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ARTICLE INFO ABSTRACT
Article history: Introduction: The incidence of antimicrobial resistance is increasing in many parts of the
Received 7 November 2022 world. The focus of this report is to examine changes in antimicrobial resistance epidemiol-
Accepted 13 March 2023 ogy among clinical isolates of Enterobacterales and Pseudomonas aeruginosa collected in six
Available online 25 March 2023 Latin American countries as part of the Antimicrobial Testing Leadership and Surveillance
(ATLAS) program from 2015 to 2020, with a focus on the in vitro activity of ceftazidime-avi-
Keywords: bactam against Multidrug-Resistant (MDR) isolates.
Latin America Methods: Non-duplicate, clinical isolates of Enterobacterales (n = 15,215) and P. aeruginosa
Enterobacterales (n = 4,614) collected by 40 laboratories in Argentina, Brazil, Chile, Colombia, Mexico, and
Pseudomonas aeruginosa Venezuela, from 2015 to 2020, underwent centralized Clinical Lab Standards Institute (CLSI)
Ceftazidime-avibactam broth microdilution susceptibility testing. Minimum Inhibitory Concentration (MIC) values
Multidrug-resistant were interpreted using 2022 CLSI breakpoints. An MDR phenotype was defined by resis-
Surveillance tance to > 3 of seven sentinel agents.

Results: In total, 23.3% of Enterobacterales and 25.1% of P. aeruginosa isolates were MDR.
Annual percent MDR values for Enterobacterales were stable from 2015 to 2018
(21.3% to 23.7% year) but markedly increased in 2019 (31.5%) and 2020 (32.4%). Annual
percent MDR values for P. aeruginosa were stable from 2015 to 2020
(23.0% to 27.6% year). Isolates were divided into two 3-year time-periods, 2015-2017
and 2018-2020, for additional analyses. For Enterobacterales, 99.3% of all isolates and
97.1% of MDR isolates from 2015-2017 were ceftazidime-avibactam-susceptible com-
pared to 97.2% and 89.3% of isolates, respectively, from 2018-2020. For P. aeruginosa,
86.6% of all isolates and 53.9% of MDR isolates from 2015-2017 were ceftazidime-
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avibactam-susceptible compared to 85.3% and 45.3% of isolates, respectively,
from 2018-2020. Among individual countries, Enterobacterales and P. aeruginosa col-
lected in Venezuela showed the greatest reductions in ceftazidime-avibactam suscepti-
bility over time.
Conclusion: MDR Enterobacterales increased in Latin America from 22% in 2015 to 32%
in 2020 while MDR P. aeruginosa remained constant at 25%. Ceftazidime-avibactam remains
highly active against all clinical isolates of both Enterobacterales (97.2% susceptible, 2018-
2020) and P. aeruginosa (85.3%), and inhibited more MDR isolates (Enterobacterales, 89.3%
susceptible, 2018-2020; P. aeruginosa, 45.3%) than carbapenems, fluoroquinolones, and ami-
noglycosides.

© 2023 Sociedade Brasileira de Infectologia. Published by Elsevier Espana, S.L.U. This is an

open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The ATLAS (Antimicrobial Testing Leadership and Surveil-
lance) global surveillance program tracks the in vitro activ-
ity of ceftazidime-avibactam and comparator antimicrobial
agents against clinical isolates of Gram-negative bacilli
associated with bloodstream, intraabdominal, respiratory
tract, skin and soft tissue, and urinary tract infections in
countries in Latin America, Africa, the Asia-Pacific region,
Europe, the Middle East region, and North America.’ Previ-
ously published surveillance data describing Gram-nega-
tive bacilli from Latin American have provided only
limited assessments of Multidrug-Resistant (MDR) iso-
lates.””” Tracking the prevalence of, and changes in, MDR
phenotypes is a critical component of surveillance initia-
tives as it not only identifies the contributions of shifts in
resistance to individual, commonly prescribed empirical
agents (e.g., cephalosporins, piperacillin-tazobactam, fluo-
roquinolones) to MDR phenotypes but also focuses atten-
tion on the activities of broad-spectrum agents, like
carbapenems, and newer pB-lactam/g-lactamase combina-
tion agents, like ceftazidime-avibactam, against emerging
MDR phenotypes.

The global proliferation of ESBLs in Enterobacterales over
the last decade resulted in increased clinical use of carbape-
nems and consequently, increased carbapenem and multi-
drug resistance. The World Health Organization (WHO)
classifies carbapenem-resistant Enterobacterales and carbape-
nem-resistant Pseudomonas aeruginosa (most carbapenem-
resistant isolates are also MDR) as critical, priority 1 patho-
gens® and the United States Centers for Disease Control and
Prevention (CDC) lists carbapenem-resistant Enterobacterales
and MDR (frequently carbapenem-resistant) P. aeruginosa as
urgent and serious threats.” Development of new agents,
such as g-lactam/g-lactamase inhibitor combinations, with
activity against MDR and carbapenem-resistant Enterobacter-
ales and P. aeruginosa, is critical, as is surveillance to monitor
the ongoing performance of newer agents, such as ceftazi-
dime-avibactam, as their clinical use increases. Ceftazidime-
avibactam is a combination agent comprised of ceftazidime, a
third-generation cephalosporin, and avibactam, a non-g-lac-
tam B-lactamase-inhibitor. Avibactam inhibits Ambler
class A, class C, and certain class D OXA-type B-lactamases

but is inactive against Metallo-B-Lactamase (MBL) positive
isolates.®

The present work intended to evaluate the in vitro activi-
ties of ceftazidime-avibactam and clinically relevant compar-
ator agents against Gram-negative bacilli isolated from
patients hospitalized in six Latin American countries
from 2015 to 2020. We focused specific attention on the poten-
tial utility of ceftazidime-avibactam against organisms with
MDR phenotypes divided into two three-year time periods,
2015-2017 and 2018-2020, to assess changes in antimicrobial
susceptibility over time.

