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Amended Abstract

Background: The efficacy and safety of ceftazidime-avibactam was assessed for treating
adult patients with hospital-acquired pneumonia (HAP), including ventilator-associated
pneumonia (VAP), in a randomised, multi-centre, double-blind, double-dummy, parallel-group
Phase 3 trial (REPROVE; NCT01808092). Here, the B-lactamase content of select Gram-
negative isolates recovered from patients enrolled in this Phase 3 trial was characterized.

Methods: Of the total 817 randomised patients, 209 patients from 16 countries had baseline
isolates that met the MIC screening criteria for B-lactamase content determination. Selected
isolates were screened for extended-spectrum B-lactamase (ESBL), oxacillinase, class C
B-lactamase (plasmid AmpC; pAmpC), and carbapenemase genes. Isolates underwent
microarray-based assay complemented by PCR/sequencing. Relative transcription levels of
chromosomal AmpC (cAmpC) were assessed by RT-PCR, and Pseudomonas aeruginosa
isolates underwent OprD protein and efflux-pump gene expression analysis. Isolates from
China were only evaluated by in silico DNA sequence analysis.
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» Ceftazidime-avibactam (=8 mg/L for susceptible and =16 mg/L for resistant) and comparator
breakpoints published by the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) were applied for all Enterobacteriaceae and P. aeruginosa® *

o Enterobacteriaceae displaying ceftriaxone and/or ceftazidime MIC results of =2 mg/L and
P. aeruginosa with ceftazidime MIC results of =16 mg/L were selected for further characterisation
of narrow and ESBL genes and for ampC expression®

o Enterobacteriaceae isolates exhibiting imipenem/meropenem MIC results =2 mg/L were tested
for the presence of carbapenemase-encoding genes. P. aeruginosa isolates exhibiting imipenem/
meropenem MIC results =8 mg/L were tested for the presence of carbapenemase-encoding
genes, transcription levels of the efflux pump genes, and OprD analysis®

Screening of B-lactamase and AmpC expression

* Isolates that met the MIC screening criteria were subjected to a microarray-based assay Check-
MDR CT101 kit according to the manufacturer’s instructions (Check-Points, Wageningen,
Netherlands), which is capable of detecting CTX-M groups 1, 2, 8+25 and 9, TEM, SHV, ACC,
ACT/MIR, CMY, DHA, FOX, KPC, and NDM encoding genes®

Ceftazidime-avibactam and meropenem inhibited growth of 95.1% (156/164) and 92.7%
(152/164) of Enterobacteriaceae, respectively, at their susceptibility breakpoints (Table 2)

Ceftazidime tested alone was not active (14.6% susceptible) against this collection of
Enterobacteriaceae

A total of 47.6% (78/164) of Enterobacteriaceae isolates harboured at least 2 3-lactamase-
encoding genes

Most Enterobacteriaceae (63.4%; 104/164) carried blactyx. alone or in combination with other
ESBL/pAmpC/carbapenemases and/or narrow-spectrum enzymes

The CTX-M-encoding genes were predominantly from group 1 (CTX-M-1/3/15/32-like: 69.2%;
72/104) or group 9 (CTX-M-9-like: 29.8%; 31/104) (Table 3)

Enterobacter spp. often overexpressed cAmpC (43.8%; 14/32)

Carbapenemase-encoding genes (4 blakpc.s, 2 blaypu.1, 2 blanpm-s, 2 blap.a, and 1 blagya.as)
were noted in 6.7% (11/164) of Enterobacteriaceae, and these isolates were from China (8),
India (2), and Romania (1) (Table 3)
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A total of 38.2% (13/34) exhibited OprD loss and cAmpC overexpression or OprD loss or cAmpC
overexpression in combination with various other resistance mechanisms (Table 3)

Five IMP- and 2 VIM-producing P. aeruginosa were detected (Table 4)

These isolates were recovered from Ukraine (blay.1 and blaype.1), China (blayp.os), Vietnam
(blapp.o6), Mexico (blayp.ss) and Russia (blay.o)

Other ESBL-encoding genes detected in P. aeruginosa were blacty.m.3 (1), blapse (2), and
b/apER_1 plUS blaOXA_246 (2) (Table 4)

Only 16.2% (6/37) of the P. aeruginosa isolates from China had acquired B-lactamase genes
(Table 4), the remaining isolates (83.8%; 31/37) from China presumably had intrinsic resistance
mechanisms that were not analysed further

Table 4. Summary of B-lactamase enzymes and resistance mechanisms detected among baseline P. aeruginosa recovered from
patients enrolled in the nosocomial pneumonia Phase 3 trials for ceftazidime-avibactam

Pathogen (no; % of all isolates)

Results? No. of isolates
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intravenously as a 2-hour infusion (2 g-0.5 g, every 8 hours) compared to meropenem
administered intravenously as a 30-minute infusion (1 g every 8 hours) was conducted
(REPROVE; NCT01808092)

» The study presented here reports the characterisation of B-lactamase content among baseline
Enterobacteriaceae and Pseudomonas aeruginosa isolates that met the predefined MIC criteria

Escherichia coli[11.1%], and Enterobacter cloacae
[10.2%)]), followed by P. aeruginosa (30.2%) (Table 1)

2 Known non-ESBL enzymes are not reported here; cAmpC, over-expression of chromosomal AmpC; Unknown, screened B-lactamases were not detected (isolates
from China were only subjected to in silico DNA sequence analysis i.e. transcription levels of ampC, efflux pump genes, and OprD analysis were not performed)

Table 2. MIC results for ceftazidime, ceftazidime-avibactam, and meropenem obtained against ex-China pathogens responsible for nosocomial pneumonia in Phase 3 trials for ceftazidime-avibactam that met the MIC screening criteria for molecular characterization

Number of isolate at each MIC (mg/L) and cumulative %

(efflux pumps and/or porins)
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and following the Clinical Laboratory Standard Institute (CLSI) guidelines’-?2

a CAZ, ceftazidime; CAZ-AVI, ceftazidime-avibactam; MER, meropenem; ° Includes 26 E. coli, 32 Enterobacter spp., 85 K. pneumoniae, 8 P. mirabilis, 2 Citrobacter spp., 10 S. marcescens, and 1 M. morganii; ° Includes 8 P. mirabilis, 2 Citrobacter spp., 10 S. marcescens, and 1 M. morganii; ® Represents MIC values of >64 mg/L for

° CeftaZidime was tested in Combination Wlth aVibaCtam at a ﬁxed Concentration of 4 mg/L CAZ or >8 mg/L for MER; © Two NDM (NDM-1 and NDM-2) isolates from India and 2 IMP-4 and 2 NDM (NDM-1 and NDM-5) isolates from China
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