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Ceftaroline-avibactam and comparator agents were tested by the broth microdilution method against 20,089 isolates consecu-
tively collected in 2010 and 2011 from 75 U.S. medical centers. Ceftaroline-avibactam was active against Enterobacteriaceae
(4,908 strains; MIC90, 0.25 �g/ml; highest MIC, 4 �g/ml), including meropenem-nonsusceptible Klebsiella spp. and ceftazidime-
nonsusceptible Enterobacter cloacae strains (MIC90, 1 �g/ml for both). Ceftaroline-avibactam was also active against ceftriax-
one-nonsusceptible Streptococcus pneumoniae (MIC90, 0.25 �g/ml) and methicillin-resistant Staphylococcus aureus (MIC90,
1 �g/ml).

Ceftaroline fosamil, the prodrug form of the active metabolite
ceftaroline, is a cephalosporin with notable in vitro bacteri-

cidal activity against organisms commonly responsible for com-
munity-acquired bacterial pneumonia (CABP) and acute bacte-
rial skin and skin-structure infections (ABSSSIs), including
multidrug-resistant (MDR) Streptococcus pneumoniae and meth-
icillin (oxacillin)-resistant Staphylococcus aureus (MRSA) (1, 2).
Ceftaroline is also active against common Enterobacteriaceae spe-
cies but, like many cephalosporins, has limited potencies against
isolates producing extended-spectrum �-lactamases (ESBLs),
cephalosporinases, and carbapenemases (2). However, the spec-
trum of activity of ceftaroline can be expanded when it is com-
bined with avibactam, a �-lactamase inhibitor (3). Ceftaroline
fosamil was approved by the U.S. Food and Drug Administration
(FDA) in late 2010 for the treatment of ABSSSIs and CABP and
more recently by the European Medicines Agency (EMA) for the
treatment of complicated skin and soft tissue infections and com-
munity-acquired pneumonia (4).

Avibactam (formerly NXL104) is a non-�-lactam �-lactamase
inhibitor currently in clinical development with ceftazidime and
ceftaroline. Avibactam has very limited intrinsic antibacterial ac-
tivity but efficiently protects �-lactams from hydrolysis by a vari-
ety of strains producing Ambler class A, C, and some D enzymes,
including ESBLs and Klebsiella pneumoniae carbapenemase
(KPC) �-lactamases (5). Thus, the addition of avibactam restores
ceftaroline activity against Enterobacteriaceae strains that are resis-
tant to broad-spectrum �-lactams due to the production of these
hydrolytic enzymes (3). We report the in vitro activity of ceftaro-
line combined with avibactam (fixed concentration of 4 �g/ml)
tested against bacterial organisms isolated in U.S. medical centers
during 2010 and 2011 as part of a worldwide resistance surveil-
lance program.

A total of 20,089 bacterial isolates were collected from 75 med-
ical centers distributed across all U.S. census regions (4 to 10 med-
ical centers per region) for this surveillance program in 2010 and
2011. Organisms were consecutively collected from patients with
clinical infections, as defined by local clinical criteria, and target
numbers of strains for each of the requested bacterial species/
genera were predetermined by study protocol. Species identifica-
tion was performed at the participant medical center and con-
firmed at the monitor laboratory (JMI Laboratories, North
Liberty, IA) using the Vitek system (bioMérieux, St. Louis, MO) or

matrix-assisted laser desorption ionization–time of flight
(MALDI-TOF) mass spectrometry (Bruker Daltonics, Bremen,
Germany) when necessary. Only one strain per patient infection
episode was included in the surveillance study. The isolates were
from respiratory tract infections (34.4%), bloodstream infections
(28.3%), skin and skin structure infections (24.3%), urinary tract
infections (7.1%), and infections of other sites (5.9%).

Isolates were tested for susceptibility to ceftaroline-avibactam
and multiple comparator agents at a central (monitor) laboratory
(JMI Laboratories, North Liberty, IA) by reference broth microdi-
lution methods as described by the Clinical and Laboratory Stan-
dards Institute (CLSI) M07-A9 (2012) document (6). Ceftaroline
and comparator agents’ MIC results were interpreted according to
CLSI criteria in M100-S23 (7) and M45-A (8), as well as EUCAST
breakpoint tables (version 3.0, January 2013) (9). FDA breakpoint
criteria were also applied for ceftaroline and tigecycline (10,
11). Ceftaroline was combined with avibactam at a fixed con-
centration of 4 �g/ml. Escherichia coli and Klebsiella isolates
were grouped as ESBL-phenotype and non-ESBL-phenotype
strains based on the CLSI screening criteria for ESBL produc-
tion (7). Those isolates with positive ESBL screening tests, i.e.,
MICs of �2 �g/ml for ceftazidime, ceftriaxone, or aztreonam,
were categorized as ESBL-phenotype strains for the purpose of
analysis of susceptibility testing results. Although an ESBL con-
firmation test was not performed and other �-lactamases, such
as AmpC and K. pneumoniae carbapenemases (KPCs), may also
produce an ESBL phenotype, these strains were grouped to-
gether because they usually demonstrate resistance to various
broad-spectrum �-lactam compounds.

Using the FDA, CLSI, and EUCAST breakpoints for ceftaroline
(�0.5 �g/ml for susceptibility by all three criteria), ceftaroline-
avibactam was among the most active agents tested against Entero-
bacteriaceae, with 98.5% susceptibility. Only 10 of 4,908 (0.2%)
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strains had a ceftaroline-avibactam MIC of �2 �g/ml, which is the
resistance breakpoint established by the CLSI and the FDA for
ceftaroline (Tables 1 and 2) (7).

