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a  b s t r  a  c t

Multi-drug resistant Gram-negative bacilli (GNB) have been reported as  cause of serious

hospital-acquired infections worldwide. The aim of this study was  to investigate the in vitro

activity of ceftolozane-tazobactam compared to other agents against GNB isolated from

patients  admitted to Brazilian medical centers between the years 2016 and 2017. Presence

of  �-lactamase encoding genes was also evaluated.

Methods: Antimicrobial susceptibility testing of GNB isolated from intra-abdominal (IAI),

respiratory (RTI), and urinary tract infections (UTI) was performed according to ISO 227-1

guidelines and interpreted following CLSI and BrCAST/EUCAST guidelines. Qualifying Enter-

obacteriaceae isolates were screened for the presence of �-lactamase genes by PCR followed

by  DNA sequencing.

Results: 1748 GNB collected from UTI (45.2%), IAI (25.7%) and RTI (29.1%) were eval-

uated.  Ceftolozane-tazobactam remained highly active (94.7%) against E. coli isolates.

Among K. pneumoniae, susceptibility rates were 85.9% and 85.4% for amikacin and colistin,

whereas ceftolozane-tazobactam (44.1% susceptible) and carbapenems (55.2-62.2% suscep-

tible) showed poor activity due to blaKPC-2.  Against E. cloacae amikacin, imipenem, and

meropenem retained good activity (>90%). Ceftolozane-tazobactam was the most potent

�-lactam agent tested against P. aeruginosa (90.9% susceptible), including ceftazidime and

imipenem resistant isolates. �-lactamase encoding genes testing was carried out in 433 iso-

lates. blaCTX-M variants were predominant in E. coli, P.  mirabilis and E. cloacae.  Among the K.

pneumoniae molecularly tested, most carried blaKPC (68.5%), with all harboring blaKPC-2, except

two  isolates carrying blaKPC-3 or blaKPC-30.  ESBL encoding genes, mainly CTX-M family, were

frequently detected in K. pneumoniae,  plasmid-mediated AmpC were rare. A variety of PDC

encoding  genes were detected in P. aeruginosa isolates with five isolates harboring MBL and

one  KPC encoding genes.
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Conclusion: Ceftolozane-tazobactam was very active against E. coli,  P. mirabilis and P.  aerug-

inosa isolates and could constitute an excellent therapeutic option including for those

isolates resistant to extended-spectrum cephalosporins and carbapenems but not produc-

ers of carbapenemases.

© 2020 The Authors. Published by Elsevier España, S.L.U. on behalf of Sociedade

Brasileira de Infectologia. This is an open access article under the CC  BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

In 2019, the World Health Organization has identified antimi-
crobial resistance as  one of the  world’s top 10 global health
threats1 https://www.who.int/emergencies/ten-threats-to-
global-health-in-2019.  The U.S. Centers for Disease Control
and Prevention (CDC) has recently reported that more  than
2.8 million antibiotic-resistant infections occur in the United
States each year.2 Although antimicrobial resistance varies
widely depending on the bacterial species, antimicrobial
agent and geographical region, high levels of antimicrobial
resistance for several bacterial species–antimicrobial com-
binations have been also observed among invasive isolates
reported to the European Antimicrobial Resistance Surveil-
lance Network (EARS-Net).3 Unfortunately, Gram-negative
bacilli (GNB) exhibiting resistance to multiple antimicrobial
agents have been reported as  important causes of serious hos-
pital acquired infections in  Brazilian hospitals.4 Carbapenems
used to be considered drugs of choice for treatment of multi-
drug resistant GNB5; however, the emergence and spread of
carbapenemase encoding genes carried by mobile genetic
elements has jeopardized the clinical usefulness of this impor-
tant therapeutic class of antimicrobials.5 The last report of the
Brazilian Health Surveillance Agency estimated that 44.1%
of Klebsiella pneumoniae and 42.9% of Pseudomonas aeruginosa

isolates causing catheter-related bloodstream infections in
ICU adult patients were resistant to carbapenems.4 Although
many Brazilian medical centers have been aware of their
carbapenem resistance rates, the underlying mechanisms of
carbapenem resistance are largely unknown.

The Study for Monitoring Antimicrobial Resistance Trends
(SMART) program has generated data on the frequency of
antimicrobial susceptibility of GNB associated with urinary
tract (UTI), intra-abdominal (IAI) and respiratory tract (RTI)
infections worldwide since 2008. The principal aim of this
study was to determine the frequency of pathogens and in vitro

activity of ceftolozane-tazobactam compared to other agents
against the most frequently identified GNB isolated from
patients admitted to  Brazilian medical centers between the
years 2016 and 2017. The presence of �-lactamase encoding
genes, the main mechanism of �-lactam resistance, was  also
determined for selected isolates.

Methods

Bacterial  isolates

Non-duplicate GNB isolates were collected consecutively from
eight Brazilian medical centers between January 1, 2016, and

December 31, 2017. The participating medical centers were
located in  the Brazilian cities of Rio de Janeiro (one center),
Salvador (one center), and São Paulo (six centers). Each par-
ticipating medical center collected up to 100 consecutive GNB
isolated from patients with intra-abdominal (IAI) and respira-
tory (RTI) infections, and 50  GNB from urinary-tract infections
(UTI) per year. GNB were identified at the species level at the
respective participant medical center and shipped to a  central
microbiology laboratory (International Health Management
Associates, IHMA, Schaumburg, IL, USA), where confirmation
of bacterial species, antimicrobial susceptibility testing, and
molecular characterization of �-lactamase encoding genes
were carried out. Bacterial identification at the species level
was confirmed for all isolates using MALDI-TOF spectrometry
(Bruker Daltonics, Billerica, MA, USA).

Susceptibility  testing

Antimicrobial susceptibility testing for amikacin, aztreonam,
cefepime, cefotaxime, ceftazidime, ceftolozane-tazobactam,
ceftriaxone, ciprofloxacin, colistin, ertapenem, imipenem,
meropenem, and piperacillin-tazobactam was determined by
testing customized MicroScan dehydrated broth microdilu-
tion panels (Siemens Medical Solutions Diagnostics, West
Sacramento, CA, USA) according to the ISO 227-1 guidelines
and interpreted following both CLSI7 and BrCAST/EUCAST8,9

guidelines. Quality control of broth microdilution panels fol-
lowed the manufacturer’s and CLSI guidelines using the
following ATCC strains: E. coli ATCC 25922, P.  aeruginosa ATCC
27853, and K. pneumoniae ATCC 700603. Corresponding QC
values tested were within the acceptable ranges as speci-
fied by CLSI. E. coli and Klebsiella pneumoniae isolates with
MICs ≥2 �g/mL for ceftazidime, ceftriaxone, or aztreonam
were screened as  “ESBL phenotype”. Enterobacteriaceae with
MIC  ≥ 4 �g/mL for imipenem and/or meropenem were defined
as carbapenem resistant. P. aeruginosa isolates having MICs
>8 �g/mL and >2 �g/mL, respectively, were classified as not
susceptible (NS) to  ceftazidime and meropenem.

