ABSTRACT METHODS CONCLUSIONS REFERENCES

Ceftobiprole exhibited potentin vitro activity against a
broad range of Gram-positive and -negative pathogens
isolated from European and Israeli patients hospitalized

Objective: To evaluate the activity of ceftobiprole and comparator
agents against pathogens isolated during 2013 from patients
hospitalized with pneumoniain Europe and Israel. Ceftobiprole
medocarilis a parenteral broad-spectrum, anti-MRSA
cephalosporin with activity against Gram-positive and -negative
pathogens including Pseudomonas aeruginosa. It is the first anti-
MRSA cephalosporin approved for both the treatment of hospital-
acquired pneumonia (excluding ventilator-associated pneumonia)
and community-acquired pneumoniain adults in 12 European
Union countries.

Methods: Non-duplicate consecutive isolates from patients
hospitalized with pneumonia were collected during 2013 from 26
medical centres in 13 European countries and Israel. Ceftobiprole,
the active form of the prodrug ceftobiprole medocaril and
comparator agents were susceptibility tested according to Clinical
and Laboratory Standards Institute (CLSI) guidelines using
validated dry-form broth microdilution panels. Quality control
organisms were tested concurrently with the clinical isolates and
results were within published limits. EUCAST interpretive criteria
were applied according to current guidelines.

Results: The ceftobiprole MICsq, vValues for 336 S. aureus were
0.5/2 mgl/L, respectively. For methicillin-resistant S. aureus
(MRSA, 28.3% of all S. aureus) MICsg g, vValues were 2/2 mg/L,
respectively. The highest MIC value for methicillin-susceptible S.
aureus (MSSA) was 0.5 mg/L and for MRSA it was 2 mg/L.
Ceftobiprole was highly potent against all 47 S. pneumoniae
isolates (100.0% susceptibility) with 48.9% of isolates with a
ceftobiprole MIC value of <0.008 mg/L (highest ceftobiprole MIC,
0.5mg/L). These included three penicillin-resistant isolates
(6.4%), all with a penicillin MIC of 4 mg/L and a ceftobiprole MIC at
0.5 mg/L. These three isolates were also ceftriaxone-non-
susceptible (ceftriaxone MIC, 1-2 mg/L). Ceftobiprole susceptibility
for all Enterobacteriaceae was at 74.6%. A total of 74.6, 76.2, and
77.8% of all Enterobacteriaceae were at a ceftobiprole MIC value
of 0.25, 0.5, and 1 mgl/L, respectively. Ceftobiprole was highly
active against non-ESBL phenotype E. coli with MICsg,q, values at
0.03/0.06 mg/L (99.4% susceptible). For non-ESBL-phenotype
Klebsiella spp. the MICsq, for ceftobiprole was 0.03/0.25 mg/L
(96.5% susceptible). Against ESBL-positive phenotype strains of
Enterobacteriaceae ceftobiprole showed higher MIC values. The
activity of ceftobiprole against P. aeruginosa was similar to that of
ceftazidime and cefepime with MICs9, values of 2/>8 mg/L for
ceftobiprole. The MICsq 9, values for P. aeruginosa were 4/>16
mg/L for ceftazidime and cefepime (75.4 and 75.2% susceptible,
respectively).

Conclusions: Ceftobiprole demonstrated potent broad-spectrum
in vitro activity against pathogens from European and Israelian
patients hospitalized with pneumonia including MRSA, penicillin-
resistant/ceftriaxone-non-susceptible S. pneumoniae,
Enterobacteriaceae and P. aeruginosa.

INTRODUCTIO

Cefobiprole medocaril was recently approved in Europe (Fall 2013)
through the decentralized process (Basilea press release, October
23, 2013). Itis indicated for the treatment of hospital-acquired
pneumonia (excluding ventilator-associated pneumonia) and
community acquired pneumonia in adults. Ceftobiprole medocaril is a
prodrug that is rapidly hydrolyzed in vivo to the active form,
ceftobiprole, which is a novel cephalosporin with broad-spectrum in
vitro activity against pathogens causing respiratory tract infections.

The emergence of multidrug-resistant (MDR) bacteria causing
respiratory tract infections is limiting the ability to use currently
available therapies. This occurs for both Gram-positive and —negative
organisms including multidrug-resistant Streptococcus pneumoniae
(MDRSP), methicillin-resistant Staphylococcus aureus (MRSA),
ESBL and carbapenemase-producing bacteria. Ceftobiprole has
potent in vitro activity against MDRSP and S. aureus, including
MRSA, and also has potent activity against Enterobacteriaceae and
Pseudomonas aeruginosa although it is not active against ESBL and
carbapenemase producing Gram-negative bacteria.

