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Abstract

Background: Ceftazidime-avibactam (CAZ-AVI) is a combination of

P. aeruginosa (n=439), E. coli (n=1,175), Klebsiella spp. (n=442; includes:
Klebsiella oxytoca [105 strains], K. ozaenae [1 strain], and K. pneumoniae
[336 strains]), Serratia spp. (n=106; includes: Serratia liquefaciens [5 strains] and

E. coli

- The MIC,, for ceftazidime and ceftazidime-avibactam for E. coli was
2 and 0.25 pg/mL, respectively (Table 1). Ceftazidime susceptibility was at

Table 1. Activity of ceftazidime, ceftazidime-avibactam and comparator antimicrobial
agents when tested against Gram-negative bacteria (2,512 strains) from Europe
(2009 Surveillance)

Enterobacter spp.

- The MIC,, for ceftazidime and ceftazidime-avibactam for Enterobacter spp.
was >32 and 1 pug/mL, respectively (Table 1). Ceftazidime susceptibility was

ceftazidime (CAZ) and the novel non-B-lactam B-lactamase inhibitor (AVI) S. marcescens [101 strains)), Enterobacter spp. (n=242), and Proteus mirabilis 93.4/87.5% (CLSI/EUCAST interpretive criteria, respectively) whereas the Organisms/antimicrobial  MIC,/MIC,, cLSk EUCAST at 69.7/64.3% (CLSI/EUCAST interpretive criteria, respectively) whereas the
targeting Gram-negative (GN) pathogens and is effective against ESBL- and (n:1.08) isolates. The ceftazidime and f:eftamdlme-awbactam MIC distribution MIC values were <1 ug/mL for ceftazidime-avibactam for 100% of isolates agent (no. tested) (Hg/mL) %S / %R %S / %R MIC values for 95.5% of isolates were <1 ug/mL for ceftazidime-avibactam
AmpC-producing strains. We examined the effect of AVI on the CAZ MIC profiles from the 2009 European surveillance program were compared to those (Figure 1b). P. aeruginosa (439) (Figure 1d).
distribution profile of Gram-negative European Clinical Isolates and compared zf i?gatz"d'"}e obtaunez f;‘:_":'hT 2EOL;(2:AST website (http:/fwww.eucast.org/mic_ - For strains with an ESBL-phenotype, 99.4% of ceftazidime-avibactam MIC Ceftazidime-avibactam 2/8 B NE ~There is no EUGAST ECOFF available for Enterobacter spp.; however, the
the results to EUCAST wild-type distributions and Epidemiological Cut-Off istributions/) accesse pri . values were at or below the ECOFF (<0.5 pg/mL; Figure 1b). Ceftazidime 2/>82 72.7121.0 72.7127.3 ECOFF for E. aerogenes and E. cloacae was <1 pg/mL (Figure 1d).
((=CrolrrS) velies 15t oy A7 - Interestingly, in the case of E. coli, combination with avibactam shifted the Cgfeplme QUEAS BT BB - In the case of Enterobacter spp., the ceftazidime MIC wild-type frequency
Methods: CAZ and CAZ-AVI MICs were generated for P. aeruginosa (PSA, Results ceftazidime MIC frequency distribution to a set of values lower than the :\Tlfener:nm 21,/:: 23§ ; Zig 2;;;?;? distribution was similar to the distribution of contemporary (2009) clinical
n=439), E. coli (EC, n=1175), Klebsiella spp. (KSP, n=442), Serratia s - . - ) ceftazidime MIC values of the EUCAST wild-type distribution (Figure 1b). eropene Drer. D . ' - )
= , E. , N= , Pp- b i=rm ) & Pp- o Table 1 shows the activity of ceftazidime, ceftazidime-avibactam and i Piperacillin-tazobactam 8/>64 66.3/18.0 66.3/33.7 isolates. Avibactam reduced the MICs of ceftazidime to a unimodal
