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Objectives: We report the in vitro activity of ceftazidime/avibactam and comparators against 7729 Enterobacterales iso-
lates and 2053 Pseudomonas aeruginosa isolates collected from six Latin American countries between 2015 and 2017.

Methods: A central reference laboratory performed antimicrobial susceptibility testing using broth microdilution
panels according to CLSI guidelines. The presence of B-lactamases was confirmed using multiplex PCR assays.

Results: Susceptibility rates among Enterobacterales were highest for ceftazidime/avibactam (99.3%,
MICgo=0.5mg/L), meropenem (95.4%, MICgo=0.12 mg/L) and amikacin (93.5%, MICyo =8 mg/L). High suscepti-
bility rates were observed for ceftazidime/avibactam in all six countries. The majority of carbapenemase-positive
isolates among Enterobacterales (N=366, 4.7%) were susceptible to ceftazidime/avibactam (86.9%), colistin
(76.8%) and amikacin (60.9%); MBL-positive isolates (N =49, 0.6%) were susceptible only to colistin (79.6%), with a
minority susceptible to amikacin (49.0%), aztreonam and levofloxacin (both 30.6%). Highest rates of susceptibility
among P. aeruginosa isolates were for colistin (99.2%) and ceftazidime/avibactam (86.6%), with rates of suscepti-
bility to all other agents being <80.0%. MDR P. aeruginosa isolates (N =712, 34.7%) had a high rate of susceptibility
to colistin (98.9%); the rate of susceptibility to ceftazidime/avibactam was 61.4% and <50.0% to all other com-
parator agents. A total of 235 (11.4%) isolates of P. aeruginosa were carbapenemase positive and 148 (7.2%) were
MBL positive; both subsets had high rates of susceptibility to colistin (98.3% and 100%, respectively).

Conclusions: Ceftazidime/avibactam susceptibility rates in Latin American countries are stable and high; ceftazi-
dime/avibactam can be an appropriate treatment for patients with infections caused by Enterobacterales or

P. aeruginosa and for whom treatment options may be limited.

Introduction

Infections caused by pathogens with resistance to B-lactam
agents amongst Enterobacterales and Pseudomonas aeruginosa
are associated with increased morbidity and mortality, and are of
increasing concern globally and in Latin America.™* Carbapenem-
resistant Enterobacterales have been categorized in the critical
and highest priority group of pathogens by the WHO and are listed
as an urgent threat by the CDC.>* P. aeruginosa is a major cause of
healthcare-associated infections that include urinary tract, surgi-
cal site, bloodstream, abdominal and skin and soft tissue infections
and nosocomial pneumonia.*™’

Acquisition of plasmid-mediated carbapenemase genes is a
frequent mechanism of resistance among Enterobacterales and is
often attributable to expression of serine proteases, such as KPC

and OXA-48-like enzymes, or MBLs, which include NDM-, IMP-,
SPM- and VIM-like enzymes. Other important mechanisms include
the production of ESBLs or Ambler class C B-lactamases, expres-
sion of efflux pumps, or loss of function of outer-mmembrane pore-
forming proteins.®? Resistance to penicillins and cephalosporins
amongst P. aeruginosa is frequently inferred to be caused by stable
derepression of the intrinsic, chromosomally encoded AmpC ceph-
alosporinase, whilst resistance to carbapenems can be mediated
by additional up-regulation of efflux transporters or decrease or
loss of the OprD porin.*~*2 Transmission of p-lactamases and car-
bapenemases is a further cause of resistance, although less com-
mon than mutational resistance.'®*#*3

Avibactam is a first-in-class diazabicyclooctanone non-B-lac-
tam B-lactamase inhibitor and the combination of ceftazidime
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with avibactam possesses in vitro activity against Enterobacterales
and P. aeruginosa carrying B-lactamases of Ambler class A (ESBLs
and KPCs), class C (AmpC cephalosporinases) and some of class D
(e.g. OXA-48-type, many carriers of which co-carry ESBLs).'*
Ceftazidime/avibactam does not possess in vitro activity against
MBL producers, or Enterobacterales or P. aeruginosa that encode
sequence alterations in target proteins (AmpC, KPC and PBP3).2 %23

The combination of ceftazidime with avibactam has been
approved by the FDA for the treatment of adult patients with
complicated intra-abdominal infections, complicated urinary tract
infections (including pyelonephritis) and hospital-acquired pneu-
monia (including ventilator-associated pneumonio).24 The in vitro
activity of ceftazidime/avibactam and a panel of comparator
agents against isolates of Enterobacterales and P. aeruginosa has
been tracked via the International Network for Optimal Resistance
Monitoring (INFORM) global surveillance programme, which was
established in 2012 and was succeeded by the Antimicrobial
Testing Leadership and Surveillance (ATLAS) study in 2018. The
data presented here are an update to surveillance data from iso-
lates collected from 2012 to 2015 in Latin America and reported
by Karlowsky et al.*

Materials and methods

A total of 9782 non-duplicate clinical isolates of Enterobacterales and
P. aeruginosa were collected from 28 centres in six Latin American countries
(Argentinag, Brazil, Chile, Colombia, Mexico and Venezuela) between 2015
and 2017 as part of the INFORM surveillance study. A predefined number of
selected bacterial species were collected by each site from patients
with bloodstream infections, intra-abdominal infections, lower respiratory
tract infections, skin and soft tissue infections and urinary tract infections.
Isolates were accepted into the study regardless of antimicrobial suscepti-
bility. Following shipment to the central reference laboratory [International
Health Management Associates, Inc. (IHMA), Schaumburg, IL, USA], identi-
fication of samples was performed using MALDI-TOF (Bruker Biotyper
MALDI-TOF, Bruker Daltonics, Billerica, MA, USA).

Susceptibility testing was performed with frozen broth microdilution
panels manufactured by IHMA, for isolates collected in 2015 and 2016, and
by TREK (TREK Diagnostic Systems, Thermo Fisher Scientific, Oakwood
Village, OH, USA), for isolates collected in 2017, according to CLSI guide-
lines.?® Avibactam was tested at a fixed concentration of 4 mg/L in combin-
ation with doubling dilutions of ceftazidime (range from <0.015mg/L
to 128 mg/L) against all isolates. MICs were interpreted using EUCAST
2019 breakpoints, version 9.0.2” Definition of an MDR phenotype was resist-
ance, according to EUCAST 2019 breakpoints, to at least one agent in
three or more drug classes [aminoglycosides (amikacin); B-lactam/B-
lactamase inhibitor combinations (piperacillin/tazobactam); monobactams
(aztreonam); cephalosporins (cefepime or ceftazidime); carbapenems (imi-
penem or meropenem); fluoroquinolones (levofloxacin); and polymyxins
(colistin)] following published recommendations.?® Isolates of Escherichia
coli, Klebsiella pneumoniae, Klebsiella oxytoca and Proteus mirabilis with
MICs of >2 mg/L to ceftazidime or aztreonam determined by broth microdi-
lution, collected in 2015, were tested for ESBL activity by determining sus-
ceptibility to cefotaxime, cefotaxime/clavulanate, ceftazidime and
ceftazidime/clavulanate as recommended by CLSI guidelines.?® Isolates
that tested as phenotypically positive for ESBL activity, or that were nega-
tive but with a ceftazidime MIC >16 mg/L, were screened for the presence
of genes encoding SHV, TEM, CTX-M, VEB, PER, GES, plasmid-encoded
AmpC, KPC, OXA-48-like, NDM, IMP, VIM, SPM and GIM using published
multiplex PCR assays.>® Isolates of E. coli, K. pneumoniae, K. oxytoca and
P. mirabilis with meropenem, ceftazidime or aztreonam MICs >2 mg/L, col-
lected during 2016 and 2017, were also screened for B-lactamase genes

using multiplex PCR. Additionally, all other Enterobacterales isolates with
meropenem MIC >2mg/L, collected between 2015 and 2017, were also
screened for B-lactamases using published multiplex PCR assays.*© All
P. aeruginosa isolates with meropenem MIC >4 mg/L, collected between
2015 and 2017, were screened for B-lactamases to determine the presence
of genes encoding IMP, VIM, OXA-24, NDM, KPC, SPM, GIM, TEM, SHV, VEB,
PER and GES.*! All detected B-lactamase genes, excluding original spec-
trum B-lactamases (TEM-type B-lactamases that do not possess substitu-
tions at amino acid positions 104, 164 or 238 and SHV-type B-lactamases
that do not possess substitutions at amino acid positions 146, 238 or 240)
were amplified using flanking primers and sequenced. Sequences
were compared against databases maintained by the National Center for
Biotechnology Information (www.ncbi.nlm.nih.gov) and the Lahey Clinic
(www.lahey.org/studies).