We evaluated ceftobiprole and comparator antimicrobial agents in
this study against isolates from bacterial species obtained from
patients at medical centres in Europe and Israel during 2013.
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Isolates were consecutively collected (one isolate per infection
episode) from patients with lower respiratory tract infections with an
emphasis on obtaining isolates from invasive sampling (transtracheal
aspirates, bronchoalveolar lavage, protected brush samples, etc.) at 26
medical centres in 13 European countries and Israel during 2013. Broth
microdilution testing was performed according to Clinical and
Laboratory Standards Institute (CLSI) methods in validated minimum
inhibitory concentration (MIC) panels manufactured by ThermoFisher
Inc., formerly TREK Diagnostics (Cleveland, Ohio, USA) to determine
the antimicrobial susceptibility of ceftobiprole and comparator agents.
S. pneumoniae strains were tested in CA-MHB supplemented with 2.5-
5% lysed horse blood and Haemophilus influenzae were tested in
Haemophilus test medium (M07-A9, 2012). Moraxella catarrhalis
strains were tested in cation-adjusted Mueller-Hinton broth (CA-MHB;
M45-A2). B-lactamase production was characterized by the nitrocefin
disk test (Remel; Lenexa, Kansas, USA).

Quality control (QC) testing was performed using the following QC
strains: S. aureus ATCC 29213, S. pneumoniae ATCC 49619, E. coli
ATCC 25922 and ATCC 35218, P. aeruginosa ATCC 27853, and H.
influenzae ATCC 49247 and 49766. QC results were within published
CLSI guidelines (M100-S24, M45-A2). Interpretive criteria were those
of (CLSI [M100-S24] and EUCAST, 2014) except for ceftobiprole
(MHRA, SmPC). Isolates with an ESBL phenotype were defined as a
MIC 22 mg/L for one of ceftriaxone, or ceftazidime, or aztreonam
[CLSI, 2014].

RESULTS

* The MICs 9, for ceftobiprole against all S. aureus was 0.5/2mg/L;
Tables 1 and 2). All S. aureus MIC values were <2 mg/L (100.0%
susceptible. A total of 28.3% of S. aureus were MRSA. The MICg9
for MRSA and methicillin-susceptible S. aureus (MSSA) were 2/2
and 0.25/0.5 mg/L, respectively (Tables 1 and 2).The highest MIC for
MSSA was 0.5 mg/L.

« For S. pneumoniae, the ceftobiprole MIC range was <0.008-0.5 mg/L.
(Tables 1 and 2). Allisolates of S. pneumoniae were susceptible to
ceftobiprole (MICgyg0Was 0.015/0.5 mg/L; Tables 1 and 2).
Erythromycin resistance was 29.8% and penicillin resistance (Pen-R;
MIC 22 mg/L)17.0%. Ceftobiprole was two-fold more active than
ceftriaxone (MICsq90, <0.06/1 mg/L; Table 2) and cefepime (MICsqg0,
<0.5/1 mg/L; Table 2). MIC values for ceftobiprole ranged from 0.25-
0.5 mg/L against penicillin-resistant (Pen-R; MIC 22 mg/L)isolates
(Table2). A total of 25.0% of penicillin-resistant and 4.3% of all S.
pneumoniae strains were non-susceptible to ceftriaxone (CRO-non-
S; CLSl interpretive criteria). All penicillin-resistant S. pneumoniae
and 23.4% of all S. pneumoniae were CRO-non-S by EUCAST
criteria (Table 2). The MICsqq, for ceftobiprole against CRO-non-S S.
pneumoniae isolates (MIC 21 mg/L; EUCAST interpretive criteria)
was 0.25 and 0.5 mgl/L, respectively (Table 2).

A total of 16.7% of H. influenzae were B-lactamase positive.
Ceftobiprole was active against both B-lactamase positive and
—negative H. influenzae strains with an overall ceftobiprole MIC5/99
of 0.06/0.25 mg/L (Table 1). Trimethoprim/sulfamethoxazole,
ampicillin, and clarithromycin susceptibilities were all less than 90%
(Table3).