All E. coli isolates were inhibited at ceftaroline-avibactam
MICs of �0.5 �g/ml (MIC50/90, �0.03/0.06 �g/ml). Among
non-ESBL-phenotype strains, 97.7% of strains were inhibited
at ceftaroline-avibactam MICs of �0.06 �g/ml (highest MIC,
0.25 �g/ml) (Table 2). ESBL-phenotype strains also were sus-
ceptible to ceftaroline-avibactam (MIC50/90, 0.06/0.12 �g/ml)
but showed low susceptibility to ceftriaxone (5.7%), ceftazi-
dime (31.0% by CLSI criteria), levofloxacin (15.8%) and gen-
tamicin (70.3% by CLSI criteria) (Table 2).

Ceftaroline-avibactam was active against Klebsiella strains
(MIC50/90 of 0.06/0.12 �g/ml), including strains with an ESBL
phenotype (MIC50/90 of 0.12/0.5 �g/ml; 90.9 and 98.6% of strains
inhibited at �0.5 and �1 �g/ml, respectively) (Table 1). Rates of
resistance to other broad-spectrum cephalosporins were high
among ESBL-phenotype Klebsiella spp. (88.7 and 68.0% resis-
tance to ceftriaxone and ceftazidime, respectively, according to
CLSI breakpoints) (Table 2). Decreased susceptibility to mero-
penem (MIC, �2 �g/ml) was observed in 26.2% of ESBL-pheno-
type Klebsiella strains (Table 2), whereas 68.1 and 95.8% of car-
bapenem-nonsusceptible K. pneumoniae strains were inhibited at
ceftaroline-avibactam MIC values of �0.5 and �1 �g/ml, respec-
tively (MIC50/90 of 0.5/1 �g/ml) (Table 1).

When tested against Enterobacter cloacae, ceftaroline-avibac-
tam (MIC50/90, 0.12/0.25 �g/ml) inhibited 96.3% of isolates at
MICs of 0.5 �g/ml or less, and the highest MIC value was 2 �g/ml
(Table 1). Moreover, only 78.9% of E. cloacae strains were suscep-
tible to ceftazidime according to the CLSI breakpoint (MIC, �4
�g/ml), and ceftaroline-avibactam was active against both cefta-
zidime-susceptible (MIC50/90, 0.12/0.25 �g/ml) and ceftazidime-
nonsusceptible (MIC50/90, 0.25/1 �g/ml, highest MIC at 2 �g/ml)
strains. Among ceftazidime-nonsusceptible E. cloacae isolates,
83.8 and 96.3% of strains were inhibited at �0.5 and �1 �g/ml of
ceftaroline-avibactam, respectively (Table 1), and 7.5% of strains
were nonsusceptible to meropenem (MIC, �2 �g/ml) (Table 2).

Ceftaroline-avibactam inhibited all strains of Enterobacter
aerogenes (MIC50/90, 0.06/0.12 �g/ml), Morganella morganii
(MIC50/90, �0.03/0.12 �g/ml), and Proteus mirabilis (MIC50/90,
0.06/0.12 �g/ml) at �0.5 �g/ml, whereas against Serratia marc-
escens (MIC50/90, 0.5/1 �g/ml), 89.0 and 98.3% of strains were
inhibited at MICs of �0.5 and �1 �g/ml, respectively. Citrobacter
freundii (MIC50/90, 0.06/0.12 �g/ml) and Citrobacter koseri
(MIC50/90, 0.06/0.12 �g/ml) were also susceptible to ceftaroline-
avibactam (Tables 1 and 2). Ceftaroline-avibactam (MIC50/90,
4/16 �g/ml) showed limited activity against Pseudomonas aerugi-
nosa (Table 1).

A total of 3,349 pneumococcal isolates were evaluated, and
ceftaroline-avibactam (MIC50/90, �0.03/0.12 �g/ml) showed in
vitro activity very similar to that of ceftaroline alone (MIC50/90,
�0.015/0.12 �g/ml) (data not shown). The highest ceftaroline-
avibactam MIC value observed against S. pneumoniae was 0.5
�g/ml (33 strains [1.0%]) (Table 1), and it was active against S.
pneumoniae strains with penicillin MICs of �8 �g/ml (n � 52;
MIC50/90, 0.25/0.5 �g/ml) and ceftriaxone-nonsusceptible strains
(n � 372; MIC50 and MIC90, 0.25 �g/ml) (Table 1).

Ceftaroline-avibactam exhibited potent in vitro activity against
Haemophilus influenzae (MIC50 and MIC90, �0.03 �g/ml), and
100.0% of strains were inhibited at ceftaroline-avibactam MICs of

�0.06 �g/ml (Table 1). Overall, 27.3% of strains were �-lacta-
mase producers, and ceftaroline-avibactam activity was not ad-
versely affected by �-lactamase production (Table 1). All strains of
Haemophilus parainfluenzae were inhibited at ceftaroline-avibac-
tam MICs of �0.12 �g/ml (MIC50 and MIC90, �0.03 �g/ml), and
ceftaroline-avibactam was also active against Moraxella catarrhalis
(MIC50 and MIC90, �0.03 �g/ml).

The addition of avibactam did not adversely affect ceftaroline
activity against S. aureus (data not shown). Ceftaroline-avibactam
was active against S. aureus (4,315 strains tested), including MRSA
(MIC50/90, 0.5/1 �g/ml). All S. aureus isolates were inhibited at a
ceftaroline-avibactam MIC of �2 �g/ml, and 98.4% were inhib-
ited at a ceftaroline-avibactam MIC of �1 �g/ml, which is the
susceptibility breakpoint established by the CLSI, the FDA, and
EUCAST for ceftaroline. Ceftaroline-avibactam was also active
against coagulase-negative Staphylococcus spp. (MIC50/90, 0.25/0.5
�g/ml), �-hemolytic streptococci (n � 2,345; MIC50/90, �0.03/
�0.03 �g/ml), and viridans group streptococci (VGS; MIC50/90,
�0.03/0.12 �g/ml) (Table 1).