Results

A total of 9782 isolates were collected from six Latin American
countries between 2015 and 2017 (Table S1, available as
Supplementary data at JAC Online). The highest proportion of iso-
lates was collected from centres in Mexico (24.3%) and the lowest
from Colombia (12.4%). The majority of isolates were collected
from patients located in non-ICUs (71.4%) and just over half of iso-
lates were collected from male patients (50.8%). Most isolates
were collected from adult patients (89.9%) and the most common
sources were genitourinary (28.1%) and integumentary (21.4%).

Susceptibility to ceftazidime/avibactam and comparator
agents

Enterobacterales

Susceptibility rates among all Enterobacterales isolates pooled
(N=7729, Table1l) were highest to ceftazidime/avibactam
(99.3%, MICgo=0.5mg/L), showing restoration of in vitro activity
when compared with ceftazidime alone (susceptibility 66.3%,
MICgo =64 mg/L). Susceptibility rates among the Enterobacterales
were also high for meropenem (95.4%, MICgo=0.12mg/L) and
amikacin (93.5%, MICoo=8mg/L). The rate of susceptibility to
colistin among Enterobacter cloacae, E. coli, Klebsiella aerogenes,
K. oxytoca and K. pneumoniae isolates was >94.4%.

Ceftazidime/avibactam showed consistent in vitro activity
against all species of Enterobacterales isolates (Table 1), with
susceptibility rates ranging from 98.2% (E. cloacae) to 100%
(K. aerogenes, P. mirabilis and Serratia marcescens). Rates of sus-
ceptibility to most agents were reduced among the K. pneumoniae
isolates when compared with rates for all Enterobacterales iso-
lates pooled, with reductions observed for piperacillin/tazobactam
(—19.4%), cefepime (—17.2%), ceftazidime (-16.1%) and
aztreonam (—14.8%). The ceftazidime/avibactam susceptibility
rate among K. pneumoniae isolates (98.8%) was similar to that
of all Enterobacterales (99.3%); colistin (95.1%) and amikacin
(89.4%) susceptibility rates were also high.

Resistance phenotypes among Enterobacterales

A total of 1860 (24.1%) Enterobacterales isolates were identified
as ESBL positive (Table 2) and susceptibility to ceftazidime alone
was 3.4% compared with 98.2% to ceftazidime/avibactam, a rate
that was similar to the value observed among the overall
set of Enterobacterales isolates (99.3%). The highest number of
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Table 1. MICso, MICqo and MIC range (mg/L) of, and antimicrobial susceptibility and resistance to, ceftazidime/avibactam and comparator agents for
Enterobacterales and P. aeruginosa isolates collected in Latin America as part of the INFORM study®, 2015-17

Organism/antimicrobial MICsp (mg/L) MICgo (mg/L) MIC range (mg/L) S (%) R (%)
All Enterobacterales (N=7729)b¢
ceftazidime/avibactam 0.12 0.5 <0.015to >256 99.3 0.7
ceftazidime 0.25 64 <0.015to >256 66.3 29.2
cefepime <0.12 >32 <0.12to >32 69.2 26.9
amoxicillin/clavulanate 16 >64 <0.12to >64 45.7 54.3
piperacillin/tazobactam 4 128 <0.25to0 >256 77.8 17.8
aztreonam 0.12 128 <0.015to >256 66.5 30.8
meropenem 0.03 0.12 <0.004 to >16 95.4 3.2
amikacin 2 8 <0.25to >64 935 3.5
levofloxacin 0.25 >16 <0.004 to >16 61.1 33.4
tigecycline 0.5 1 <0.015to >16 — —
E. cloacae (N=504)
ceftazidime/avibactam 0.25 1 <0.015to >256 98.2 1.8
ceftazidime 0.5 128 0.06 to >256 58.9 37.3
cefepime <0.12 >32 <0.12to >32 66.9 23.4
amoxicillin/clavulanate >64 >64 1to>64 2.6 97.4
piperacillin/tazobactam 4 >256 <0.25to0 >256 69.0 26.6
aztreonam 0.25 128 <0.015to >256 61.9 36.3
imipenem 0.5 1 <0.03to >16 94.4 4.2
meropenem 0.06 0.25 <0.004 to >16 95.4 2.8
colistin 0.25 1 0.12to >16 94.4 5.6
amikacin 1 8 0.5to >64 93.8 3.8
levofloxacin 0.06 8 0.008 to >16 74.2 17.7
tigecycline 0.5 1 0.12to 8 — —
E. coli (N=2625)
ceftazidime/avibactam 0.12 0.25 <0.015to >256 99.9 0.1
ceftazidime 0.25 32 <0.015to >256 66.1 28.2
cefepime <0.12 >32 <0.12to >32 66.0 30.4
amoxicillin/clavulanate 8 32 <0.12to >64 55.5 44.5
piperacillin/tazobactam 2 16 <0.25to0 >256 85.6 9.5
aztreonam 0.12 64 <0.015to >256 64.0 32.6
imipenem 0.12 0.25 <0.03to >16 99.4 0.3
meropenem 0.03 0.06 0.008 to >16 99.4 0.1
colistin 0.25 0.5 <0.06to >16 99.2 0.8
amikacin 2 8 <0.25to >64 94 .4 1.7
levofloxacin 1 >16 <0.004 to >16 48.3 49.1
tigecycline 0.25 0.5 <0.015to 4 97.8 2.2
K. aerogenes (N=276)
ceftazidime/avibactam 0.12 0.5 <0.015t0 2 100 0.0
ceftazidime 0.25 64 <0.015to >256 70.3 26.8
cefepime <0.12 1 <0.12 to >32 92.4 6.5
amoxicillin/clavulanate >64 >64 2to >64 2.2 97.8
piperacillin/tazobactam 4 64 <0.25to0 >256 73.6 23.6
aztreonam 0.12 32 <0.015to >256 71.7 25.7
imipenem 1 2 0.12to >16 95.7 2.9
meropenem 0.06 0.12 0.015to >16 97.1 2.2
colistin 0.25 0.5 0.12to >16 98.6 1.4
amikacin 1 2 <0.25to >64 99.3 0.7
levofloxacin 0.06 0.5 <0.03to >16 90.9 4.7
tigecycline 0.5 0.5 0.06 to &4 — —
K. oxytoca (N=341)
ceftazidime/avibactam 0.12 0.25 <0.015to >256 98.5 1.5
Continued
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Table 1. Continued

Organism/antimicrobial MICso (mg/L) MICqp (mg/L) MIC range (mg/L) S (%) R (%)
ceftazidime 0.12 4 0.03to >256 88.6 9.1
cefepime <0.12 2 <0.12 to >32 88.6 5.9
amoxicillin/clavulanate 4 32 <0.12 to >64 81.5 18.5
piperacillin/tazobactam 2 64 <0.25to0 >256 87.4 12.3
aztreonam 0.12 32 <0.015to >256 83.0 14.7
imipenem 0.25 0.5 0.06to >16 97.1 1.5
meropenem 0.03 0.06 0.015to >16 97.9 1.2
colistin 0.25 1 0.12to >16 99.1 0.9
amikacin 1 4 0.5to >64 97.4 1.5
levofloxacin 0.06 1 0.008 to >16 86.5 9.1
tigecycline 0.25 0.5 0.12to2 — —