A total of 74.7% of Enterobacteriaceae were susceptible to
ceftobiprole (ceftobiprole MICs90, 0.06/>8 mg/L (Tables 1 and 3).
Ceftobiprole was highly active against non-ESBL phenotype strains
of E. coli and Klebsiella spp. with MICs,4,0.03/0.06 and 0.03/025
mg/L, respectively (Tables 1 and 3). A total of 99.4% of non-ESBL
phenotype E. coli and 96.5% of non-ESBL-phenotype Klebsiella spp.
were susceptible to ceftobiprole. Ceftobiprole was not active against
ESBL-phenotype E. coli and ESBL-phenotype Klebsiella spp.
(ceftobiprole MIC540 against both was >8/>8 mg/L, respectively;
Table 1). Susceptibility to levofloxacin for all E. coli was at
63.8/62.9% (CLSI/EUCAST criteria, respectively; Table 3). For all
Klebsiella spp., levofloxacin susceptibility was 74.9/72.2% (Table 3).

Ceftobiprole (MICsyg0, 2/>8 mg/L; 66.1% at <4 mg/L [non-species
specific breakpoint] activity against P. aeruginosa was similar to
cefepime (MICsq0, 4/>16 mg/L; 75.2% susceptible) and ceftazidime
(MICs/90, 4/>32 mg/L; 75.4% susceptible; Tables 1 and 3). Amikacin
was the most active agent tested (90.2/86.1% susceptible;
CLSI/EUCAST interpretive criteria, respectively; Table 3).
Levofloxacin and meropenem susceptibility (CLSI/EUCAST criteria)
for P. aeruginosa were at 66.4/58.3% and 64.6/64.6%; respectively
(Table3).

with pneumonia during 2013. All S. pneumoniae
(including isolates that were not susceptible to
ceftriaxone nor penicillin) and S. aureus (including

MRSA) were susceptible to ceftobiprole. Ceftobiprole

also exhibited potent activity against Gram-negative

bacteria including H. influenzae, non-ESBL-phenotype

E. coli and K. pneumoniae. Additionally against P.
aeruginosa, ceftobiprole showed similar activity to

cefepime and ceftazidime. The spectrum of activity of

ceftobiprole supports the role in the treatment of
pulmonary infections caused by these organisms.
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Table 3. Activity of ceftobiprole and comparator antimicrobial
agents when tested against Gram-negative pathogens from
patients hospitalized with pneumoniain Europe and Israel (2013).
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Table 1. Summary of ceftobiprole activity tested against pathogens from patients hospitalized with bacterial pneumoniain Europe and

Israel (2013).

Organism (no. tested)

No. of organisms (cumulative %) inhibited at ceftobiprole MIC (mg) of:

<0.008

003 006

012

025 05

1

2

Staphylococcus aureus (336)
MSSA (241)

MRSA (95)

Streptococcus preumoniae (47)
Pent:S (WIC, <0.06 mglL; 32)
Pent (MIC, 0.12- 1 mg/L;7)
Pen®R (MIC,22 mglL; 8)
CROPn0n-S (MIC, 21 mglL; 11)
CROMn0N-S (VIC, 22 mglL; 2)

Haemophilus influenzae (54)
B-lactamase-positive (9)
Blactamase-negative (45)

Enterobacteriaceae (743)

Escherichiacoli (221)
ESBL-phenotype* (46)
non-ESBL-phenotype (175)

Kebsiellaspp. (224)
ESBL-phenotype* (63)
non-ESBL-phenotype (141)

Klebsiellapneumoniae (172)
ESBL-phenotype* (71)
non-ESBL-phenotype (101)

Enterobacter spp. (151)

Gitrobacter spp. (23)

Proteus mirabils (24)

(@19)

0(0.0)
0(00)
0(0.0)
23(48.9)
23(71.9)
0(0.0)
0(0.0)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)
1(0.2)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)
0(0.0)
0(00)

1(72.3)

1

0(28.6)

2

6(66.7)

1

265(45.5)

000  0(00)
000 000
000)  0(00)
0(723)
(100.0) -
0(28.6)
0(00)
0(00)
0(00)

0(0.0)
000)
0(0.0)
1(36.9)
2(88.9)
5(333)

102(55.7)

12)

101(69.7)

7

7
6

6
5
1
1

0(0.0)

'2(42.9)
10.2)

1674)
2(40.4
1(1.4)