Antimicrobial resistance among Gram-negative organisms is
particularly worrisome since some organisms have acquired suf-
ficient resistance mechanisms to render them untreatable by vir-
tually all clinically available antimicrobials (12, 13). The �-lactam
class still represents the mainstay for treatment of Gram-negative
infections, and the most common mechanism of resistance
among these organisms has been the production of various �-lac-
tamases capable of hydrolyzing the �-lactam ring. Avibactam is a
diazabicyclooctane (DBO) inhibitor, and it is currently in phase 2
and 3 clinical trials combined with ceftaroline and ceftazidime (5).
Avibactam was demonstrated to effectively inhibit Ambler class A
(e.g., ESBL and KPC), C (AmpC), and some D (OXA-like) en-
zymes and consequently expands the spectrum of activity for cef-
taroline to include most clinically significant MDR Enterobacteri-
aceae (3, 14).

In the present study, more than 20,000 contemporary bac-
terial isolates collected from U.S. medical centers during 2010
and 2011 were tested, including nearly 5,000 isolates of Entero-
bacteriaceae. The highest ceftaroline-avibactam MIC value ob-
served among Enterobacteriaceae strains was only 4 �g/ml, and
98.5% of strains were inhibited at �0.5 �g/ml, which is the
ceftaroline susceptibility breakpoint established by the FDA,
the CLSI, and EUCAST for these organisms. E. coli and Kleb-
siella isolates with an ESBL phenotype were generally suscepti-
ble to ceftaroline-avibactam.

In conclusion, ceftaroline-avibactam demonstrated potent
in vitro activity and broad antimicrobial coverage against a
large collection of contemporary (2010-2011) strains from U.S.
hospitals. Ceftaroline-avibactam exhibited greater activity
than did other �-lactams currently available for clinical use
against Enterobacteriaceae, including the carbapenems. Fur-
thermore, ceftaroline-avibactam showed in vitro activity
against staphylococci (including methicillin-resistant strains),
S. pneumoniae (including ceftriaxone-nonsusceptible and
MDR strains), and other streptococci of clinical importance.
With its potent, broad-spectrum profile, ceftaroline-avibactam
warrants further development among clinical indications
where MDR Gram-positive or �-lactamase-producing Entero-
bacteriaceae may be a concern.

Ceftaroline-Avibactam Activity in U.S. Medical Centers

April 2013 Volume 57 Number 4 aac.asm.org 1983

http://aac.asm.org


T
A

B
LE

1
Su

m
m

ar
y

of
ce

ft
ar

ol
in

e-
av

ib
ac

ta
m

ac
ti

vi
ty

te
st

ed
ag

ai
n

st
20

,0
89

or
ga

n
is

m
s

fr
om

U
.S

.m
ed

ic
al

ce
n

te
rs

(2
01

0-
20

11
)

O
rg

an
is

m
(n

o.
of

is
ol

at
es

te
st

ed
)a

N
o.

of
is

ol
at

es
(c

u
m

u
la

ti
ve

%
)

in
h

ib
it

ed
at

M
IC

(�
g/

m
l)

:
M

IC
5

0

(�
g/

m
l)

M
IC

9
0

(�
g/

m
l)

�
0.

03
0.

06
0.

12
0.

25
0.

5
1

2
4

8
16

�
16

E
nt

er
ob

ac
te

ri
ac

ea
e

(4
,9

08
)

2,
02

8
(4

1.
3)

1,
65

6
(7

5.
0)

65
6

(8
8.

4)
32

5
(9

5.
0)

17
2

(9
8.

5)
61

(9
9.

8)
7

(�
99

.9
)

3
(1

00
.0

)
0.

06
0.

25
E

sc
he

ri
ch

ia
co

li
(1

,3
75

)
1,

02
4

(7
4.

5)
28

7
(9

5.
3)

49
(9

8.
9)

13
(9

9.
9)

2
(1

00
.0

)
�

0.
03

0.
06

N
on

-E
SB

L
ph

en
ot

yp
e

(1
,2

17
)

96
1

(7
9.

0)
22

8
(9

7.
7)

24
(9

9.
7)

4
(1

00
.0

)
�

0.
03

0.
06

E
SB

L
ph

en
ot

yp
e

(1
58

)
63

(3
9.

9)
59

(7
7.

2)
25

(9
3.

0)
9

(9
8.

7)
2

(1
00

.0
)

0.
06

0.
12

K
le

bs
ie

lla
sp

p.
(1

,9
64

)
61

9
(3

1.
5)

85
1

(7
4.

8)
31

1
(9

0.
6)

11
4

(9
6.

4)
44

(9
8.

7)
24

(9
9.

8)
2

(1
00

.0
)

0.
06

0.
12

N
on

-E
SB

L
ph

en
ot

yp
e

(1
,6

89
)

59
0

(3
4.

9)
80

1
(8

2.
4)

23
2

(9
6.

1)
56

(9
9.

4)
10

(1
00

.0
)

0.
06

0.
12

E
SB

L
ph

en
ot

yp
e

(2
75

)
29

(1
0.

5)
50

(2
8.

7)
79

(5
7.

5)
58

(7
8.

5)
34

(9
0.

9)
23

(9
8.

6)
2

(1
00

.0
)

0.
12

0.
5

M
er

op
en

em
n

on
su

sc
ep

ti
bl

e
(7

2)
3

(4
.2

)
2

(6
.9

)
11

(2
2.

2)
13

(4
0.

3)
20

(6
8.

1)
21

(9
5.

8)
2

(1
00

.0
)

0.
5

1
K

le
bs

ie
lla

pn
eu

m
on

ia
e

(1
,4

71
)

39
0

(2
6.

5)
67

4
(7

2.
3)

26
2

(9
0.