K. pneumoniae (N=2203)
ceftazidime/avibactam 0.12 1 <0.015to >256 98.8 1.2
ceftazidime 1 128 0.03to >256 50.2 45.8
cefepime 0.5 >32 <0.12 to >32 52.0 43.8
amoxicillin/clavulanate 16 >64 <0.12to >64 473 52.7
aztreonam 0.5 >256 <0.015to >256 51.7 46.8
imipenem 0.25 8 0.06 to >16 87.3 11.0
meropenem 0.06 8 0.015to >16 87.5 9.5
colistin 0.25 1 0.12to >16 95.1 4.9
amikacin 2 16 <0.25to >64 89.4 7.1
levofloxacin 0.5 >16 <0.004 to >16 54.6 36.5
piperacillin/tazobactam 8 >256 <0.25to >256 58.4 35.3
tigecycline 0.5 1 0.06to >16 — —

P. mirabilis (N=430)
ceftazidime/avibactam 0.03 0.06 <0.015t0 0.5 100 0.0
ceftazidime 0.06 0.5 <0.015t0 32 93.7 2.3
cefepime <0.12 8 <0.12to >32 86.3 11.4
amoxicillin/clavulanate 2 16 <0.5to >64 82.8 17.2
piperacillin/tazobactam <0.25 1 <0.25to 64 98.8 0.5
aztreonam <0.015 0.5 <0.015to >256 93.7 3.5
imipenem 2 4 0.06to 8 1.2 2.1
meropenem 0.06 0.12 0.015to1 100 0.0
colistin >16 >16 0.25to >16 0.5 99.5
amikacin 4 8 0.5to >64 93.7 2.8
levofloxacin 0.12 >16 <0.03to >16 69.1 27.7
tigecycline 2 4 0.12t0 8 — —

S. marcescens (N=247)
ceftazidime/avibactam 0.12 0.5 0.03to4 100 0.0
ceftazidime 0.25 4 0.06 to >256 86.6 9.3
cefepime <0.12 8 <0.12to >32 87.0 11.3
amoxicillin/clavulanate >64 >64 2 to >64 3.6 96.4
piperacillin/tazobactam 2 8 <0.25to0 >256 91.1 7.7
aztreonam 0.12 64 <0.015to >256 85.4 13.4
imipenem 0.5 2 0.25to0 >16 94.7 4.9
meropenem 0.06 0.12 0.03to >16 96.4 3.2
colistin >16 >16 0.25to>16 1.6 98.4
amikacin 2 8 0.5to >64 91.9 5.7
levofloxacin 0.25 1 0.03to >16 85.8 8.9
tigecycline 1 2 0.25to 4 — —

P. aeruginosa (N=2053)
ceftazidime/avibactam 2 32 0.03to >256 86.6 13.4
ceftazidime 4 128 0.06 to >256 69.2 30.8

Continued
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Table 1. Continued

Organism/antimicrobial MICso (mg/L) MICqp (mg/L) MIC range (mg/L) S (%) R (%)
cefepime 4 >32 <0.12to >32 72.5 27.5
amoxicillin/clavulanate >64 >64 1to >64 — —
piperacillin/tazobactam 8 >256 <0.25to0 >256 66.1 339
aztreonam 8 64 0.06 to >256 72.8 27.2
imipenem 2 >16 0.12to >16 65.8 34.2
meropenem 1 >16 <0.004 to >16 65.0 22.8
colistin 1 2 <0.06to >16 99.2 0.8
amikacin 4 >64 <0.25to >64 77.7 18.0
levofloxacin 1 >16 0.015to >16 58.9 41.1
tigecycline 8 >16 <0.015to >16 — —

A dash indicates that breakpoints were unavailable for calculation of percentage susceptibility or resistance. R, resistant; S, susceptible.

9INFORM was succeeded by ATLAS in 2018.
®Includes Enterobacterales spp. in addition to those listed.

“Imipenem data not presented against all Enterobacterales due to intrinsic resistance among Proteus spp.; colistin data not presented due to intrinsic
resistance among Morganella spp., Proteus spp., Providencia spp. and Serratia spp.

ESBL-positive isolates resistant to ceftazidime/avibactam were
among K. pneumoniae (20/909, 2.2%) and E. cloacae (6/10,
60.0%). High overall rates of susceptibility were observed to colistin
(94.5%), imipenem (88.7%) and tigecycline (97.7%) among E. coli,
the only species with breakpoints for tigecycline (data not shown).
Among the ESBL-positive isolates, there were reductions in the
rates of susceptibility to meropenem (—5.6%) and amikacin
(=10.4%), with susceptibility rates to all other agents reduced by
27% or more compared with corresponding values for the overall
set of Enterobacterales (Table 2).

Among the 366 carbapenemase-positive Enterobacterales iso-
lates (Table 2), susceptibility rates were highest for ceftazidime/
avibactam (86.9%, a reduction of 13.0% compared with
carbapenemase-negative isolates), colistin (76.8%, a reduction of
19.0%) and amikacin (60.9%, a reduction of 25.9%). Species with
the highest proportion of carbapenemase-positive isolates
that were resistant to ceftazidime/avibactam (N=48) were
K. pneumoniae (27/286, 9.4%) and E. cloacae (9/22, 40.9%). The
in vitro activity of tigecycline against carbapenemase-positive iso-
lates (MICsp=0.5mg/L, MICgp=2 mg/L) was consistent with that
against carbapenemase-negative isolates (MICso=0.25mgl/L,
MICgo =1 mg/L). A total of 49 isolates among the Enterobacterales
collection were MBL positive and only colistin was active against
most of these isolates (79.6% susceptibility). Limited susceptibility
of MBL-positive isolates to aztreonam (49.0%), levofloxacin and
aztreonam (both 30.6%) was observed. The tigecycline MICqq
value was reduced by two dilutions to 4mg/L compared
with 1 mg/L among the 2157 MBL-negative isolates. Among the
MBL-negative subset, 99.9% of isolates were susceptible to ceftazi-
dime/avibactam and 93.0% to colistin, whilst high susceptibility
rates were also observed for meropenem (85.7%), imipenem
(83.7%) and amikacin (83.3%).

P. aeruginosa

The highest rates of susceptibility among the 2053 P. aeruginosa
isolates (Table1) were for colistin (99.2%) and ceftazidime/
avibactam (86.6%). Moderate susceptibility rates were also

observed for amikacin (77.7%), aztreonam (72.8%) and cefe-
pime (72.5%).

P. aeruginosa resistance phenotypes

A total of 712 (34.7%) P. aeruginosa isolates were defined as MDR
(Table 3) and susceptibility rates were lower for all agents when
compared with the overall P. aeruginosa collection, with the high-
est susceptibility rate being for colistin (98.9%). The only other
agent with a susceptibility rate of >50% was ceftazidime/avibac-
tam (61.4%). Low rates of susceptibility (<41.7%) were observed
among carbapenemase-positive isolates (N=235) for all agents
apart from colistin (98.3% susceptibility). A high percentage of
isolates that were screened for B-lactamases and defined as
carbapenemase negative (N=483) were susceptible to colistin
(99.6%) and the majority of isolates were also susceptible to cef-
tazidime/avibactam (83.4%) and amikacin (60.9%); susceptibility
to all other comparator agents was <50%. The 148 MBL-positive
isolates were all susceptible to colistin and 64.2% were susceptible
to aztreonam; rates of susceptibility to all other agents were
<10%. Among isolates that were screened for -lactamases and
that did not carry an MBL gene (MBL negative, N=570), the highest
susceptibility rates were for colistin (98.9%), ceftazidime/avibac-
tam (78.2%) and amikacin (57.5%), with rates of susceptibility to
all other comparator agents being <50%.