Materials and methods
Bacterial isolates

Isolates of Gram-negative bacilli tested in the current study
(n = 19,829) were collected as a part of the ATLAS global sur-
veillance program from 2015 to 2020 by 40 medical center lab-
oratory sites in six countries in Latin America: Argentina,
Brazil, Chile, Colombia, Mexico, and Venezuela. Site participa-
tion within countries varied across the study years: Argentina
(three sites/year), Brazil (five to eight sites/year), Chile (two or
three sites/year), Colombia (two to six sites/year), Mexico (five
to seven sites/year), and Venezuela (two or three sites/year).
Twelve sites participated in all six years of the study; four
sites participated for four or five years, and 24 sites partici-
pated for one to three years. Organisms were isolated from
bloodstream (n = 3745), intraabdominal (n = 3101), respiratory
tract (n = 4453), skin and soft tissue (n = 3786), urinary tract
(n = 4740), and unspecified infection (n = 4) specimens and
included 15,215 isolates of Enterobacterales and 4614 isolates
of P. aeruginosa (Supplemental Table S1). Isolate identities
were confirmed by IHMA (Schaumburg, IL, USA) using MALDI-
TOF mass spectrometry (Bruker Daltonics, Billerica, MA, USA).

The ATLAS global surveillance program requests each par-
ticipating medical center laboratory to collect annually
defined quotas of isolates of selected bacterial species from
patients with specific infection types and is not intended to
evaluate the geographic prevalence of bacteria causing
specific infection types. Isolates are limited to one per patient
per year and are accepted independent of patient hospital
location.
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Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed in a cen-
tral laboratory (IHMA) using the CLSI broth microdilution
method."" Avibactam was tested at a fixed concentration of
4 pg/mlL. MICs were interpreted using 2022 CLSI M100 break-
points.’? CLSI MIC breakpoints for ceftazidime-avibactam
tested against isolates of Enterobacterales and P. aeruginosa
are based on a dosage regimen of 2 g of ceftazidime plus 0.5 g
of avibactam every 8 hours administered over 2 hours."?

The definition of an MDR phenotype included those iso-
lates resistant to at least one agent in three or more relevant
antimicrobial categories as per CLSI breakpoints. For both
Enterobacterales and P. aeruginosa, the following categories
(agents) were used to identify MDR isolates: aminoglycosides
(amikacin), B-lactam/g-lactamase inhibitor combinations
(piperacillin-tazobactam), carbapenems (meropenem),
extended-spectrum cephalosporins (cefepime), fluoroquino-
lones (levofloxacin), monobactams (aztreonam), and poly-
myxins (colistin).

Ethical approval

Ethical approval and informed consent were not required
because all isolates received into the study followed multiple
subcultures and were completely de-identified. The second-
ary research use of de-identified isolates is considered
exempt research according to the Regulations for the Protec-
tion of Human Subjects in Research of the U.S. Department of
Health and Human Services, Office for Human Research Pro-
tections (45 CFR 46).

Results

MDR phenotypes were present in 23.3% of 15,215 Enterobac-
terales isolates and 25.1% of 4614 P aeruginosa isolates tested
from six Latin American countries from 2015 to 2020 (Table 1).
The annual percent MDR values for Enterobacterales were
stable from 2015 to 2018 (21.3 to 23.7% year) but demonstrated
a marked increase in 2019 (31.5%) and 2020 (32.4%). The
annual percent MDR values for P. aeruginosa fluctuated ran-
domly over a narrow range from 2015 to 2020
(23.0% to 27.6% year) and did not demonstrate an increasing
or decreasing trend.

Differences in percent susceptible values over time, for
each of the 10 antimicrobial agents tested, was assessed by
dividing isolates of Enterobacterales and P. aeruginosa into

two 3-year time-periods, 2015-2017 and 2018-2020. The cefta-
zidime-avibactam percent susceptible value for all Enterobac-
terales isolates decreased minimally (by 2.1%) when 2015-
2017 isolates (99.3% susceptible) were compared with 2018-
2020 isolates (97.2% susceptible) (Table 2). All comparator
agents tested also showed a percent susceptible value
decrease from 2015-2017 to 2018-2020, ranging from 1.7%
for amikacin to 6.5% for cefepime. Imipenem and
meropenem percent susceptible values decreased by 4.5%
(from 84.6% to 80.1%) and 4.2% (from 94.6% to 90.4%),
respectively.