1632)
4457)
1478)
2(675)

000 0000

18(722)

16(68.9)
148 (65.4)

103
104)
0(0.0)
0(723)

0(28.6)
0(00)
000)
0(00)
8(87.0)
1(1000)
7(84.4)
42(71.1)
10(783)
2(65)
8(97.1)
8(55.4)
0(24)
8(36.5)
3(57.0)
0(28)
3(95.0)
10(755)
0(69.6)

0(00)

123(36.9) 127 (74.7)
123(515)  117(100.0)
0(0.0) 10(105)
8(89.4)  5(100.0)

5(1000)
3@75)
6(54.5)
0(00)
6(98.1)

5(1000)
5(1000)
2(100.0)
1(1000)

1(100.0)
12(763)
2(614)
1(10.9)
1(100.0)
3629
0@.4)
3(986)
0(59.9)
028

6(078)
27(47)
5(805)
1(67)
4(09.4)
14(616)
0(2.4)
14(965)
5(59.9)
08
5(1000)
1(762)
1(73.9)

3(78.1)
3(87.0)

102) 12(31)

37(85.7)

37(495)

12(77.9)
0(81.4)
0(10.9)

7(66.1)
6(6)
1(99.3)
5(628)
509)

1(78.8)
1013

116(30.8)

48(100.0)

48(100.0)

10(803)
1(82.4)
1052)

8(190)
1(681.9)
1a30)

39(100.0)
39(100.0)

72(100.0)
71(100.0)
1(1000)
60(100.0)
60 (100.0)

1(679)
1045)
0(99.3)
1(65.2)
1a55)

3674
3133
0(99.3)
3(645)
3041)

21(100.0)
2(100.0)

7(86.1)
0013

4(81.5)
0013

89(520)  59(66.1)

146 (100.0)

142 (100.0)
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Table 2. Activity of ceftobiprole and comparator antimicrobial agents when tested against Gram-positive pathogens from patients
hospitalized with pneumonia in Europe and Israel (2013).

Organism group

MIC (mgll)

9%Susc. / %Resistant

(no. teste)/
antimicrobial agent

MICso

Range

s

EUCAST'

‘Organism group
(no. tested)/
antimicrobial agent

MIC (mgll)

9%Susc.  %Resistant

MICso Range

s

EUCAST'

Staphylococcus aureus (336)

Geftobiprole
Ovacilln
Daptomycin
Levoflowacin
Linezolid
Tetracycline
Trimethoprim/sulfamethorazole
Vancomycin

MSSA (241)
Geftobiprole
Daptomycin
Levoflosacin
Linezolid
Tetracycline
Trimethoprim/sulfamethoxazole
Vancomycin

MRSA (25)
Geftobiprole.

Trimethoprim/sulfamethoxazole
Vancomycin
Streptococcus pneumoniae (47)
Ceftobiprole
Cefepime.
Ceftriaxone
Clindamycin
Erythromycin
Imipenem
Levofloxacin
Linezolid
Penicil
Penici
Tetracycline
‘Trimethoprim/sulfamethoxazole
Vancomycin

012-2

02552
012-1

<012->4

0008-05
<05-2
<006-2
<0252
£0.12->16
<0.12-05
05-2
025-1
<006-4
<006-4
0.12->32
<05->4
02505

o+
7171283
1000/~
711/286
100.0/00
940/51
100.0/00
100.0/00

/
1000/~
975125
100.0/00
9461456
100.0/00
100.0/00

-
1000/~

42/947

100.0/00
926163
100.0/00
100.0/00

-
936100
957700

830/17.0

7021298
87.2/00

100.0/00

1000/~
936100

681/17.0

7871213

76.6/106

1000/ -

100.0/00
7171283
100.0/00
7111286
100.0/00
938/63
100.0/00
100.0/00

100.0/00
100.0/00
975125

100.0/00
946154

100.0/00
100.0/00

100.0/00
100.0/00
42/947

100.0/00
916/8.4

100.0/00
100.0/00

100.0/00
936100
766100

830/17.0

7021298

100.0/00

100.0/00

100.0/00

/
68.1/6.4

7871213

87.2/106

100.0/00.

