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ABSTRACT Tebipenem pivoxil is an oral broad-spectrum carbapenem. This study
evaluated the activity of tebipenem and comparators against UTI Enterobacterales
from US hospitals (2019–2020). 3,576 Enterobacterales causing UTI in 52 centers in 9
US Census Divisions were included. Susceptibility testing followed the CLSI broth
microdilution method. Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis with
an MIC of $2 mg/mL for ceftazidime, ceftriaxone, and/or aztreonam were designated
ESBL. Isolates were also grouped based on MDR phenotype. Tebipenem, meropenem,
and ertapenem had MIC90 against Enterobacterales of 0.06 mg/mL, 0.06 mg/mL and
0.03 mg/mL, respectively. Low susceptibility results for aztreonam (87.1% susceptible),
cefazidime (88.1%), ceftriaxone (84.8%), and other agents were observed. Tebipenem
and ertapenem were equally potent (MIC90, 0.015 to 0.03 mg/mL) against E. coli and K.
pneumoniae, whereas ertapenem showed an MIC 8-fold lower than tebipenem against
P. mirabilis. Oral agents, such as amoxicillin-clavulanate, levofloxacin, and trimetho-
prim-sulfamethoxazole, showed elevated nonsusceptibility rates in the Middle Atlantic
region (26, 45, 47, and 41%, respectively). ESBL prevalence varied from 7% to 16%,
except in the Middle Atlantic region (42%). The carbapenems were active against ESBL
and MDR isolates (93.7 to 96.8% susceptible). Elevated rates of ESBL in UTI pathogens
in US hospitals were noted as well as a uniform in vitro potency (MIC90) of tebipenem
and the intravenous carbapenems, regardless of phenotype.

IMPORTANCE The occurrence of urinary-tract Enterobacterales pathogens producing
ESBL enzymes in community and nosocomial settings continues to increase, as does
the coresistance to fluoroquinolones, trimethoprim-sulfamethoxazole and nitrofuran-
toin often exhibited by these pathogens. This scenario complicates the clinical em-
pirical and guided management of UTI by precluding the use of oral and many intra-
venous options. Oral options appear compromised even among some ESBL-negative
isolates, against which the use of parenteral agents may be required. In addition, the
interregional variability of susceptibility results of US UTI pathogens provides a less
predictable susceptibility pattern to inform empirical treatment decisions. This study
evaluated the in vitro activity of tebipenem against contemporary uropathogens,
including those resistant to currently available oral options.
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Urinary tract infections (UTIs) remain a public health problem in both community
and hospital settings. UTIs represent the fifth most common type of health care-

associated infection, with an estimated 62,700 infections requiring treatment in acute
care hospitals in the United States (1). Escherichia coli, Klebsiella pneumoniae, and
Proteus mirabilis are the most frequent Gram-negative bacteria implicated in UTIs.
Moreover, according to the Centers for Disease Control and Prevention report on

Editor Bonnie Chase Prokesch, Univ of Texas
Southwestern Medical Center

Copyright © 2023 Mendes et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Rodrigo E.
Mendes, rodrigo-mendes@jmilabs.com.

Journal: Microbiology Spectrum.

The authors declare a conflict of interest. This
surveillance study and manuscript were
conducted at JMI Laboratories and supported
by Spero Therapeutics, Inc., and funded in
whole or in part with Federal funds from the
Department of Health and Human Services;
Office of the Assistant Secretary for
Preparedness and Response; Biomedical
Advanced Research and Development
Authority, under Contract No.
HHSO100201800015C. JMI Laboratories was
contracted to perform services in 2021 for
AbbVie Inc., Affinity Biosensors, AimMax
Therapeutics, Inc., Alterity Therapeutics,
Amicrobe, Inc., Arietis Pharma, Armata
Pharmaceuticals, Inc., Astrellas Pharma Inc.,
Basilea Pharmaceutica AG, Becton, Dickinson
and Company (BD), bioMérieux, Inc., Boost
Biomes, Brass Dome Ventures Ltd., Bravos
Biosciences, Bugworks Research Inc., Centers
for Disease Control and Prevention, Cerba
Research, Cidara Therapeutics, Cipla Ltd.,
ContraFect Corp., CXC7, DiamondV, Enveda
Biosciences, Fedora Pharmaceuticals, Inc.,
Fimbrion Therapeutics, First Light Diagnostics,
Forge Therapeutics, Inc., Fox Chase Cancer
Center, GlaxoSmithKline plc (GSK), Harvard
University, Institute for Clinical
Pharmacodynamics (ICPD), International Health
Management Associates (IHMA), Inc., Iterum
Therapeutics plc, Janssen Research &
Development, Johnson & Johnson, Kaleido

(Continued on next page)

January/February 2023 Volume 11 Issue 1 10.1128/spectrum.02057-22 1

RESEARCH ARTICLE

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

20
 M

ar
ch

 2
02

3 
by

 1
08

.1
60

.2
30

.7
0.

https://orcid.org/0000-0002-8648-1137
https://orcid.org/0000-0001-5961-6238
https://orcid.org/0000-0002-8419-6308
https://orcid.org/0000-0002-5267-4176
https://orcid.org/0000-0003-0126-1782
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/spectrum.02057-22
https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.02057-22&domain=pdf&date_stamp=2023-1-10


antimicrobial resistance in 2019, approximately 197,400 Enterobacterales with an ESBL
phenotype are detected each year in the United States (2, 3). This report also showed a
consistent increase in the ESBL phenotype among Enterobacterales between 2012 and
2017. Other studies also reported increasing rates of ESBL pathogens causing UTI in
hospitals and community settings (4–6).