Among all P. aeruginosa isolates tested, changes in per-
cent susceptible values for all study agents were minimal
and random across the two time-periods (2015-2017 and
2018-2020), ranging from an increase in the percent sus-
ceptible value of 3.4% for aztreonam from 2015-2017
to 2018-2020 to a decrease of 3.2% for imipenem over the
same time period (Table 3). The ceftazidime-avibactam
percent susceptible value for all P. aeruginosa isolates
tested only decreased by 1.3% for isolates from 2015-2017
(86.6% susceptible) compared with 2018-2020 isolates
(85.3% susceptible).

For the subset of MDR Enterobacterales isolates,
97.1% from 2015-2017 were ceftazidime-avibactam-suscepti-
ble, 7.8% higher than isolates from 2018-2020
(89.3% susceptible) (Table 4). Amikacin, imipenem, and mero-
penem percent susceptible values decreased 5.0%, 14.2%,
and 14.2%, respectively, when 2015-2017 and 2018-2020 iso-
lates were compared. Amikacin, imipenem, and meropenem
percent susceptible values were 81.2%, 60.6%, and 62.2%,
respectively, for 2018-2020 isolates of MDR Enterobacterales.

Against MDR P. aeruginosa isolates, ceftazidime-avibactam
was the most active antimicrobial agent tested,
inhibiting 53.9% and 45.3% of 2015-2017 and 2018-2020 iso-
lates, respectively (Table 5). The amikacin percent susceptible
value decreased by 94% for 2015-2017 isolates
(43.5% susceptible) compared to 2018-2020 isolates
(34.1% susceptible). Percent susceptible values for imipenem,
meropenem, and all other agents tested against 2018-2020
isolates of MDR P. aeruginosa were < 12.0%.

Fig. 1 provides country-specific ceftazidime-avibactam
percent susceptible values for all Enterobacterales isolates
and for the MDR isolate subset divided into 2015-2017 and
2018-2020 time periods. In 2015-2017, the range of ceftazi-
dime-avibactam percent susceptible values for all Enterobac-
terales isolates was 98.6% (Mexico) to 99.8% (Brazil, Chile)
compared to a range of 96.0% (Venezuela) to 99.8% (Chile)
in 2018-2020. Among all Enterobacterales isolates collected,

Table 1 - Percentage of Enterobacterales and P. aeruginosa isolates from Latin America with MDR phenotypes stratified by
year.

% MDR?
2015-2020 2015 2016 2017 2018 2019 2020
Enterobacterales (n = 15,215) 23.3% 21.7% 22.8% 21.3% 23.7% 31.5% 32.4%
P. aeruginosa (n = 4614) 25.1% 27.6% 26.0% 23.0% 25.2% 26.1% 23.5%

2 An MDR phenotype was defined as resistant to > 3 sentinel agents, including: amikacin, aztreonam, cefepime, colistin, levofloxacin, meropenem, and pipera-
cillin-tazobactam. The n for Enterobacterales/P. aeruginosa by year was: 2015, 2353/707; 2016, 2662/665; 2017, 2797/692; 2018, 2255/583; 2019, 2428/912; and 2020,
2720/1055.
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Table 2 - In vitro susceptibility of Enterobacterales collected in six Latin American countries® divided into two 3-year time

periods 2015-2017 and 2018-2020.

Collection years (n) Compound Range MICsq MICgo CLSI Interpretation®
(ng/mlL) %S %l %R
2015-2017 (7736) Amikacin <0.25->32 2 8 96.5 1.6 1.8
Aztreonam <0.015 —>128 0.12 128 69.2 1.9 28.9
Cefepime <0.12 - >16 <0.12 >16 71.0 5.5 234
Ceftazidime <0.015 —>128 0.25 64 70.9 33 25.9
Ceftazidime-avibactam <0.015 — >128 0.12 0.5 99.3 NA 0.7
Colistin <0.06 — >8 0.25 >8 NA 83.0 17.0
Imipenem <0.03 —>8 0.25 2 84.6 7.5 7.8
Levofloxacin <0.004 — >8 0.25 >8 61.1 5.5 334
Meropenem <0.004 — >8 0.03 0.12 94.6 0.8 46
Piperacillin Tazobactam <0.25 — >128 4 128 77.9 4.3 17.8
2018-2020 (7479) Amikacin <0.25 - >64 2 8 94.8 23 29
Aztreonam <0.015 —>128 0.12 >64 63.6 2.7 33.7
Cefepime <0.12 — >32 <0.12 >32 64.5 7.7 27.7
Ceftazidime <0.015 —>128 0.5 >64 64.5 37 31.8
Ceftazidime-avibactam <0.015 — >128 0.12 1 97.2 NA 2.8
Colistin <0.06 — >8 0.5 >8 NA 80.2 19.8
Imipenem <0.06 — >8 0.25 4 80.1 6.6 133
Levofloxacin <0.25 - >8 0.5 >8 58.8 6.6 34.5
Meropenem <0.06 - >16 <0.06 1 90.4 1.0 8.6
Piperacillin Tazobactam <0.12 — >64 2 >64 73.8 5.5 20.7

& Countries included Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
b g, susceptible; I, intermediate; R, resistant.

susceptibility to ceftazidime-avibactam was unchanged over
time (< 2% difference) for isolates from Chile, Colombia, and
Mexico while the percent susceptible value for isolates from
Argentina, Brazil, and Venezuela decreased marginally
from 2015-2017 to 2018-2020, by 2.9, 3.3%, and 3.2%, respec-
tively. In 2015-2017, 94.7% (Mexico) to 99.1% (Brazil, Chile) of

MDR Enterobacterales isolates collected were ceftazidime-
avibactam-susceptible compared to 81.6% (Venezuela)
to 99.5% (Chile) of MDR Enterobacterales isolates from 2018-
2020. MDR Enterobacterales isolates from Venezuela
(13.9% difference), Brazil (11.0%), Argentina (10.7%), Mexico
(5.9%), and Colombia (4.8%) demonstrated decreased percent

Table 3 - . In vitro susceptibility of P. aeruginsoa collected in six Latin American countries® divided into two 3-year time

periods 2015-2017 and 2018-2020.