1)
84

(9
5.

9)
38

(9
8.

4)
21

(9
9.

8)
2

(1
00

.0
)

0.
06

0.
12

K
le

bs
ie

lla
ox

yt
oc

a
(4

93
)

22
9

(4
6.

5)
17

7
(8

2.
4)

49
(9

2.
3)

30
(9

8.
4)

6
(9

9.
6)

2
(1

00
.0

)
0.

06
0.

12
P

ro
te

us
m

ir
ab

ili
s

(2
30

)
39

(1
7.

0)
14

2
(7

8.
7)

41
(9

6.
5)

7
(9

9.
6)

1
(1

00
.0

)
0.

06
0.

12
N

on
-E

SB
L

ph
en

ot
yp

e
(2

22
)

38
(1

7.
1)

13
6

(7
8.

4)
41

(9
6.

8)
6

(9
9.

5)
1

(1
00

.0
)

0.
06

0.
12

E
SB

L
ph

en
ot

yp
e

(8
)

1
(1

2.
5)

6
(8

7.
5)

0
(8

7.
5)

1
(1

00
.0

)
0.

06
E

nt
er

ob
ac

te
r

cl
oa

ca
e

(3
79

)
29

(7
.7

)
10

1
(3

4.
3)

14
3

(7
2.

0)
70

(9
0.

5)
22

(9
6.

3)
11

(9
9.

2)
3

(1
00

.0
)

0.
12

0.
25

C
ef

ta
zi

di
m

e
su

sc
ep

ti
bl

e
(2

99
)

29
(9

.7
)

10
0

(4
3.

1)
13

0
(8

6.
6)

35
(9

8.
3)

4
(9

9.
7)

1
(1

00
.0

)
0.

12
0.

25
C

ef
ta

zi
di

m
e

n
on

su
sc

ep
ti

bl
e

(8
0)

1
(1

.3
)

13
(1

7.
5)

35
(6

1.
3)

18
(8

3.
8)

10
(9

6.
3)

3
(1

00
.0

)
0.

25
1

E
nt

er
ob

ac
te

r
ae

ro
ge

ne
s

(1
43

)
66

(4
6.

2)
60

(8
8.

1)
10

(9
5.

1)
5

(9
8.

6)
2

(1
00

.0
)

0.
06

0.
12

C
ef

ta
zi

di
m

e
su

sc
ep

ti
bl

e
(1

23
)

66
(5

3.
7)

44
(8

9.
4)

8
(9

5.
9)

4
(9

9.
2)

1
(1

00
.0

)
�

0.
03

0.
12

C
ef

ta
zi

di
m

e
n

on
su

sc
ep

ti
bl

e
(2

0)
16

(8
0.

0)
2

(9
0.

0)
1

(9
5.

0)
1

(1
00

.0
)

0.
06

0.
12

M
or

ga
ne

lla
m

or
ga

ni
i(

30
8)

16
5

(5
3.

6)
94

(8
4.

1)
30

(9
3.

8)
13

(9
8.

1)
6

(1
00

.0
)

�
0.

03
0.

12
C

it
ro

ba
ct

er
ko

se
ri

(1
15

)
57

(4
9.

6)
45

(8
8.

7)
8

(9
5.

7)
4

(9
9.

1)
0

(9
9.

1)
1

(1
00

.0
)

0.
06

0.
12

C
it

ro
ba

ct
er

fr
eu

nd
ii

(1
57

)
29

(1
8.

5)
75

(6
6.

2)
39

(9
1.

1)
8

(9
6.

2)
1

(9
6.

8)
4

(9
9.

4)
1

(1
00

.0
)

0.
06

0.
12

Se
rr

at
ia

m
ar

ce
sc

en
s

(2
37

)
1

(0
.4

)
25

(1
1.

0)
91

(4
9.

4)
94

(8
9.

0)
22

(9
8.

3)
1

(9
8.

7)
3

(1
00

.0
)

0.
5

1

P
se

ud
om

on
as

ae
ru

gi
no

sa
(2

13
)

1
(0

.5
)

10
(5

.2
)

61
(3

3.
8)

63
(6

3.
4)

45
(8

4.
5)

18
(9

3.
0)

15
(1

00
.0

)
4

16
St

re
pt

oc
oc

cu
s

pn
eu

m
on

ia
e

(3
,3

49
)

2,
27

8
(6

8.
0)

28
7

(7
6.

6)
50

4
(9

1.
6)

24
7

(9
9.

0)
33

(1
00

.0
)

�
0.

03
0.

12
P

en
ic

ill
in

M
IC

of
�

2
�

g/
m

l(
75

8)
1

(0
.1

)
32

(4
.4

)
44

6
(6

3.
2)

24
6

(9
5.

6)
33

(1
00

.0
)

0.
12

0.
25

P
en

ic
ill

in
M

IC
of

�
8

�
g/

m
l(

52
)

1
(1

.9
)

5
(1

1.
5)

28
(6

5.
4)

18
(1

00
.0

)
0.

25
0.

5
C

ef
tr

ia
xo

n
e

n
on

su
sc

ep
ti

bl
e

(3
72

)
1

(0
.3

)
2

(0
.8

)
13

4
(3

6.
8)

20
2

(9
1.

1)
33

(1
00

.0
)

0.
25

0.
5

H
ae

m
op

hi
lu

s
in

flu
en

za
e

(1
,6

79
)

1,
67

5
(9

9.
8)

4
(1

00
.0

)
�

0.
03

�
0.

03
�

-L
ac

ta
m

as
e

n
eg

at
iv

e
(1

,2
20

)
1,

21
8

(9
9.

8)
2

(1
00

.0
)

�
0.

03
�

0.
03

�
-L

ac
ta

m
as

e
po

si
ti

ve
(4

59
)

45
7

(9
9.

