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Conclusions

 Ceftaroline-avibactam exhibited potent activity against a
large collection of Enterobacteriaceae and Gram-positive
organisms isolated in USA medical centres from patients
with cUTI
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Abstract

Objective: To evaluate the activity of ceftaroline combined
with avibactam (at fixed 4 mg/L) against isolates from
complicated urinary tract infections (cUTI) collected in USA
medical centres. Ceftaroline is a broad-spectrum
cephalosporin and avibactam is a novel non-B-lactam B- * E. coli and Klebsiella spp. were very susceptible to

e Overall, 98.4% of strains were inhibited at <2 mg/L of
ceftaroline-avibactam and all 18 isolates with ceftaroline-
avibactam MIC at 24 (4-16) mg/L were E. faecalis (Table 1)

* Enterobacteriaceae strains resistant to broad-spectrum
cephalosporins (ceftriaxone and ceftazidime), [3-lactam/[3-
lactamase inhibitor combinations (piperacillin/tazobactam
and ampicillin/sulbactam), and carbapenems
(meropenem) exhibited low ceftaroline-avibactam MIC
values (<1 mg/L)

ceftaroline-avibactam with MIC.,,, 0f <0.03/0.06 and
0.06/0.12 mg/L, respectively. Ceftriaxone and ciprofloxacin
were active against 92.0 and 73.9% of E. coli and 92.3 and
94.2% of Klebsiella spp., respectively; and 1.5% of
Klebsiella spp. were resistant to meropenem (Table 2)

lactamase (BL) inhibitor that inhibits Ambler class A, C, and
some D enzymes.

Methods: Ceftaroline-avibactam and comparators were
tested for susceptibility by CLSI broth microdilution methods
against 1131 strains, including Escherichia coli (348; 8.0%

ESBL-phenotype), Klebsiella spp. (326; 8.6% ESBL- « An ESBL phenotype was observed in 8.0% of E. coli and
phenotype and 1.5% meropenem-resistant), group B 8.6% of Klebsiella spp. strains; and these ESBL-phenotype
streptococci (GBS; 176), Enterococcus faecalis (78), strains were very susceptible to ceftaroline-avibactam
coagulase-negative staphylococci (CoNS; 77; 57.1% (highest MIC of only 1 mg/L). Ceftaroline-avibactam was

oxacillin-resistant), Proteus mirabilis (61) and Morganella also active against meropenem-resistant Klebsiella spp.
morganii (34). Non-fermentative bacilli were not included. (highest MIC of 1 mg/L; Table 1)

|Isolates were collected in 2009-2010 from 65 medical

 Ceftaroline combined with avibactam represents a
potential therapeutic option for the treatment of multidrug-
resistant organisms causing UTIs.
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activity against a large collection of Enterobacteriaceae and
Gram-positive organisms from patients with cUTI. Avibactam
can effectively lower ceftaroline MIC values for .
Enterobacteriaceae that produced the most clinically
significant BLs occurring in USA hospitals.
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Table 1. Summary of ceftaroline-avibactam activity tested against organisms collected from patients with urinary tract infections in USA
medical centers (2009 - 2010)

Introduction

- : : : Organism No. of isolates (cumulative %) inhibited at ceftaroline-avibactam MIC (mg/L) of %

