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ABSTRACT Methicillin resistant Staphylococcus aureus (MRSA), commonest cause of acute bacterial skin and skin 
structure infection (ABSSSI) has only limited treatment options like vancomycin, Linezolid and teicoplanin. 

Staphylococcus aureus with reduced susceptibilities to vancomycin is developing nowadays among nosocomial infec-
tion. A newest cephalosporin –  Ceftaroline has received FDA approval for the treatment of ABSSSI recently has unique 
activity against MRSA. The aim of the study is to know the prevalence of Staphylococcus aureus in ABSSSI patients and 
to evaluate the in vitro activity of Ceftaroline, in comparison with other drugs. Minimum Inhibitory Concentration for 
vancomycin and Ceftaroline were determined by E-test strips. Out of 235 Staphylococcus aureus isolated from ABSSSI 
patient 32% were MRSA. No vancomycin resistant strain isolated in our study. In vitro, Ceftaroline control the growth of 
MRSA very effectively at 2mg/ml itself. Ceftaroline is a most welcomed drug in the treatment of MRSA.
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INTRODUCTION: 
Complicated skin and skin structure infection (CSSSIs), now 
known by the new US FDA as Acute bacterial skin and skin 
structure infections (ABSSSI) are the most common infec-
tions treated in the hospital setting [1]. The commonest or-
ganisms causing CSSSIs are Gram positive Staphylococci, 
Streptococci, Anaerobes and Gram negative bacilli like E. 
coli and Pseudomonas.

Staphylococcus aureus the commonest cause of ABSSSI 
pose a great challenge to the clinician in the treatment 
options for the infection caused by Methicillin resistant 
Staphylococcus aureus (MRSA), which include Vancomy-
cin and newer agents such as Linezolid and Daptomy-
cin.

Ceftaroline fosamil, the prodrug form of ceftaroline is a 
new parenteral, bactericidal cephalosporin. It has broad 
spectrum of activity against ß-lactam resistant Staphylo-
coccus like MRSA, Multidrug resistant Streptococcus pneu-
monia and Gram negative bacilli [2&3]. Ceftaroline is also 
proved to be more bactericidal against MRSA than Vanco-
mycin and Linezolid in In-vitro time – kill studies. [4]

Ceftaroline has received approval by FDA on 29 October 
2010 as an effective option for monotherapy of acute bac-
terial skin and skin structure infections caused by suscepti-
ble organisms including MRSA. Against MRSA, ceftaroline 
exhibits noteworthy activity when compared with other ß- 
lactam antibiotics. [5] 

The purpose of this study was to find out the distribution 
of the Staphylococcal aureus in the ABSSSI patient and the 
prevalence of oxacillin resistance among them. Also to as-
sess the in vitro efficacy of ceftaroline and to compare that 
with other antistaphylococcal drugs like Linezolid, Vanco-
mycin and other drugs against Staphylococcus aureus in a 
tertiary care center.

MATERIALS AND METHODS:
This study was carried out in Chettinad health city and 
Research Institute, a tertiary care center hospital (Chen-
nai) between April 2013 and May 2014. Pus specimen 
was collected from patient suffering from ABSSSI. AB-
SSSI defined as deeper soft tissue infection, surgical/
traumatic wound infections, major abscesses, cellulitis 
and infected ulcers and burns. The samples were sent 
to the microbiology laboratory without delay for culture. 
235 Staphylococcus aureus were isolated from patients 
with ABSSSI.

CULTURE/ IDENTIFICATION: 
The pus was inoculated on 5% sheep blood agar and 
chocolate agar and incubated aerobically at 37˚C for 24 
hours. Smears were prepared from plates showing growth 
and stained by Gram’s stain. Gram positive cocci in clus-
ters were identified using standard biochemical tests.  Cat-
alase positive and coagulase positive strains were Staphy-
lococcus aureus. [6] 

METHICILLIN RESISTANCE DETECTION: 
Methicillin resistance was detected using oxacillin screen-
ing agar and cefoxitin disk diffusion test.

Oxacillin screening agar was Muller Hinton agar with 
4% Nacl and 6µg/ml oxacillin. Direct colony suspen-
sion of 0.5 McFarland turbidity was spot on oxacillin 
screening agar area of 10 to 15 mm in diameter. Incu-
bate at 35˚c for 18 hours and examine with transmit-
ted light for the presence of > 1 colony than oxacillin 
resistant.