6)
2

(1
00

.0
)

�
0.

03
�

0.
03

H
ae

m
op

hi
lu

s
pa

ra
in

flu
en

za
e

(1
90

)
18

7
(9

8.
4)

2
(9

9.
5)

1
(1

00
.0

)
�

0.
03

�
0.

03
M

or
ax

el
la

ca
ta

rr
ha

lis
(4

94
)

49
1

(9
9.

4)
2

(9
9.

8)
1

(1
00

.0
)

�
0.

03
�

0.
03

St
ap

hy
lo

co
cc

us
au

re
us

(4
,3

15
)

2
(0

.0
)

15
(0

.4
)

36
3

(8
.8

)
1,

79
0

(5
0.

3)
1,

49
5

(8
4.

9)
58

2
(9

8.
4)

68
(1

00
.0

)
0.

25
1

M
SS

A
(2

,1
72

)
2

(0
.1

)
15

(0
.8

)
36

1
(1

7.
4)

1,
72

3
(9

6.
7)

71
(1

00
.0

)
0.

25
0.

25
M

R
SA

(2
,1

43
)

2
(0

.1
)

67
(3

.2
)

1,
42

4
(6

9.
7)

58
2

(9
6.

8)
68

(1
00

.0
)

0.
5

1

C
oN

S
(1

,1
31

)
63

(5
.6

)
21

7
(2

4.
8)

20
4

(4
2.

8)
37

3
(7

5.
8)

24
6

(9
7.

5)
22

(9
9.

5)
6

(1
00

.0
)

0.
25

0.
5

M
SC

oN
S

(4
13

)
56

(1
3.

6)
20

3
(6

2.
7)

13
0

(9
4.

2)
24

(1
00

.0
)

0.
06

0.
12

M
R

C
oN

S
(7

18
)

7
(1

.0
)

14
(2

.9
)

74
(1

3.
2)

34
9

(6
1.

8)
24

6
(9

6.
1)

22
(9

9.
2)

6
(1

00
.0

)
0.

25
0.

5
St

ap
hy

lo
co

cc
us

ep
id

er
m

id
is

(2
40

)
15

(6
.3

)
40

(2
2.

9)
37

(3
8.

3)
86

(7
4.

2)
59

(9
8.

8)
3

(1
00

.0
)

0.
25

0.
5

St
ap

hy
lo

co
cc

us
ha

em
ol

yt
ic

us
(2

0)
3

(1
5.

0)
9

(6
0.

0)
3

(7
5.

0)
2

(8
5.

0)
3

(1
00

.0
)

0.
25

2
St

ap
hy

lo
co

cc
us

ho
m

in
is

(2
7)

2
(7

.4
)

10
(4

4.
4)

11
(8

5.
2)

4
(1

00
.0

)
0.

25
0.

5

�
-H

em
ol

yt
ic

st
re

pt
oc

oc
ci

(2
,3

45
)

2,
32

3
(9

9.
1)

21
(1

00
.0

)
1

(1
00

.0
)

�
0.

03
�

0.
03

G
ro

u
p

A
St

re
pt

oc
oc

cu
s

(9
13

)
90

9
(9

9.
6)

3
(9

9.
9)

1
(1

00
.0

)
�

0.
03

�
0.

03
G

ro
u

p
B

St
re

pt
oc

oc
cu

s
(1

,1
37

)
1,

13
2

(9
9.

6)
5

(1
00

.0
)

�
0.

03
�

0.
03

G
ro

u
p

C
St

re
pt

oc
oc

cu
s

(1
57

)
15

2
(9

6.
8)

5
(1

00
.0

)
�

0.
03

�
0.

03

V
ir

id
an

s
gr

ou
p

st
re

pt
oc

oc
ci

(1
,0

51
)

80
1

(7
6.

2)
12

3
(8

7.
9)

58
(9

3.
4)

30
(9

6.
3)

27
(9

8.
9)

12
(1

00
.0

)
�

0.
03

0.
12

St
re

pt
oc

oc
cu

s
an

gi
no

su
s

(9
0)

81
(9

0.
0)

8
(9

8.
9)

0
(9

8.
9)

0
(9

8.
9)

1
(1

00
.0

)
�

0.
03

�
0.

03
E

nt
er

oc
oc

cu
s

fa
ec

al
is

(4
14

)
4

(1
.0

)
11

(3
.6

)
72

(2
1.

0)
21

2
(7

2.
2)

55
(8

5.
5)

49
(9

7.
3)

11
(1

00
.0

)
2

8

a
A

bb
re

vi
at

io
n

s:
M

SS
A

,m
et

h
ic

ill
in

-s
u

sc
ep

ti
bl

e
S.

au
re

us
;C

oN
S,

co
ag

u
la

se
-n

eg
at

iv
e

st
ap

h
yl

oc
oc

ci
;M

SC
oN

S,
m

et
h

ic
ill

in
-s

u
sc

ep
ti

bl
e

co
ag

u
la

se
-n

eg
at

iv
e

st
ap

h
yl

oc
oc

ci
;M

R
C

oN
S,

m
et

h
ic

ill
in

-r
es

is
ta

n
t

co
ag

u
la

se
-n

eg
at

iv
e

st
ap

h
yl

oc
oc

ci
.

Sader et al.

