective pressure via antibiotic
treatment is applied. Moreover, most MRSA strains
express heterogeneous resistance, where large differences
in the degree of resistance to -lactam agents exist among
individual cells in a population and the level of resistance
expressed depends on the varying testing conditions and
the type of P-lactam antibiotic used and this limits the
accuracy and reliability of phenotypic methods like CDDT,
however genotypic methods are not influenced by such
factors (12,13,27,44-47). Therefore, mecA gene detection,
recognized as the gold standard method, is advocated
for the precise identification of MRSA, and PCR can be
used as a standard method in clinical laboratories for the
comparison of phenotypic testing (12,13,42).

Among the 109 MSSA (mecA negative) strains, 3
(2.8%) were resistant to cefoxitin by CDDT. This type of
discordant result was also reported in previous studies
(27,43), while other studies found no discrepancy
between CDDT and PCR assay for the mecA gene (42,48).
The reason for the MSSA strains expressing resistance
phenotypically may be attributed to the hyperproduction
of B-lactamases causing partial hydrolysis of the beta-
lactam ring resulting in the phenotypic expression of
resistance. Such strains are referred to as borderline
oxacillin-resistant S. aureus. Another reason may be due

to modified S. aureus that has modifications of the PBP,
leading to low affinity (27,42,49). Research has also shown
that the PBP4 gene can express resistance in MRSA in
addition to the mecA gene (50).

Moreover, recent studies from several European
countries have reported the detection of a rare gene
homologous to mecA in S. aureus, isolated from human
and animal MRSA strains. This gene was originally called
mecA| ,,,, and is now designated as mecC, which is
encoded in a novel staphylococcal cassette chromosome
mec element identified as type XI (51,52). The mecC
gene exhibits phenotypic resistance to methicillin in disc
diffusion tests with cefoxitin, but it cannot be detected
by standard mecA gene-specific PCR methods or PBP2a
slide agglutination tests. Therefore, the mecC gene is a
potential diagnostic dilemma and raises a number of
questions for future research (51-53). Despite the rarity
of mecC gene detection, such observations might be
another possible explanation for our findings. From the
viewpoint of clinical practice, this type of discrepancies
among test results suggests caution when using a single
method for identifying methicillin resistance in S. aureus
because it can result in inaccurate results with serious
potential consequences for individual patients receiving
inappropriate medications and for the surveillance of
MRSA (53,54).

In antibiogram, all S. aureus isolates in our study were
100% sensitive to vancomycin and linezolid, and our results
are comparable to studies from different countries, which
found full susceptibility to these antibiotics in both MRSA
and MSSA isolates (6,33,55). This suggests that they might
be suitable treatment options when indicated. Vancomycin
continues to be the antibiotic of choice for the treatment
of MDR MRSA strains causing life-threatening infections
(6,32,37,56), and linezolid is effective against both MRSA
and strains resistant to glycopeptides (57). The majority of
S. aureus remains susceptible probably due to the unique
mechanism of action of these antibiotics, which makes it
difficult to develop resistance easily. Vancomycin inhibits
the ribonucleic acid synthesis and cell wall synthesis, and
it has lethal membrane effects; further, the activity at
these three sites accounts for the lack of development of
resistance to vancomycin readily (56). The mechanism of
action of linezolid is via inhibiting protein synthesis before
the formation of the initiation complex, and this is distinct
from other known protein synthesis inhibitors (13).

Despite this, several reports have documented the
prevalence of vancomycin-resistant S. aureus and
vancomycin-intermediate S. aureus in Bangladesh,
Ethiopia, Uganda, United Kingdom, and Japan with a
background of MRSA infections (48,58-61), and a small
number of S. aureus resistant to linezolid were reported
by other studies (62,63). Therefore, when vancomycin or
linezolid is considered for treatment, it inevitably requires
routine testing of every isolate of MRSA (37). Additionally,
regular monitoring should be done to prevent the rapid
emergence of resistance.
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Rifampicin was the second most sensitive drug in which
94% S. aureus, 88.2% MRSA, and 98.2% MSSA isolates
were susceptible. Studies from Jordan (92.7% S. aureus and
85.8% MRSA), Korea (82% MRSA and 99.2% MSSA), and
Pakistan (95.7% S. aureus) reported rifampicin sensitivity
levels that concur with the data in the present study
(41,55,62). Rifampicin is an extremely potent bactericidal
anti-staphylococcal agent that penetrates well into tissues
and abscesses, exhibiting the treatment of serious invasive
staphylococcal infections (13,64). However, lower levels
of sensitivity to rifampicin have been reported by some
investigators (6,65). Resistance develops if it is used as
monotherapy; therefore, rifampicin should be used only
in combination with another anti-staphylococcal agent to
which the isolate is also susceptible (3,13).