According to the CLSI guidelines cefoxitin disk diffusion 
test was performed with 30µg cefoxitin disk in Muller Hin-
ton agar plate. Incubate at 35˚C and read with transmitted 
light after 24 hours. Among Staphylococcus aureus if zone 
size ≤ 21 mm than mec A positive (MRSA). 
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ANTIBIOTIC SUSCEPTIBILITY TEST:   
Antibiotic susceptibility test  of all Staphylococcus iso-
lates was performed by Kirby Bauer disc diffusion meth-
od as per Clinical Laboratory Standards Institute (CLSI)  
guidelines[7], using Muller Hinton Agar .The following 
antibiotic discs, produced  by Hi-media were used; Te-
icoplanin (30µg), Erythromycin(15µg), tetracycline (30µg), 
Ciprofloxacin(5µg), Cefazolin ,Penicillin (10 units) and Cot-
rimoxazole (25µg)

MINIMUM INHIBITORY CONCENTRATIONS:
MIC for vancomycin and Ceftaroline was determined by 
E-test strips (bio Merieux India Pvt. Ltd. Chennai) shown 
in Fig.1. 0.5 McFarland turbidity adjusted Staphylococ-
cus colonies were subcultered on the Muller Hinton agar 
(MHA) plate. The E- Strips of Vancomycin and Ceftaroline 
were placed on the MHA plate and incubate for 24 hours 
at 35˚C. The E-test MIC end point was read at complete 
inhibition of growth.

RESULT: 
A total of 235 Staphylococcus aureus were isolated from 
the ABSSSI patients, of which (137/235)   58% were from 
male and (98/235) 42% from female. Most of the speci-
mens, (142/235) 60% were from ICU, (69/235) 29 % per-
cent from ward and (24/235) 11 % from OPD

Among 235 Staphylococcus aureus isolates (75/235) 32% 
showed resistance to methicillin. Cefoxitin disc diffusion 
test detected (75/75) all the methicillin resistant staphy-
lococcus aureus (MRSA) but oxacillin screening agar de-
tected only (70/75) 93% strains as MRSA. It was noted that 
oxacillin screening agar test is less specific than mec A de-
tected method.

Anti microbial sensitivity test of all 235 Staphylococcus 
isolates were done. The highest drug resistance was ob-
tained against penicillin for both (75/75) 100% MRSA and 
(131/160) 82% MSSA. Moderate resistance was seen in 
Cotrimoxazole, Erythromycin, Tetracycline and Gentamicin. 
Antibiotic resistance pattern against Staphylococcus aureus 
was shown in table 1.  

Fig 1: Ceftaroline MIC detection by using E –test strips

Table 1 : Antibiotic resistant pattern in Staphylococcus      

ANTIBIOTIC MRSA (n=75) MSSA (n=160)
Ceftaroline Nil Nil
Vancomycin Nil Nil 
Linezolid Nil Nil 
Teicoplanin Nil Nil 
Penicillin 75(100%) 131(81%)
Cefazolin 75(100%) 10(0.06%)
Ciprofloxacin 30(40%) 65(40%)
Ofloxacin 30(40%) 59 (37%)

Cotrimoxazole 75(100%) 121(76%)
Clindamycin 30 (40%) 55(34%)
Erythromycin 60(80%) 69(43%)
Gentamicin 60(80%) 56(35%)
Tetracycline 60(80%) 56(35%)

The MIC value for the ceftaroline and comparator drug-
Vancomycin against MRSA and MSSA was shown in table 
2 and 3.