1984 aac.asm.org Antimicrobial Agents and Chemotherapy

http://aac.asm.org


TABLE 2 Activities of ceftaroline-avibactam, ceftaroline, and selected comparator antimicrobial agents when tested against Enterobacteriaceae and
P. aeruginosa

Organism and antimicrobial agent
(no. of isolates tested)

MIC (�g/ml) % S/% Ra

MIC50 MIC90 Range CLSI EUCAST

Enterobacteriaceae (4,908)
Ceftaroline-avibactam 0.06 0.25 �0.03–4
Ceftaroline 0.12 32 �0.015–�32 80.6/15.2 (80.6/15.2)b 80.6/19.4
Ceftriaxone �0.06 8 �0.06–�8 87.0/12.1 87.0/12.1
Ceftazidime 0.12 8 �0.015–�32 89.6/9.2 87.3/10.4
Ampicillin-sulbactam 8 �32 �0.25–�32 58.6/25.0 58.6/41.4
Piperacillin-tazobactam 2 16 �0.5–�64 91.5/5.6 88.3/8.5
Meropenem �0.12 �0.12 �0.12–�8 98.3/1.5 98.5/1.1
Gentamicin �1 2 �1–�8 92.0/6.8 91.1/8.0
Levofloxacin �0.5 �4 �0.5–�4 84.3/14.3 82.9/15.7
Tigecyclinec 0.25 1 �0.03–�4 98.3/0.2 94.4/1.7

Escherichia coli
Total (1,375)

Ceftaroline-avibactam �0.03 0.06 �0.03–0.5
Ceftaroline 0.12 16 �0.015–�32 83.8/13.6 (83.8/13.6)b 83.8/16.2
Ceftriaxone �0.06 8 �0.06–�8 89.2/10.6 89.2/10.6
Ceftazidime 0.12 2 �0.015–�32 92.1/6.3 89.3/7.9
Ampicillin-sulbactam 8 �32 �0.25–�32 54.0/24.6 54.0/46.0
Piperacillin-tazobactam 2 8 �0.5–�64 94.5/3.1 92.2/5.5
Meropenem �0.12 �0.12 �0.12–1 100.0/0.0 100.0/0.0
Gentamicin �1 �8 �1–�8 88.2/11.3 87.6/11.8
Levofloxacin �0.5 �4 �0.5–�4 70.1/29.5 70.0/29.9
Tigecyclinec 0.12 0.25 �0.03–1 100.0/0.0 100.0/0.0

Non-ESBL phenotype (1,217)
Ceftaroline-avibactam �0.03 0.06 �0.03–0.25
Ceftaroline 0.06 0.5 �0.015–32 94.3/2.9 (94.3/2.9)b 94.3/5.7
Ceftriaxone �0.06 0.12 �0.06–1 100.0/0.0 100.0/0.0
Ceftazidime 0.12 0.25 �0.015–1 100.0/0.0 100.0/0.0
Ampicillin-sulbactam 4 32 �0.25–�32 59.3/18.8 59.3/40.7
Piperacillin-tazobactam 2 4 �0.5–�64 97.2/1.8 96.3/2.8
Meropenem �0.12 �0.12 �0.12–0.25 100.0/0.0 100.0/0.0
Gentamicin �1 4 �1–�8 90.6/8.9 90.0/9.4
Levofloxacin �0.5 �4 �0.5–�4 77.2/22.5 77.0/22.8
Tigecyclinec 0.12 0.25 �0.03–1 100.0/0.0 100.0/0.0

ESBL phenotype (158)
Ceftaroline-avibactam 0.06 0.12 �0.03–0.5
Ceftaroline �32 �32 0.12–�32 2.5/96.2 (2.5/96.2)b 2.5/97.5
Ceftriaxone �8 �8 0.12–�8 5.7/92.4 5.7/92.4
Ceftazidime 16 �32 0.25–�32 31.0/54.4 7.0/69.0
Ampicillin-sulbactam 32 �32 4–�32 13.3/69.0 13.3/86.7
Piperacillin-tazobactam 8 �64 1–�64 73.4/13.3 60.8/26.6
Meropenem �0.12 �0.12 �0.12–1 100.0/0.0 100.0/0.0
Gentamicin �1 �8 �1–�8 70.3/29.7 69.0/29.7
Levofloxacin �4 �4 �0.5–�4 15.8/82.9 15.8/84.2
Tigecyclinec 0.12 0.25 0.06–0.5 100.0/0.0 100.0/0.0

Klebsiella spp.d

Total (1,964)
Ceftaroline-avibactam 0.06 0.12 �0.03–4
Ceftaroline 0.12 �32 �0.015–�32 83.6/14.2 (83.6/14.2)b 83.6/16.4
Ceftriaxone �0.06 �8 �0.06–�8 87.0/12.5 87.0/12.5
Ceftazidime 0.12 8 �0.015–�32 89.8/9.5 87.8/10.2
Ampicillin-sulbactam 8 �32 0.5–�32 72.9/16.3 72.9/27.1
Piperacillin-tazobactam 2 32 �0.5–�64 89.5/8.8 84.5/10.5
Meropenem �0.12 �0.12 �0.12–�8 96.3/3.4 96.6/2.7
Gentamicin �1 �1 �1–�8 93.8/4.4 93.0/6.2
Levofloxacin �0.5 2 �0.5–�4 90.1/8.9 88.7/9.9
Tigecyclinec 0.25 1 0.06–�4 98.8/0.1 95.5/1.2

(Continued on following page)
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TABLE 2 (Continued)

Organism and antimicrobial agent
(no. of isolates tested)

MIC (�g/ml) % S/% Ra

MIC50 MIC90 Range CLSI EUCAST

Non-ESBL phenotype (1,689)
Ceftaroline-avibactam 0.06 0.12 �0.03–0.5
Ceftaroline 0.12 0.5 �0.015–8 97.0/0.7 (97.0/0.7)b 97.0/3.0
Ceftriaxone �0.06 0.12 �0.06–1 100.0/0.0 100.0/0.0
Ceftazidime 0.12 0.25 �0.015–1 100.0/0.0 100.0/0.0
Ampicillin-sulbactam 4 16 0.5–�32 84.1/4.9 84.1/15.9
Piperacillin-tazobactam 2 8 �0.5–�64 98.9/0.7 94.9/1.1
Meropenem �0.12 �0.12 �0.12–0.25 100.0/0.0 100.0/0.0
Gentamicin �1 �1 �1–�8 99.1/0.8 99.1/0.9
Levofloxacin �0.5 �0.5 �0.5–�4 98.4/0.9 97.5/1.6
Tigecyclinec 0.25 0.5 0.06–�4 99.2/0.1 96.6/0.8