Molecular  characterization  of  ˇ-lactamase  encoding  genes

All Enterobacteriaceae with MICs ≥4 mg/L for ceftolozane-
tazobactam and/or ≥1 mg/L for ertapenem (except Proteeae
Enterobacteriaceae) and/or ≥2 mg/L for  imipenem were selected
for characterization of �-lactamase content as  well as  P.  aerugi-

nosa isolates displaying ceftolozane-tazobactam MICs ≥8 mg/L
and/or imipenem MICs ≥4  mg/L. For  comparison reasons, 50%
of the  E. coli and K. pneumoniae possessing the  ESBL phe-
notype but showing susceptibility to ertapenem, imipenem,
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and ceftolozane-tazobactam were also selected for molecular
characterization of �-lactamase encoding genes. Qualifying
Enterobacteriaceae isolates were screened for the  presence
of �-lactamase genes (bla)  encoding extended spectrum-�-
lactamases (ESBLs; TEM, SHV, CTX-M, VEB, PER, GES), AmpC
�-lactamases (ACC, ACT, CMY,  DHA, FOX, MIR, MOX), and
carbapenemases (KPC, OXA-48-like, IMP, VIM, NDM, SPM,
and GIM) by multiplex PCR as  described previously.8 Limited
sequencing was performed on blaTEM and blaSHV to  identify
genes encoding TEM-type and SHV-type enzymes contain-
ing amino acid substitutions common to  ESBLs (SHV A146 V,
G238S, G238A, E240 K; TEM E104 K, R164S, R164C, R164H,
G238S). All detected genes, excluding blaSHV and blaTEM that
did not encode ESBLs and the intrinsic, chromosomally coded
blaAmpC of Citrobacter spp. (blaCMY-type) and Enterobacter spp.
(blaACT-type and blaMIR-type), were amplified and sequenced in
their entirety. Qualifying P.  aeruginosa isolates were screened
for the presence of bla encoding ESBLs (TEM, SHV, CTX-M, VEB,
PER, GES), plasmid-encoded AmpC �-lactamases (ACC, ACT,
CMY, DHA, FOX, MIR, MOX), and carbapenemases (KPC, OXA-
24-like, IMP,  VIM, NDM, SPM, and GIM) by multiplex PCR as
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Fig. 1 – Distribution of isolates according to the bacterial

species collected from participating Brazilian medical

centers of the SMART Program (Brazil, 2016-2017).

a. Acinetobacter spp. (53): A. baumannii (49), A. ursingii (1), A.

guillouiae (1), A. nosocomialis (1), and A.  pittii (1);

b. Citrobacter spp. (47): C. amalonaticus (1), C. farmeri (3), C.

freundii (30), and C.  koseri (13);

c. Enterobacter spp. (100): E. asburiae (13), E. cloacae (81), E.

kobei (5), and Enterobacter spp. (1);

d. Klebsiella spp. (537): K. aerogenes (65), K. oxytoca (19), K.

pneumoniae (431), and K. variicola (22);

e. Proteus spp. (96): P. hauseri (2), P. mirabilis (91), and P.

vulgaris (3);

f. Pseudomonas spp. (268): P.  aeruginosa (265), P. mosselii (1),

P. otitidis (1), and P. putida (1);

g.  Others (70): Achromobacter xylosoxidans (5), Aeromonas

caviae (1), Aeromonas hydrophila (1), Burkholderia cenocepacia

(3), Escherichia hermanii (1), Morganella morganii (20),

Pluralibacter gergoviae (2), Providencia alcalifaciens (1),

Providencoa rettgeri (4), Providencia stuartii (6), Raoultella

ornithinolytica (1), and Raoutella planticola (1), Salmonella

spp. (2), Stenotrophomonas maltophilia (22).

described. All detected genes, as  well  as the chromosomally
encoded Pseudomonas-derived cephalosporinase blaAmpC (PDC)
common to the species, were amplified and sequenced in their
entirety.

Results

A  total of 1,748 GNB were collected at the eight Brazilian medi-
cal centers between the years 2016 (N = 776) and 2017 (N  = 972).
Most isolates were recovered from female patients (51%) of all

E. coli; 18 0; 40 %

K. pneumonia e;

101; 22 %

P. ae ruginos a; 38; 9%

E. cloaca e; 26; 6%

S. marcescens ; 11; 2%

Others; 94;

21% 

Intra-Abdom inal Infec�ons  (N=450)

E. coli; 28 0; 35 %

K. pneumonia e; 22 0;

28% 

P. mi rabili s; 61; 8%

P. ae ruginos a; 59; 7%

E. cloaca e; 37; 5%

Others ; 13 3;

17% 

Urinar y Tract  Infec�ons  (N=790 )

P. ae ruginos a;

168; 33% 

K. pneumonia e;

110; 22% 

S. marcescen s; 46;

9% 

A. baumanni i; 35; 7%

E. coli; 34; 7%

Others ; 11 5;

22% 

Resp ira tory Tract  Infec�ons  (N=50 8)

Fig. 2 – Distribution of bacterial species according to the

type of infection (SMART Program- Brazil, 2016-2017).
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ages. Approximately 77.9% (1362 of 1748) of GNB belonged to
five bacterial species as depicted in  Fig. 1.  The distribution of
the five most relevant bacterial species according to the  body
site of infection is  shown in Fig. 2. Most of these pathogens
were collected from urinary tract (45.2%), followed by res-
piratory (29.1%), and intra-abdominal infections (25.7%). In
general, among all species isolated, E. coli (n = 494) and K. pneu-

moniae (n =  431) were the most frequently identified species
from all sources of infection. While E. cloacae,  E.  coli,  K. pneumo-

niae, and P. mirabilis were more  frequently isolated from urine
tract infections, P.  aeruginosa (33.0%) was  the  most frequent
species recovered from respiratory tract infections, followed
by K. pneumoniae (23.0%), S. marcescens (9%), and A. bauman-

nii (7%). E. coli (40.0%) was  the most frequent species isolated
from patients with intra-abdominal infections followed by K.

pneumoniae (22.0%) as  depicted in  Fig. 2.

Antimicrobial  susceptibility

Antimicrobial susceptibility profiles of the  five most relevant
pathogens causing infections in the participating Brazilian
medical centers is shown in Table 1.  For comparison pur-
poses the susceptibility and resistance rates according to the
CLSI and EUCAST breakpoints are shown in Table 1; however,
since BrCAST/EUCAST criteria have been recommended by the
Brazilian Ministry of Health,10 the BrCAST/EUCAST suscepti-
bility/resistance rates were considered when evaluating the
antimicrobial activity of the  respective antimicrobial agents,
when these percentages varied.

