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ABSTRACT

Background: CB-182,804 is structurally related to polymyxins and has shown rapid bactericidal
activity against many Gram-negative (GN) pathogens, including multidrug-resistant (MDR)
organisms.

Methods: 455 strains selected from various surveillance programs were susceptibility (S) tested by
CLSI broth microdilution methods. Strains with acquired resistance (R) to colistin (COL) and/or
selected broad-spectrum antimicrobials were included in all organism groups. Organisms tested
were: P. aeruginosa (PSA; 100), Acinetobacter spp. (ASP; 81), B. cepacia (BC; 18) S. maltophilia (XM; 25),
E. coli (EC; 80), K. pneumoniae (KPN; 81), Citrobacter spp. (CSP; 20), Enterobacter spp. (ESP; 20), indole-
positive Proteae (IPP; 10), P. mirabilis (PM; 10) and S. marcescens (SM; 10).

Results: CB-182,804 was very active against PSA (MICso90, 0.5/2 pg/ml) and ASP (MICso90, 1/4
pg/ml), including MDR strains. CB-182,804 was also active against E. coli (MICso/90, 1/2 pg/ml) and
KPN (MICsoss0, 1/4 pg/ml), including ESBL and serine carbapenemase (KPC-2 or 3) producers. When
compared to COL, CB-182,804 was more active against PSA (MICso comparisons) and slightly less
active against ASP, EC and KPN. CSP had lower MICs for CB-182,804 and COL, while both
compounds exhibited variable activity against XM and ESP, and limited activity against BC, IPP, PM
and SM.

INTRODUCTION

B The continued worldwide emergence of Gram-negative bacteria resistant to most available
antimicrobial agents (so called “pan-resi i has severely compromised the
treatment of bacterial infections and led to increasing use of colistin and polymyxin B as
“salvage” therapy.

Colistin and polymyxin B possess antibacterial activity against a wide variety of Gram-
negative pathogens. The great majority of Pseudomonas aeruginosa, Acinetobacter spp.,
Escherichia coli, Klebsiella spp. and Citrobacter spp., all common and important nosocomial
pathogens with increasing antimicrobial resi: e, are usually susceptible to the polymyxin
class agents.

CB-182,804 (Figure 1) is structurally related to polymyxins and has shown rapid bactericidal
activity against many Gram-negative pathogens, including multidrug-resistant (MDR)
organisms. In the present study, we evaluated the antimicrobial activity of CB-182,804
tested by reference methods against a collection of clinical Gram-negative bacilli enriched
with MDR organisms.
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Figure 1. Structure of CB-182,804
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ANTIMICROBIAL ACTIVITY OF A NOVEL POLYMYXIN ANALOG (CB-182,804) TESTED AGAINST

CLINICAL STRAINS OF GRAM-NEGATIVE BACILLI, INCLUDING COLISTIN-RESISTANT ORGANISMS
H.S. SADER, P.R. RHOMBERG, R.N. JONES

METHODS

Bacterial isolates.

A total of 455 Gram-negative bacilli causing clinical infections submitted to various
surveillance programs (JMI Laboratories, North Liberty, IA) were utilized. Tested strains
included Enterobacteriaceae (231 strains; 13 species) and non-fermentative Gram-negative
bacilli (224 strains; 9 species). These challenge strains were selected to include resistance
to colistin, carbapenems and/or broad-spectrum cephalosporins. Strains were primarily
collected in 2006 except for a few with very uncommon resistance mechanisms or patterns,
which were collected in previous years. Species identification was confirmed by standard

biochemical tests and or the Vitek Systems (bioMerieux, Hazelwood, MO), when necessary.

Antimicrobial susceptibility testing.

All isolates were tested for susceptibility using broth microdilution methods as described by
the Clinical and Laboratory Standards Institute (CLSI; M07-A8, 2009) with cation-adjusted
Mueller-Hinton broth. CB-182,804 and colistin were tested as well as 12 additional
comparator agents. Susceptibility breakpoint interpretations were those found in CLSI
documents (M100-S20-U), and quality control (QC) was assured with concurrent testing of
E. coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853. All QC results were
within CLSI specified ranges.

P of

Multiplex PCR approaches were used to detect genes encoding plasmidic AmpCs,
metallo-B-lactamases (IMP, VIM, SPM, GIM, SIM) and serine-carbapenemases (KPC,
IMI/NMC-A, SME, OXA). Amplicons were sequenced and the nucleotide sequences and
deduced amino acid sequences were analyzed using the Lasergene software package
(DNASTAR, Madison, WI). Sequences were compared to others available via internet sources
(http://www.ncbi.nlm.nih.gov/blast/).