ESBL phenotype (275)
Ceftaroline-avibactam 0.12 0.5 �0.03–4
Ceftaroline �32 �32 0.12–�32 1.5/96.7 (1.5/96.7)b 1.5/98.5
Ceftriaxone �8 �8 0.12–�8 7.3/88.7 7.3/88.7
Ceftazidime 32 �32 0.12–�32 27.6/68.0 13.4/72.5
Ampicillin-sulbactam �32 �32 2–�32 4.3/86.2 4.3/95.7
Piperacillin-tazobactam �64 �64 1–�64 31.9/58.7 21.0/68.1
Meropenem �0.12 �8 �0.12–�8 73.9/23.9 76.1/19.2
Gentamicin 2 �8 �1–�8 62.0/26.8 55.8/38.0
Levofloxacin �4 �4 �0.5–�4 39.5/57.2 35.1/60.5
Tigecyclinec 0.5 2 0.06–4 96.7/0.0 89.1/3.3

Proteus mirabilis (230)
Ceftaroline-avibactam 0.06 0.12 0.03–0.5
Ceftaroline 0.12 0.25 0.03–�32 93.0/3.9 (93.0/3.9)b 93.0/7.0
Ceftriaxone �0.06 �0.06 �0.06–�8 97.4/2.2 97.4/2.2
Ceftazidime 0.06 0.12 0.03–4 100.0/0.0 97.8/0.0
Ampicillin-sulbactam 1 8 �0.25–32 90.4/2.6 90.4/9.6
Piperacillin-tazobactam �0.5 1 �0.5–�64 99.6/0.4 99.6/0.4
Meropenem �0.06 �0.06 �0.06–0.5 100.0/0.0 100.0/0.0
Gentamicin �1 4 �1–�8 90.0/6.5 87.8/10.0
Levofloxacin �0.12 �4 �0.12–�4 76.0/19.2 73.4/24.0
Tigecyclinec 2 4 0.12–�4 83.4/0.9 45.4/16.6

Enterobacter cloacae
Total (379)

Ceftaroline-avibactam 0.12 0.25 �0.015–2
Ceftaroline 0.25 �32 �0.015–�32 72.8/23.7 (72.8/23.7)b 72.8/27.2
Ceftriaxone 0.25 �8 �0.06–�8 75.7/22.7 75.7/22.7
Ceftazidime 0.25 �32 0.03–�32 78.9/19.8 76.5/21.1
Ampicillin-sulbactam 16 �32 1–�32 34.6/43.3 34.6/65.4
Piperacillin-tazobactam 2 64 �0.5–�64 83.1/8.4 80.7/16.9
Meropenem �0.06 �0.06 �0.06–�8 98.4/1.3 98.7/0.3
Gentamicin �1 �1 �1–�8 94.4/5.0 94.2/5.6
Levofloxacin �0.12 0.5 �0.12–�4 93.4/5.3 92.9/6.6
Tigecyclinec 0.25 0.5 0.12–4 98.4/0.0 96.0/1.6

Ceftazidime susceptible (299)
Ceftaroline-avibactam 0.12 0.25 �0.015–1
Ceftaroline 0.25 0.5 �0.015–8 92.3/3.7 (92.3/3.7)b 92.3/7.7
Ceftriaxone 0.25 0.5 �0.06–�8 96.0/2.7 96.0/2.7
Ceftazidime 0.25 0.5 0.03–4 100.0/0.0 97.0/0.0
Ampicillin-sulbactam 16 32 1–�32 43.8/28.4 43.8/56.2
Piperacillin-tazobactam 2 4 �0.5–16 100.0/0.0 99.3/0.0
Meropenem �0.06 �0.06 �0.06–0.25 100.0/0.0 100.0/0.0
Gentamicin �1 �1 �1–�8 99.0/1.0 98.7/1.0
Levofloxacin �0.12 0.25 �0.12–�4 98.0/1.0 97.7/2.0
Tigecyclinec 0.25 0.5 0.12–4 99.0/0.0 98.0/1.0

(Continued on following page)
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TABLE 2 (Continued)

Organism and antimicrobial agent
(no. of isolates tested)

MIC (�g/ml) % S/% Ra

MIC50 MIC90 Range CLSI EUCAST

Ceftazidime nonsusceptible (80)
Ceftaroline-avibactam 0.25 1 0.06–2
Ceftaroline �32 �32 1–�32 0.0/98.8 (0.0/98.8)b 0.0/100.0
Ceftriaxone �8 �8 2–�8 0.0/97.5 0.0/97.5
Ceftazidime �32 �32 8–�32 0.0/93.8 0.0/100.0
Ampicillin-sulbactam �32 �32 16–�32 0.0/98.8 0.0/100.0
Piperacillin-tazobactam 64 �64 1–�64 20.0/40.0 11.3/80.0
Meropenem �0.06 0.5 �0.06–�8 92.5/6.3 93.8/1.3
Gentamicin �1 �8 �1–�8 77.5/20.0 77.5/22.5
Levofloxacin �0.12 �4 �0.12–�4 76.3/21.3 75.0/23.8
Tigecyclinec 0.25 2 0.12–4 96.3/0.0 88.8/3.8

