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Table 1. Frequency of Occurrence of Ceftaroline MIC Values for Bacterial Strains Collected from ¢cSSSI in the USA

No. of strains (cumulative %) inhibited at ceftaroline MIC (ug/mL)

Introduction

Abstract
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Background: Ceftaroline (CPT) is the active metabolite of Ceftaroline is the active metabolite of the prodrug ceftaroline . Ceftarol_me exhibited potent activity against methicillin MSSA (278) TG IS S D BEa el e Lgen  Ceftaroline demonstrated broad-spectrum activity
CPT fosamil, an N-phosphonoamino water-soluble fosamil, an N-phosphonoamino water-soluble cephalosporin. susceptible S. aureus (MSSA) isolates (MICg, and MICy,, MRSA (283) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 032  144(541)  127(989)  3(1000) against the most common cSSSI pathogens isolated in
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resistant (R) Gram-positive organisms, including methicillin- P g ’ g MICgy, 1 pg/mL). Against MSSA and MRSA, the highest MIC Klebsiella spp. (88) 0(0.0) 1(1.1) 1(2.3) 13(17.1)  31(52.3) 12 (65.9) 7(73.9) 3(77.3) 0(77.3) 0(77.3) 3(80.7) 1(81.8)
resistant Staphylococcus aureus (MRSA) and Streptococcus Staphylococcus aureus (MRSA) and Streptococcus results observed were 1 and 2 pg/mL, respectively (Tables 1 P. mirabilis (69) 0(0.0) 0(0.0) 1(15) 21 (31.9) 28 (72.5) 9 (85.5) 5 (92.8) 2 (95.7) 0(95.7) 1(97.1) 0(97.1) 0(97.1) . Activity of ceftaroline against staphylococci causing
. d .. d | f f pneumonlae and common Gram_negatlve pathogens ! E. faecalis (47) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 18 (38.3) 20 (80.9) 7 (95.7) 2 (100.0) - .. . )
pneumonlae, a_n IS N _eve opment. or tr_eatment 0 Ceftarol f’ » i q oW for the treat ¢ and 2) CoNS (46) 0(0.0) 2 (4.4) 0 (4.4) 6 (17.4) 9 (37.0) 22 (84.8) 6 (97.8) 1(100.0) : : : cSSSI was similar to that of vancomycin, daptomycin,
complicated skin and skin structure infections (cSSSI). We eitaroline Tosamil Is currently under review ior ine treatmen Enterobacter spp. (39) 0(0.0) 0(0.0) 2(5.1) 2 (10.3) 1(12.8) 13 (46.2) 10 (71.8) 1(74.4) 2 (79.5) 0(79.5) 0 (79.5) 1(82.1) and linezolid. Activity against streptococci was similar

Conclusions

tested CPT and comparator agents against SSSI pathogens.

Methods: Unique (1 per patient) clinically significant isolates
were consecutively collected from over 50 USA medical
centers in 2009. Strains were tested for susceptibility (S) by
CLSI broth microdilution against CPT and comparators
currently available for treatment of SSSI.

Results: 50.4% of S. aureus isolates were MRSA. CPT was
very active against oxacillin-S S. aureus (MSSA; MICgy,, 0.25
Mg/mL) and MRSA (MICy,, 1 pug/mL). Against MSSA, CPT
was 16-, eight- and four-fold more active than ceftriaxone
(CRO), linezolid (LZD) and vancomycin (VAN), respectively.
The highest CPT MIC among MSSA was only 1 pg/mL; and
91.0% and 99.6% of strains were inhibited at <0.25 and <0.5
ug/mL, respectively. Among MRSA, 98.9% and 100.0% of
strains were inhibited at 1 and 2 ug/mL of CPT, respectively.
MRSA showed high R rates to levofloxacin (LEV; 58.0%) and
clindamycin (30.3% [8.8% inducible R]). Against 3-haemolytic
streptococci (BHS), CPT was 64- and 32-fold more active
than LZD and VAN, respectively, and all strains were inhibited
at CPT concentration of <0.06 pg/mL. Viridans group
streptococci (VGS) were very S to CPT, while 81.3% and
90.6% of strains were penicillin- and CRO-S, respectively.
95.7% of Enterococcus faecalis were inhibited by CPT at <4
Mg/mL. CPT exhibited good activity against wild-type
Enterobacteriaceae (MIC,, 0.12 — 0.5 ug/mL), but limited
activity against CRO-R and/or ESBL-producing strains.