Colistin (MIC50/90, ≤1/≤1  �g/mL; 99.4% susceptible) and
imipenem (MIC50/90, ≤0.5/≤0.5 �g/mL; 99.4% susceptible) were
the most in vitro active agents tested against the 494 E. coli iso-
lates, followed by meropenem (MIC50/90, ≤0.12/≤0.12 �g/mL;
99.0% susceptible), ertapenem (MIC50/90, ≤0.06/≤0.06 �g/mL;
97.8% susceptible), and amikacin (MIC50/90, ≤4/8 �g/mL; 97.4%
susceptible). In contrast, the  lowest susceptibility rates were
observed for ciprofloxacin (MIC50/90, ≤0.25/>2 �g/mL; 55.1%
susceptible), followed by aztreonam (MIC50/90, ≤1/>16 �g/mL;
71.5% susceptible), ceftriaxone (MIC50/90, ≤1/> 32 �g/mL; 71.7%
susceptible), cefepime (MIC50/90, ≤1/>32 �g/mL, 73.3% suscep-
tible), and ceftazidime (MIC50/90, ≤1/>16 �g/mL, 78.1% sus-
ceptible). Ceftolozane-tazobactam (MIC50/90, 0.25/0.5 �g/mL)
remained highly active against E.  coli isolates, 94.7% of which
were susceptible to this agent, including 87.2% of 102 E. coli

isolates exhibiting the ESBL phenotype as shown in Table 2.
Among the  431 K. pneumoniae evaluated in this study,

the highest susceptibility rates were observed for amikacin
(MIC50/90, ≤4/32 �g/mL, 85.9% susceptible) and colistin
(MIC50/90, ≤1/>4 �g/mL, 85.4% susceptible). Ceftolozane-
tazobactam (MIC50/90, ≤4/32 �g/mL, 44.1% susceptible) as  well
as carbapenems (55.2-62.2% susceptible) showed poor activity
against isolates of K. pneumoniae as  displayed in Table 1. While
22.9% of the 144 K. pneumoniae exhibiting the  ESBL phenotype
remained susceptible to ceftolozane-tazobactam, 98.8% of
the 168 K. pneumoniae non-susceptible to imipenem were
resistant to this combination, as  shown in Table 2. In fact,
against these pathogens, only amikacin and colistin showed
susceptibility rates superior to 70%.

A total of 81 E. cloacae were analyzed in  this study.
Among the extended cephalosporins, ceftolozane-tazobactam

(MIC50/90, 2/16 �g/mL, 46.9% susceptible) showed the high-
est susceptibility rate against this species followed by
cefepime (MIC50/90, 4/>32 �g/mL, 39.5% susceptible), cef-
triaxone (MIC50/90, >32/>32 �g/mL, 38.3% susceptible), and
ceftazidime (MIC50/90, 32/>32 �g/mL, 35.8% susceptible). In
contrast, imipenem (MIC50/90, ≤0.5/1 �g/mL, 98.8% suscepti-
ble), meropenem (MIC50/90, ≤0.12/0.25 �g/mL, 98.8% suscepti-
ble), and amikacin (MIC50/90, ≤4/≤4 �g/mL, 98.8% susceptible)
were active against most E. cloacae (Table 1). Colistin (MIC50/90,
≤1/>2 �g/mL, 95.1% susceptible) showed good in vitro activity
against E.  cloacae. Against the 52  E. cloacae isolates not suscepti-
ble to ceftazidime, only amikacin, imipenem, and meropenem
retained good activity against such isolates with identical sus-
ceptibility rates (98.0%) followed by colistin (94.2% susceptible)
as  demonstrated in Table 2.

Ceftolozane-tazobactam (MIC50/90, 0.5/0.5 �g/mL; 97.8%
susceptible) and meropenem (MIC50/90, ≤0.12/≤0.12 �g/mL;
98.9% susceptible) were the  most active antimicrobials
against the 91 P. mirabilis evaluated followed by piperacillin-
tazobactam (MIC50/90, ≤2/≤2 �g/mL; 96.7% susceptible),
ertapenem (MIC50/90, ≤0.06/≤0.06 �g/mL; 95.6% suscepti-
ble), and amikacin (MIC50/90, ≤4/8 �g/mL; 95.6% susceptible).
Although cefepime, ceftazidime, and ceftriaxone showed good
in vitro activity with MIC50s ≤1 �g/mL, 19.8%, 14.3%, and 22.0%
of the isolates tested were resistant to these agents, respec-
tively (Table 1). Ertapenem, imipenem, and meropenem were
highly active against the  10 P.  mirabilis isolates that exhibited
the ESBL phenotype (Table 2). Ceftolozane-tazobactam (MIC50,
0.5 �g/mL) and piperacillin-tazobactam (MIC50, ≤2 �g/mL) also
inhibited nine of these isolates (Table 2).

Ceftolozane-tazobactam was the most potent (MIC50/90,
1/4 �g /mL) �-lactam agent tested against 265 P. aerug-

inosa, inhibiting 90.9% of isolates, while ceftazidime
(MIC50/90, 4/>32 �g/mL) imipenem (MIC50/90, 1/16 �g /mL)
and meropenem (MIC50/90, 1/>16 �g/mL) inhibited only 66.8%,
70.2%, and 66.0% of these isolates, respectively, as shown
in Table 1.  Colistin (MIC50/90, ≤1/2 �g/mL; 98.9% susceptible)
and amikacin (MIC50/90, ≤4/16 �g/mL; 87.9% susceptible)
were active against P.  aeruginosa. Ceftolozane-tazobactam
retained moderate activity against P. aeruginosa isolates that
were non susceptible to  ceftazidime or imipenem exhibiting
susceptibility rates of 73.9% and 79.8%, respectively. In con-
trast, colistin was  highly active against isolates displaying
both phenotypes, ceftazidime non-susceptible (MIC50/90,
≤1/2 �g/mL; 96.6% susceptible) or imipenem non-susceptible
(MIC50/90, ≤1/2 �g/mL; 98.7%) as shown in Table 2.

Detection  of  ˇ-lactamase  encoding  genes

According to the resistance profile, the  molecular characteri-
zation of �-lactamase encoding genes was carried out in  433
isolates; i.e., in  36 of 81  E.  cloacae (44.4%), 52  of 494 (10.5%)
E. coli,  238 of 431 (55.2%) K. pneumoniae,  3  of 91 (3.3%) P. mirabilis,
and 104 of 265 (39.2%) P.  aeruginosa that fulfilled the study
criteria specified in  the material and methods section. The dis-
tribution of �-lactamase encoding genes according to bacterial
species and medical center location is shown in  Table 3. ESBL
encoding genes were found in 37 of 52 selected E. coli. These
isolates harbored a single blaCTX-M variant, with predominance
of blaCTX-M-15 (13 isolates; 35.1%), followed by blaCTX-M-8 (11
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Table 1 – Antimicrobial susceptibility profile of the five most frequent pathogens causing infections at  participating
Brazilian medical centers of the SMART Program (Brazil, 2016-2017).