Susceptibility by country
Enterobacterales

There was little variation in susceptibility rates for all agents
among Enterobacterales across countries (Table 4 and Table S2).
Among ESBL-positive isolates, susceptibility rates to ceftazidime/
avibactam were high, ranging from 97.3% in Mexico to 99.5%
in Argentina, whilst the colistin susceptibility rate was highest
in Mexico (98.5%) and lowest in Brazil (88.9%). Among
carbapenemase-positive isolates, in vitro activity of ceftazidime/
avibactam was consistently found among isolates collected from
Argentina (97.6%) and Brazil (97.7%) (Table S3). There was a
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Table 2. MICso, MICyo and MIC range (mg/L) of, and antimicrobial susceptibility and resistance to, ceftazidime/avibactam and comparator agents for
Enterobacterales resistance phenotypes collected in Latin America as part of the INFORM study®, 2015-17

Phenotype/antimicrobial MICso (mg/L) MICgo (mg/L) MIC range (mg/L) S (%) R (%)
ESBL positive (N=1860)
ceftazidime/avibactam 0.25 1 <0.015to >256 98.2 1.8
ceftazidime 32 >256 0.25to >256 3.4 86.3
cefepime >32 >32 <0.12to >32 2.6 91.1
amoxicillin/clavulanate 16 >64 <0.12to >64 17.0 83.0
piperacillin/tazobactam 16 >256 <0.25to >256 49.2 395
aztreonam 64 >256 0.12 to >256 0.5 94.2
imipenem 0.25 4 <0.03to>16 88.7 8.4
meropenem 0.06 4 0.008 to >16 89.8 7.3
colistin 0.25 1 <0.06to >16 94,5 5.5
amikacin 4 16 <0.25to >64 83.1 9.0
levofloxacin >16 >16 0.03to >16 15.4 76.1
tigecycline 0.5 1 <0.015to >16 — —
CBPM positive (N=366)
ceftazidime/avibactam 1 64 <0.015to >256 86.9 13.1
ceftazidime 64 >256 0.5to >256 1.6 92.1
cefepime >32 >32 <0.12to >32 4.1 86.3
amoxicillin/clavulanate >64 >64 16 to >64 0.0 100
piperacillin/tazobactam >256 >256 8to >256 0.3 99.2
aztreonam >256 >256 <0.015to >256 4.6 93.4
imipenem >16 >16 0.25to0 >16 5.2 80.9
meropenem >16 >16 0.12to >16 12.0 66.7
colistin 0.5 >16 0.12to >16 76.8 23.2
amikacin 4 >64 <0.25to >64 60.9 26.5
levofloxacin >16 >16 0.03to >16 20.2 73.8
tigecycline 0.5 2 0.12to 8 — —
CBPM negative (N=1840)
ceftazidime/avibactam 0.25 1 <0.015to >256 99.9 0.1
ceftazidime 32 128 0.12 to >256 5.2 81.8
cefepime >32 >32 <0.12 to >32 8.0 83.4
amoxicillin/clavulanate 16 >64 <0.12 to >64 18.3 81.7
piperacillin/tazobactam 8 >256 <0.25to >256 53.7 34.7
aztreonam 32 >256 <0.015to >256 2.9 89.8
imipenem 0.25 0.5 <0.03to >16 97.2 0.4
meropenem 0.06 0.12 0.008 to >16 98.3 0.4
colistin 0.25 1 <0.06to >16 95.8 4.2
amikacin 4 16 <0.25to >64 86.8 6.5
levofloxacin >16 >16 0.03to >16 19.2 72
tigecycline 0.25 1 <0.015to >16 — —
MBL positive (N =49)
ceftazidime/avibactam >256 >256 8to >256 2.0 98.0
ceftazidime >256 >256 16to >256 0.0 100
cefepime >32 >32 1to>32 2.0 95.9
amoxicillin/clavulanate >64 >64 32 to >64 0.0 100
piperacillin/tazobactam >256 >256 81to >256 2.0 98.0
aztreonam 64 >256 <0.015to >256 30.6 63.3
imipenem >16 >16 2to>16 4.1 77.6
meropenem >16 >16 0.25to0 >16 10.2 63.3
colistin 0.5 >16 0.12to >16 79.6 20.4
amikacin 16 >64 1to >64 49.0 38.8
levofloxacin 8 >16 0.03to>16 30.6 63.3
tigecycline 1 4 0.12to 4 — —
Continued
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Table 2. Continued

Phenotype/antimicrobial MICso (mg/L) MICqo (mg/L) MIC range (mg/L) S (%) R (%)

MBL negative (N=2157)
ceftazidime/avibactam 0.25 1 <0.015to >256 99.9 0.1
ceftazidime 32 >256 0.12to >256 4.7 83.1
cefepime >32 >32 <0.12to >32 7.5 83.6
amoxicillin/clavulanate 16 >64 <0.12 to >64 15.6 84.4
piperacillin/tazobactam 16 >256 <0.25to >256 45.8 44.2
aztreonam 64 >256 <0.015to >256 2.5 91.0
imipenem 0.25 8 <0.03to >16 83.7 12.3
meropenem 0.06 >16 0.008 to >16 85.7 10.2
colistin 0.25 1 <0.06 to >16 93.0 7.0
amikacin 4 16 <0.25to >64 83.3 9.1
levofloxacin >16 >16 0.03to >16 19.1 72.5
tigecycline 0.5 1 <0.015to >16 — —

A dash indicates that breakpoints were unavailable for calculation of percentage susceptibility or resistance. CBPM, carbapenemase; R, resistant; S,

susceptible.
9INFORM was succeeded by ATLAS in 2018.

reduction of 79.8% in the rate of susceptibility to ceftazidime/
avibactam in  Mexico (Table4) from 98.6% among all
Enterobacterales isolates (N=1855) to 18.8% among
carbapenemase-positive isolates (N=32). Smaller reductions in
susceptibility rate were observed in Venezuela (from 99.2% to
70.8%) and Colombia (from 99.2% to 91.8%). All of the
carbapenemase-positive isolates from Mexico that were resistant
to ceftazidime/avibactam were MBL positive (N=26/32, 81.2%),
with most of these enzymes being carried by K. pneumoniae
(N=17) and E. cloacae (N =5). Mexico had the highest number of
MBL-positive isolates from the region (26/49, 53.1%); Colombia
and Venezuela were the next highest, with 8/49 (16.3%) MBL-
positive isolates from each country. The in vitro activity of colistin
among carbapenemase-positive isolates collected in Colombia,
Mexico and Venezuela was similar to or higher than that for all
Enterobacterales isolates and rates were reduced among
carbapenemase-positive isolates collected in Argentina (from
80.8% to 58.5%) and Brazil (from 82.1% to 77.5%). Reductions in
amikacin susceptibility rate among carbapenemase-positive iso-
lates compared with all Enterobacterales collected in individual
countries were observed across the region, with the largest
reductions observed in Venezuela (—51.3%), Mexico (—50.8%) and
Argentina (—43.6%).

P. aeruginosa

Compared with the whole of Latin America, rates of susceptibility
among P. aeruginosa collected in Colombia, Mexico and Venezuela
were similar for ceftazidime/avibactam and comparator agents
(Table S4) and the colistin susceptibility rate was consistently high
(>98.1%) among isolates from all countries (Table 5). Isolates col-
lected from Argentina showed the highest rates of colistin (99.7%)
and ceftazidime/avibactam (94.5%) susceptibility; this was also
observed among isolates collected in Brazil (susceptibility rates of
99.4% and 93.9%, respectively). With the exception of colistin
(99.7%), rates of susceptibility to all agents were lower among

isolates from Chile, with 75.0% of isolates susceptible to ceftazi-
dime/avibactam and 68.4% susceptible to amikacin. The propor-
tion of MBL-positive isolates among P. aeruginosa isolates was
highest in Chile (53/304, 17.4%), then Venezuela (49/309, 15.9%),
was similar in Mexico and Colombia (25/524, 4.8% and 11/225,
4.9%, respectively) and was low (<2.0%) in Argentina and Brazil.

Rates of susceptibility to colistin among isolates of MDR
P. aeruginosa (Table S5) were consistently high across all countries
(>96.4%), whilst the rate of susceptibility to ceftazidime/
avibactam was reduced in all countries compared with overall
P. aeruginosa rates. The largest reduction (—40.3%) was observed
among isolates from Venezuela, which had the lowest ceftazi-
dime/avibactam susceptibility rate of 42.9%, and the second
largest reduction (=30.7%) was observed in Mexico, which had a
susceptibility rate of 54.4%. Collections of MDR isolates from
Venezuela and Mexico also showed rates of susceptibility to ami-
kacin (19.8% and 39.1%, respectively) that were lower than values
for the other Latin American countries.