Ceftaroline Ceftriaxone Levofloxacin Clindamycin
8?;”'5”1 MICs, MICq, at(y;2 MICs, MICqy S:/;’C_ MICe, M|CQOS:/S°C_ MICq, M|CQOS:/§C.
SA (561) 0.5 1 100.0 8 >32 49.6 <05 >4 642 <025 >2 870
MRSA (283) 0.5 1 100.0 32 >32 0.0 4 >4 410 <025 >2 70.0
MSSA (278) 0.25 0.25 100.0 4 4 100.0 <0.5 4 878 <0.25 <0.25 83.8
BHS (314) <0.008 0.03 100.0 <0.25 <0.25 100.0 1 1 981 <025 >2 828
EC (157) 0.12 4 89.8 <025 05 917 <05 >4 66.9
KSP (88) 0.12 >32 77.3 <0.25 >32 77.3 <0.5 >4  80.7
PM (69) 0.12 0.5 95.7 <0.25 =<0.25 98.6 <0.5 >4 81.2
EF (47) 2 4 80.9 >32 >32 - 1 >4 745
CoNS (46) 0.25 0.5 100.0 4 32 80.4 <0.5 >4 65.2 <025 >2 739
ESP (39) 0.5 >32 79.5 0.5 32 74.4 <0.5 <05 974
VGS (32) 0.03 0.06 100.0 0.5 1 90.6 1 2 906 =025 >2 781

Abbreviations: SA = S. aureus; EC = E. coli; KSP = Klebsiella spp.; PM = P. mirabilis; EF = E. faecalis, ESP
= Enterobacter spp.

Conclusion: CPT demonstrated broad-spectrum activity
against the most common SSSI pathogens isolated in the
USA. This favorable antimicrobial profile suggests that CPT
may be a promising option for the treatment of cSSSI,
including those caused by MRSA.

of complicated skin and skin structure infections (cSSSIs) and
community-acquired bacterial pneumonia (CABP).

S. aureus and Streptococcus pyogenes are considered the
most important pathogens associated with cSSSI. Ceftaroline
has demonstrated excellent in vitro activity against both of
these species, as well as against coagulase-negative
staphylococci (CoNS), Enterococcus faecalis, and viridans
group streptococci, which are occasional causes of cSSSI.
Ceftaroline also demonstrates in vitro activity against
commonly isolated Enterobacteriaceae species, excluding
those that produce extended-spectrum B-lactamases (ESBLS),
derepressed AmpC enzymes, or carbapenemases.

This study evaluated the spectrum of antimicrobial activity of
ceftaroline and several comparator agents against clinical
isolates recovered from cSSSI collected in medical institutions
throughout the United States (USA).

Clinically significant, consecutively collected, nonduplicate
isolates from patients hospitalized with cSSSI in 50 USA
medical centers in 2009 were utilized for this study. A total of
1353 isolates were collected. The most prevalent pathogens
were: S. aureus (n = 561; 50.4% MRSA), B-haemolytic
streptococci (n = 314), Escherichia coli (n = 157), Klebsiella
spp. (n = 88), Proteus mirabilis (n = 69), E. faecalis (n = 47),
CoNS (n = 46), Enterobacter spp. (n = 94), and viridans group
streptococci (n = 32).

Broth microdilution methods conducted according to the CLSI
were performed to determine antimicrobial susceptibility of
ceftaroline and 20 comparators. Validated MIC panels were
manufactured by TREK Diagnostics (Cleveland, Ohio, USA). S.
aureus, E. faecalis, and Gram-negative strains were tested in
cation-adjusted Mueller-Hinton broth (MHB). Streptococcus
spp. was tested in MHB supplemented with 3-5% lysed horse
blood (MO7-A8, 2009).

Concurrent quality control (QC) testing was performed to
determine proper test conditions and procedures. QC strains
included: S. aureus ATCC 29213, E. faecalis ATCC 29212, E.
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and
S. pneumoniae ATCC 49619. Susceptibility percentages and
validation of QC results were based on the CLSI guidelines
(M100-S20-U) and susceptibility breakpoints were used to
determine susceptibility/resistance rates. No interpretive
criteria for ceftaroline susceptibility have been established.