Penicilin-resistant (IC >2 mg/L, 8)

Ceftobiprole
Cefepime.
Ceftriaxone
Clindamycin
Erythromycin
Imipenem
Levofloxacin
Linezolid
Penicillin®
Penicilin®
Tetracycline

‘Trimethoprim/sulfamethoxazole

Vancomycin

025-05
<05-2
1-2
<0252

0.2
Ceftriaxone-non-susceptible (MIC 1 mg/L, 11)

Ceftobiprole.
Cefepime
Ceftriaxone
Clindamycin
Erythromycin
Imipenem
Levofloxacin
Linezolid
Penicillin®
Penicilin®
Tetracycline

Trimethoprim/sulfamethoxazole

Vancomyein

025
1
1
2
>16
025
1
1
2
2
32
1 >4

025 05  025-05

-
75.0/00
750100

500/50.0

2501750
375100

100.0/00

1000/~
625100

00/1000

2501750

2501250

1000/ -

-
727100
81.8/0.0

4551545

182/818
455/00

100.0/00

1000/~
727100
00/72.7
2731727
364/182

1000/

100.0/00
750100
00/00
500/50.0
2501750
100.0/00
100.0/00
100.0/00
/
00/375
2501750
625/250
100.0/00

100.0/00
727100
00/00
4551545
182/818
100.0/00
100.0/00
100.0/00
e
00/27.3
2731727
7271182
100.0/00.
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7471253
345/655

Ceftobiprole

R
Ampicilin/sulbactam 345/518

enem
Piperacilinftazobactam
Tetracycline
Trimethoprim/sulfamethoxazole
coli (221)
Ceftobiprole
Ampicilin/sulbactam

7351220

2
7561244 7561240
805/195
209/70.1
819/145
801/158
79.6/19.9
100.0/0.0
629/36.2
100.0/0.0
800/136

e
209/525

Ceftazidime
Ceftriaxone.
Imipenem
Levofloxacin
Meropenem
Piperacilintazobactam
Tetracycli
Trimethoprim/sulfamethoxazole
Non-ESBLE. coli® (175)
Ceftobiprole 0015-05
Ampicilin/sulbactam 1->32

-

<05->4 647/353  64.7/348
-1- 20,4106

36.6/43.4

100.0/0.0

penem 1000700
Piperacillnfiazobactam 879186
Tetracyciine
Trimetnoprim/sulamethoxazole

Kiebsiellaspp. (224)
Ceftobiprole
Ampicilinsulbactam

2

601/309  69.1/303
I 616/38.4

49.8/43.0

75.4122.8

60.6/27.2

67.4/313

86.0/113

7491211

Ceftazidime
Ceftriaxone
Imipenem
Levofloxacin
Meropenem 882/118
Piperacilinftazobactam 65.8/26.6
Tetracycline 7311224
Trimethoprim/sulfamethoxazole 68.0/32.0

Non-ESBL Klebsiellaspp. (141)
Ceftobiprole -1-

mpicilin 43/957

7861114

enem
Piperacilinftazobactam
Tetracycline
“Trimethoprim/suliamethoxazole

Enterobacter spp. (151)
Ceftobiprole
Ampicilin/sulbactam

90.6/9.4

-
208/60.4

Ceftazidime
Ceftriaxone
Imipenem
Levofloxacin
Meropenem
Piperacilinftazobactam
Tetracycli
Trimethoprim/sulfamethoxazole
Citrobacterspp. (23)
Ceftobiprole
Ampicilin/sulbactam

66.7/28.7

o

868/132  86:8/132
-1- 73.0/26.1

63.6/318

Piperacillnfiazobactam
Tetracycline 8261130
Trimethoprim/suamethoxazole 950143

Proteus mirabilis (24)

Ceftobiprole 0015-0.06 ==
Ampicilinsulbaciam 05->32 6671202
1000100

1000100

1000100

4171208

8751125

7271227
-
05.7/43
100.0/0.0

Ceftazidime
Cefriaxone
Imipenem
Levofloxacin
Meropenem 100.0/0.0
Piperacilinftazobactam 100,00/ 0.0
Tetracycline 32 00/1000
Trimethoprim/sulfamethoxazole 7081292

Pseudomonas aeruginosa (419)

100.0/0.0
rei-
7081208

-
86.1/9.8
29/22.7
7521248
75.41246
671/17.9
583/336
64.6/12.4
663/33.7
849151

IR
20.2/6.7

623/22.7

7521119

7541203

632/32.9

66.4/28.3

penem 64.6/25.4
Piperacilinftazobactam ] 663/21.0
Tobramycin 05 <012->16 8491130
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