fSSP, n=106) Enterobacter§pp. (ESP, ff=242), and Pﬂ mirabilis (PM, n=108) comparator agents for the collection of 2,512 European isolates. * Klebsiella spp. Levofloxacin 1 /54 63.6/29.2 57.0/36.4 distribution of lower MICs than the wild-type distribution (Figure 1d).
woro e Co”e'C'ed f"‘?m r(T;Ie_(glcal fc renes br E'l:rope du'I|1n'g 2009.hM|C vglct;es o P aeruginosa - The MIC, for ceftazidime and ceftazidime-avibactam for all Klebsiella spp. Amikacin 4732 89.5/7.1 82.0/10.5 o P mirabilis
wersldeterminedilising reference broth microdilution methods. » - ) ) was 32 and 0.5 pg/mL, respectively (Table 1). Note that the ECOFF for Colistin 1/1 99.5/05 09.5/05 . . ) o
orgs{nlsrps werg those recommended by CLSI. The CAZ and CAZ-AVI MIC - The MIC,, for ceftazidime and ceftazidime-avibactam for P. aeruginosa was Klebsiella spp. is 0.5 pg/mL (Figure 1c). Ceftazidime susceptibility was at E. colf(1.175) - The MIC, for ceftazidime and cefta2|d|me—aylbactam for P, mll’abl/llslspp.
distribution profiles were compared to those of CAZ from the EUCAST >32 and 8 pg/mL, respectively (Table 1). Ceftazidime susceptibility was at 80.3/76.2% (CLSIEUCAST interpretive criteria, respectively) while the MIC - o , o ot . , , was very low at 0.5 and 0.06 pg/mL, respectively (Table 1). Ceftazidime
website for PSA, EC, KSP, SSP, ESP, and PM. 72.7% whereas the MIC values for 90.2% of isolates were <8 ug/mL for values for 97.5% of isolates were <1 pg/mL for ceftazidime-avibactam. Ceﬂaz!d!me-aw actam 025/ o 4 /'4 . 87-5/-6 . susceptibility was at 97.2/90.7% (CLSI/EUCAST interpretive criteria,
idime-avil i ettazidime - AT =76 respectively) whereas the MIC values for 100.0% of isolates were
Results: The MIC,, for CAZ and CAZ-AVI for the 2009 European PSA ceftazidime-avibactam (Figure 1a). - In the presence of avibactam, the MIC, for ceftazidime against strains with Cefepime <0.12/2 94.1/35 89.0/7.6 P ug/myz for cotazidime-avibactam.
isolates was >32 and 8 ug/mL, respectively. The presence of AVI reverted - Thus, the presence of avibactam decreased the MIC,, value to the upper limit an ESBL-phenotype was markedly reduced from >382 ug/mL to 2 pg/mL. Imipenem 0.25/0.25 99.7/0.1 99.9/0.0 . ) ) )
the MIC,, for PSA back to the EUCAST MIC distribution ECOFF. The MIC,, of the EUCAST MIC distribution ECOFF value (see Figure 1a). 75.9% of the isolate MIC values were at <0.5 jig/mL and 89.8% at <1 pg/mL. aa— 012/=012  99.8/04 99.9/0.1 - The MIG,, of ceftazidime-avibactam was 0.06 pg/mL., consistent with the
for CAZ for EC, KSP, SSP, and PM was also reduced to the ECOFF by the Piperacillin-tazobactam 2/16 911 /4.3 87.9/8.9 ECOFF of <0.125 ug/mL (Figure te).
presence of AVI. AVI reduced the MIC,, for ESP >32-fold down to 1 pg/mL, Levofloxacin <0.5/>4 75.7122.6 75.2/24.3 * Serratia spp.
no ECOFF has been defined yet for these organisms although itis 1 ug/mL Figure 1. Comparison of the cumulative MIC frequency distributions for ceftazidime and ceftazidime-avibactam for a) P, aeruginosa b) E. coli c) Klebsiella spp. Amikacin 2/8 98.9/0.3 97.4/1.1 - The MIC,, for ceftazidime and ceftazidime-avibactam for Serratia spp. was
for E. aerogenes and E. cloacae. d) Enterobacter spp. ) P. mirabilis and f) Serratia spp. from a 2009 European surveillance program when compared to the MIC distribution on the EUCAST website ESBL-phenotype (154) 1 and 0.5 pg/mL, respectively (Table 1). Ceftazidime susceptibility was at