» Ceftaroline was 16-fold more active than ceftriaxone against
MSSA based on MIC;, values. All tested agents were active
against >95% of MSSA, except erythromycin (MICy,, >2
Hg/mL; 60.1% S) and levofloxacin (MIC.,, 4 pg/mL; 87.8%
S; Table 2)

* The most active agents against MRSA were: ceftaroline
(MICgp, 1 pg/mL; 100% inhibited at <2 pg/mL), linezolid
(MICg, 2 pg/mL; 100% susceptible [S]), vancomycin (MICy,
1 pg/mL; 100% S), daptomycin (MICg,, 0.5 pg/mL; 100% S),
and tigecycline (MICy,, 0.25 pg/mL; 100% S). In contrast,
the highest resistance (R) rate to MRSA was observed with
erythromycin (86.6% R), followed by levofloxacin (58.0% R)
and clindamycin (21.2% R; Table 2)

» Against B-haemolytic streptococci, ceftaroline demonstrated
very potent activity (MIC;,, £0.008 pg/mL and MIC,,, 0.03
Hg/mL) comparable to that of penicillin (MIC,, <0.015
Hg/mL and MICy,, 0.06 pg/mL). Decreased susceptibility
was observed only with erythromycin (MICq,, >2 pg/mL;
64.6% S) and clindamycin (MICy,, >2 pg/mL; 82.8% S by
CLSI criteria; Table 2)

» Ceftaroline and ceftriaxone exhibited similar in vitro
activities against E. coli, Klebsiella spp., P. mirabilis, and
Enterobacter spp. (Table 2). Isolates susceptible to
ceftriaxone generally had low ceftaroline MIC values (data
not shown)

» Ceftaroline exhibited good in vitro activity against E.
faecalis, although MIC values were elevated compared with
those against other Gram-positive species tested (MIC,, 2
ug/mL and MICgy,, 4 ug/mL; 80.9% inhibited at <2 pg/mL;
Tables 1 and 2). All E. faecalis strains tested were
susceptible to ampicillin (MICy,, 2 pg/mL), vancomycin
(MICgy, 2 pg/mL), linezolid (MICg,, 2 pg/mL), and tigecycline
(MICg,, 0.25 pg/mL; Table 2)

» Ceftaroline activity against CoNS (MIC;,, 0.25 pg/mL and
MICg4,, 0.5 pg/mL) was similar to that observed against S.
aureus. The highest ceftaroline MIC value was 1 pug/mL
among CoNS (Tables 1 and 2)

» Viridans group streptococci, including strains resistant to
penicillin and ceftriaxone, were very susceptible to
ceftaroline (MICq,, 0.06 pg/mL; Tables 1 and 2).

Viridans group streptococci (32) 6 (18.8) 8 (43.8) 12 (81.3) 3(90.6) 2 (96.9)

0 (96.9) 1 (100.0)

CoNS = coagulase-negative staphylococci; cSSSI = complicated skin and skin structure infection; MRSA = methicillin-resistant S. aureus; MSSA = methicillin-susceptible S. aureus.

Table 2. Antimicrobial Activity of Ceftaroline and Comparator Agents Tested Against Gram-positive cSSSI Bacterial Isolates (USA,

2009)

CLSIa EUCASTa CLSIa EUCASTa

Antimicrobial agent MIC;, MICq, Range %S / %R %S / %R Antimicrobial agent MIC;, MICq, Range %S / %R %S / %R

Staphylococcus aureus (561) Klebsiella spp. (88)

CeftarolineP 0.5 1 0.12-2 -/ - -/ - CeftarolineP 0.12 >32 0.015->32 -/- -/ -
Oxacillin >2 >2 <0.25->2 49.6/50.4 49.6/50.4 Ceftriaxone <0.25 >32 <0.25->32 77.3/21.6 77.3/21.6
Ceftriaxone 8 >32 1->32 49.6/50.4 49.6/50.4 Cefepime <0.12 16 <0.12->16 88.6/9.1 81.8/13.6
Erythromycin >2 >2 <0.25->2 36.2/63.3 36.4/63.3 Ceftazidime 0.25 >32 0.03->32 77.3122.7 76.1/22.7
Clindamycin <0.25 >2 <0.25->2 87.0/12.3 86.4/13.0 Imipenem 0.25 8 <0.12->8 89.8/10.2 89.8/6.8
Levofloxacin <0.5 >4 <0.5->4 64.2/34.4 64.2/34.4 Ertapenem <0.06 >8 <0.06 — >8 89.8/10.2 89.8/10.2
Linezolid 2 2 <0.06 — 4 100.0/0.0 100.0/0.0 Piperacillin/tazobactam 4 >64 <0.5->64 81.8/13.6 76.1/18.2
Vancomycin 1 1 0.25-2 100.0/0.0 100.0/0.0 Levofloxacin <0.5 >4 <0.5->4 80.7/18.2 77.3/19.3
Daptomycin 0.5 0.5 <0.06 -1 100.0/ - 100.0/0.0 Tigecycline¢ 0.25 1 0.12-4 96.6/0.0 93.2/34
Tigecyclinec 0.12 0.25 <0.03-0.5 100.0/ - 100.0/0.0 Enterobacter spp. (39)