Urinary tr_act_ mfec_tlon (UTI) Is one of the most common (nc?_ tested) <003 01 01 3 0E : ; Z - s
noso_cor_mal mfe_ctlons and a main source of bacteremia in E. coli (348) 205 (58.9)  1115(92.0) 24 (98.9) 3(99.7) 1(100.0) - - - - -
hospitalized patients. Ceftaroline, the active component of ESBL-phenotype (28) 6 (21.40) 10 (57.1) 9 (89.3) 2 (96.4) 1 (100.0) i i i i i
ceftaroline fosamil, is a broad-spectrum cephalosporin with Klebsiella spp. (326) 72 (22.1) 173 (75.2) 50 (90.5) 22 (97.2) 7 (99.4) 2 (100.0) - i - -
potent activity against Gram-positive organisms (including ESBL-phenotype (28)( | 3 510.7; 7 235.7; 5 ESS.G; 7 E?S.G; 4 Egz.g; 2 Eloo.o; - . . .
TF - Meropenem-resistant (5 1(20.0 1 (40.0 0 (40.0 0 (40.0 2 (80.0 1 (100.0 - - - -
meth|C|II|n-reS|stan_t Staphylocqccus aUreus [MRSA]) and _ P. mirabilis (61) 2 (3.3) 16 (29.5) 34 (85.3) 7 (96.7) 2 (100.0) - - - . .
most Enterobacteriaceae species but, like all cephalosporins, M. morganii (34) 12(353) 15 (79.4) 5 (94.1) 2 (100.0) _ _ _ _ _ _
has limited activity against organisms that produce extended- Enterobacter spp. (17) 2 (11.8) 7 (52.9) 3 (70.6) 3 (88.2) 2 (100.0) i i i i _
spectrum B-lactamase (ESBL), derepressed AmpC and Citrobacter spp. (8) 0 (0.0) 3(37.5) 3(75.0) 1(87.5) 1 (100.0) - - - - -
carbapenemases. S. marcescens (6) 0 (0.0) 0 (0.0) 0 (0.0) 1(16.7) 2 (50.0) 3 (100.0) - - - -
Group B strep. (176) 174 (98.9) 2 (100.0) - - - - - - - -

Avibactam (also known as NXL104) is a new non-3-lactam E. faecalis (78) 0(0.0) 0 (0.0) 0(0.0) 0 (0.0) 1(1.3) 10 (14.1) 49 (76.9) 8 (87.2) 5(93.6) 5 (100.0)
CoNS (77) 2 (2.6) 15 (22.1) 21 (49.4) 21 (76.6) 15 (96.1) 2 (98.7) 1 (100.0) - - :

iInhibitor of B-lactamases currently in clinical development that

a. Concentrations reported in the table for ceftaroline-avibactam refer to the concentration of ceftaroline tested with fixed 4 mg/L avibactam concentration.

displays a broad-spectrum inhibition profile against both class
A and class C enzymes, and a variable level of activity against
class D enzymes. Avibactam efficiently protects 3-lactams
from hydrolysis by a variety of strains producing enzymes,

Antimicrobial agent

% Susc. / % Resistant?

Antimicrobial agent

% Susc. / % Resistant?