Collection years (n) Compound Range MICsq MICgo CLSI Interpretation®
(nwg/mL) %S %l %R
2015-2017 (2054) Amikacin <0.25->32 4 >32 82.0 34 14.6
Aztreonam 0.06 — > 128 8 64 58.9 13.9 27.2
Cefepime 0.5->16 4 > 16 72.5 10.7 16.8
Ceftazidime 0.06 — > 128 4 128 69.2 4.7 26.1
Ceftazidime-avibactam 0.03 —>128 2 32 86.6 NA 13.4
Colistin <0.06 ->8 1 2 NA 99.3 0.7
Imipenem 0.12->8 2 >8 59.9 5.8 34.2
Levofloxacin 0.015->8 1 >8 59.0 7.5 335
Meropenem <0.004 —>8 1 >8 65.0 5.7 29.3
Piperacillin Tazobactam <0.25->128 8 > 128 66.2 14.4 19.4
2018-2020 (2560) Amikacin <0.25->64 4 64 81.1 3.1 15.8
Aztreonam 0.12 — > 128 8 64 62.3 14.1 23.6
Cefepime <0.12->32 4 >32 71.3 10.7 17.9
Ceftazidime 0.25->128 4 64 70.9 4.4 24.6
Ceftazidime-avibactam <0.03—>128 2 32 85.3 NA 14.7
Colistin <0.12->38 1 2 NA 99.8 0.2
Imipenem 012->8 2 >8 56.7 8.9 344
Levofloxacin <025->8 0.5 >8 62.2 8.1 29.7
Meropenem <0.06 —> 16 1 >16 65.0 6.4 28.6
Piperacillin Tazobactam <0.12 - > 64 8 >64 67.5 14.3 18.3

& Countries included Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
b g, susceptible; I, intermediate; R, resistant.
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Table 4 - . In vitro susceptibility of multidrug-resistant Enterobacterales collected in six Latin American countries® divided

into two 3-year time periods 2015-2017 and 2018-2020.

Collection years (n) Compound Range MICsq MICoo CLSI Interpretation®
(ng/mL) %S %l %R
2015-2017 (1701) Amikacin <0.25->32 4 32 86.2 6.0 7.8
Aztreonam <0.015->128 64 > 128 35 0.6 95.9
Cefepime <0.12->16 > 16 > 16 34 47 91.9
Ceftazidime 0.03 —>128 32 > 128 6.8 5.6 87.5
Ceftazidime-avibactam <0.015 — > 128 0.25 2 97.1 NA 2.9
Colistin <0.06 —>8 0.5 >8 NA 87.3 12.7
Imipenem 0.06 —>8 0.25 >8 74.8 3.1 222
Levofloxacin <0.03->8 >8 >8 8.1 4.4 87.5
Meropenem 0.015->8 0.06 >8 76.4 2.9 20.7
Piperacillin Tazobactam <0.25->128 32 >128 32.2 8.5 59.3
2018-2020 (1838) Amikacin 0.5->64 4 64 81.2 7.8 11.0
Aztreonam <0.015->128 > 64 > 128 5.1 0.7 94.2
Cefepime <0.12->32 >32 >32 2.2 4.9 92.9
Ceftazidime 0.12 ->128 64 > 128 5.4 3.6 91.0
Ceftazidime-avibactam <0.015->128 0.5 > 64 89.3 NA 10.7
Colistin <0.06->8 0.5 >8 NA 82.6 17.4
Imipenem <0.06->8 0.5 >8 60.6 3.2 36.2
Levofloxacin <025->8 >8 >8 8.4 6.0 85.6
Meropenem <0.06 —>16 0.12 > 16 62.2 3.3 345
Piperacillin Tazobactam 0.25 - > 64 > 64 > 64 26.1 8.5 65.3

& Countries included Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
b g, susceptible; I, intermediate; R, resistant.

susceptible values from 2015-2017 to 2018-2020 while MDR
Enterobacterales collected in Chile remained unchanged.

For all P. aeruginosa isolates, the range of ceftazidime-avi-
bactam percent susceptible values by country was 75.0%
(Chile) to 94.5% (Argentina) in 2015-2017 compared to 73.1%
(Venezuela) to 94.6% (Argentina) for isolates from 2018-2020

(Fig. 2). Among all P. aeruginosa isolates collected, susceptibil-
ity to ceftazidime-avibactam was unchanged (< 2% differ-
ence) for isolates from Argentina, Brazil, Chile, and Colombia;
the percent susceptible value for isolates from Mexico and
Venezuela decreased by 3.4% and 10.1%, respectively,
from 2015-2017 to 2018-2020. In 2015-2017, 35.1% (Venezuela)

Table 5 - In vitro susceptibility of isolates of multidrug-resistant P. aeruginosa collected in six Latin American countries®

divided into two 3-year time periods 2015-2017 and 2018-2020.