RESULTS

CB-182,804 (MICs0, 0.5 pg/ml and MIC90, 2 ug/ml) was very active and slightly more potent
than colistin (MICso, 1 pg/ml and MICso, 2 pg/ml) when tested agalnst P. aeruginosa,
including MDR strains i to 1rems and/or ami ides and/or
fluoroquinolones; Tables 1 and 2).

Acinetobacter spp. strains were very suseeptlble to CB-182,804 (MICs0, 1 pg/ml and MICso,
4 pg/ml). CB-182,804 activity against A spp. was to that of colistin
(MICs0, 0.5 pg/ml and MIC90, 4 ug/ml; Tables 1 and 2).

CB-182,804 was active against E. coli (MIC50, 1 ug/ml and MICso, 2 ug/ml) and

K. pneumoniae (MICso, 1 pg/ml and MICso, 4 pug/ml), i strains p!

spectrum B-lactamases (ESBLs) and serine carbapenemases, such as KPC-2 or 3 (Table 3)
CB-182,804 was less active than colistin (MIC5s0/90, 0.25/0.5 pg/ml for E. coli and 0.5/2 pg/mli
for K. pneumoniae respectively) against these organisms (Tables 1 and 2).

Citrobacter spp. strains showed the lowest MIC values for CB-182,804 (MICso, 0.5 pg/ml)
and colistin (MICg0, 0.25 pg/ml; Tables 1 and 2).

CB-182,804 and colistin possesed variable activity against Enterobacter spp. and
S. maltophilia; while all strains of B. cepacia, indole-positive Proteae, P. mirabilis and
S. marcescens showed elevated MIC values for CB-182,804 and colistin (Table 1).

Table 2

of CB-182,804 and all comparator agents
agents were generally high since a great proportion

the in vitro
to
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Table 1. of and at MIC values for
CB-182, 804 and colistin against a large collection of Gram-negahve bacilli.
No. of isolates (cumulative %) inhibited at MIC (ug/ml) of:
Organism (no. tested) <012 025 05 1 2 4 8 16 32 64 >
P. aeruginosa (100)
CB-182,804 0(0.0) 5(50) 70(75.0) 11(86.0) 4(%0.0) 1(91.0) 0(91.0) 0(91.0) - - 9(100.0)
Colistin 0(0.0) 3(30) 19(220) 62(84.0) 6(90.0) 2(920) 2(940) 1(950) 1(%.0) 0(96.0) 4 (100.0)
Acinetobacter spp. (81)
CB-182,804 1(12) 5(74) 18(296) 39(77.8) 9(889) 3(926) 2(95.1) 2(97.5) - - 2(100.0)
Colistin 4(49) 23(333) 37(79.0) 5(852) 1(864) 3(90.1) 2(926) 1(938) 1(95.1) 0(951) 4(100.0)
B. cepacia (18)
CB-182804 000 0(00) 000 000 000 000 000 000 - - 18(1000)
Colistin 000) 0(00) 000 0(00) 000 000 000 000 160 0(0) 17(1000)
S. maltophilia (25)
CB-182,804 0(0.0) 1(40) 3(160) 0(16.0) 3(280) 2(36.0) 5(560) 4 (72.0) - - 7(100.0)
Colistin 2(80) 3(200) 6(440) 4(60.0) 4(760) 0(760) 3(880) 1(920) 2(100.0) 0(100.0) 0 (100.0)
E. coli (80)
CB-182,804 0(0.0) 1(13) 9(125) 42(650) 23(938) 0(938) 0(938) 1(95.0) - - 4(100.0)
Colistin 3(38) 40(538) 32(938) 0(938) 0(938) 1(950) 3(988) 0(%88) 0(988) 0(988) 1(100.0)
K. pneumoniae (81)
CB-182,804 0(00) 1(12) 14(185) 50(80.3) 7(889) 1(90.1) 0(90.1) 3(93.8) - - 5(100.0)
Colistin 0(0.0) 37(46.7) 30(827) 5(889) 1(902) 0(90.2) 3(938) 3(97.5) 2(100.0) 0(100.0) 0 (100.0)
Citrobacter spp. (20)
CB-182,804 0(0.0) 1(50) 18(95.0) 1(100.0) 0(100.0) 0(100.0) 0(100.0) 0 (100.0) - - 0(100.0)
Colistin 0(0.0) 18(90.0) 2(100.0) 0(100.0) 0(100.0) 0(100.0) 0(100.0) 0(100.0) 0(100.0) 0(100.0) 0 (100.0)
Enterobacter spp. (20)
CB-182804 000) 0(00) 5@50) 9(700) 1(750) 0(750) 0(750) 0(50) - - 5(1000)
Colistin 0(00) 13(650) 2(750) 0(750) 0(750) 1(800) 0(80.0) 0(80.0) 1(%00) 1(950) 2(100.0)
Indole-positive Proteae (10)
CB-182,804 0(0.0) 0(00) 0(00) 0(00) 0(0) 0(00) 0(0.0) - - 10(100.0)
Colistin 0(0.0) 0(00) 0(00) 0(00) 0(0) 0(00) 0(00) 00) 0(0.0) 10(100.0)
P. mirabilis (10)
CB-182,804 0(0.0) 0(0.0) (00) 0(00) 0(00) (00) 0(0) 0(00) - - 10 (100.0)
Colistin 000) 000) 000 000 000 0 000 000 000 000 10(1000)
S. marcescens (10)
CB-182,804 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) - - 10 (100.0)
Colistin 0(0.0) 0(0.0) 0(0.0) 0(00) 0(0.0) 0(0.0) 0(00) 0(0.0) 0(0.0) 0(0.0) 10(100.0)
a. Indicates >16 ug/ml for CB-182,804 and >64 pg/mi for colistin.
b. - = dilution not tested.