Discussion

The  ceftazidime/avibactam  susceptibility — rate  among
Enterobacterales isolates was consistently high across all Latin
American countries included in this analysis of isolates from 2015
to 2017. Susceptibility rates of the overall set of Enterobacterales
isolates were also high for meropenem and amikacin, and in vitro
activity of tigecycline was demonstrated by low MICqo values.
The rate of susceptibility to colistin was high (>94.4%) among
Enterobacterales isolates, excluding P. mirabilis and S. marcescens,
which possess intrinsic resistance to this agent. A previous analysis
of isolates collected from Latin America between 2012 and
2015, as part of the INFORM study, reported 99.7% susceptibility
to ceftazidime/avibactam?® and a single-centre study at a
teaching hospital in Brazil reported 99.4% susceptibility to cef-
tazidime/avibactam among 312 Enterobacterales isolates col-
lected between 2014 and 2015, with 96.7% susceptibility to
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Table 3. MICso, MICyo and MIC range (mg/L) of, and antimicrobial susceptibility and resistance to, ceftazidime/avibactam and comparator agents for
P. aeruginosa resistance phenotypes collected in Latin America as part of the INFORM study®, 2015-17

Phenotype/antimicrobial MICso (mg/L) MICgo (mg/L) MIC range (mg/L) S (%) R (%)
MDR (N=712)
ceftazidime/avibactam 8 64 0.12to >256 61.4 38.6
ceftazidime 64 >256 0.06 to >256 19.0 81.0
cefepime 16 >32 0.5to0 >32 23.2 76.8
piperacillin/tazobactam 128 >256 4t0>256 10.3 89.7
aztreonam 32 >256 0.12to >256 27.0 73.0
imipenem >16 >16 0.12to >16 23.0 77.0
meropenem >16 >16 0.03to >16 19.0 63.3
colistin 1 2 <0.06to0 8 98.9 1.1
amikacin 16 >64 0.5 to >64 455 46.9
levofloxacin >16 >16 0.03to >16 16.4 83.6
tigecycline >16 >16 0.25to >16 — —
CBPM positive (N=235)
ceftazidime/avibactam 32 >256 1to>256 21.3 78.7
ceftazidime 64 >256 4to >256 2.6 97.4
cefepime >32 >32 2to>32 5.1 94.9
piperacillin/tazobactam 128 >256 810 >256 3.4 96.6
aztreonam 32 >256 2to>256 41.7 58.3
imipenem >16 >16 2to>16 0.4 99.6
meropenem >16 >16 4to>16 0.0 95.3
colistin 1 2 0.12to 4 98.3 1.7
amikacin >64 >64 1to>64 20.4 74.5
levofloxacin >16 >16 0.25to >16 4.3 95.7
tigecycline >16 >16 1to>16 — —
CBPM negative (N=483)
ceftazidime/avibactam 4 32 0.25to >256 83.4 16.6
ceftazidime 16 >256 0.25to0 >256 49.3 50.7
cefepime 16 >32 0.5to0 >32 49.7 50.3
piperacillin/tazobactam 32 >256 <0.25to0 >256 38.7 61.3
aztreonam 32 128 0.25t0 >256 42.7 57.3
imipenem >16 >16 0.12to >16 12.2 87.8
meropenem >16 >16 4to>16 0.0 50.7
colistin 1 2 0.25t0 8 99.6 0.4
amikacin 8 >64 0.5 to >64 60.9 29.6
levofloxacin 4 >16 0.25to >16 28.4 71.6
tigecycline >16 >16 0.25to >16 — —
MBL positive (N=148)
ceftazidime/avibactam 32 >256 2to >256 4.7 95.3
ceftazidime 64 >256 4 to >256 2.7 97.3
cefepime >32 >32 2to>32 8.1 91.9
piperacillin/tazobactam 64 >256 8to>256 5.4 94.6
aztreonam 16 128 2to>256 64.2 35.8
imipenem >16 >16 8to>16 0.0 100
meropenem >16 >16 4to>16 0.0 93.9
colistin 1 2 0.5to02 100 0.0
amikacin >64 >64 2to>64 9.5 85.8
levofloxacin >16 >16 0.25to >16 4.1 95.9
tigecycline >16 >16 1to>16 — —
MBL negative (N=570)
ceftazidime/avibactam 4 32 0.25to0 >256 78.2 21.8
ceftazidime 32 >256 0.25to >256 42.1 57.9
cefepime 16 >32 0.5to >32 42.1 57.9
Continued
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Table 3. Continued

Phenotype/antimicrobial MICsp (mg/L) MICqp (mg/L) MIC range (mg/L) S (%) R (%)
piperacillin/tazobactam 64 >256 <0.25to >256 32.8 67.2
aztreonam >64 >256 0.25to >256 36.7 63.3
imipenem >16 >16 0.12to >16 10.5 89.5
meropenem >16 >16 4to>16 0.0 579
colistin 1 2 0.12to 8 98.9 1.1
amikacin 8 >64 0.5 to >64 57.5 335
levofloxacin 8 >16 0.25t0 >16 24.7 75.3
tigecycline >16 >16 0.25to >16 — —

A dash indicates that breakpoints were unavailable for calculation of percentage susceptibility or resistance. CBPM, carbapenemase; R, resistant; S,

susceptible.
9INFORM was succeeded by ATLAS in 2018.

ceftazidime/avibactam observed among a separate population
of 30 KPC-positive isolates.?

During the years of our analysis of INFORM, 2015-17, the rate of
susceptibility to ceftazidime/avibactam was consistently high
against isolates from the range of species belonging to
Enterobacterales, including K. pneumoniae, which was generally
less susceptible to most of the comparator agents. The susceptibil-
ity rates we observed for comparator agents such as amikacin,
cefepime, ceftazidime and imipenem are similar to those reported
among K. pneumoniae isolates collected from hospitalized
patients with intra-abdominal and urinary tract infections in Latin
America as part of the SMART study (2013 to 2015),>? suggesting
that susceptibility rates among K. pneumoniae in the region are
not declining.

Among ESBL-positive Enterobacterales isolates collected for
the current analysis, the highest rate of susceptibility was for cef-
tazidime/avibactam (98.2%), which restored susceptibility among
this subset of isolates that had a susceptibility rate of just 3.4% for
ceftazidime alone. Susceptibility to all agents was reduced among
carbapenemase-positive isolates, including a reduction in ceftazi-
dime/avibactam susceptibility rate from 99.3% to 86.6%. Among
MBL-positive isolates, which are not susceptible to ceftazidime/avi-
bactam, colistin was the only agent that showed meaningful
invitro activity.

Among the isolates collected for the current analysis, the rate
of colistin susceptibility of P. aeruginosa was consistently high and
this was observed among MDR, carbapenemase-positive and
MBL-positive subsets. The rate of susceptibility to ceftazidime/
avibactam among all P. aeruginosa was 86.6%, which is similar to
the susceptibility reported by Karlowsky et al.”> (87.4%) for the
2012-15 period of INFORM in Latin America; they too reported
high rates of susceptibility to colistin (94.9%). The susceptibility
rates we observed to comparator agents among isolates collected
during 2015-17 were lower compared with ceftazidime/avibac-
tam and colistin in the same period, but were similar or higher
than rates for the same comparator agents as those reported by
Karlowsky et al.?® for the 201215 period of INFORM and were also
similar to or higher than reported susceptibility rates from the
SMART study during a longer period (2009-15) in Mexico, suggest-
ing that susceptibility rates among P. aeruginosa are at least stable
and could be increasing.®*

For the period of the current study (2015-17), ceftazidime/avi-
bactam and colistin were the only two agents to which the major-
ity of MDR P. geruginosa were susceptible; in vitro activity of all
agents, except colistin, against carbapenemase-positive P. aerugi-
nosa was generally low, demonstrated by susceptibility rates of
<50% (apart from colistin). It is notable that among isolates
screened for B-lactamases, but for which no carbapenemase was
detected (and that would therefore possess MIC values of >16 mg/
L to ceftazidime), the rate of susceptibility to ceftazidime/avibac-
tam was similar to that to colistin.

The proportion of MDR P. aeruginosa isolates (34.7%) in the
current analysis (2015-17) was higher than that reported by
Karlowsky et al.?® (25.3%). The INFORM study is not an epidemio-
logical study and so the frequency of resistance phenotypes needs
to be treated with caution. Fluctuating rates of MDR isolates
among P. aeruginosa have been observed in the SENTRY study.>”
In an analysis of MDR rates from 1997 to 2016, the overall rate of
P. aeruginosa isolates collected from Latin America being identified
as MDR was 41.1% and was >40% for each of the periods 1997-
2000, 2001-04, 2005-08 and 2009-12, followed by a decrease to
<30% for the period 2013-16, suggesting that the frequency
of MDR isolates among P. aeruginosa in Latin America is not
increasing.

