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INTRODUCTION

Post-marketing in vitro surveillance programs are performed to comply with the requirements
of regulatory agencies responsible for approving new antimicrobial agents, such as the United
States Food and Drug Administration (US FDA) and the European Medicine Agency (EMA)

Comprehensive post-marketing in vitro surveillance programs are essential for detecting the
emergence of resistance and changes in resistance patterns that may occur after the clinical
introduction and use of new antimicrobial agents

Furthermore, data generated by these programs can assist clinicians beyond the scope of
local antibiograms, which may not be available for any given new drug, by providing useful
information on the potency and spectrum of new antimicrobial agents in which clinicians have
limited or no experience

The power of genome sequencing, bioinformatic tools, and curated databases for in silico
analysis can provide organism identification, a better understanding of antimicrobial
resistance, distribution of resistance and virulence genes, and epidemiology of bacterial
populations

A well-designed surveillance system combined with molecular characterization of isolates
provides pivotal information on the prevalence of clinically significant resistance genotypes
and subsequent changes over time

— Monitoring for resistance determinants can also help detect new, emerging
resistance mechanisms and evaluate the dissemination of resistance determinants
and clones

We evaluated the results obtained by whole genome sequencing (WGS) and in silico
screening of B-lactamase-encoding genes from 2,600 Enterobacterales isolates tested as part
of the International Network for Optimal Resistance Monitoring (INFORM) surveillance
program for ceftazidime-avibactam in the United States

MATERIALS AND METHODS

Bacterial isolates

A total of 19,535 Enterobacterales isolates causing infections in hospitalized patients in the
United States were collected as part of the INFORM Program in 2016-2017 (Table 1)

— These isolates were consecutively collected (1 per patient) from 85 sites located in
37 states in 9 US census divisions and were submitted to JMI Laboratories (North
Liberty, lowa, USA)

Isolates were initially identified by the participating laboratory, and identifications were confirmed
at JMI Laboratories using matrix assisted laser desorption ionization time of flight technology
mass spectrometry (Bruker Daltonics, Bremen, Germany) and/or genome sequencing

Antimicrobial susceptibility testing

Isolates were tested for susceptibility by broth microdilution using frozen-form broth
microdilution panels containing cation-adjusted Mueller-Hinton broth and manufactured by JMI
Laboratories according to CLSI M07 (2018)

Screen for B-lactamase genes by WGS and
bioinformatic tools

JMI Laboratories, North Liberty, lowa, USA

® DNA libraries were prepared using the Nextera XT™ library construction protocol (lllumina, San
Diego, California, USA) following the manufacturer’s instructions and sequenced on a MiSeq
Sequencer (lllumina) at JMI Laboratories

® FEach raw sequencing data set was quality assured, error corrected, and assembled de novo
using the SPAdes genome assembler (v 3.9.0)

® Assembled genomes were subjected to a proprietary software (JMI Laboratories) to screen for
known -lactamase-encoding genes

RESULTS

® Among 10,546 and 9,079 Enterobacterales isolates collected in 2016 and 2017, respectively,
1,362 (13.0%) and 1,238 (13.6%) were submitted to WGS (Table 1)

® An extended-spectrum B-lactamase (ESBL)-encoding gene was detected in 13.0% and 14.3%
of E. coli and 10.2% and 11.5% of K. pneumoniae isolates in 2016 and 2017, respectively
(Table 2)

® The most common ESBLs were CTX-M type, which were observed in 97.9% and 76.3% of
ESBL-producing E. coli and K. pneumoniae, respectively (Table 2)

® Overall, a CTX-M gene was detected in 6.6%/7.3% of Enterobacterales isolates in 2016/2017
(Table 3), including 12.7%/14.0% of E. coli and 7.8%/8.7% of K. pneumoniae (Tables 2 - 4)

® OXA-type enzymes (mainly OXA-1/30-like) were the second most common B-lactamase group
and were detected in 3.2%/3.3% of Enterobacterales in 2016/2017, including 5.3%/5.1% of E.
coli and 4.9%/5.5% of K. pneumoniae isolates (Table 4)

® A carbapenemase gene was detected in 1.1% and 0.9% of Enterobacterales in 2016 and 2017,
respectively, and K. pneumoniae carbapenemase (KPC)-producing isolates represented
95.0% of the carbapenemase producers (Tables 2 and 3)

® The prevalence of KPC-producing K. pneumoniae isolates decreased from 3.4% in 2016 to
2.2% in 2017 (Tables 2 - 4)

® A metallo-B-lactamase (MBL) was observed in only 2 isolates (0.01%; NDM-1 and IMP-27),
both in 2016 (Tables 3 and 4)

® (Ceftazidime avibactam was very active against ESBL-producing strains (MIC,,4o, 0.12-0.25/0.5
mg/L), including CTX-M producers (MIC;,q,, 0.12/0.5 mg/L), OXA-ESBL producers (MICs,o0,
0.12-0.25/0.5 mg/L), and SHV-ESBL producers (MIC;,4,, 0.25/1 mg/L; Table 5)

® C(Ceftazidime avibactam also exhibited potent in vitro activity against transferable AmpC
producers (MICs,q0, 0.25/0.5-1 mg/L) and serine carbapenemase producers (MICzq9, 0.5/2
mg/L; Table 5 and Figure 1)

® Only 5 of 19,535 (0.03%) Enterobacterales isolates evaluated by the INFORM Program in
2016-2017 were resistant (MIC, >8 mg/L) to ceftazidime-avibactam (2 E. cloacae and 2 P.
stuartii from 2016 and 1 Serratia marcescens from 2017; Table 6)
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CONCLUSIONS

A slight increase in ESBL-producing E. coli and K. pneumoniae and a decrease in
KPC-producing K. pneumoniae isolates were observed in 2017 compared to 2016

MBL-producing Enterobacterales isolates remain very rare in the United States

Ceftazidime-avibactam retained potent in vitro activity against 3-lactamase-producing
strains isolated in US medical centers in 2016-2017

WGS combined with bioinformatics for data analysis represent valuable tools for
monitoring resistance mechanism trends in post-marketing surveillance
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Figure 1 Ceftazidime-avibactam MIC distribution for serine carbapenemase and ESBL-producing strains (INFORM Program, 2016-2017)
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