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Figure 1. Ceftaroline activity when tested against 793 S. aureus isolates 
from surgical skin and skin structure infections 

Organism collection: Clinically significant isolates (one per patient) 
were consecutively collected from surgical SSSI in 64 medical centers 
in the USA over a six-year period (2008-2013), and the antimicrobial 
susceptibility testing results for S. aureus isolates from surgical SSSI 
(794 strains) are presented here. Isolates were sent to the coordinator 
laboratory (JMI Laboratories, North Liberty, Iowa, USA) for confirmatory 
identification and reference susceptibility testing. Species identification 
was confirmed when necessary by Matrix-Assisted Laser Desorption 
Ionization-Time Of Flight Mass Spectrometry (MALDI-TOF MS) using 
the Bruker Daltonics MALDI Biotyper (Billerica, Massachusetts, USA) 
by following the manufacturer’s instructions. 
  
Susceptibility testing: Isolates were tested for susceptibility to 
ceftaroline and multiple comparator agents by reference broth 
microdilution methods as described by Clinical and Laboratory 
Standards Institute (CLSI) M07-A9 (2012) and CLSI interpretations 
were based on CLSI (M100-S24) and EUCAST (2014) breakpoint 
criteria. Validated MIC panels were manufactured by ThermoFisher 
Scientific (Cleveland, Ohio, USA). Isolates were tested in cation-
adjusted Mueller-Hinton broth. Concurrent testing of quality control 
strains assured proper test conditions. 

• Ceftaroline exhibited potent in vitro activity against 
S. aureus, including MRSA, causing surgical SSSI 
in a large number of USA hospitals.  

• Based on this in vitro data, this new cephalosporin 
may represent a valuable option for treatment of 
surgical SSSI, as well as for surgical prophylaxis 
since one-half of strains were MRSA. 
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Results 
Background: Ceftaroline (CPT), the active form of CPT fosamil, 
is a cephalosporin approved by the United States Food and Drug 
Administration (USA-FDA) for treatment of acute bacterial skin 
and skin structure infection, including those caused by methicillin-
resistant S. aureus (MRSA). We evaluated the activity of CPT and 
comparator agents tested against S. aureus strains isolated from 
surgical skin and skin structure infections (SSSI). 
  
Methods: Clinically significant isolates (one/patient episode) were 
consecutively collected from surgical SSSI in 64 medical centers 
in the USA over a six-year period (2008-2013) and tested for 
susceptibility by reference CLSI broth microdilution methods 
against ceftaroline and several comparator agents.  
  
Results: A total of 794 strains were tested and 50.5% were 
MRSA. CPT was active against oxacillin-susceptible S. aureus 
(MSSA; MIC90, 0.25 μg/mL) and MRSA (MIC90, 1 μg/mL). Against 
MSSA, CPT was 16-fold more potent than ceftriaxone (MIC90, 4 
μg/mL) and four- to eight-fold more potent than vancomycin 
(MIC90, 1 μg/mL) and linezolid (MIC90, 2 μg/mL). Similar to 
cefazolin (data not shown), the highest CPT MIC among MSSA 
was only 0.5 μg/mL. Among MRSA, 97.5% and 100.0% of strains 
were inhibited at ≤1 and ≤2 μg/mL of CPT, respectively (Table); 
whereas all other β-lactams exhibited very limited activity against 
this organism. 27.4% and 67.5% of MRSA were resistant to 
clindamycin and levofloxacin, respectively. Daptomycin (MIC50/90, 
0.25/0.5 µg/mL), linezolid (MIC50/90, 1/2 µg/mL), tigecycline 
(MIC50/90, 0.06/0.12 µg/mL) and vancomycin (MIC50/90, 1/2 µg/mL) 
were active against all S. aureus strains. 
  
Conclusions: CPT exhibited potent in vitro activity against S. 
aureus causing surgical SSSI in a large number of USA hospitals, 
including MRSA. Based on this in vitro data, this novel 
cephalosporin may represent a valuable option for treatment of 
surgical SSSI, as well as for surgical prophylaxis since one-half of 
strains were MRSA. 

• MRSA accounted for 50.5% of S. aureus and ceftaroline was active 
against MSSA (MIC50 and MIC90, 0.25 μg/mL; 100.0% susceptible) 
and MRSA (MIC50 and MIC90, 1 μg/mL; 97.5% susceptible; Table 1 
and Figure 1).  