Collection years (n) Compound Range MICso MICgo CLSI Interpretation”
(ng/mL) %S %l %R
2015-2017 (527) Amikacin 0.5->32 > 32 >32 435 6.3 50.3
Aztreonam 0.25->128 64 > 128 7.6 13.7 78.7
Cefepime 4->16 > 16 > 16 11.8 24.7 63.6
Ceftazidime 0.25 —> 128 64 > 128 15.2 6.3 78.6
Ceftazidime-avibactam 0.25 — >128 8 64 53.9 0.0 46.1
Colistin 0.12-8 1 2 NA 98.7 1.3
Imipenem 0.25 - >8 >8 >8 12.7 1.3 86.0
Levofloxacin 0.25->8 >8 >8 8.3 4.0 87.7
Meropenem 0.12->8 >8 >8 8.2 4.9 86.9
Piperacillin Tazobactam 4-—>128 > 128 > 128 9.5 26.0 64.5
2018-2020 (633) Amikacin <0.25->64 64 > 64 34.1 7.0 58.9
Aztreonam 0.25->128 32 > 128 11.5 15.6 72.8
Cefepime 4->32 32 > 32 6.0 234 70.6
Ceftazidime 1->128 64 > 128 10.6 7.6 81.8
Ceftazidime-avibactam 0.5—->128 16 > 64 45.3 0.0 54.7
Colistin <012->8 1 2 NA 99.7 0.3
Imipenem 1->8 >8 >8 12.0 4.4 83.6
Levofloxacin <025->8 >8 >8 8.5 35 88.0
Meropenem 0.12 ->16 > 16 > 16 9.0 6.0 85.0
Piperacillin Tazobactam <0.12 - > 64 >64 >64 4.9 30.6 64.5

& Countries included Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
b g, susceptible; I, intermediate; R, resistant.
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Fig. 1-Percentage of all (A) and MDR (B) Enterobacterales iso-
lates susceptible to ceftazidime-avibactam divided into two
3-year time periods, 2015-2017 and 2018-2020, by country of
isolation.
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Fig. 2-Percentage of all (A) and MDR (B) P. aeruginosa isolates
susceptible to ceftazidime-avibactam divided into two 3-
year time periods, 2015-2017 and 2018-2020, by country of
isolation.

to 77.6% (Argentina) of MDR P. aeruginosa isolates collected
were ceftazidime-avibactam-susceptible compared to 9.2%
(Venezuela) to 80.5% (Argentina) in 2018-2020. MDR P. aerugi-
nosa isolates from Argentina remained unchanged
from 2015-2017 to 2018-2020 while isolates from
Venezuela (25.9%), Colombia (17.1%), Mexico (9.3%),
Brazil (5.3% decrease), and Chile (2.5%) demonstrated
decreased percent susceptible values over time.

Discussion

It is widely agreed that the prevalence of MDR Gram-negative
bacilli is increasing worldwide and that these pathogens con-
stitute a global threat to public health as they are associated
with delays in initiation of, or the absence of, adequate anti-
microbial therapy; increased morbidity, mortality, and lower
cure rates; as well as increased length of hospital stays and
hospital costs.”® ' Unfortunately, to date, a universal, har-
monized definition of MDR has not been published. Publica-
tions describing MDR pathogens frequently define MDR using
the proposed interim international definitions published by
Magiorakos and others, in 2012.° These definitions have
never been revised and are not a definitive standard. Clearly
establishing, applying, and communicating a consistent defi-
nition of MDR is essential to support resistance tracking, and
infection control and antimicrobial stewardship initiatives.
Using a consistent definition of MDR, defined using

prescribed, pathogen-specific agents, is currently the best
mechanism to track changes in MDR prevalence. Attention
should always be paid to the definition of MDR used by study
authors given its inherent flexibility.

In the current study, MDR, was defined by resistance
(using CLSI breakpoints)'? to three or more antimicrobial cate-
gorical markers (amikacin, aztreonam, cefepime, colistin, lev-
ofloxacin, meropenem, piperacillin-tazobactam) and was
present in 23.3% of all Enterobacterales and 25.1% of all P. aer-
uginosa isolates tested from 2015 to 2020 (Table 1). An earlier
published estimate of MDR in Enterobacterales isolates col-
lected in 2012-2015, using a similar panel of defining antimi-
crobial agents, against isolates from the same six Latin
American countries, reported 20.8% of 7665 Enterobacterales
isolates to be MDR with percent MDR/country ranging
from 16.3% of isolates from Venezuela to 24.2% of isolates
from Chile.” The same study also reported that 98.8% of all
MDR isolates were ceftazidime-avibactam-susceptible and
that > 97.7% of MDR isolates collected in each of the six coun-
tries tested were ceftazidime-avibactam-susceptible,” values
higher than in the current study (overall, 89.3% of MDR Enter-
obacterales from 2018-2020 were ceftazidime-avibactam-sus-
ceptible with a range by country of 81.6% [Venezuela] to 99.5%
[Chile]) (Fig. 1).