Pathogen Antimicrobial Agents Broth Microdiluition (�g/mL) CLSIa EUCASTa

MIC50 MIC90 S (%) R (%) S  (%)  R  (%)

Enterobacter cloacae (81)
Amikacin ≤ 4 ≤ 4  98.8 1.2  98.8 1.2
Aztreonam > 16 >  16 39.5  60.5 38.3 60.7
Cefepime 4 > 32 46.9  53.1 39.5 60.5
Ceftazidime 32  > 32 39.5 60.5 35.8 61.2
Ceftolozane-tazobactam 2 16 59.3 40.7 46.9 53.1
Ceftriaxone > 32  > 32 38.3 61.7 38.3 60.7
Ciprofloxacin ≤ 0.25 > 2 61.7 38.3 61.7 38.3
Colistin ≤ 1 > 1 95.1 4.9  95.1 4.9
Ertapenem ≤ 0.12 1 77.8 22.2 77.8 22.2
Imipenem ≤ 0.5 1 96.3 3.7  98.8 1.2
Meropenem ≤ 0.12 0.25 98.8 1.2  98.8 1.2
Piperacillin-tazobactam 16  > 64 50.6 49.4 43.2 56.8

E. coli (494)
Amikacin ≤ 4 8 98.6 0.4  97.4 2.6
Aztreonam ≤ 1 > 16 80.0 20.0 71.5 28.5
Cefepime ≤ 1 > 32 76.5 23.5 73.3 26.7
Ceftazidime ≤ 1 16 84.4 15.6 78.1 21.9
Ceftolozane-tazobactam 0.25 0.5 96.8 3.2  94.7 5.3
Ceftriaxone ≤ 1 > 32 71.7 28.3 71.7 28.3
Ciprofloxacin ≤ 0.25 > 2 55.1 44.9 55.1 44.9
Colistin ≤ 1 ≤ 1  99.4 0.6  99.4 0.6
Ertapenem ≤ 0.06 ≤ 0.06 97.8 2.2  97.8 2.2
Imipenem ≤ 0.5 ≤ 0.5  98.6 0.6  99.4 0.6
Meropenem ≤ 0.12 ≤ 0.12 99.0 1.0  99.0 1.0
Piperacillin-tazobactam ≤ 2 8 93.3 6,7  90.9 9.1

K. pneumoniae (431)
Amikacin ≤ 4 32 89.6 10.4 85.9 14.1
Aztreonam > 16  > 16 37.4 62.6 35.0 65.0
Cefepime 32  > 32 36.7 63.3 35.7 64.3
Ceftazidime 32  > 32 39.0 61.0 34.3 65.7
Ceftolozane-tazobactam 4 > 32 49.7 50.3 44.1 55.9
Ceftriaxone > 32  > 32 36.2 63.8 36.2 63.8
Ciprofloxacin > 2 > 2 31.6 68.4 31.6 68.4
Colistin ≤ 1 > 4 85.4 14.6 85.4 14.6
Ertapenem 0.25 > 4 55.2 44.8 55.2 44.8
Imipenem ≤ 0.5 > 32 61.0 39.0 62.2 37.8
Meropenem ≤ 0.12 > 16 58.7 42.3 60.1 39.9
Piperacillin-tazobactam > 64  > 64 41.5 58.5 36.7 63.3

P. aeruginosa (265)
Amikacin ≤ 4 16 91.7 8.3  87.9 12.1
Aztreonam 8 > 16 52.5 47.5 67.6 32.4
Cefepime 8 32 68.3 31.7 68.3 31.7
Ceftazidime 4 > 32 66.8 33.2 66.8 33.2
Ceftolozane-tazobactam 1 4 90.9 9.1  90.9 9.1
Ciprofloxacin ≤ 0.25 > 2 69.8 30.2 69.8 30.2
Colistin ≤1  2 98.9 1.1  98.9 1.1
Imipenem 1 16 63.8 36.2 70.2 29.8
Meropenem 1 > 16 66.0 34.0 66.0 34.0
Piperacillin Tazobactam 16  > 64 59.6 40.4 59.6 40.4

P. mirabilis (91)
Amikacin ≤ 4 8 97.8 2.2  95.6 4.4
Aztreonam ≤ 1 2 94.5 5.5  83.5 16.5
Cefepime ≤ 1 32 82.4 17.6 80.2 19.8
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Pathogen Antimicrobial Agents Broth Microdiluition (�g/mL) CLSIa EUCASTa

MIC50 MIC90 S (%) R (%) S  (%)  R (%)

Ceftazidime ≤ 1 2 95.6 4.4  85.7 14.3
Ceftolozane-tazobactam 0.5 0.5 98.9 1.1  97.8 2.2
Ceftriaxone ≤ 1 > 32  78.0 22.0 78.0 22.0
Ciprofloxacin ≤ 0.25 > 2  72.5 27.5 72.5 27.5
Ertapenem ≤ 0.06 ≤ 0.06 95.6  4.4  95.6 4.4
Imipenem 1 2 55.0 45.0 92.3 7.7
Meropenem ≤ 0.12 ≤ 0.12 98.9 1.1  98.9 1.1
Piperacillin-tazobactam ≤ 2 ≤2 97.8 2.2  96.7 3.3

a CLSI, Clinical Laboratory Standards Institute; EUCAST, European Committee on  Antimicrobial Susceptibility Testing; MIC,  minimal inhibitory
concentration; R, Resistant; S,  susceptible.

isolates; 29.5%), blaCTX-M-2 (8 isolates; 21.6%), blaCTX-M-14 (3 iso-
lates; 8.1%), and blaCTX-M-9 (2 isolates; 5.4%) as displayed in
Table 3. While variants like  blaCTX-M-14 and blaCTX-M-9 seemed
to be restricted to medical centers located, respectively, in São
Paulo and Rio de Janeiro, blaCTX-M-2, blaCTX-M-8, and blaCTX-M-15

were widely distributed. Only four E. coli  isolates collected
from two medical centers located in São Paulo and another
located in Salvador (2 isolates) were shown to carry blaKPC-2.
One of these isolates also carried blaCTX-M-8.  Among the three P.

mirabilis exhibiting the ESBL phenotype, blaCTX-M-2, blaCTX-M-8,
and blaCTX-M-15 were identified in  three distinct medical cen-
ters located in São Paulo and Rio de Janeiro. A single E. cloacae

isolate harboring blaKPC-2 was collected in Salvador. In addi-
tion to blaKPC-2, this isolate also harbored blaCTX-M-15. No  other
carbapenemase encoding genes were identified among E  cloa-

cae isolates evaluated. In contrast, 11  of 36 (30.6%) E. cloacae

isolates were shown to carry blaCTX-M-15.

Among 238 K. pneumoniae isolates that were eligible for
molecular characterization, 165 (69.3%) were shown to carry
blaKPC with  almost all harboring blaKPC-2. Single isolates carry-
ing blaKPC-3 or blaKPC-30 were collected from a single medical
center located in São Paulo. OXA-48, IMP  or VIM encoding
genes were  not detected among the studied isolates. In con-
trast, two isolates harboring blaNDM-1 were identified in the
medical centers located in Salvador and Rio de Janeiro. While
ESBL encoding genes, mainly belonging to the CTX-M fam-
ily, were very frequently detected in K. pneumoniae isolates,
plasmid-mediated AmpCs like blaCMY-2 and blaCMY-141 were
very rare. The most frequently detected ESBL encoding genes
were blaCTX-M-15, blaCTX-M-2, and blaCTX-M-14 as shown in Table 3.
In many  occasions, blaKPC2 was  associated with blaCTX-M-15 (38
isolates), blaCTX-M-14 (33 isolates), and blaCTX-M-2 (32 isolates).