Ceftazidime/avibactam susceptibility rates in the current
study were consistent across the collections of Enterobacterales
isolates for individual countries, but were reduced among
carbapenemase-positive Enterobacterales isolates in Colombia
and Venezuela, and a substantial reduction was observed in
Mexico. Reduced susceptibility rates were also observed among
P. aeruginosa isolates from Chile and MDR P. aeruginosa isolates
that were collected in Venezuela and Mexico. The proportion of
MBL-positive isolates among Enterobacterales collected in Mexico,
and among P. aeruginosa isolates from Chile, appear to have
impacted upon overall susceptibility rates to almost all agents and
susceptibility among resistance phenotypes in Colombia and
Venezuela is also likely to have been reduced by the presence of
MBL-positive isolates. The lower rates of susceptibility to many of
the comparator agents on the INFORM panel among the isolates
with resistance phenotypes are consistent with a previous surveil-
lance study that reported high rates of resistance to third- and
fourth-generation cephalosporins and piperacillin/tazobactam
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Table 4. MICsp, MICqo and MIC range (mg/L) of, and antimicrobial susceptibility and resistance to, ceftazidime/avibactam and selected comparator
agents for Enterobacterales, plus ESBL-positive and CBPM-positive phenotypes, collected in individual Latin America countries as part of the INFORM
study®, 2015-17

Country/antimicrobial MICsp (mMg/L) MICqo (mg/L) MIC range (mg/L) S (%) R (%)

Argentina (N=1191)
All Enterobacterales

ceftazidime/avibactam 0.12 5 <0.015to >256 99.7 0.3
imipenem 0.25 2 <0.03to >16 79.4 6.1
meropenem 0.03 0.12 0.008 to >16 93.5 4.6
colistin 0.25 >16 <0.06 to >16 80.8 19.2
amikacin 2 8 <0.25to >64 92.4 4.0
ESBL positive (N=191)
ceftazidime/avibactam 0.5 1 <0.015to 16 99.5 0.5
imipenem 0.25 >16 0.06 to >16 84.8 12.6
meropenem 0.06 8 0.015to >16 86.4 8.9
colistin 0.25 2 0.12to>16 91.6 8.4
amikacin 4 32 <0.25to >64 77.5 11
CBPM positive (N=82)
ceftazidime/avibactam 0.5 2 0.12 to >256 97.6 2.4
imipenem >16 >16 0.25to0 >16 2.4 86.6
meropenem >16 >16 0.12to >16 7.3 65.9
colistin 1 >16 0.25to >16 58.5 41.5
amikacin 16 32 <0.25to >64 48.8 36.6
Brazil (N=1469)
All Enterobacterales
ceftazidime/avibactam 0.12 0.5 <0.015to >256 99.8 0.2
imipenem 0.25 4 0.06to>16 79.8 8.4
meropenem 0.03 1 0.008 to >16 91.4 7.1
colistin 0.5 >16 <0.06 to >16 82.1 179
amikacin 2 8 <0.25to >64 94.9 3.3
ESBL positive (N=323)
ceftazidime/avibactam 0.25 2 <0.015to >256 99.1 0.9
imipenem 0.25 >16 0.06to >16 73.7 21.7
meropenem 0.06 >16 0.015to >16 76.2 19.5
colistin 0.5 4 0.12to >16 88.9 11.1
amikacin 4 32 <0.25to >64 85.8 10.2
CBPM positive (N=129)
ceftazidime/avibactam 1 2 <0.015to >256 97.7 2.3
imipenem >16 >16 4to >16 0 87.6
meropenem >16 >16 1to>16 6.2 79.8
colistin 0.5 >16 0.12to >16 77.5 22.5
amikacin 4 >64 0.5to >64 76 20.2
Chile® (N=1032)
All Enterobacterales
ceftazidime/avibactam 0.12 0.5 <0.015to >256 99.8 0.2
imipenem 0.25 2 0.06to >16 87.9 0.3
meropenem 0.06 0.12 0.008to0 8 98.7 0.0
colistin 0.25 >16 <0.06to >16 83.9 16.1
amikacin 2 8 <0.25to >64 92.7 4.4
ESBL positive (N =260)
ceftazidime/avibactam 0.25 2 <0.015to >256 99.2 0.8
imipenem 0.25 1 0.12to >16 93.1 0.8
meropenem 0.06 2 0.015to 8 95.0 0.0
colistin 0.5 8 0.12to >16 89.2 10.8
amikacin 4 32 0.5to >64 81.9 11.9
Continued
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Table 4. Continued

Country/antimicrobial MICsp (mg/L) MICqo (mg/L) MIC range (mg/L) S (%) R (%)
Colombia (N=992)
All Enterobacterales
ceftazidime/avibactam 0.12 0.5 <0.015to >256 99.2 0.8
imipenem 0.25 4 <0.03to >16 80.4 8.1
meropenem 0.06 0.5 <0.004 to >16 92.2 5.2
colistin 0.5 >16 0.12to >16 82.8 17.2
amikacin 2 8 <0.25to >64 92.3 2.8
ESBL positive (N=204)
ceftazidime/avibactam 0.25 1 <0.015to >256 97.5 2.5
imipenem 0.25 >16 0.06to >16 80.9 15.7
meropenem 0.06 >16 0.015to >16 83.8 14.7
colistin 0.5 1 0.12to >16 96.1 3.9
amikacin 4 16 0.5to >64 79.4 5.9
CBPM positive (N=97)
ceftazidime/avibactam 1 4 0.03to >256 91.8 8.2
imipenem >16 >16 0.5to>16 12.4 72.2
meropenem >16 >16 0.12to >16 21.6 52.6
colistin 0.5 >16 0.12to >16 85.6 14.4
amikacin 4 32 0.5to >64 60.8 17.5
Mexico (N=1855)
All Enterobacterales
ceftazidime/avibactam 0.12 0.5 <0.015to >256 98.6 1.4
imipenem 0.25 2 <0.03to >16 87.4 1.5
meropenem 0.03 0.12 0.008 to >16 98.2 1.2
colistin 0.25 >16 <0.06to >16 83.8 16.2
amikacin 2 8 <0.25to >64 94.6 2.6
ESBL positive (N=603)
ceftazidime/avibactam 0.25 0.5 <0.015to >256 97.3 2.7
imipenem 0.25 0.5 <0.03to >16 97 2.5
meropenem 0.03 0.06 0.008 to >16 96.5 2.3
colistin 0.25 1 0.12to >16 98.5 1.5
amikacin 4 16 0.5to >64 88.6 4.5
CBPM positive (N=32)
ceftazidime/avibactam >256 >256 0.06 to >256 18.8 81.3
imipenem >16 >16 0.5to>16 12.5 71.9
meropenem >16 >16 0.25to >16 15.6 65.6
colistin 0.25 >16 0.12to >16 81.3 18.8
amikacin 16 >64 0.5to >64 43.8 46.9
Venezuela (N=1190)
All Enterobacterales
ceftazidime/avibactam 0.12 0.25 <0.015to >256 99.2 0.8
imipenem 0.25 2 <0.03to >16 87.8 1.9
meropenem 0.03 0.12 0.008 to >16 97.9 1.3
colistin 0.25 >16 <0.06to >16 84.7 15.3
amikacin 2 8 <0.25to >64 93.0 4.2
ESBL positive (N=279)
ceftazidime/avibactam 0.12 1 <0.015to >256 97.8 2.2
imipenem 0.25 1 0.06to >16 92.5 4.7
meropenem 0.03 0.25 0.015to >16 93.2 3.9
colistin 0.25 0.5 <0.06to >16 98.2 1.8
amikacin 4 >64 <0.25to >64 75.6 15.8
CBPM positive (N=24)
ceftazidime/avibactam 1 >256 0.5to >256 70.8 29.2
Continued
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Table 4. Continued

Country/antimicrobial MICsp (mg/L) MICqo (mg/L) MIC range (mg/L) S (%) R (%)
imipenem 8 >16 2to>16 4.2 70.8
meropenem >16 >16 0.25to >16 16.7 62.5
colistin 0.25 2 0.12to >16 91.7 83
amikacin 16 >64 1to>64 41.7 37.5

CBPM, carbapenemase; R, resistant; S, susceptible.
9INFORM was succeeded by ATLAS in 2018.
PCBPM-positive data not presented for Chile due to the low number of isolates (N =2).