Regardless of the high numbers of MDR isolates (23.3%) in
the current study, all clinical isolates of Enterobacterales
from the six Latin American countries studied were highly
susceptible to ceftazidime-avibactam, even though the
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ceftazidime-avibactam percent susceptible value decreased
(by 2.1%) from 99.3% for 2015-2017 isolates to 97.2% for 2018-
2020 isolates (Table 2). All comparator agents tested also
showed percent susceptible value decreases of up to 6.5%
(cefepime) from 2015-2017 to 2018-2020. Imipenem and mer-
openem percent susceptible values decreased by 4.5% (from
84.6% to 80.1%) and 4.2% (from 94.6% to 90.4%), respectively. A
comparative 2019 study of 1161 Enterobacterales isolates
from similar Latin American countries reported that 29.6% of
isolates were MDR and percent susceptible values for amika-
cin, levofloxacin, and meropenem were 92.0%, 60.0%,
and 94.4%, respectively.® Imipenem and meropenem percent
susceptible values in 2018-2020 (current study) were as much
as 10% lower than values reported for Enterobacterales iso-
lates collected in 2004-2010 from identical countries.”

Current study results for ceftazidime-avibactam align
closely with those of previous studies of clinical isolates of
Enterobacterales, collected between the years 2012 and 2019,
from the same six countries. Each study reported >98% of iso-
lates as ceftazidime-avibactam-susceptible.”*’ The changes
in susceptibility to ceftazidime-avibactam seem to correlate
with increases in the incidence of MBLs in Latin American iso-
lates over the same time period: 0.2% of isolates collected
in 2012-2015 were MBL-positive;2 as were 0.6% of isolates col-
lected in 2015-2017° and 1.3% of isolates collected in 2017-
2019.* MBLs increased more than two-fold for isolates col-
lected in Colombia and Venezuela in a 2017-2019 report* com-
pared to a an earlier 2012-2015 report.”

The increase in MDR Enterobacterales identified in the
years 2019 (31.5%) and 2020 (32.4%) in the current study
(Table 1) align closely with decreases in carbapenem
susceptibility (14.2% decrease in susceptibility to both imipe-
nem and meropenem) and ceftazidime-avibactam
susceptibility (7.8% decrease) (Table 4). Medical center labora-
tory site changes over time could not be linked to the
increased MDR Enterobacterales observed in 2019 and 2020.
Resistance to carbapenems among Enterobacterales is gener-
ally mediated by g-lactamase production.” Isolates carrying
carbapenemases often demonstrate MDR phenotypes that
further limit therapeutic options. Carbapenemase-producing,
MBL-negative Enterobacterales isolates collected in Latin
America between 2016 and 2018 were reported to be uni-
formly susceptible to ceftazidime-avibactam."” The activity of
ceftazidime-avibactam against carbapenem-resistant Entero-
bacterales (many of these isolates are also MDR) depends
upon the carbapenemase present (serine
carbapenemase vs. MBL) as ceftazidime-avibactam is inactive
against MBLs." In the current study, the decreases in suscep-
tibility to carbapenems and ceftazidime-avibactam suggests
increased presence of carbapenemases in 2019 and 2020,
including MBLs that would confer resistance to all of these
agents. This finding requires deeper study to determine a pre-
cise mechanism and necessitates continued monitoring.
Fig. 1 suggests that MBLs may be emerging, or may have
emerged in Argentina, Brazil, and Venezuela given the low-
ered ceftazidime-avibactam percent susceptible values
among MDR isolates in 2018-2020. A recent study reported
that >50% of meropenem-nonsusceptible Enterobacterales
collected in Venezuela from 2017 to 2019 carried NDM or VIM,;
the same study also documented MBL carriage in isolates

from Argentina, Brazil, Colombia, and Mexico, but not Chile.*
Only 11% of carbapenem-nonsusceptible Enterobacterales
from Venezuela carried an MBL in a 2012-2015 study.? Com-
paring the same two studies also demonstrated an overall
increase in MBLs in Enterobacterales isolates from all six Latin
American countries from 6% of carbapenem-nonsusceptible
Enterobacterales in 2012-2015° to > 25% of isolates in
the 2017-2019.”

In the study of 2012-2015 isolates mentioned earlier for
Enterobacterales, an MDR phenotype was also present
in 25.3% (of 1794) of P. aeruginosa isolates with percentages of
isolates testing as MDR ranging from 20.4% (Mexico) to 34.0%
(Chile).? Of these MDR isolates, 57.1% were ceftazidime-avi-
bactam-susceptible. In that study, ceftazidime-avibactam
was least active against MDR isolates from Venezuela
(37.3% susceptible) and Mexico (45.2% susceptible), and it was
most active against MDR isolates from Argentina
(77.6% susceptible) and Brazil (72.4% susceptible).