Among the 10 P.  aeruginosa isolates exhibiting MICs ≥

32 �g/mL for ceftolozane-tazobactam, five isolates harbor-
ing MBL  encoding genes were detected with blaSPM-1 (two
isolates), blaIMP-1, blaIMP-74, and blaVIM-2 identified, respec-
tively, in single isolates. One P. aeruginosa isolate harboring
blaKPC-2 was  found and shown to be resistant to ceftolozane-
tazobactam, imipenem, and meropenem with MICs of 16, 32
and 16 �g/mL, respectively. A  high number of Pseudomonas

Derived Cephalosporinase (PDC), also denominated AmpC,
encoding genes was detected in  our collection with PDC-35,
-5, -16, -3, being the most frequently observed as  shown in

Table 3.  In contrast, ESBL encoding genes were rarely found
in P.  aeruginosa, with four isolates from a single center located
in São Paulo carrying blaCTX-M-2 and another isolated from a
distinct medical center carrying blaGES-1.

The distribution of beta-lactamases according to the par-
ticipating Brazilian medical center is shown in Fig. 3. The size
of each rectangle is proportional to the frequency of each
beta-lactamase encoding gene found in the respective med-
ical center. Although K. pneumoniae isolates harboring KPC-2

were found in all medical centers, its frequency varied among
the institutions. The same observation can be extrapolated for
various PDC types in  P.  aeruginosa demonstrating the impor-
tance of local epidemiology.

Discussion

Surveillance studies are important not only for support-
ing new drug development but also for determining the
antimicrobial susceptibility profile for guiding the selection
of the  most appropriate antimicrobial therapy, when more
comprehensive data are not available (11)]. The enhanced
understanding of the resistance mechanisms is  a key factor
in the search for new antimicrobial agents, allowing for the
development of drugs that are effective despite such mech-
anisms. Ceftolozane-tazobactam is  one of the  most recently
approved cephalosporin-beta-lactamase inhibitor combina-
tion for treating infections caused by Gram-negative bacilli,
including P. aeruginosa, in Brazil.12 Investigating the sus-
ceptibility profile of Brazilian Gram-negative bacilli and the
mechanisms of resistance involving these organisms are cru-
cial to support an  effective clinical decision.

In our study, ceftolozane-tazobactam showed high antibac-
terial activity against E. coli  with >90% susceptibility regardless
of the  resistance mechanism. The same favorable resistance
profile was observed in E. coli isolated from China,13 Canada14

and US.15 Although this class of drug is  not recommended
as first line treatment for ESBL infections, the favorable
profile renders an alternative for treating ESBL-producing
E. coli.  Ceftolozane-tazobactam was also very active against P.

mirabilis, including the ESBL-producing isolates.15,16 Of note,
high clinical cure rates with ceftolozane-tazobactam treat-
ment of IAI and UTI caused by ESBL has been observed in
a  pooled analysis of ceftolozane-tazobactam clinical trials.17
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Table 2 – Susceptibility rates to distinct antimicrobial agents of the five most frequent pathogens according to the
phenotype of resistance.

E. cloacae non susceptible to ceftazidime (52) Broth Microdiluition �g/mL CLSIa EUCASTa

MIC50 MIC90 S (%)  R (%) S (%)  R (%)

Amikacin ≤ 4  ≤ 4 97.9 2.1 98.0 2.0
Aztreonam > 16  > 16  0 100 3.8 96.2
Cefepime 16  > 32  12.2 87.8 5.7 94;3
Ceftazidime > 32  > 32  0 100.0 0 100.0
Ceftolozane-tazobactam 8  32  32.6 67.4 19.2 80.8
Ceftriaxone > 32  > 32  0 100 5.7 94.3
Ciprofloxacin 2  > 2  42.8 57.2 44.2 55.8
Colistin ≤ 1  ≤ 1 94.2 5.8 94.2 5.8
Ertapenem 0.5  2  63.2 37.8 65.3 34,7
Imipenem ≤ 0.5 1  95.9 4.1 98.0 2.0
Meropenem ≤ 0.12 0.25 97.9 2.1 98.0 2.0
Piperacillin-tazobactam 64  > 64  20.4 79.6 11.5 88.5

ESBL-producing E.  coli (102)
Amikacin ≤ 4 8  97.1 2.9 94.1 2.9
Aztreonam > 16 > 16 22.6  77.4 2.9 97.1
Cefepime 32  > 32  5.8 94.2 0 100.0
Ceftazidime 8  32  37.3 62.7 21.5 78.5
Ceftolozane-tazobactam 0.5  2  92.2 7.8 87.2 12.8
Ceftriaxone > 32  > 32  0 100.0 0 100.0
Ciprofloxacin > 2 > 2  19.6 80.4 19.6 80.4
Colistin ≤ 1  ≤ 1 99.0 1.00 99.0 1.00
Ertapenem ≤ 0.06 0.12 97.1 2.9 97.0 3.0
Imipenem ≤ 0.5 ≤ 0.5  99.0 1.0 99.0 1.0
Meropenem ≤ 0.12 ≤ 0.12 99.0 1.0 99.0 1.0
Piperacillin-tazobactam 4  32  86.3 13.7 80.3 19.7

ESBL-producing K.  pneumoniae (144)
Amikacin ≤ 4  16  92.4 7.6 88,9 11.1
Aztreonam > 16  > 16  2.1 97.9 0.7 99.3
Cefepime > 32  > 32  0.7 99.3 0.7 99.3
Ceftazidime > 32  > 32  4.2 95.8 0.7 99.3
Ceftolozane-tazobactam 16  > 32  36.1 63.9 22.9 77.1
Ceftriaxone > 32  > 32  0.7 99.3 0.7 99.3
Ciprofloxacin > 2 > 2 2.1  97.9 2.1 97.9
Colistin ≤ 1 > 4  79.9 20.1 79.9 20.1
Ertapenem 0.5  > 4  53.5 46.5 53.5 46.5
Imipenem ≤ 0.5 > 32  63.2 36.8 66.0 44.0
Meropenem ≤ 0.12 > 16  60.4 39.6 63.2 36.8
Piperacillin-tazobactam > 64  > 64  22.2 77.8 13.2 86.8
K. pneumoniae non susceptible to imipenem (168)
Amikacin ≤ 4  > 32  79.2 20.8 69.9 30.1
Aztreonam > 16  > 16  1.2 98.8 0.0 100.0
Cefepime > 32  > 32  0.6 99.4 0.0 100.0
Ceftazidime > 32  > 32  2.4 97.6 0.6 99.4
Ceftolozane-tazobactam > 32  > 32  1.2 98.8 0.6 99.4
Ceftriaxone > 32  > 32  0.0 100.0 0.0 100.0
Ciprofloxacin > 2 > 2  3.0 97.0 2.5 97.5
Colistin ≤ 1  > 4  71.4 28.6 71.4 28.6
Ertapenem > 4 > 4  1.2 98.8 0.6 99.4
Imipenem 32  > 32  0.0 100.0 0.0 100.0
Meropenem > 16  > 16  1.8 98.2 0.6 99.4
Piperacillin-tazobactam > 64  > 64  1.2 98.8 0.6 99.4