Table 2. Activity of CB-182,804 and comparator antimicrobial agents when tested against Gram-

negative bacilli.

%Susceptible /
Organism/Antimicrobial agent MICs, MICs, Range otResistant’
‘Pseudomonas aeruginosa (100)
CB-182,804 05 2 025216 -1-
Colistin 1 2 02564 900/80
Meropenem 2 >32 0.06-532 5701280
Ceftazidime 8 >16 <116 510/44.0
Piperacillinftazobactam 6 >64 05564 67.0133.0
Amikacin 8 >32 432 66.0132.0
Ciprofioxacin 1 >4 <003>4 5101420
Acinetobacter spp. (81)
CB-182,804 1 4 01216 -1-
Colistin 05 4 012564 8641136
Meropenem 1 32 00632 69.1/28.4

Cefiazidime
Cefepime
Piperacillinftazobactam
Amikacin

Ciprofioxacin
Tigecyciine

51516
012216
<05->64
<4532
<0.03->4
<0.03-4

46.9/48.1
51.9/309
51.9/30.9
69.1/24.7
50.6/49.4

-1-
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%Susceptivle /
OrganismiAntimicrobial agent MICsy MICs Range AResistant’
‘Burkholderia cepacia (18]
CB-182,804 >16 >16 >16 -1
Colistin 64 >64 32564 0.0/100.0°
Meropenem 2 16 0.06-16. 833/11.1
Ceftazidime 2 >16 s1>16 88.9/11.1
Cefepime 4 16 1516 -1-
Piperacilinitazobactam 2 64 <0564 -1-
Amikacin >3 32 s4>32 -1-
Ciprofloxacin 2 >4 14 I
Tigecyciine 2 >4 02524 -1
Stenotrophomonas maltophili (25)
CB-182,804 8 16 02516 -1-
Colistin 1 16 0.12:32 76.0124.0°
Ceftazidime 16 16 <116 4001440
Amikacin 232 >32 <432 -1-
Ciprofloxacin 2 >4 0554 -1-
Tigecycine 05 2 0128 -1-
Escherichia coli (80)
CB-182.804 1 2 02516 I
Colistin 025 05 012264 -1
Meropenem 003 006 00158 %6.3/12
Ceftazidime <1 >16 <116 7501225
Piperacilinftazobactam 2 64 <0564 823/89
Amikacin <4 8 <432 975113
Ciprofioxacin <0.03 >4 <0.0324 57.5/413
Tigecycling” 012 025 0.06-1 100.0/0.0
Kiebsiella preumoniae (81)
CB-182,604 1 4 02516 -1
Colistin 05 2 02532 60.1/9.9"
Meropenem 003 8 <0.015->32 8771111
Ceftazidime st 16 s1>16 67.9/206
Piperacilinitazobactam 4 64 <0564 7281222
Amikaci < 32 <432 840/49
Ciprofloxacin 0,03 >4 <0034 7531247
Tigecyciine” 025 1 0062 100.0/0.0
Cilrobacter spp. (20)
CB-182.804 05 05 0251 -1-
Colistin 025 025 02505 100.0/00°
Meropenem 003 0.06 50.0160.12 100.0/0.0
Ceftazidime < >16 <116 50.0/50.0
Piperacilinftazobactam 4 2 1564 750150
Amikacin < <4 <8 100.0/0.0
Ciprofioxacin <0.03 012 003025 100.0/0.0
Tigecycling” 025 025 01205 100.0/0.0
Enterobacter spp. (20)
CB-182,604 1 >16 05516 -1-
Colistin 025 64 025564 7501200
Meropenem 003 025 <0.015-16 95.0/50
Ceftazidime st 16 1516 7501250
Piperacilinitazobactam 2 64 1564 7501150
Amikacin < s4 s4 1000/0.0
Ciprofloxacin <008 >4 <0034 85.0/150
Tigecyciine” 05 1 0252 100.0/0.0
Indole-positive Profeae (10)
CB-182.804 >16 16 >16 -
Colistin 64 64 264 0.0/100.0°
Meropenem 006 012 0.06:0.12 100.0/0.0
Ceftazidime Bl 8 <116 800/10.0
Piperacilinftazobactam 2 4 S0.54 100.0/0.0
Amikacin < 8 <8 100.0/0.0
Ciprofloxacin >4 >4 <0.0324 40.0/60.0
Tigecycine 1 2 052 100.0/0.0
Proteus mirabilis (10)