_ _ _ (no. of isolates) MICso MICago Range CLSI EUCAST  (no.ofisolates) MICso MICago Range CLSI EUCAST
Including ESBL, AmpC, and KPC types. In this study, we Escherichia coli (348) Enterobacter spp.9 (17)
report the activity of ceftaroline combined with avibactam Ceftaroline-avibactam  <0.03 0.06  <0.03-05 -/ - -/ - Ceftaroline-avibactam ~ 0.06 05  <0.03-05 -/ - -/ -
(fixed 4 mg/L) against isolates from Complicated UT]I (CUT|), Ceftriaxone <0.25 <0.25 <0.25->8 92.0/8.0 92.0/8.0 Ceftriaxone <0.25 4 <0.25->32 88.2/11.8 88.2/11.8
. : : Ceftazidime <1 <1 <1->16 95.1/34 92.8/4.9 Ceftazidime 0.25 8 0.06->16 88.2/59 88.2/11.8
including ESBL- and KPC-producers, recovered in USA Ampicillin/sulbactam 8 >16  <2->16 56.4/21.8 -/436  Ampicillin/sulbactam 8 >16 ~ <2->16 52.9/235  -/47.1
medical centres in 2009 and 2010. Piperacillin/tazobactam 2 8 <0.5->64 957/17 93.1/4.3  Piperacillin/tazobactam 4 16 1-—>64 94.1/5.9 88.2/5.9
Ciprofloxacin <0.5 >4 <0.5->4 739/26.1 73.4/26.1 Ciprofloxacin <0.5 <0.5 <0.5 100.0/0.0 100.0/0.0
Levofloxacin <0.5 >4 <0.5->4 73.9/258 73.9/26.1 Levofloxacin <0.5 <0.5 <0.5-1 100.0/0.0 100.0/0.0
M at er | al S an d M et h 0O d S Gentamicin <2 8 <2->8  89.7/9.7 89.1/10.3  Gentamicin <2 <2 <2-4  100.0/0.0 94.1/0.0
Tigecycline® 0.12 0.25 0.06—2 100.0/0.0 99.4/0.0  Tigecycline 0.25 0.5 0.25-0.5 100.0/0.0 100.0/0.0
o _ Meropenem <0.12 <0.12 <0.12-0.25 100.0/0.0 100.0/0.0 Meropenem <0.12 <0.12 <0.12 100.0/0.0 100.0/0.0
Bacterial isolates. A total of 1131 strains were collected, Klebsiella spp.” (326) Group B Streptococcus (176)
including E. col (348), Klebsiella spp. (326), P. mirabilis (61), Ceftaroline-avibactam 0.06 0.12 <0.03-1 -/ - -/ - Ceftaroline-avibactam <0.03 <0.03 <0.03-0.06 -/ - -/ -
£ : Ceftriaxone <0.25 <0.25 <0.25->8 92.3/6.7 92.3/6.7 Ceftriaxone <0.25 <0.25 <0.25 100.0/ - 100.0/0.0
M. mo_rganll (34)’ Enterobacter >PP- (17)’ Cltrqbacter >PP. (8)’ Ceftazidime <1 <1 <1->16 94.8/5.2 92.3/5.2 Penicillin 0.06 0.06 <0.03-0.12 100.0/- 100.0/0.0
Serratia marcescens (6), group B streptococci (GBS; 176), Ampicillin/sulbactam 4 >16 <2_>16 79.8/10.7 -/202  Erythromycin <0.25 52 2025->2 50.6/48.3 50.6/48.3
Enterococcus faecalis (78) and CoNS (77; 57.1% oxaclillin-R). Piperacillin/tazobactam 2 8 <0.5->64 945/43 90.5/5.5 Clindamycin <0.25 >2 <0.25->2 73.3/26.7 73.3/26.7
Non-fermentative bacilli were not included. Isolates were Ciprofloxacin <0.5 <0.5 <0.5->4 92.9/5.5 92.3/7.1 Levofloxacin <0.5 1 <0.5->4 98.3/1.7 97.211.7
: : . Levofloxacin <0.5 <0.5 <0.5->4 94.2/4.9 93.6/5.8 Linezolid 1 1 05-2 100.0/ - 100.0/0.0
collected in 2009-2010 from 65 medical centres located in all Gentamicin <2 <2 <2->8  96.9/21 96.0/3.1  Tetracycline -8 >8 <2_>8 11.4/88.6 11.4/88.6
nine USA Census Regions. Species identification was Tigecycline® 0.25 0.5 0.06—4  99.1/0.0 97.9/09  Tigecycline® <0.03 0.06 <0.03-0.12 100.0/- 100.0/0.0
: : : : roteus mirabilis Vancomycin 0.5 0.5 <0.12-1 100.0/ - 100.0/0.0
(b'OMe“?UX’ Hazelwood, Missouri, USA) or 16S rRNA Ceftaroline-avibactam  0.12 025 <0.03-0.5 /- /- Daptomycin 0.25 025 <0.06-05 100.0/- 100.0/0.0
sequencing, when necessary. Ceftriaxone <0.25 <0.25 <0.25-4 96.7/1.6 96.7/1.6 Enterococcus faecalis (78)
Ceftazidime 0.06 0.12 0.03-8 98.4/0.0 908.4/1.6 Ceftaroline-avibactam 2 8 0.5-16 -/ - -/ -
Antimicrobial susceptibility testing. All isolates were tested for Ampicillin/sulbactam <2 16 <2->16 82.0/49  -/18.0 Ceftriaxone >8 >8 2 ->8 -/ - -/ -