P. aeruginosa non susceptible to  ceftazidime (88)
Amikacin ≤ 4  > 32  85.2 14.8 77.3 22.7
Aztreonam > 16  > 16  11.4 88.6 29.6 70.4
Cefepime 32  > 32  19.3 80.7 19.3 80.7
Ceftazidime > 32  > 32  0.0 100.0 0.0 100.0
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– Table 2 (Continued)

E. cloacae non susceptible to ceftazidime (52) Broth Microdiluition �g/mL CLSIa EUCASTa

MIC50 MIC90 S (%) R (%) S (%) R (%)

Ceftolozane-tazobactam 4 32 73.9 26.1 73.9 26.1
Ciprofloxacin 1 > 2 47.7 52.3 47.7 52.3
Colistin ≤ 1 2 96.6 3.4 96.6 3.4
Imipenem 2 32 50.0 50.0 53.4 46.6
Meropenem 4 > 16 44.3 55.7 44.3 55.7
Piperacillin-tazobactam > 64 > 64 8.0  92.0 8.0 92.0

P. aeruginosa non susceptible to imipenem (96)
Amikacin ≤ 4 > 32 86.5 13.5 77.2 22.8
Aztreonam 16 > 16 30.2 69.8 46.8 53.2
Cefepime 8 > 32 50.0 50.0 43.0 57.0
Ceftazidime 8 > 32 54.2 45.8 48.1 51.9
Ceftolozane-tazobactam 2 16 82.3 17.7 79.8 20,2
Ciprofloxacin 0.5 > 2 53.1 46.9 48.1 51.9
Colistin ≤ 1 2 99.0 1.0 99.0 1.0
Imipenem 8 32 0.0  82.3 0.0 100,0
Meropenem 16 > 16 13.5 86.5 3.8 96.2
Piperacillin-tazobactam 32 > 64 41.7 58.3 32.9 67.1

P. mirabilis ESBL (10)
Amikacin ≤ 4 8 100.0  0.0 100.0 0.0
Aztreonam 2 16 70.0 30.0 30.0 30.0
Cefepime 32 > 32 0.0  100.0 0,0 100.0
Ceftazidime 2 8 80.0 20.0 40.0 60,0
Ceftolozane-tazobactam 0.5 1 100.0  0.0 90.0 10.0
Ceftriaxone > 32 > 32 0.0  100.0 0.0 100,0
Ciprofloxacin > 2 > 2 0.0  100.0 0.0 100.0
Ertapenem ≤ 0.06 ≤ 0.06 100.0  0.0 100.0 0,0
Imipenem 1 2 60.0 40.0 100.0 0.0
Meropenem ≤ 0.12 ≤ 0.12 100.0  0.0 100.0 0.0
Piperacillin-tazobactam ≤ 2 8 100.0  0.0 90.0 0.0

Fig. 3 – Distribution frequency of beta-lactamase encoding genes according to participating Brazilian medical centers. The

size and value of each rectangle is proportional to the frequency of each beta-lactamase encoding gene found in that

respective medical center.

It is important to notice that ciprofloxacin resistance rates
were very high (>50%) among E. coli isolates, emphasizing
that this fluoroquinolone should not be prescribed empiri-
cally in our setting. Overall, E. cloacae had a low susceptibility

rate to  ceftolozane-tazobactam, and especially for those iso-
lates resistant to ceftazidime. This result was in  concert
with the  observation of Robin et  al.18 The hyperexpression
of chromosomal AmpC could justify this result. In addition,
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Table 3 – Distribution of beta-lactamase encoding genes according to bacterial species and medical center location.

Bacterial Species/ �-lactamase
encoding genes (Number)

Number  of Isolates detected by
geographic location (Number)

Other �-lactamase encoding genes

E. coli (52)
ESBL (37)
blaCTX-M-2 (8) SP (7),  RJ (1)
blaCTX-M-8 (11)  SP (9),  RJ (1), Salvador (1)
blaCTX-M-9 (2) RJ (2)
blaCTX-M-14 (3) SP (3)
blaCTX-M-15 (13) SP (11), RJ  (2)
Carbapenemase (4)
blaKPC-2(4) SP (2),  Salvador (2)

E. cloacae (12)
ESBL (12)
blaCTX-M-15 (11) SP (11), RJ  (1), Salvador (1)
BlaSHV-12(1)  SP (1)
Carbapenemase (1)
blaKPC-2(1) Salvador (1)
P. mirabilis (3)
ESBL (3)
blaCTX-M-2 (1) RJ (1)
blaCTX-M-8 (1) SP (1)
blaCTX-M-15 (1) SP (1)

K. pneumoniae (238)

ESBL  (173)
blaCTX-M-2 (43) SP (43) blaKPC-2 (32)
blaCTX-M-3 (1) SP (1)
blaCTX-M-8 (6) SP  (4),  RJ (1), Salvador (1) blaKPC-2 (2)
blaCTX-M-9 (3) SP  (3)
blaCTX-M-14 (34) SP (34) blaKPC-2 (33)
blaCTX-M-15 (84) SP (56), RJ  (17),  Salvador (11) blaKPC-2 (38); blaNDM-1(2)
blaCTX-M-35 (2)  SP (2)
blaCTX-M-141 (1) Salvador (1) blaKPC-2 (1)

AmpC (2)
blaCMY-2 (1) SP (1)
blaCMY-141(1) SP (1)

Carbapenemase (165)
blaKPC-2 (163) SP (148), RJ  (7), Salvador (8)
blaKPC-3 (1)  SP (1)
blaKPC-30 (1) SP (1)
blaNDM-1 (2) RJ (1), Salvador (1)

P. aeruginosa (104)

PDC (104)
PDC-1 (4)  SP (2),  RJ (1), Salvador (1)
PDC-3 (11) SP (8),  RJ (3)
PDC-5 (15) SP (13), Salvador (1), RJ (1)  blaIMP-1 in SP (1); blaSPM-1 in SP (2)
PDC-6 (1) SP  (1)
PDC-8 (8)  SP (8)
PDC-10 (1) SP (1)
PDC-11 (3) SP (1),  RJ (1), Salvador (1)
PDC-12 (3) SP (3)
PDC-16 (11) SP (9),  Salvador (1), RJ  (1)
PDC-19A (8) SP (6),  Salvador (2)  blaVIM-2 in  SP (1)
PDC-24 (2) SP (2)
PDC-31 (1) RJ (1)
PDC-35 (19) SP (19) blaIMP-74 in  SP (1); blaCTX-M-2 in SP (3); blaGES-1 in SP (2);
PDC-36 (1) SP (1)
PDC-37 (4) SP (3), Salvador (1)  blaKPC-2 in  SP  (1)
PDC-45 (1) SP (1)
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Bacterial Species/ �-lactamase
encoding genes (Number)

Number  of Isolates detected by
geographic location (Number)

Other  �-lactamase encoding genes

PDC-55 (1) Salvador (1)
PDC-59 (1) SP (1) blaCTX-M-2 in  SP  (1)
PDC-109 (1) SP (1)
PDC-115 (2) SP (2)
PDC-120 (1) SP (1)
PDC-124 (1) SP (1)
PDC-194 (1) SP (1)
PDC-218 (1) SP (1)
PDC-252 (1) SP (1)
PDC-253 (1) SP (1)