Overall 85.4% of S. aureus was sensitive to gentamicin,
and similar high percentages were reported by researchers
from Iraq (95.7%) and Bangladesh (92.5%), respectively
(32,66). Although almost all MSSA (98.2%, 107 out of 109)
were susceptible to gentamicin, 67.1% of MRSA were found
sensitive. In Bangladesh, gentamicin is not commonly
prescribed for S. aureus infections, so the resistance is low,
showing that this drug might be a good choice for treatment
when indicated. Due to their synergistic activity, increased
bactericidal action, and ability to prevent the development
of resistance, gentamicin and other aminoglycosides are
frequently used in combination with anti-staphylococcal
penicillin or vancomycin to treat endocarditis and
other life-threatening invasive staphylococcal infections
(3,13,64).

Cotrimoxazole susceptibility was also reasonably good
in our study in which 82.2% S. aureus, 75% MRSA, and
87.2% MSSA were found sensitive. Cotrimoxazole is
an older drug and is no longer in common use in our
region due to its side effects, and this may be a possible
reason for the gradual increase in efficacy. Our results
are in accordance with Al Zoubi et al (83.2% S. aureus)
and Kejela and Bacha (94.7% S. aureus, 82.1% MRSA)
where they found high levels of cotrimoxazole sensitivity
(41,67). Cotrimoxazole could be a viable alternative for
treating minor to moderately severe S. aureus infections,
particularly skin and soft tissue infections caused by MSSA
and MRSA (3,64).

Moreover, the resistance to ciprofloxacin was
moderately high in the present study, involving more than
half of the study isolates (63.2% S. aureus, 75% MRSA,
and 55% MSSA). This is in accordance with the findings
of several previous studies from Bangladesh that reported
ciprofloxacin-resistant S. aureus ranging from 51.7% to
69% (26,48,66,68). In another study from Bangladesh,
Shamsuzzaman et al documented the increase in resistance
of S. aureus against ciprofloxacin from 17% to 43% during
the years 2001 to 2003 (18). The study also mentioned
that ciprofloxacin is frequently used empirically and
improperly in both community and medical settings of
the country and that the extended and irrational exposure
to the antibiotic may cause genomic modifications

among the bacterial strains of the region (18), which may
be an explanation for our findings. Furthermore, both
national and international studies have reported a higher
incidence of resistance among MRSA which coincides
with our data (6,48,59,65). On the other hand, studies
from some African countries reported no resistance and
extremely low levels of resistance to fluoroquinolones and
ciprofloxacin, which were attributed to the fact that S.
aureus clones in those regions have not yet been exposed
to extensive use; therefore, they have not developed
mechanisms of resistance (19,29). Due to the significant
levels of resistance found in our investigation, the blind
use of ciprofloxacin for curative purposes or quinolone-
based combination therapy might not be practical in the
study area.

Poor susceptibility was also observed towards
azithromycin with 72.4% S. aureus isolates resistant
(82.9% MRSA and 65.1% MSSA). However, most of
the studies reported a moderate resistance of S. aureus
to azithromycin ranging from 38.1% to 56.3%, which
was lower compared to the data obtained in the present
study (32,48,66,68). The finding concerning high
azithromycin resistance in MRSA (82.9%) in the present
study is in line with the works from Bangladesh by Islam
and Shamsuzzaman and Ahmed et al which reported
73.3% and 78% resistance in MRSA, respectively (48,69).
Azithromycin and more recent macrolide derivatives
are effective against a broader spectrum of pathogenic
bacteria, and their pharmacokinetic properties allow
for less frequent dosing compared to erythromycin; as
a result, a dramatically increased usage has resulted in
greater exposure of bacterial populations to macrolides
and emergence of resistance (70) which may explain the
tindings of our study.

Furthermore, penicillin G showed the highest overall
resistance in our study among all the S. aureus isolates
(94.6%) in both MRSA (100%) and MSSA (90.8%).
These results are in agreement with previous studies
from Bangladesh and abroad which reported over 90%
resistance to penicillin (19,26,28,30,32,37,38,58,71). This
can be explained by the fact that only a small percentage of
the S. aureus lineages lack the genes necessary to produce
B-lactamase (39).