• Against MSSA, ceftaroline (MIC50 and MIC90, 0.25 μg/mL) was 16-fold 
more potent than ceftriaxone (MIC50 and MIC90, 4 μg/mL) and four- to 
eight-fold more potent than vancomycin (MIC50 and MIC90, 1 μg/mL) 
and linezolid (MIC50, 1 μg/mL and MIC90, 2 μg/mL; Table 1).  

• The highest ceftaroline MIC among MSSA was only 0.5 μg/mL and 
82.4% of strains had a ceftaroline MIC of 0.25 μg/mL (Figure 1).  

• Among MRSA, 97.5% and 100.0% of strains were inhibited at ≤1 and 
≤2 μg/mL of ceftaroline, respectively (Table 1 and Figure 1); whereas 
all other β-lactams exhibited very limited activity against this organism 
(Table 1).  

• Resistance to clindamycin (MIC50, ≤0.25 μg/mL and MIC90, >2 μg/mL) 
and levofloxacin (MIC50, 4 μg/mL and MIC90, >4 μg/mL) were 27.4% 
and 67.5% among MRSA strains, respectively (Table 1).  

• Daptomycin (MIC50, 0.25 μg/mL and MIC90, 0.5 μg/mL), linezolid 
(MIC50, 1 μg/mL and MIC90, 2 μg/mL), tigecycline (MIC50, 0.06 μg/mL 
and MIC90, 0.12 μg/mL) and vancomycin (MIC50 and MIC90, 1 μg/mL) 
were active against all S. aureus strains (Table 1). 
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Introduction 
Ceftaroline, the active metabolite of the prodrug ceftaroline fosamil, is a 
broad-spectrum cephalosporin with bactericidal activity against 
resistant Gram-positive organisms, including methicillin (oxacillin)-
resistant Staphylococcus aureus (MRSA), multidrug-resistant (MDR) 
strains of Streptococcus pneumoniae, and common Gram-negative 
organisms, including non-ESBL-phenotype Enterobacteriaceae. 
Ceftaroline fosamil is approved by the United States (USA) Food and 
Drug Administration (FDA) for treatment of acute bacterial skin and skin 
structure infection (ABSSSI), including those caused by MRSA. 
  
Surgical SSSI causes significant patient morbidity and mortality and 
substantial increase in health care costs in the United States. S. aureus 
is the most common cause of surgical SSSI, and MRSA accounts for a 
large proportion of these infections. Furthermore, compared to 
infections due to methicillin-susceptible S. aureus (MSSA), MRSA 
infections have been associated with increased mortality, treatment 
failure, length of hospital stay and costs. We evaluated the activity of 
ceftaroline and comparator agents tested against S. aureus strains 
isolated from surgical skin and skin structure infections (SSSI). 

Organism 

(no. tested) 

No. of isolates (cumulative %) inhibited at ceftaroline MIC (µg/mL) of: 
MIC 

(µg/mL) 

0.06 0.12 0.25 0.5 1 2 50% 90% 

S. aureus (794) 4 (0.5) 44 (6.0) 324 (46.9) 218 (74.3) 194 (98.7) 10 (100.0) 0.5 1 

   MSSA (393) 4 (1.0) 44 (12.2) 324 (94.7) 21 (100.0) -- -- 0.25 0.25 

   MRSA (401) 0 (0.0) 0 (0.0) 0 (0.0) 197 (49.1) 194 (97.5) 10 (100.0) 1 1 

Abbreviations: MRSA: methicillin-resistant S. aureus; MSSA: methicillin-susceptible S. aureus.  

Table 1. Activity of ceftaroline and comparator antimicrobial agents when tested 
against 794 isolates of S. aureus from surgical skin and skin structure infections 
(USA, 2008-2013) 