SP, São Paulo; RJ, Rio de  Janeiro.

association with other mechanisms of beta-lactam resis-
tance could be present in these isolates, such as alteration
in outer membrane protein(s), because the susceptibility rate
to ertapenem was  inferior to  those observed for imipenem
and meropenem.19 Previous studies have shown that AmpC
hyperproducing E. cloacae isolates were usually resistant to
ceftolozane-tazobactam.20

Among the five most frequent organisms studied, K. pneu-

moniae was one of the  most difficult to treat pathogen,
because these microorganisms were usually resistant to  first
line treatment drugs like imipenem. The resistance rates
to ceftolozane-tazobactam and colistin were also high in
our study. This pattern of susceptibility seems to be largely
affected by the presence of blaKPC-2, which in  many  cases was
associated with blaCTX-type,  ESBL encoding genes belonging
to the CTX-M-family. Our resistance rates were higher than
those reported previously by Pfaller et al., who had evaluated
the activity of cetolozane-tazobactam in bacterial isolates col-
lected in Latin America.21 This difference could be attributed
to distinct inclusion criteria like medical centers and the
study time period, for example. In fact, it has been widely
reported that KPC-2 is endemic in many  Brazilian hospitals.4

In our study, blaKPC-2 was the most frequent carbapenemase
encoding gene found in  the participating medical centers with
frequencies varying among the institutions. While blaKPC-3

has been reported frequently in some Latin American coun-
tries, it has been found rarely in Brazil.22 In fact, to date,
blaKPC-3 has only been reported in A. baumannii isolated from
a Brazilian medical center located in  São Luís, Maranhão.23

To the best of our knowledge, this is  the first study to  detect
new variants of blaKPC, such as  blaKPC-3 and blaKPC-30, in  K.

pneumoniae in Brazilian medical centers. blaKPC-3 and blaKPC-30

were  found to  be harbored by K. pneumoniae isolated from
urine and intra-abdominal abscess of patients hospitalized at
the same Brazilian medical center located in the city of São
Paulo. NDM-1-producing K.  pneumoniae isolates were unfre-
quently detected in our study. Only two isolates displaying this
genotype were identified: one in urine and another in intra-
abdominal abscess of patients hospitalized in  Rio de Janeiro
and Salvador, respectively.

Ceftolozane-tazobactam has been shown previously to be
the most effective agent for P.  aeruginosa isolates regardless
of resistance to other antimicrobial agents.24 Ceftolozane-
tazobactam also demonstrated good activity against isolates

non-susceptible to ceftazidime and/or imipenem. The activity
of ceftolozane-tazobactam was not affected by hyperproduc-
tion of AmpC or other mechanism of resistance as  expected.25

In contrast, its activity was affected by production of car-
bapenemases including metallo-�-lactamases (MBL). In this
study, blaKPC-2 was detected in a single P.  aeruginosa isolate
collected in  São Paulo, as observed previously in  some medi-
cal centers.26–30 In addition, a  few MBL-producing P. aeruginosa

isolates were detected in our study. SPM-1-producing P. aerug-

inosa ST277, an MBL producer clone, was widely disseminated
in Brazilian hospitals in the 2000s.31 Our results seem to cor-
roborate the results previously reported by Cacci et al.,  who
noticed a decline in the frequency of the SPM-1-producing P.

aeruginosa ST277 clone at the intensive care unit of a hospi-
tal located in Rio de Janeiro city, where SPM-1 was previously
endemic.32 In our study, only two SPM-1-producing P. aerug-

inosa isolates were identified in two distinct medical centers
located in the city of São Paulo. In one of these medical cen-
ters, two isolates of P.  aeruginosa were shown to  harbor genes
encoding the IMP variants, blaIMP-1 and blaIMP-74.  To the best
of our knowledge, blaIMP-74 had not been identified previously
in any Brazilian medical center. It was  isolated from a  urine
sample of 44-y-o female patient who had been hospitalized to
treat of a urinary tract infection.

Conclusion

In this study, ceftolozane-tazobactam was shown to be  very
active against E.  coli,  P.  mirabilis and P. aeruginosa isolates and
could constitute an  excellent therapeutic option including for
those isolates resistant to extended-spectrum cephalosporins
and carbapenems but not producers of carbapenemases.
However, the activity of ceftolozane-tazobactam against K.

pneumoniae has been jeopardized by the spread of ESBL and
KPC-2-producing K. pneumoniae in  Brazilian medical cen-
ters. In addition, the co-production of beta-lactamases by
such species also compromise the activity of ceftolozane-
tazobactam. In this context, surveillance studies like SMART
are essential for helping to delineate the changes in the epi-
demiology of Gram-negative infections over time, not only in
Brazil, but also  worldwide.
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de 2018. Published on January, 1st 2019 08/01/2018, Edition: 5,
Section: 1 – Supplement: Page: 10
http://www.in.gov.br/materia/-
/asset publisher/Kujrw0TZC2Mb/content/id/25055718/do1a-

2018-01-08-resolucao-re-n-45-de-4-de-janeiro-de-2018-
25055682.

13. Yin D, Wu  S, Yang Y, et al. Results from the  China
Antimicrobial Surveillance Network (CHINET) in 2017  of the
In Vitro Activities of Ceftazidime-Avibactam and
Ceftolozane-Tazobactam against Clinical Isolates of
Enterobacteriaceae and Pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2019;63(4), e02431-18.
Published 2019 Mar 27. doi:10.1128/AAC.02431-18.

14. Denisuik AJ, Garbutt LA, Golden AR, Adam HJ,  Baxter M,
Nichol KA, et al. Antimicrobial-resistant pathogens in
Canadian ICUs: results of the CANWARD 2007 to 2016 study. J
Antimicrob Chemother. 2019;74(3):645–53,
http://dx.doi.org/10.1093/jac/dky477.

15. Farrell DJ, Flamm RK, Sader HS, Jones RN. Antimicrobial
activity  of ceftolozane-tazobactam tested against
Enterobacteriaceae and Pseudomonas aeruginosa with
various  resistance patterns isolated in U.S.  Hospitals
(2011-2012). Antimicrob Agents Chemother. 2013;57(12),
6305-10. doi: 10.1128/AAC.01802-13. Epub 2013 Oct 7.

16. Castanheira M, Duncan LR, Mendes RE, Sader HS, Shortridge
D. Activity of ceftolozane-tazobactam against Pseudomonas

aeruginosa and Enterobacteriaceae isolates collected from
respiratory tract specimens of hospitalized patients in the
United  States during 2013 to 2015. Antimicrob Agents
Chemother. 2018;62,
e02125-17.https://doi.org/10.1128/AAC.02125-17.

17. Popejoy MW,  Paterson DL, Cloutier D, Huntington JA, Miller B,
Bliss CA, et al. Efficacy of ceftolozane/tazobactam against
urinary tract and intra-abdominal infections caused by
ESBL-producing Escherichia coli and Klebsiella pneumoniae:
a  pooled analysis of Phase 3 clinical trials. J Antimicrob
Chemother. 2017;72(1):268–72,
http://dx.doi.org/10.1093/jac/dkw374.