antimicrobial Suscep“b'“ty US|ng the broth microdilution Piper;cillin/tazobactam <0.5 1 <0.5-2 100.(} /0.0 100.(3 /0.0 Ampifclzillin <1 2 ;1 -2 100.(3 /0.0 100.(3 /0.0
- .. Ciprofloxacin <0.5 >4 <0.5->4 65.6/295 62.3/34.4 Levofloxacin 1 >4 <0.5->4 66.7/32.1 -/ -
method (BMD) as described by the Clinical and Laboratory Levofloxacin <05 >4 <05->4 689/262 656/31.1 Linezolid 1 2 05->8 987/13 98.7/13
Standards Institute (CLSI; M07-A8, 2009). Cation-adjusted Gentamicin <2 >8 <2->8 820/148 705/18.0  Tigecycline® 0.06 0.25 <0.03-0.25 100.0/- 100.0/0.0
Mueller-Hinton broth was used in validated BMD pane|3_ Tigecycline® 2 4 025->4 754/16 443/24.6  Teicoplanin <2 <2 <2 —>8 97.4/26  96.2/3.8
: : : - Meropenem <0.12 <0.12 <0.12 100.0/0.0 100.0/0.0 Vancomycin 1 2 0.5->16 97.4/2.6 97.4/2.6
Ceftarollne_-awbactgm was tested In a _fI_Xed 4 mg/L Morganella morganii (34) Daptomycin 1 2 <0.06 — 4 100.0/ - -/ -
concentration of avibactam. Susceptibility percentages and Ceftaroline-avibactam 0.06 0.12  <0.03-0.25 -/ - -/ - Coagulase-negative staphylococci® (77)
validation of quality control (QC) results were based on the Ceftriaxone <0.25 4 <0.25->8 76.5/11.8 76.5/11.8 Ceftaroline-?vibactam 0.25 0.5 <0.03 -2 -/ - -/ -
: : il : Ceftazidime 0.12 32 0.06 —->32 735/17.6 70.6/26.5 Ceftriaxone 4 >8 0.5->8 429/57.1 429/57.1
CLSI gUIdelmeS (MlQO-SZZ) anc.l Sl_]SCGp'[_Iblhty breakpomts Ampicillin/sulbactam 32 32 8 —>32 14.7 /55.9 -/85.3 Oxacillin 1 >2 <0.25->2 429/57.1 429/57.1
were used to determine susceptibility/resistance rates (CLSI piperacillinftazobactam  <0.5 4 <05->64 91.2/29 91.2/88  Clindamycin <0.25 52 <025->2 805/14.3 80.5/19.5
and EUCAST). No interpretive criteria for ceftaroline- Ciprofloxacin <0.03 >4 <0.03->4 64.7/353 529/353  Levofloxacin <0.5 >4 <0.5->4 57.1/42.9 57.1/42.9
avibactam susceptibility have been established by CLSI or Levofloxacin <0.5 >4 <0.5->4 64.7 ; 29.4 61.8 ; 35.3 Linezolild b 0.5 1 (())535 -2 100.(} /0.0 100.0 ; 0.0
: : Gentamicin <1 >8 <1->8 85.3/14.7 82.4/14.7 Tigecycline 0.12 0.25 <0.03-0.5 -/ - 100.0/0.0
EUCAST. QC was performed using E. coli ATCC 25922, S. Tigecycline 0.5 1 0.12—-2 100.0/0.0 97.1/0.0  Teicoplanin <2 4 <2-8  100.0/0.0 97.4/2.6
aureus ATCC 29213 and P. aeruginosa ATCC 45853. E. coli Meropenem <0.12 <0.12 <0.12 100.0/0.0 100.0/0.0  Vancomycin 1 2 0.25-2  100.0/0.0 100.0/0.0
i i ' i Daptomycin 0.25 0.5 <0.06 -1 100.0/ - 100.0/0.0
and Kl.epSIe”a Spp ISOIateS for WhICh CEf’[I’IaXOI’]e or a. Criteria as published by the CLSI [2012] and EUCAST [2012], B-lactam susceptibility should be directed by the oxacillin test results. : :
ceftazidime or aztreonam MICs were =2 mg/L, were b. USA-FDA breakpoints were applied when available [Tygacil® Product Insert, 2010].
. . . . c. Includes: Klebsiella oxytoca (73), K. pneumoniae (230), and unspeciated Klebsiella (23).
COﬂSIdered tO be phenOtyp|C'pOS|t|Ve fOI’ ESBL pI’OdUCtlon d. Includes: Enterobacter aerogenes (6) and E. cloacae (11).
e. Includes: Staphylococcus auricularis (1), S. capitis (2), S. epidermidis (20), S. haemolyticus (2), S. saprophyticus (5), and unspeciated coagulase-negative staphylococci (47).
f

(CLSI, 2012).

USA-FDA breakpoints were applied when available [Rocephin® Product Insert, 2010].
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