Conclusions: The ECOFF which has been used by EUCAST to identify the Ceftazidime-avibactam 0.12/0.5 -/- off 94.3/91.5% (CLSI/EUCAST interpretive criteria, respectively) while the MIC
upper-end of the wild-type MIC distribution for organisms provides a useful . ) b E col Ceftazidime 4132 50.0/33.1 8.4/50.0 values for 94.3% of isolates were <1 pg/mL for ceftazidime-avibactam
tool to understand the MIC range where a normal population of organisms &) (7 eengneEs) . ) = celf SO Cefepime 8/>16 55.2/26.6 21.4/57.1 (Figure 1f).
resides. The elevated CAZ MIC,, for GN bacteria from the European 100 100 7 —o | Imipenem 0.25/05 97.4/0.6 99.4/0.0 - The MIC,, of ceftazidime-avibactam (0.5 pg/mL) was consistent with the
surveillance data was due to the presence of resistant bacteria. CAZ-AVI was 90 90 - / Meropenem <0.12/<0.12 99.4/0.0 100.0/0.0 ceftazidime ECOFF of =0.5 pg/mL (Figure 11).
able to revert the CAZ MIC,, for GN back to the ECOFF; a marker for the o Piperacillin-tazobactam 16/>64 64.9/13.6 49.4/35.1
upper-end of the wild-type population. 80 80 7 Levofloxacin >4 />4 35.7/63.0 34.4/64.3
70 1 70 1 —o— ceftazidime Amikacin 4/16 935/1.3 85.1/6.5
- - 2 ] :
Organism (MIC,, in pg/mL) ﬁ 60 4 % 60 4 -avibactam Klebsiella spp.> (442)
Drug PSA EC KSP SSP  ESP PM 2 50 S 504 d —=— ceftazidime Ceftazidime-avibactam 0.12/05 /- -1-
P = EUCAST wild-type; Ceftazidime 0.25/32 80.3/17.4 76.2/19.7 Conclusions
. ° k S 40 e
Crz =2 2 2 i 222 o 2 49 2 ceftazidime Cefepime <0.12/>16 85.7/12.2 81.4/14.5
CAZ-AVI 8 0.25 0.5 0.5 1 0.06 307 30 1 Imipenem 0.25/0.5 95.7/1.8 98.2/0.2 The ECOFF, which has been used effectively by EUCAST to identify the
CAZ ECOFF <8 <0.5 <0.5 <0.5 NA <0.125 20 1 20 A Meropenem <0.12/<0.12 98.4/0.5 99.5/0.5 upper-end of the wild-type MIC distribution for organisms, provides a
10 1 10 4 Piperacillin-tazobactam 4/>64 78.1/14.3 74.0/21.9 useful tool to understand the MIC range where a normal potentially
0 T ———T——T—T O e S — Levofloxacin <0.5/>4 83.7/12.0 81.4/16.3 treatable population of organisms resides.
Introduction SEX PPNV ™00 9"90960.'&0{@ PNV XRo 7{_\){1/ Amikacin 1/4 98.0/1.6 95.9/2.0 For P. aeruginosa and Klebsiella spp., the addition of avibactam
o700 v L ESBL-phenotype (108) converted the ceftazidime MIC distributions of contemporary clinical
Ceftazidime-avibactam is a B-lactam antibiotic in combination with a non-3- MIC (ug/mL) MIC (pg/mL) Ceftazidime-avibactam 05/2 /- -1- isolates to close to the corresponding EUCAST wild-type distributions.
lactam B-lactamase inhibitor showing promising activity against Ambler class A, Ceftazidime 32/>32 19.4/71.3 10.2/80.6 . L " ;
C and some D B-lactamases. Avibactam inactivates B-lactamase enzymes very c) Klebsiella spp. d) Enterobacter spp. 4 For E. coli, Enteroba.ct_er spp. an_d P ml.rab/I/s, the addition of aylpactam
Cefepime 16/>16 41.7 /50.0 24.1/59.3
- . ) L L converted the ceftazidime MIC distributions of contemporary clinical
efficiently, with low IC50 (concentration resulting in 50% inhibition) values and ECOFF Imipenem 025/2 86.1/6.5 93.5/0.9 X S )