182,804 >16 16 >16 -1-
Colistin 64 64 >64 00/100.0°
Meropenem 006 0.06 0.030.06 100.0/0.0
Ceftazidime st 4 14 100.0/0.0
Piperacilinitazobactam <05 1 <052 100.0/0.0
Amikacin 4 8 5432 20.0/0.0
Ciprofloxacin <0.03 >4 <0034 800/200
Tigecyciine 2 4 054 800/200

Serratia marcescens (10)

CB-182,804
Colistin

Meropenem
Ceftazidime
Piperacilintazobactam
Amikacin

Ciprofioxacin
Tigecycine

<
012

100.0/0.0

2. Critoria as published by the CLSI [2010]. - = no terpretation crteria avaiai.
b. US-FDA breakpoints were applied [Tygacil Product Insert, 2009]
. Breakpoints established by the CLS! for P aeruginosa were applied for comparison purpose only [CLSI 2010]

Table 3. Activity of CB-182,804 and selected comparator agents tested against
P " "

B
B-

o ;’;‘b(lgl a;ﬁfd)’ MICs; MCy MiCrange  %S/%R
P. aeruginosa (19)°
CB-182,804 0.5 1 0.5->16 -/-
Colistin 1 2 0.5-8 94.7/5.3
Meropenem >32 >32 16->32 0.0/100.0
Ceftazidime >16 >16 >16 0.0/100.0
A. baumanni (10)*
CB-182,804 1 1 0.5-2 -/-
Colistin 05 05 0.25-0.5 100.0/0.0
Meropenem 16 >32 16->32 0.0/100.0
Ceftazidime >16 >16 >16 0.0/100.0
E. coli(12)*
CB-182,804 1 2 0.25-2 -/-
Colisitin 0.5 0.5 0.12-0.5 100.0/0.0
Meropenem 2 4 0.03-8 66.7/25.0
Ceftazidime 16 >16 2->16 16.7/83.3
K. pneumoniae (10)°
CB-182,804 1 1 0.5-1 -/-
Colistin 05 05 0.25-0.5 100.0/0.0
Meropenem 16 >32 1->32 10.0/90.0
Ceftazidime >16 >16 >16 0.0/100.0
“ncludes strains producing IMP (6), VIM (7) and SPM (6) metallo-p-lactamases.
Includes strains producing OXA-23 (4), -24 (2) and -58 (4).
*Includes strains producing KPC-2/3 (7), plasmidic AmpC enzymes (4) and SHV-5 (1)
# Includes strains producing KPC (6) and VIM (4) carbapenemases.

CONCLUSIONS

B CB-182,804 exhibited in vitro potency and a spectrum of activity most similar to that of colistin.
CB-182,804 was active against colistin susceptible (MIC, <2 pg/ml) P. aeruginosa and
Acinetobacter spp., including MDR strains.

W CB-182,804 was also active against E. coli, K. pneumoniae, Citrobacter spp., and
Enterobacter spp. isolates including MDR strains. However, isolates with elevated colistin MIC
results also exhibited elevated MIC values for CB-182,804.

B CB-182,804 showed limited activity against organisms intrinsically resistant to colistin, such as
indole-positive Proteae, P. mirabilis and S. marcescens.

B CB-182,804 was active against colistin-susceptible strains that were resistant to all other
currently available antimicrobials for clinical use, and this new agent may represent an
important therapeutic option for infections caused by pan-resistant Gram-negative bacilli.
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