Antimicrobial agent 
MIC (μg/mL) %S / %I / %R 

MIC50 MIC90 Range CLSIa EUCASTa 

S. aureus (794) 

 Ceftaroline 0.5 1 0.06 – 2 98.7 / 1.3 / 0.0 98.7 / 0.0 / 1.3 

 Oxacillin >2 >2 ≤0.25 – >2 49.5 / 0.0 / 50.5 49.5 / 0.0 / 50.5 

 Ceftriaxone 8 >8 0.5 – >8 49.5 / 0.0 / 50.5 49.5 / 0.0 / 50.5 

 Erythromycin >2 >2 ≤0.25 – >2 36.8 / 2.5 / 60.7 37.0 / 0.5 / 62.5 

 Clindamycin ≤0.25 >2 ≤0.25 – >2 82.5 / 0.0 / 17.5 82.2 / 0.3 / 17.5 

 Levofloxacin ≤0.5 >4 ≤0.5 – >4 58.7 / 1.1 / 40.2 58.7 / 1.1 / 40.2 

 TMP/SMXb  ≤0.5 ≤0.5 ≤0.5 – >2 99.0 / 0.0 / 1.0 99.0 / 0.0 / 1.0 

 Tetracycline ≤2 ≤2 ≤2 – >8 96.0 / 0.9 / 3.1 94.6 / 0.4 / 5.0 

 Tigecyclinec   0.06 0.12 ≤0.03 – 0.5 100.0 / - / - 100.0 / 0.0 / 0.0 

 Linezolid 1 2 0.5 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Vancomycin 1 1 0.25 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Daptomycin 0.25 0.5 ≤0.06 – 1 100.0 / - / - 100.0 / 0.0 / 0.0 

MSSA (393) 

 Ceftaroline 0.25 0.25 0.06 – 0.5 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Ceftriaxone 4 4 0.5 – >8 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Erythromycin ≤0.25 >2 ≤0.25 – >2 64.6 / 3.6 / 31.8 64.9 / 0.7 / 34.4 

 Clindamycin ≤0.25 ≤0.25 ≤0.25 – >2 92.6 / 0.0 / 7.4 92.3 / 0.3 / 7.4 

 Levofloxacin ≤0.5 4 ≤0.5 – >4 87.0 / 0.8 / 12.2 87.0 / 0.8 / 12.2 

 TMP/SMXb ≤0.5 ≤0.5 ≤0.5 – >2 99.7 / 0.0 / 0.3 99.7 / 0.0 / 0.3 

 Tetracycline ≤2 ≤2 ≤2 – >8 95.4 / 1.5 / 3.1 94.1 / 0.3 / 5.6 

 Tigecyclinec   0.06 0.12 ≤0.03 – 0.25 100.0 / - / - 100.0 / 0.0 / 0.0 

 Linezolid 1 2 0.5 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Vancomycin 1 1 0.5 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Daptomycin 0.25 0.5 0.12 – 1 100.0 / - / - 100.0 / 0.0 / 0.0 

MRSA (401) 

 Ceftaroline 1 1 0.5 – 2 97.5 / 2.5 / 0.0 97.5 / 0.0 / 2.5 

 Ceftriaxone >8 >8 8 – >8 0.0 / 0.0 / 100.0 0.0 / 0.0 / 100.0 

 Erythromycin >2 >2 ≤0.25 – >2 9.5 / 1.5 / 89.0 9.7 / 0.3 / 90.0 

 Clindamycin ≤0.25 >2 ≤0.25 – >2 72.6 / 0.0 / 27.4 72.3 / 0.3 / 27.4 

 Levofloxacin 4 >4 ≤0.5 – >4 31.0 / 1.5 / 67.5 31.0 / 1.5 / 67.5 

 TMP/SMXb ≤0.5 ≤0.5 ≤0.5 – >2 98.3 / 0.0 / 1.7 98.3 / 0.0 / 1.7 

 Tetracycline ≤2 ≤2 ≤2 – >8 96.5 / 0.3 / 3.2 95.0 / 0.5 / 4.5 

 Tigecyclinec   0.06 0.12 ≤0.03 – 0.5 100.0 / - / - 100.0 / 0.0 / 0.0 

 Linezolid 1 2 0.5 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Vancomycin 1 1 0.25 – 2 100.0 / 0.0 / 0.0 100.0 / 0.0 / 0.0 

 Daptomycin 0.25 0.5 ≤0.06 – 1 100.0 / - / - 100.0 / 0.0 / 0.0 
a. Criteria as published by the CLSI (2014) and EUCAST (2014). 
b. TMP/SMX: trimethoprim/sulfamethoxazole. 
c. In the absence of CLSI breakpoints, USA-FDA breakpoints were applied when available (Tygacil Product Insert, 2012).  

CLSI/USA-FDA breakpoints 
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