18. Robin F, Auzou M, Bonnet R, Lebreuilly R, Isnard C, Cattoir V,
et al. In Vitro Activity of Ceftolozane-Tazobactam against
Enterobacter cloacae Complex Clinical Isolates with Different
�-Lactam Resistance Phenotypes. Antimicrob Agents
Chemother. 2018;62(9), pii: e00675-18. doi:
10.1128/AAC.00675-18.

19. Babouee Flury B, Ellington MJ, Hopkins KL, Turton JF, Doumith
M, Woodford N. The differential importance of mutations
within AmpD in cephalosporin resistance of Enterobacter
aerogenes and Enterobacter cloacae. Int J Antimicrob Agents.
2016;48(5):555–8,
http://dx.doi.org/10.1016/j.ijantimicag.2016.07.021.

20. Livermore DM, Mushtaq S, Meunier D, Hopkins KL,  Hill R,
Adkin R, et al.  Activity of ceftolozane/tazobactam against
surveillance and’ problem’ Enterobacteriaceae, Pseudomonas

aeruginosa and non-fermenters from the British Isles. J
Antimicrob Chemother. 2017;72(8):2278–89,
http://dx.doi.org/10.1093/jac/dkx136.

21.  Pfaller MA, Shortridge D, Sader HS, Gales A,  Castanheira M,
Flamm RK. Ceftolozane-tazobactam activity against
drug-resistant Enterobacteriaceae and Pseudomonas

aeruginosa causing healthcare-associated infections in Latin
America: report from an antimicrobial surveillance program
(2013-2015). Braz J  Infect Dis. 2017;21(6):627–37,
http://dx.doi.org/10.1016/j.bjid.2017.06.008.

22. Rojas LJ, Weinstock GM, De  La Cadena E, et al. An Analysis of
the  Epidemic of Klebsiella pneumoniae
Carbapenemase-Producing K. pneumoniae: Convergence of
Two Evolutionary Mechanisms Creates the P̈erfect Storm.̈ J
Infect Dis. 2017;217(1):82–92,
http://dx.doi.org/10.1093/infdis/jix524.

23. Ribeiro PC, Monteiro AS, Marques SG, et al. Phenotypic and
molecular detection of the bla KPC gene in clinical isolates
from inpatients at hospitals in São Luis, MA. Brazil. BMC

http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0005
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0010
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0015
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0025
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0030
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0035
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0045
dx.doi.org/10.1093/ofid/ofy345
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0065
dx.doi.org/10.1093/jac/dky477
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0075
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0080
dx.doi.org/10.1093/jac/dkw374
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0090
dx.doi.org/10.1016/j.ijantimicag.2016.07.021
dx.doi.org/10.1093/jac/dkx136
dx.doi.org/10.1016/j.bjid.2017.06.008
dx.doi.org/10.1093/infdis/jix524
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115


b  r a z  j i  n f e c t d  i  s  .  2  0 2  0;2 4(4):310–321 321

Infect Dis. 2016;16(1):737. Published 2016 Dec 7.
doi:10.1186/s12879-016-2072-3.

24. Castanheira M, Duncan LR, Mendes RE, Sader HS, Shortridge
D. Activity of Ceftolozane-Tazobactam against Pseudomonas

aeruginosa and Enterobacteriaceae Isolates Collected from
Respiratory Tract Specimens of Hospitalized Patients in the
United States during 2013 to  2015. Antimicrob Agents
Chemother. 2018;62(3), pii: e02125-17. doi:
10.1128/AAC.02125-17.

25. van Duin D, Bonomo RA. Ceftazidime/Avibactam and
Ceftolozane/Tazobactam: Second-generation
�-Lactam/�-Lactamase Inhibitor Combinations. Clin Infect
Dis. 2016;63(2):234–41, http://dx.doi.org/10.1093/cid/ciw243.

26.  de Oliveira Santos IC, Albano RM, Asensi MD, D’Alincourt
Carvalho-Assef AP. Draft genome sequence of
KPC-2-producing Pseudomonas aeruginosa recovered from a
bloodstream infection sample in Brazil. J  Glob Antimicrob
Resist. 2018;15:99–100,
http://dx.doi.org/10.1016/j.jgar.2018.08.021.

27.  de Paula-Petroli SB, Campana EH, Bocchi M, Bordinhão T,
Picão RC, Yamada-Ogatta SF, et al. Early detection of a
hypervirulent KPC-2-producing Pseudomonas aeruginosa
ST235 in Brazil. J Glob Antimicrob Resist. 2018;12:153–4,
http://dx.doi.org/10.1016/j.jgar.2018.01.014.

28.  Galetti R, Andrade LN, Chandler M, Varani Ade M, Darini AL.
New  Small Plasmid Harboring blaKPC-2 in Pseudomonas

aeruginosa. Antimicrob Agents Chemother. 2016;60(5):3211–4.
Published 2016 Apr 22. doi:10.1128/AAC.00247-16.

29. Carrara-Marroni FE, Cayô R, Streling AP,  da Silva AC, Palermo
RL, Romanin P, et al. Emergence and spread of
KPC-2-producing Pseudomonas aeruginosa isolates in a
Brazilian teaching hospital. J  Glob Antimicrob Resist.
2015;3(4):304–6, http://dx.doi.org/10.1016/j.jgar.2015.07.002.

30.  Rizek C,  Fu L, Dos Santos LC, et al. Characterization of
carbapenem-resistant Pseudomonas aeruginosa clinical
isolates, carrying multiple genes coding for this antibiotic
resistance. Ann Clin Microbiol Antimicrob. 2014;13:43.
Published 2014 Sep 2. doi:10.1186/s12941-014-0043-3.

31. Gales AC1, Menezes LC, Silbert S,  Sader HS. Dissemination in
distinct Brazilian regions of an epidemic
carbapenem-resistant Pseudomonas aeruginosa producing
SPM  metallo-beta-lactamase. J Antimicrob Chemother.
2003;52(4):699–702.

32. Cacci LC, Chuster SG, Martins N, et al. Mechanisms of
carbapenem resistance in endemic Pseudomonas aeruginosa
isolates after an SPM-1 metallo-�-lactamase producing strain
subsided in an intensive care unit of a  teaching hospital in
Brazil. Mem Inst Oswaldo Cruz. 2016;111(9):551–8,
http://dx.doi.org/10.1590/0074-02760160116.

http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0115
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0120
dx.doi.org/10.1093/cid/ciw243
dx.doi.org/10.1016/j.jgar.2018.08.021
dx.doi.org/10.1016/j.jgar.2018.01.014
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0140
dx.doi.org/10.1016/j.jgar.2015.07.002
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0150
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
http://refhub.elsevier.com/S1413-8670(20)30089-1/sbref0155
dx.doi.org/10.1590/0074-02760160116

	Hemicorporal paresthesias in a parvovirusinfection
	Introduction
	Methods
	Bacterial isolates
	Susceptibility testing
	Molecular characterization of beta-lactamase encoding genes

	Results
	Antimicrobial susceptibility
	Detection of beta-lactamase encoding genes

	Discussion
	Conclusion
	Acknowledgements
	References