The resistance to the other B-lactam antibiotics
tested in this study, including cloxacillin, ceftriaxone,
amoxicillin, cefoxitin, and amoxicillin/clavulanic acid was
also high in MRSA ranging from 53.9% to 94.7% except
for meropenem (27.6%); however, the reason for low
resistance to meropenem could not be found. Similarly,
other investigators from Bangladesh (69) and Iraq (32,72)
also found high resistance of MRSA against the -lactams
except for carbapenems in their studies. The emergence
of antibiotic-resistant bacteria reflects the intensive use of
antibiotic agents (73), and p-lactams may cause a selective
pressure for the selection and emergence of mutant strains
expressing homogeneous resistance to B-lactams from
heterogeneous strains (72). The most clinically significant
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resistance mechanism is the acquisition of mecA gene,
which is intrinsically resistant to inhibition by p- lactams
(46), and another reason is the production of p-lactamase
(penicillinase) enzyme that breaks open the -lactam ring
of the antibiotics, rendering them ineffective (39,71).

MSSA isolates on the other hand showed high levels
of sensitivity to meropenem (97.2%), cefoxitin (97.2%),
cloxacillin (95.4%), and ceftriaxone (94.5%), making these
B-lactams suitable options for the treatment of MSSA
infections in the study area. However, poor sensitivity
to amoxicillin (45.9%) and amoxicillin/clavulanic acid
combination (25.7%) was observed. Similarly, other
researchers have reported the reduced efficacy of these two
B-lactam antibiotics (26,62,66). A reasonable explanation
for this might be that amoxicillin and amoxicillin/
clavulanic acid combination are among the commonly
used B-lactam agents in our region, and their intensive
use may have enhanced the resistance in MSSA isolates
as well.

In this study, MRSA isolates were significantly more
resistant to antibiotics compared to MSSA. A significant
difference (P value <0.05) was documented against all the
antibiotics tested, except for vancomycin and linezolid
(statistical analysis was not applicable as all isolates were
susceptible). Likewise, previous studies have revealed a
relationship between methicillin resistance and resistance
to other antibiotics (33,37,55,58,67). Cross-resistance of
MRSA against different antibiotics in addition to B-lactam
resistance is due to the mecA gene and its accompanying
DNA functioning as a region for the integration of various
determinants, including genes for drug resistance (7,13).

The overall prevalence of MDR isolates in the present
studywas 81.1%in S. aureus, 97.4% in MRSA, and 69.7% in
MSSA. Moreover, high levels of MDR have been reported
in S. aureus by Siddiqui et al (68%) and in MRSA isolates by
Fluit et al (87%) and Pandey et al (75.9%), but their figures
were lower compared to our data (6,37,74). The study by
Kim et al found that the majority of MRSA (97.7%, 429 out
of 439 isolates) were MDR, which is similar to our findings
(55). Elevated rates of MDR generally emerge from diverse
isolates of S. aureus under antimicrobial pressure caused
by the intensive use of topical and systemic antimicrobial
agents, which produce a highly selective pressure for the
antibiotic-resistant bacterial clones or due to widespread
person-to-person transmission of MDR isolates (55,73).

Conclusion

In summary, the findings of this study showed a high
prevalence of MRSA among the clinical S. aureus isolates
from tertiary care hospitals in this region. Among the
studied clinical specimens, the highest frequency of both
MRSA and MSSA was isolated from pus and the least
from urine. All the S. aureus isolates, including MRSA,
were sensitive to vancomycin and linezolid, and the
majority was susceptible to rifampicin, gentamicin, and
cotrimoxazole; in addition, the MSSA exhibited high
sensitivity to meropenem, cefoxitin, cloxacillin, and
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ceftriaxone, making them suitable options for therapy
when indicated. MRSA was significantly more resistant
to antibiotics than MSSA, and the prevalence of MDR
was alarmingly high, detected in almost all MRSA and a
considerable percentage of MSSA.

The information obtained from this study could
serve as a guideline for physicians in the region to select
the appropriate antibiotic for empirical and treatment
purposes. The study also highlights the need to formulate
and adhere to definite antibiotic policy, conduct regular
surveillance studies, track emerging drug-resistance
patterns, and implement effective infection prevention
and control practices to combat antibiotic resistance and
curb the spread of MRSA and MDR in S. aureus in the
environment.
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