Table 2: MIC distribution for MRSA and MSSA for Van-
comycin
MIC gradient mg/ml MRSA (75) MSSA(160)
0.012 0 1
0.032 0 3
0.125 0 29
0.19 1 0
0.25 2 127
0.38 3 0
0.75 10 0
1.0 14 0
1.5 22 0
2.0 23 0

Table 3: MIC distribution of MRSA & MSSA for Ceftaro-
line  
MIC gradient mg/ml MRSA (75) MSSA(160)
0.012 0 1
0.032 0 5
0.064 0 5
0.125 3 14
0.25 6 134
0.50 20 1
1.0 44 0
2.0 2 0

Among the MRSA, 30.6% (23/75) had vancomycin MIC 
2mg/ml, 18.6% (14/75) had MIC 1mg/ml and 21.3% 
(16/75) had a MIC <1 mg/ml. The MIC 50 and MIC 90 
value for MRSA were found to be 1.5 mg/ml and  2mg/
ml. Out of 160 MSSA , 79.3 % (127/160) had vanomycin 
MIC 0.25mg/ml and 18.1% (29/160) had 0.125mg/ml. No 
vancomycin resistant was detected. 

Out of 75 MRSA , 58.6 % (44/75) had ceftaroline MIC 1 
mg/ml , 26.6% (20/75) had MIC 0.5mg/ml and only 0.12% 
(9/75) had a MIC <0.5 mg/ml. Among the MSSA, 83.7% 
(134/160) had ceftaroline MIC 0.25mg/ml and 15.6% 
(25/160) had MIC≤0.125mg/ml. All staphylococcus aureus 
were inhibited by 2mg/ml ceftaroline. 

DISCUSSION:
In the present study the commonest organism isolated 
from Acute bacterial skin and skin structure infection (AB-
SSSI) is Staphylococcus aureus. Among Staphylococcus, 
MRSA (Methicillin resistant staphylococcus aureus) is a ma-
jor nosocomial pathogen causing significant morbidity and 
mortality. [8]

Resistance to methicillin among Staphylococcus aureus in-
creased from 1.5% in 1986 to 31.2 % in 2012. [9] Methicil-
lin resistance among Staphylococci is widespread in India. 
In our study the prevalence rate of MRSA is 32%, in other 
studies conducted in Coimbatore [10] it is 31.1% and in Vel-
lore it was 24% [11]. The studies conducted in Northern In-
dia such as New Delhi showed 44% to 51% [12, 13].

Nowadays vancomycin is the drug of choice of infection 
caused by MRSA. As the percentages of MRSA were con-
stantly increasing the use of vancomycin is also increasing 
which may lead to the MRSA with reduced susceptibility or 
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resistance to glycopeptides. [14, 15]  In our study, the MRSA 
has MIC50 is 1.5mg/ml and MIC90 is 2mg/ml. No vanco-
mycin resistant Staphylococcus aureus (VRSA) was found. 

According to IDSA-2011 (Infection Disease Society of 
America) guidelines, vancomycin MIC > 2mg/ml, an alter-
nate drug should be used for MRSA treatment and if MIC 
< 2 mg/ml, can continue vancomycin treatment depending 
upon patients clinical response [16].The efficacy of the drug 
vancomycin in the treatment of Staphylococcus aureus in-
fections will decrease and clinical failures will result if van-
comycin MIC> 1mg/ml [17]

Another study from North India states the shifting trends 
of vancomycin susceptibility patterns in staphylococcus au-
reus that is a gradual rise  in MIC for vancomycin from 1 
to 2 mg/ml from 2004-2008.[18]  Due to clinical failure with 
increasing vancomycin MIC’s needed a search for more ef-
fective new drug for  MRSA treatment [19].                      

Ceftaroline, new cephalosporin has documented bacteri-
cidal activity against Staphylococcus. [20, 21] It has improved 
targeting PBP2a encoded by mec A gene located on the 
SCC. [22, 23] It is a safe and well tolerated cephalosporin. 

In our study the ceftaroline MIC90 for MRSA is 0.5 - 2mg/
ml, which is similar to the studies conducted in USA. [2, 3] 
When the MRSA MIC50 was1mg/ml and MSSA MIC50 was 
0.25 mg/ml for ceftaroline, these results were compared 
and found MRSA MIC was 4-fold higher. The highest cef-
taroline MIC for 4mg/ml for staphylococcus was observed 
in a European study. 

Thus Ceftaroline has consistent level of activity against the 
principal pathogen causing ABSSSI and active against SCC 
mec-harbouring Staphylococcus. [22] The MRSA infection 
cure rate is proved to be 91.4% to 95.1%. [2]

Since treatment of ABSSSI with MRSA continues to be a 
challenge to the physician, an agent like Ceftaroline is a 
welcome therapeutic modality.