Enterobacter aerogenes (143)
Ceftaroline-avibactam 0.06 0.12 �0.015–0.5
Ceftaroline 0.12 32 �0.015–�32 84.6/14.7 (84.6/14.7)b 84.6/15.3
Ceftriaxone 0.12 8 �0.06–�8 85.3/14.0 85.3/14.0
Ceftazidime 0.25 16 0.03–�32 86.0/11.9 84.6/14.0
Ampicillin-sulbactam 16 �32 2–�32 45.5/28.0 45.5/54.5
Piperacillin-tazobactam 4 32 �0.5–�64 88.1/2.1 83.9/11.9
Meropenem �0.06 �0.06 �0.06–8 98.6/0.7 99.3/0.0
Gentamicin �1 �1 �1–�8 99.3/0.7 99.3/0.7
Levofloxacin �0.12 0.25 �0.12–�4 99.3/0.7 99.3/0.7
Tigecyclinec 0.25 0.5 0.12–4 99.3/0.0 95.8/0.7

Morganella morganii (308)
Ceftaroline-avibactam �0.03 0.12 �0.03–0.5
Ceftaroline 0.12 �32 �0.015–�32 70.5/26.9 (70.5/26.9)b 70.5/29.5
Ceftriaxone �0.06 4 �0.06–�8 82.1/11.4 82.1/11.4
Ceftazidime 0.12 16 0.03–�32 81.5/14.3 76.3/18.5
Ampicillin-sulbactam 16 32 1–�32 19.8/45.5 19.8/80.2
Piperacillin-tazobactam �0.5 2 �0.5–�64 96.1/2.3 96.1/3.9
Meropenem �0.12 �0.12 �0.12–0.25 100.0/0.0 100.0/0.0
Gentamicin �1 �8 �1–�8 84.7/13.0 81.8/15.3
Levofloxacin �0.5 �4 �0.5–�4 79.5/15.3 73.1/20.5
Tigecyclinec 0.5 1 0.12–�4 95.8/0.6 90.9/4.2

Citrobacter freundii (157)
Ceftaroline-avibactam 0.06 0.12 �0.015–2
Ceftaroline 0.25 �32 0.12–�32 73.9/25.5 (73.9/25.5)b 73.9/26.1
Ceftriaxone 0.25 �8 �0.06–�8 74.5/24.8 74.5/24.8
Ceftazidime 0.5 �32 0.12–�32 75.8/24.2 75.2/24.2
Ampicillin-sulbactam 8 �32 2–�32 63.7/28.7 63.7/36.3
Piperacillin-tazobactam 4 �64 �0.5–�64 78.3/10.2 74.5/21.7
Meropenem �0.06 �0.06 �0.06–�8 97.4/1.9 98.1/0.6
Gentamicin �1 2 �1–�8 92.4/7.0 90.4/7.6
Levofloxacin �0.12 2 �0.12–�4 92.4/7.0 86.6/7.6
Tigecyclinec 0.25 0.5 0.06–4 99.4/0.0 98.1/0.6

Citrobacter koseri (115)
Ceftaroline-avibactam 0.06 0.12 �0.015–1
Ceftaroline 0.12 0.25 �0.015–1 99.1/0.0 (99.1/0.0)b 99.1/0.9
Ceftriaxone �0.06 0.12 �0.06–0.5 100.0/0.0 100.0/0.0
Ceftazidime 0.12 0.25 0.03–0.5 100.0/0.0 100.0/0.0
Ampicillin-sulbactam 2 8 �0.25–32 96.5/0.9 96.5/3.5
Piperacillin-tazobactam 2 4 1–16 100.0/0.0 95.7/0.0
Meropenem �0.06 �0.06 �0.06 100.0/0.0 100.0/0.0
Gentamicin �1 �1 �1–2 100.0/0.0 100.0/0.0
Levofloxacin �0.12 �0.12 �0.12–0.5 100.0/0.0 100.0/0.0
Tigecyclinec 0.12 0.25 0.06–0.5 100.0/0.0 100.0/0.0

(Continued on following page)
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TABLE 2 (Continued)

Organism and antimicrobial agent
(no. of isolates tested)

MIC (�g/ml) % S/% Ra

MIC50 MIC90 Range CLSI EUCAST

Serratia marcescens (237)
Ceftaroline-avibactam 0.5 1 0.06–4
Ceftaroline 1 4 0.25–�32 44.3/16.5 (44.3/16.5)b 44.3/55.7
Ceftriaxone 0.25 1 �0.06–�8 91.1/8.0 91.1/8.0
Ceftazidime 0.25 0.5 0.03–�32 97.5/2.1 96.6/2.5
Ampicillin-sulbactam 32 �32 4–�32 11.4/72.2 11.4/88.6
Piperacillin-tazobactam 2 4 �0.5–�64 96.6/0.8 95.8/3.4
Meropenem �0.06 �0.06 �0.06–2 99.6/0.0 100.0/0.0
Gentamicin �1 �1 �1–�8 98.3/1.7 98.3/1.7
Levofloxacin �0.12 0.5 �0.12–�4 97.0/0.8 95.4/3.0
Tigecyclinec 0.5 1 0.12–�4 98.7/0.8 96.2/1.3

Pseudomonas aeruginosa (213)
Ceftaroline-avibactam 4 16 0.5–�32
Ceftaroline 16 �32 1–�32
Ceftazidime 2 32 0.5–�32 83.1/11.3 83.1/16.9
Piperacillin-tazobactam 8 �64 �0.5–�64 76.1/11.7 76.1/23.9
Meropenem 0.5 8 �0.06–�8 79.8/15.0 79.8/7.5
Gentamicin �1 4 �1–�8 90.1/6.6 90.1/9.9
Levofloxacin 1 �4 �0.12–�4 68.1/24.4 60.1/31.9

a Criteria as published by the CLSI (7) and EUCAST (9). S, susceptible; R, resistant.
b FDA breakpoints were applied (10).
c FDA breakpoints were applied (11).
d Includes Klebsiella oxytoca (493 strains) and K. pneumoniae (1,471 strains).
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