MSSA (278) Ceftarolineb 0.5 >32 0.03 ->32 -/- -/-
CeftarolineP 0.25 0.25 0.12-1 -/- -/- Ceftriaxone 0.5 32 <0.25->32 74.4/ 25.6 74.4 ] 25.6
Ceftriaxone 4 4 1-8 100.0/0.0 100.0/0.0 Cefepime <0.12 2 <0.12-16 97.4/0.0 89.7/2.6
Erythromycin 0.5 >2 <0.25->2 60.1/39.6 60.1/39.6 Ceftazidime 0.25 >32 0.06 — >32 79.5/20.5 76.9/20.5
Clindamycin <0.25 <0.25 <0.25->2 96.0/3.2 94.9/4.0 Imipenem 0.5 1 <0.12-2 94.9/0.0 100.0/0.0
Levofloxacin <0.5 4 <0.5->4 87.8/10.4 87.8/10.4 Ertapenem <0.06 0.5 <0.06 - 4 87.2/7.7 92.3/2.6
Linezolid 2 2 <0.06 -2 100.0/0.0 100.0/0.0 Piperacillin/tazobactam 4 64 1->64 82.1/7.7 76.9/17.9
Vancomycin 1 1 0.25-2 100.0/0.0 100.0/0.0 Levofloxacin <0.5 <0.5 <0.5->4 97.4/2.6 97.4/2.6
Daptomycin 0.25 0.5 <0.06 -1 100.0/ - 100.0/0.0 Tigecyclinec 0.5 0.5 0.25-4 97.4/0.0 97.4/2.6
Tigecycline¢ 0.12 0.25 0.06 — 0.5 100.0/ - 100.0/0.0 Proteus mirabilis (69)

MRSA (283) Ceftarolineb 0.12 0.5 0.03 ->32 -/- -/-
CeftarolineP 0.5 1 0.25-2 -/- -/ - Ceftriaxone <0.25 <0.25 <0.25-4 98.6/1.4 98.6/1.4
Ceftriaxone 32 >32 4->32 0.0/100.0 0.0/100.0 Cefepime <0.12 <0.12 <0.12-1 100.0/0.0 100.0/0.0
Erythromycin >2 >2 <0.25->2 12.7/86.6 13.1/86.6 Ceftazidime 0.06 0.06 0.03-8 98.6/0.0 98.6/1.4
Clindamycin <0.25 >2 <0.25->2 78.1/21.2 78.1/21.9 Imipenem 2 2 0.25-8 49.3/8.7 91.3/0.0
Levofloxacin 4 >4 <0.5->4 41.0/58.0 41.0/58.0 Ertapenem <0.06 <0.06 <0.06 100.0/0.0 100.0/0.0
Linezolid 2 2 05-4 100.0/0.0 100.0/0.0 Piperacillin/tazobactam <0.5 1 <0.5-4 100.0/0.0 100.0/0.0
Vancomycin 1 1 0.25-2 100.0/0.0 100.0/0.0 Levofloxacin <0.5 >4 <0.5->4 81.2/17.4 75.4/18.8
Daptomycin 0.5 0.5 <0.06 — 1 100.0/ - 100.0/0.0 Tigecyclinec 2 4 0.25->4 87.0/1.4 49.3/13.0
Tigecycline¢ 0.12 0.25 <0.03-0.5 100.0/ - 100.0/0.0 CoNS (46)