Table 5. MICsp, MICqo and MIC range (mg/L) of, and antimicrobial susceptibility and resistance to, ceftazidime/avibactam and selected comparator
agents for P. aeruginosa and MDR P. geruginosa, collected in individual Latin America countries as part of the INFORM study®, 2015-17

Country/antimicrobial MICso (mg/L) MICqo (Mg/L) MIC range (mg/L) S (%) R (%)

Argentina (N=345)
AllL P. geruginosa

ceftazidime/avibactam 2 8 0.25to >256 94.5 5.5
imipenem 2 >16 0.25to0 >16 75.7 24.3
meropenem 0.5 >16 0.03to >16 70.1 15.4
colistin 1 1 <0.06to 8 99.7 0.3
amikacin 4 >64 1to>64 82.3 13.3
MDR (N=101)
ceftazidime/avibactam 8 16 0.5to >256 81.2 18.8
imipenem >16 >16 0.25to0 >16 37.6 62.4
meropenem 8 >16 0.25to0 >16 17.8 49.5
colistin 1 2 <0.06to 8 99.0 1.0
amikacin 16 >64 1to>64 49.5 41.6
Brazil (N=346)
All P. geruginosa
ceftazidime/avibactam 2 8 0.03to >256 93.9 6.1
imipenem 2 >16 0.25to0 >16 68.8 31.2
meropenem 0.5 >16 0.03to >16 70.2 19.9
colistin 1 2 <0.06to >16 99.4 0.6
amikacin 4 32 0.5to >64 86.4 10.1
MDR (N=110)
ceftazidime/avibactam 8 32 0.25to >256 80.9 19.1
imipenem >16 >16 0.5to >16 28.2 71.8
meropenem >16 >16 0.06to >16 30.0 57.3
colistin 1 2 <0.06to 2 100 0.0
amikacin 8 >64 0.5to >64 65.5 30.9
Chile (N=304)

All P. geruginosa

ceftazidime/avibactam 4 32 0.25to >256 75.0 25.0
imipenem 4 >16 0.5to >16 50.0 50.0
meropenem 2 >16 0.06to >16 52.0 33.2
colistin 1 2 0.25to 4 99.7 0.3
amikacin 8 >64 <0.25to >64 68.4 26.3
MDR (N=162)

ceftazidime/avibactam 8 64 1to>256 53.1 46.9
imipenem >16 >16 1to>16 14.2 85.8
meropenem >16 >16 0.12to >16 17.3 62.3
colistin 1 2 0.25to 4 99.4 0.6

Continued
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Country/antimicrobial MICso (mg/L) MICqo (mg/L) MIC range (mg/L) S (%) R (%)
amikacin 16 >64 2to>64 46.3 45.7
Colombia (N=225)
All P. aeruginosa
ceftazidime/avibactam 2 16 0.12t0 128 86.7 13.3
imipenem 2 >16 0.25to >16 68.4 31.6
meropenem 0.5 >16 0.03to >16 68.4 23.6
colistin 1 1 <0.06to >16 99.6 0.4
amikacin 4 >64 <0.25to >64 82.2 14.7
MDR (N=79)
ceftazidime/avibactam 8 64 0.12t0 128 62.0 38.0
imipenem >16 >16 0.25to >16 29.1 70.9
meropenem >16 >16 0.03to >16 29.1 63.3
colistin 1 2 0.12to2 100 0.0
amikacin 8 >64 1to>64 54.4 40.5
Mexico (N=524)
All P. aeruginosa
ceftazidime/avibactam 2 64 0.03 to >256 85.1 14.9
imipenem 2 >16 0.12to >16 62.2 37.8
meropenem 1 >16 <0.004 to >16 62.2 23.1
colistin 1 2 0.12to 8 98.1 1.9
amikacin 4 >64 <0.25to >64 74.2 20.8
MDR (N=169)
ceftazidime/avibactam 8 >256 1to>256 54.4 45.6
imipenem >16 >16 0.12to >16 18.9 81.1
meropenem >16 >16 0.12to >16 14.2 69.2
colistin 1 2 0.12to 4 96.4 3.6
amikacin 32 >64 0.5to >64 39.1 52.7
Venezuela (N=309)
All P. geruginosa
ceftazidime/avibactam 2 32 0.12 to >256 83.2 16.8
imipenem 2 >16 0.25to0 >16 70.9 29.1
meropenem 0.5 >16 0.03to >16 68.6 233
colistin 1 1 0.25to 4 99.7 0.3
amikacin 4 >64 1to >64 744 21.4
MDR (N=91)
ceftazidime/avibactam 32 64 0.5to >256 42.9 57.1
imipenem >16 >16 1to>16 18.7 81.3
meropenem >16 >16 0.12to >16 9.9 76.9
colistin 1 1 0.5to0?2 100 0.0
amikacin >64 >64 1to>64 19.8 69.2

R, resistant; S, susceptible.
9INFORM was succeeded by ATLAS in 2018.

among Enterobacterales and P. aeruginosa isolates in this coun-
try.2® The continued low rates of susceptibility to established
broad-spectrum agents and the emergence of infections
caused by carbapenemase-positive Enterobacterales and/or MDR
P. aeruginosa narrow the range of treatment options for physicians
and mean that continued surveillance is vital.»*”3” Susceptibility
to ceftazidime/avibactam in the Latin American region is stable,
and at high rates; when the frequency of local MBL-mediated
resistance is considered, ceftazidime/avibactam can be an

appropriate agent for patients with infections caused by
Enterobacterales or P. aeruginosa and for whom treatment options
may be limited.

Acknowledgements

We thank all INFORM investigators and laboratories for their participation
in the study and would also like to thank the staff at IHMA for their co-
ordination of INFORM.

1871



Stone and Ponce-de-Leon

Funding

ATLAS is funded by Pfizer. Medical writing support was provided by Mike
Leedham, employee of Micron Research Ltd, Ely, UK, and was funded by
Pfizer. Micron Research Ltd also provided data management services
which were funded by Pfizer.

Transparency declarations

A. Ponce-de-Leon has participated as advisor and speaker for Pfizer,
MSD, Gilead and has received medical grants from Pfizer and MSD, as
well as from NIH, Welcome Trust, the Bill and Melinda Gates Foundation,
and CONACyT. G. G. Stone is a shareholder and employee of Pfizer, Inc,
and is a shareholder of AstraZeneca.

Some of the data in the currently described data analysis have been
presented in posters AAR-541, AAR-544 and AAR-555 at ASM Microbe
2019 (20-24 June, San Francisco, CA, USA). Data from the global ATLAS
study can be accessed at https://atlas-surveillance.com. The datasets
used and/or analysed for the currently described data analysis are avail-
able from the corresponding author on reasonable request.

Author contributions

A. Ponce-de-Leon participated in data collection and interpretation as
well as drafting and reviewing the manuscript. G. G. Stone was involved
in the study design and participated in data interpretation and drafting
and review of the manuscript. All authors read and approved the final
manuscript.

Supplementary data
Tables S1 to S5 are available as Supplementary data at JAC Online

References

1 van Duin D, Doi Y. Carbapenemase-resistant Enterobacteriaceae: a review
of treatment and outcomes. Diagn Microbiol Infect Dis 2013;75: 115-20.

2 Zilderberg MD, Nathanson BH, Sutham K et al. Carbapenem resistance, in-
appropriate empiric treatment and outcomes among patients hospitalized
with Enterobacteriaceae urinary infection, pneumonia and sepsis. BMC Infect
Dis2017;17:279.

3 WHO. Global priority list of antibiotic-resistant bacteria to guide research,
discovery, and development of new antibiotics. https://www.who.int/medi
cines/publications/global-priority-list-antibiotic-resistant-bacteria/en/.