In the current study, changes in the percent susceptible
values for all agents tested against all P. aeruginosa isolates
between the two time-periods (2015-2017 and 2018-2020)
were minimal (Table 3). Imipenem and meropenem percent
susceptible values in 2018-2020 (current study) were similar
to values reported for P. aeruginosa isolates collected in 2004-
2010 from identical countries.” The ceftazidime-avibactam
percent susceptible value for all P. aeruginosa isolates tested
decreased from 86.6% for 2015-2017 isolates to 85.3% for
2018-2020 isolates (1.3% difference). Previous studies that
tested clinical isolates of P. aeruginosa, from the same six
countries that were included in the current study, against cef-
tazidime-avibactam, reported results similar to ours: 87.4% of
isolates collected in 2012-2015, 86.6% of isolates collected in
2015-2017,% and 86.9% of isolates from 2017-2019* were cefta-
zidime-avibactam-susceptible. The percent susceptibility to
ceftazidime-avibactam increased to 92.8% when only MBL-
negative isolates of P. aeruginosa were considered in the 2012-
2015 study.?

Based on data from 1997 to 2017, other authors have
reported that the frequency of MDR isolates among P. aerugi-
nosa in Latin America is not increasing.® However, the compo-
sition of MDR isolates appears to be changing, particularly in
Venezuela, Colombia, and Mexico, based on the current study.
We also did not observe a directional change in the annual
percentage of P. aeruginosa isolates with MDR phenotypes
from 2015 to 2020. However, we did see a 9.4% decrease in the
amikacin percent susceptible value and an 8.6% decrease in
the ceftazidime-avibactam percent susceptible value
when 2015-2017 and 2018-2020 isolates were compared
(Table 5). Given that the vast majority of MDR P. aeruginosa
from 2015-2017 already carbapenem-resistant
(approximately 85% of isolates), a decreased ceftazidime-avi-
bactam-susceptible percent value in 2018-2020 may again
indicate increased presence of MBLs. Fig. 2 suggests that the
presence of MBLs in P. aeruginosa, particularly MDR P. aerugi-
nosa, continue to increase and is of greatest concern in Vene-
zuela, Colombia, and Mexico. A recent study reported that
almost 70% of meropenem-nonsusceptible P. aeruginosa col-
lected in Venezuela from 2017 to 2019 carried the VIM MBL;
the same study also documented MBL carriage in merope-
nem-nonsusceptible P. aeruginosa isolates from Argentina,

were
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Brazil, Colombia, Chile, and Mexico.* An increase in the presence
of MBLs among carbapenem-nonsusceptible Enterobacterales
from 15% of isolates in 2012-2015* to 27% of isolates in 2017-
2019? in same six Latin American countries has been reported. In
another study, unexpectedly, greater than 50% (53.2%) of carba-
penemase-producing, MBL-negative P. aeruginosa isolates col-
lected in Latin America between 2016 and 2018 were
ceftazidime-avibactam-resistant.” The mechanism underlying
this observation remains cryptic and may involve undetected
serine carbapenemase variants and/or another mecha-
nism.” Continued monitoring of MBL increases appears
mandatory for both P. aeruginosa and Enterobacterales, as
ceftazidime-avibactam constitutes a last-line agent and
the emergence of antimicrobial resistance among Gram-
negative pathogens continues to outpace the development,
distribution, and global availability of new agents.

There are two primary limitations to this study. First, the
ATLAS global surveillance program collects predefined num-
bers of isolates of each species from a limited number of labo-
ratories per country, therefore, the data generated cannot be
extrapolated to represent all isolates within a country and
test results may over- or under-represent true rates of antimi-
crobial susceptibility. Second, there was some variability in
annual medical center laboratory site participation over the
duration of the study, which may impact the results. Of
the 40 sites that participated from 2015 to 2020, only 12 (30%)
participated in all 6 years.

In conclusion, MDR phenotypes currently account for
approximately 25% of clinical isolates of both Enterobacter-
ales and P. aeruginosa in Latin American countries. Ceftazi-
dime-avibactam continued to be highly active against both
Enterobacterales (> 97% of isolates susceptible) and P. aerugi-
nosa (>85% of isolates susceptible) from Latin America
in 2018-2020. In 2018-2020, differences in ceftazidime-avibac-
tam percent susceptible values by country were more pro-
nounced for all isolates and MDR isolates of P. aeruginosa
(73.1%-94.6%; 9.2%-80.5%) than for Enterobacterales (96.0%-
99.8%; 81.6%-99.5%) (Fig. 1 and Fig. 2). Given ceftazidime-avi-
bactam’s current role in the treatment of Gram-negative
infections, that is, as treatment for patients infected with
MDR and/or carbapenem-nonsusceptible isolates, antimicro-
bial susceptibility testing of ceftazidime-avibactam is encour-
aged concurrent with therapy initiation, as resistance to this
agent appears to be increasing in some countries. In this
regard, continued surveillance of the activity of ceftazidime-
avibactam, and as well as alternative agents, is crucial to
monitor ongoing activity and to identify further changes as
they occur.

Funding

Funding for this research, which was performed at IHMA and
included compensation for services related to preparing this
manuscript, was provided by Pfizer, Inc. The sponsor partici-
pated in the development of the overall study design, but col-
lection and testing of isolates, data analysis and manuscript
preparation were independently performed by IHMA.

Conflicts of interest

MGW and DFS are employees of IHMA, who were paid consul-
tants to Pfizer in connection with the development of this
manuscript. JAK is a consultant to IHMA. ELL and RRV are
employees of Pfizer Inc. The IHMA authors and JAK do
not have personal financial interests in the sponsor of this
manuscript.