B-haemolytic streptococci (314) Ceftarolineb 0.25 0.5 0.015-1 -/ - -/ -
CeftarolineP <0.008 0.03 <0.008 - 0.06 -/ - -/- Oxacillin 1 >2 <0.25->2 30.4/69.6 30.4/69.6
Penicillin <0.015 0.06 <0.015-0.12 100.0/ - 100.0/0.0 Ceftriaxone 4 32 <0.25->32 30.4/69.6 30.4/69.6
Ceftriaxone <0.25 <0.25 <0.25-0.5 100.0/ - 100.0/0.0 Erythromycin >2 >2 <0.25->2 43.5/56.5 43.5/56.5
Erythromycin <0.25 >2 <0.25->2 64.6/34.7 64.6/34.7 Clindamycin <0.25 >2 <0.25 - >2 73.9/26.1 73.9/26.1
Clindamycin <0.25 >2 <0.25->2 82.8/16.9 83.1/16.9 Levofloxacin <0.5 >4 <0.5->4 65.2/30.4 65.2/30.4
Levofloxacin 1 1 <0.5->4 98.1/1.6 93.9/1.9 Linezolid 1 2 05-2 100.0/0.0 100.0/0.0
Linezolid 1 1 012-1 100.0/ - 100.0/0.0 Vancomycin 1 2 <0.12-4 100.0/0.0 97.8/2.2
Vancomycin 0.5 0.5 0.25-1 100.0/ - 100.0/0.0 Daptomycin 0.25 0.5 0.12-1 100.0/ - 100.0/0.0
Daptomycin <0.06 0.25 <0.06 - 0.5 100.0/ - 100.0/0.0 Tigecycline® 0.12 0.25 <0.03-0.5 -/ - 100.0/0.0
Tigecyclinec <0.03 0.06 <0.03-0.12 100.0/ - 100.0/0.0 Enterococcus faecalis (47)

Escherichia coli (157) Ceftarolineb 2 4 1-8 -/- -/-
CeftarolineP 0.12 4 0.03 —>32 -/ - -/ - Ampicillin <1 2 <1-2 100.0/0.0 100.0/0.0
Ceftriaxone <0.25 0.5 <0.25->32 91.7/8.3 91.7/8.3 Ceftriaxone >32 >32 32->32 -/- -/-
Cefepime <0.12 0.5 <0.12->16 95.5/2.5 93.6/5.1 Levofloxacin 1 >4 <0.5->4 7451255 -/-
Ceftazidime 0.25 1 0.06 —>32 92.4/7.0 91.1/7.6 Linezolid 2 2 05-2 100.0/0.0 100.0/0.0
Imipenem 0.25 0.25 <0.12-2 99.4/0.0 100.0/0.0 Vancomycin 1 2 1-2 100.0/0.0 100.0/0.0
Ertapenem <0.06 <0.06 <0.06 — 2 98.1/1.3 98.7/0.6 Daptomycin 1 2 05-8 97.9/- -/-
Piperacillin/tazobactam 2 16 <0.5->64 93.0/3.8 89.8/7.0 Tigecyclinec 0.12 0.25 <0.03-0.25 100.0/ - 100.0/0.0
Levofloxacin <0.5 >4 <0.5->4 66.9/32.5 66.9/33.1 Viridans group streptococci (32)

Tigecycline® 0.12 0.25 <0.03-1 100.0/0.0 100.0/0.0 Ceftarolineb 0.03 0.06 <0.008 - 0.5 -/ - -/ -

a. According to CLSI breakpoints [CLSI, 2010]. Penicillin 0.06 0.5 <0.015-2 81.3/0.0 81.3/0.0

b. No breakpoint has been established by CLSI, USA-FDA, or EUCAST. Levofloxacin 1 2 <05->4 90.6/9.4 -/ -

c. USA-FDA breakpoints were applied [Tygacil Package Insert, 2009]. vl 1 1 012 -1 100.0/ - /-

CoNS = coagulase-negative staphylococci; cSSSI = complicated skin and skin structure infection; EUCAST = European Vancomycin 0.5 1 0.25-1 100.0/ - 100.0/0.0

Committee on Antimicrobial Susceptibility Testing; MRSA = methicillin-resistant S. aureus; MSSA = methicillin-susceptible S. Daptomycin 0.5 1 <0.06 -1 100.0/ - -/ -

aureus; R = resistant; S = susceptible.

Tigecyclinec <0.03 0.12 <0.03-0.25 100.0/ - -/ -

to that of ceftriaxone

* The broad-spectrum activity of ceftaroline suggests that
Its prodrug, ceftaroline fosamil, may be a promising
agent for the treatment of cSSSls, including those
caused by MRSA.
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