X . R 100 = et L n 100 = B - . - - - isolates to distributions of MICs that were lower than the corresponding
generates a hydrolytically-stable enzyme-avibactam product. The role of avibactam A0 M 0.12 /1 93.5/1.9 98.1/1.9 ) o
A BN . X ; A EIERERED =0 571 bU 4°Ud EUCAST wild-type distributions.
in this combination is to protect ceftazidime from hydrolysis by a variety of serine 90 1 90 Fiperadilinitazobactam 64/ 564 27.8/44.4 20.4/72.2
B-lactamases. 80 - 80 - P ———, A 40'7/45'4 38'0/59.3 MIC values of ceftazidime against Serratia spp. were somewhat lower
i i o : i X ) than the corresponding EUCAST wild-type distribution except at higher
Ceftazidime-avibactam is currently undergoing clinical development for treatment 9 70 ® 7 (Ll . IS RLAACS LER MICs, where a less susceptible sub-population could be discerned. This
of complicated urinary tract (cUTI) and intra-abdominal infections (clAl), including T 601 5 60 BT (B) sub-population was not apparent in the distribution of ceftazidime-
hospital infections and serious infections; in each case, including those caused by 2 50- S 50 - Ceftaz!d!me-awbactam 0.25/1 /- /- avibactam MICs, which overlapped the EUCAST wild-type distribution
antimicrobial-resistant Gram-negative bacteria. The Phase Il results for cUTI and s 40 - ;g 40 - Ceftazidime 0.25/>32 69.7 /28.2 64.3/30.3 (Figure 1f).
clAl were considered promising as the observed efficacy of ceftazidime-avibactam '3 2 Cefepime <0.12/2 96.7/2.5 87.2/37 The elevated ceftazidime MIC. . for G tive bacteria from th
was similar to that of the comparator agent in each case. 30 1 30 Imipenem 0.5/1 91.7/25 97.5/0.4 CIRENCEICEI L |lme EUIASIEIL I SN SRR
20 20 e —— <012/ <012 08.3/1.7 08.3 /0.4 2009 European surveillance data was due to the presence of numerous
The objective of this study was to compare the in vitro activity of ceftazidime and - - resistant bacteria, many of which had MIC values for ceftazidime that
" " X A 10 10 4 iperacillin-tazobactam 4/>64 71.9/10.3 67.4/28.1 5 AP
ceftazidime-avibactam when tested against a collection of contemporary (2009) L , could be decreased in the presence of the B-lactamase inhibitor
- X . ] N = evofloxacin <05/4 88.8/7.4 87.2/11.2 .
clinical isolates from European medical centers. The MIC distribution profiles oOF—T—T—T"T T T T T T T 11 oF=—T——TT T T T T T 11 Amikagin 1/2 98.8/1.2 971 /1.2 avibactam.
of these data were compared to the profiles for ceftazidime as viewed on the 9{50960’.\(1'0‘19 PNV o0 ‘5(7’,;90’ 9%09%0’.\0/079 PNV Xoe ‘50/,,‘50’ P mirabilis (108) o o Ceftazidime-avibactam was able to restore the ceftazidime MIC,, for
EUCAST website (http://www.eucast.org/mic_distributions/). MIC (ug/mL) MIC (ug/mL) Ceftazidime-avibactam O65/0EE e e Gram-negative bacteria to within/below the ECOFF, a marker for the
Ceftazidime 0.06/05 97.2/28 90.7/28 VISP @l e WEHYPE FepulEiem
Materials and Methods e) P. mirabilis ) Serratia spp. Cefepime <0.12/025 98.1/0.9 95.4/3.7
ECOFF ECOFF Imij 2/4 39.8/13.9 86.1/0.0
Consecutively collected, non-duplicate isolates from patients with clinically 100 ~> | 100 -+ et — J;?:n:rzr;m ABIENE oy g
significant infections were collected from January through December in 2009 from 90 .«-—I—I""/-_-_( 90 - er';c'll'n P ‘so 5/1' 100'0/0'0 100'0/0'0
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