Acknowledgements

The authors thank all ATLAS participants for their contribu-
tions to the program.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.bjid.2023.102759.

REFERENCES

1. Spiliopoulou I, Kazmierczak K, Stone GG. In vitro activity of
ceftazidime/avibactam against isolates of carbapenem-non-
susceptible Enterobacteriaceae collected during the INFORM
global surveillance programme (2015-2017). ] Antimicrob
Chemother. 2020;75:384-91.

2. Karlowsky JA, Kazmierczak KM, Bouchillon SK, Jonge BLM,
Stone GG, Sahm DF. 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 to 2015. Antimicrob Agents Chemother.
2019;63:e01814-8.

3. Stone GG, Ponce-de-Leon A. In vitro activity of ceftazidime-
avibactam and comparators against Gram-negative bacterial
isolates collected from Latin American centres between 2015
and 2017.] Antimicrob Chemother. 2020;75:1859-73.

4. Karlowsky JA, Kazmierczak KM, Valente MLNF, et al. In vitro
activity of ceftazidime-avibactam against Enterobacterales
and Pseudomonas aeruginosa isolates collected in Latin
America as part of the ATLAS global surveillance program,
2017-2019. Braz ] Infect Dis. 2021;25:101647.

5. Fernandez-Canigia L, Dowzicky MJ. Susceptibility of important
Gram-negative pathogens to tigecycline and other antibiotics
in Latin America between 2004 and 2010. Ann Clin Microbiol
Antimicrob. 2012;11:29.

6. Sader HS, Carvalhaes CG, Arends SJR, Castanheira M, Mendes
RE. Aztreonam/avibactam activity against clinical isolates of
Enterobacterales collected in Europe, Asia, and Latin America
in 2019. ] Antimicrob Chemother. 2021,76:659-66.

7. Rossi F, Cury AP, Franco MRG, Testa R, Nichols WW. The in
vitro activity of ceftazidime-avibactam against 417 Gram-
negative bacilli collected in 2014 and 2015 at a teaching
hospital in Sao Paulo, Brazil. Braz ] Infect Dis. 2017;17:672-81.

8. World Health Organization. 2017. Global priority list of
antibiotic-resistant bacteria to guide research, discovery, and
development of new antibiotics. https://www.who.int/news/
item/27-02-2017-who-publishes-list-of-bacteria-for-which-
new-antibiotics-are-urgently-needed.


https://doi.org/10.1016/j.bjid.2023.102759
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0001
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0002
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0003
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0004
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0005
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0006
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0007
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0007
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

BRAZ J INFECT DIS. 2023;27(3):102759

10.

11.

12.

13.

. Centers for Disease Control and Prevention. Antibiotic

resistance threats in the United States. 2019. Available at:
www.cdc.gov/DrugResistance/Biggest-Threats.html.

Zhanel GG, Lawson CD, Adam H, et al. Ceftazidime-avibactam:

a novel cephalosporin/g-lactamase inhibitor combination.
Drugs. 2013;73:159-77.

Clinical and Laboratory Standards Institute. Methods For
Dilution Antimicrobial Susceptibility Tests For Bacteria that
Grow Aerobically: Eleventh Edition: Approved Standard M07-
Al1l. Wayne, PA, USA: CLSI; 2018.

Clinical and Laboratory Standards Institute. Performance
Standards for Antimicrobial Susceptibility Testing. M100.
Thirty-second edition. Wayne, PA, USA: CLSI; 2022.

Cerceo E, Deitelzweig SB, Sherman SM, Amin AN. Multidrug-
resistant Gram-negative bacterial infections in the hospital
setting: overview, implications for clinical practice, and
emerging treatment options. Microb Drug Resist.
2016;22:412-31.

14.

15.

16.

17.

Raman G, Avendano E, Berger S, Menon V. Appropriate initial
antibiotic therapy in hospitalized patients with Gram-
negative infections: systematic review and meta-analysis.
BMC Infect Dis. 2015;15:395.

Weiner-Lastinger LM, Abner S, Edwards JR, et al.
Antimicrobial-resistant pathogens associated with adult
healthcare-associated infections: summary of data reported
to the National Healthcare Safety Network, 2015-2017. Infect
Control Hosp Epidemiol. 2020;41:1-18.

Magiorakos AP, 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.
Kiratisin P, Kazmierczak K, Stone GG. In vitro activity of
ceftazidime/avibactam and comparators against
carbapenemase-producing Enterobacterales and
Pseudomonas aeruginosa isolates collected globally between
2016 and 2018. ] Glob Antimicrob Resist. 2021;27:132-41.


http://www.cdc.gov/DrugResistance/Biggest-Threats.html
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0010
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0011
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0012
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0013
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0014
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0015
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0016
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0017
http://refhub.elsevier.com/S1413-8670(23)00019-3/sbref0017

	Epidemiology and in vitro activity of ceftazidime-avibactam and comparator agents against multidrug-resistant isolates of Enterobacterales and Pseudomonas aeruginosa collected in Latin America as part of the ATLAS surveillance program in 2015‒2020
	Introduction
	Materials and methods
	Bacterial isolates
	Antimicrobial susceptibility testing
	Ethical approval

	Results
	Discussion
	Funding
	Conflicts of interest
	Acknowledgements
	Supplementary materials
	References