4 CDC. Antibiotic Resistance Threats in the United States, 2019. https://www.
cdc.gov/drugresistance/biggest-threats.html.

5 Gaynes R, Edwards JR, National Nosocomial Infections Surveillance
System. Overview of nosocomial infections caused by Gram-negative bacilli.
Clin Infect Dis 2005; 41: 848-54.

6 Moradali MF, Ghods S, Rehm B. Pseudomonas aeruginosa lifestyle: a para-
digm for adaptation, survival, and persistence. Front Cell Infect Microbiol
2017;7:39.

7 Micek ST, Wunderink RG, Kollef MH et al. An international multicenter retro-
spective study of Pseudomonas aeruginosa nosocomial pneumonia: impact
of multidrug resistance. Crit Care 2015;19: 219.

8 Bush K. Past and present perspectives on B-lactamases. Antimicrob Agents
Chemother 2018;62:e01076-18.

9 Lee C-R, Lee JH, Park KS et al. Global dissemination of carbapenemase-
producing Klebsiella pneumoniae: epidemiology, genetic context, treatment
options, and detection methods. Front Microbiol 2016; 7: 895.

10 Alvarez-Ortega C, Wiegand I, Olivares J et al. Genetic determinants
involved in the susceptibility of Pseudomonas aeruginosa to B-lactam antibi-
otics. Antimicrob Agents Chemother 2010; 54: 4159-67.

11 Lister PD, Wolter DJ, Hanson ND. Antibacterial-resistant Pseudomonas
geruginosa: clinical impact and complex regulation of chromosomally
encoded resistance mechanisms. Clin Microbiol Rev 2009; 22: 582-610.

12 Rodriguez-Martinez J-M, Poirel L, Nordmann P. Molecular epidemiology
and mechanisms of carbapenem resistance in Pseudomonas aeruginosa.
Antimicrob Agents Chemother 2009; 53: 4783-8.

13 Cabot G, Ocampo-Sosa AA, Dominguez MA et al. on behalf of the Spanish
Network for Research in Infectious Diseases (REIPI). Genetic markers of wide-
spread extensively drug-resistant Pseudomonas aeruginosa high-risk clones.
Antimicrob Agents Chemother 2012; 56: 6349-57.

14 Bush K, Jacoby GA. Updated functional classification of B-lactamases.
Antimicrob Agents Chemother 2010; 54: 969-76.

15 Coleman K. Diazabicyclooctanes (DBOs): a potent new class of non-B-lac-
tam B-lactamase inhibitors. Curr Opin Microbiol 2011; 14: 550-5.

16 Ehmann DE, Jahic H, Ross PL et al. Avibactam is a covalent, reversible,
non-B-lactam B-lactamase inhibitor. Proc Natl Acad Sci USA 2012; 109:
11663-8.

17 Papp-Wallace KM, Bajaksouzian S, Abdelhamed AM et al. Activities of cef-
tazidime, ceftaroline, and aztreonam alone and combined with avibactam
against isogenic Escherichia coli strains expressing selected single B-lacta-
mases. Diagn Microbiol Infect Dis 2015; 82: 65-9.

18 Levasseur P, Girard A-M, Miossec C et al. In vitro antibacterial activity
of the ceftazidime-avibactam combination against Enterobacteriaceae,
including strains with well-characterized B-lactamases. Antimicrob Agents
Chemother 2015;59: 1931-4.

19 Stachyra T, Levasseur P, Pechereau M-C et al. In vitro activity of
the B-lactamase inhibitor NXL104 against KPC-2 carbapenemase and
Enterobacteriaceae expressing KPC carbapenemases. J Antimicrob
Chemother 2009; 64: 326-9.

20 Bush K, Bradford PA. Interplay between B-lactamases and new B-lacta-
mase inhibitors. Nat Rev Microbiol 2019; 17: 295-306.

21 Kazmierczak KM, Bradford PA, Stone GG et al. In vitro activity of
ceftazidime-avibactam and aztreonam-avibactam against OXA-48-carrying
Enterobacteriaceae isolated as part of the International Network for Optimal
Resistance Monitoring (INFORM) global surveillance program from 2012 to
2015. Antimicrob Agents Chemother 2018; 62: e00592-18.

22 LiH, Estabrook M, Jacoby GA et al. In vitro susceptibility of characterized
B-lactamase-producing strains tested with avibactam combinations.
Antimicrob Agents Chemother 2015;59: 1789-93.

23 Livermore DM, Mushtaq S, Warner M et al. Activities of NXL104 combina-
tions with ceftazidime and aztreonam against carbapenemase-producing
Enterobacteriaceae. Antimicrob Agents Chemother 2011; 55: 390-4.

24 Allergan, Inc. AVYCAZ® Package Insert. 2019. https://www.allergan.com/
products/avycaz.

25 Karlowsky JA, Kazmierczak KM, Bouchillon SK et al. In vitro activity of
ceftazidime-avibactam against clinical isolates of Enterobacteriaceae and
Pseudomonas aeruginosa collected in Latin American countries: results from
the INFORM global surveillance program, 2012-2015. Antimicrob Agents
Chemother 2019; 63:e01814-18.

26 CLSI Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
That Grow Aerobically—Tenth Edition: M07. 2015.

27 EUCAST. Breakpoint tables for interpretation of MICs and zone diameters.
Version 9.0, 2019. http://www.eucast.org.

28 Magiorakos A-P, Srinivasan A, Carey RB et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an international
expert proposal for interim standard definitions for acquired resistance. Clin
Microbiol Infect 2012;18: 268-81.

1872


https://atlas-surveillance.com
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkaa089#supplementary-data
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkaa089#supplementary-data
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkaa089#supplementary-data
https://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
https://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.allergan.com/products/avycaz
https://www.allergan.com/products/avycaz
http://www.eucast.org

Ceftazidime/avibactam versus Latin American isolates

JAC

29 CLSL Performance Standards for Antimicrobial Susceptibility Testing:
Twenty-Ninth Edition M100. 2019.

30 Lob SH, Kazmierczak KM, Badal RE et al. Trends in susceptibility of
Escherichia coli from intra-abdominal infections to ertapenem and
comparators in the United States according to data from the SMART
Program, 2009 to 2013. Antimicrob Agents Chemother 2015; 59:
3606-10.

31 Nichols WW, de Jonge BLM, Kazmierczak KM et al. In vitro susceptibility of
global surveillance isolates of Pseudomonas aeruginosa to ceftazidime-
avibactam (INFORM 2012 to 2014). Antimicrob Agents Chemother 2016; 60:
4743-9.

32 Rossi F, Cury AP, Franco MRG et al. The in vitro activity of ceftazidime-
avibactam against 417 Gram-negative bacilli collected in 2014 and 2015 at a
teaching hospital in Sdo Paulo, Brazil. Braz J Infect Dis 2017; 21: 569-73.

33 Karlowsky JA, Hoban DJ, Hackel MA et al. Resistance among Gram-
negative ESKAPE pathogens isolated from hospitalized patients with intra-

abdominal and urinary tract infections in Latin American countries. Braz J
Infect Dis 2017; 21: 343-8.

34 Ponce-de-Leon A, Rodriguez-Noriega E, Morfin-Otero R et al
Antimicrobial susceptibility of gram-negative bacilli isolated from intra-
abdominal and urinary-tract infections in Mexico from 2009 to 2015: results
from the Study for Monitoring Antimicrobial Resistance Trends (SMART). PLoS
One 2018;13:e0198621.

35 Shortridge D, Gales AC, Streit JM et al. Geographic and temporal patterns
of antimicrobial resistance in Pseudomonas aeruginosa over 20 years from
the SENTRY antimicrobial surveillance program, 1997-2016. Open Forum
Infect Dis 2019; 6 Suppl 1: S63-8.

36 Garza-Gonzdlez E, Morfin-Otero R, Mendoza-Olazardn S et al. A snapshot
of antimicrobial resistance in Mexico. Results from 47 centers from 20 states
during a six-month period. PLoS One 2019; 14: e0209865.

37 van Duin D, Doi Y. The global epidemiology of carbapenemase-producing
Enterobacteriaceae. Virulence 2017; 8: 460-9.

1873