In general, rates of resistance to first-line oral options clinically available for the
treatment of complicated UTI (cUTI) and pyelonephritis, such as the fluoroquinolones
and trimethoprim-sulfamethoxazole, exceeds 20% in the USA. These rates increase to
$60% against ESBL isolates (7). This scenario has resulted in dramatic increases in
emergency department visits and hospital admissions for UTIs, especially due to the
need for intravenous agents given the lack of effective oral options (8, 9). Also, the
increase of resistance phenotypes has led to delays of effective therapy, longer hospital
stays, and higher hospitalization costs (10–12).

Tebipenem is a broad-spectrum agent with in vitro and in vivo activity against a va-
riety of clinically important Gram-negative and Gram-positive pathogens, including
ESBL-producing Enterobacterales (13). This orally bioavailable carbapenem is currently
under clinical development for cUTI, including pyelonephritis. In a large phase 3 clinical
trial (ADAPT-PO), oral tebipenem (600 mg every 8 h) was shown to be noninferior to in-
travenous ertapenem (1 g every 24 h) (12). This study evaluated the in vitro activity of
tebipenem and the comparator agents that are commonly used for the treatment of
UTI against Enterobacterales collected from US patients in 2019 to 2020 as part of the
STEWARD Surveillance Program.

RESULTS

E. coli (n = 2,339; 65.4%) represented the majority of Enterobacterales associated
with UTI in this study, followed by K. pneumoniae (n = 511; 14.3%) and P. mirabilis
(n = 235; 6.6%). Other pathogens comprised 24 other species or species groups
(n = 491; 13.7%) (Table 1).

Overall, the national rate of E. coli, K. pneumoniae, and P. mirabilis showing an ESBL
phenotype was 14.3%. Rates between 7% and 11% were detected in East North
Central, West North Central, West South Central, and South Atlantic regions. Higher
rates were noted in the Pacific (14.5%), Mountain (15.4%), East South Central (16.3%),
and Middle Atlantic (42%) regions (Table 2). Similar proportions of E. coli (15.0%) and K.
pneumoniae (15.9%) met the MIC criteria for an ESBL phenotype, and a smaller preva-
lence was observed in P. mirabilis (4.3%) (Table 1). Tebipenem, ertapenem, and mero-
penem showed similar activity against all Enterobacterales, with MIC90 values of
0.06 mg/mL, 0.03 mg/mL, and 0.06 mg/mL, respectively, and high overall rates of sus-
ceptibility to the comparator carbapenems ertapenem (98.5%) and meropenem
(99.6–99.7%) (Table 3). Piperacillin-tazobactam (MIC90, 8 mg/mL) showed susceptibil-
ity results of 92.9% against all isolates (Table 3).

Tebipenem and ertapenem were equally potent (MIC90, 0.015 to 0.03 mg/mL)
against E. coli and K. pneumoniae, whereas ertapenem (MIC50/90, 0.015/0.015 mg/mL)
showed MIC results 8-fold lower than tebipenem (MIC50/90, 0.12/0.12 mg/mL) against
P. mirabilis (Table 3).

When evaluating the activity of oral agents against the most common species of E.
coli, K. pneumoniae, and P. mirabilis, 17% to 29% of these isolates were not susceptible to
amoxicillin-clavulanate (17.0%), levofloxacin (22.7%), and trimethoprim-sulfamethoxazole
(28.5%), according to CLSI breakpoints (Table 2). However, a great percentage of isolates
(26 to 47%) that were not susceptible to these oral options tended to originate from cen-
ters located in the Middle Atlantic (Table 2). Against non-ESBL E. coli, K. pneumoniae, and
P. mirabilis isolates, amoxicillin-clavulanate, levofloxacin, and trimethoprim-sulfamethoxa-
zole had susceptibility results between 77.9% and 89.4% (Table 3).

When tested against the isolates that met the MIC criteria for ESBL or MDR pheno-
types, tebipenem demonstrated MIC50 results of 0.015 mg/mL, which were equivalent
to those obtained against the non-ESBL group (Table 1). In contrast, the ertapenem
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MIC results obtained against the ESBL (MIC50/90, 0.03/0.25 mg/mL) and MDR (MIC50/90,
0.03/0.25 mg/mL) groups of isolates were higher than those obtained against their
non-ESBL counterparts (MIC50/90, #0.008/0.015 mg/mL). In general, the carbapenems
(93.8 to 97.3% susceptible) had elevated susceptibility results against isolates exhibit-
ing ESBL and/or MDR phenotypes, while piperacillin-tazobactam had the highest
results (68.9 to 74.9% susceptible) among noncarbapenem agents (Table 3).

DISCUSSION

This study described the activity of tebipenem and other comparator agents tested
against Enterobacterales causing UTI in US hospitals. Against all Enterobacterales, car-
bapenems demonstrated the best activity, with resistance rates of 0.3% to 0.7%,
whereas resistance to oral agents and cephalosporins was observed more frequently at

TABLE 1 In vitro activity of tebipenem against Enterobacterales clinical isolates causing UTI in US hospitals

Organism/group
(no. of isolates)

No. and cumulative % of isolates inhibited at an MIC (mg/mL)

MIC50 MIC90#0.004 0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 >8
Alla (3,576) 4

(0.1)
606
(17.1)

2,060
(74.7)

429
(86.7)

207
(92.4)

193
(97.8)

50
(99.2)

9
(99.5)

0
(99.5)

3
(99.6)

2
(99.6)

5
(99.8)

8
(100)

0.015 0.06

E. coli (2,339) 4
(0.2)

578
(24.9)

1,578
(92.3)

134
(98.1)

29
(99.3)

10
(99.7)

4
(99.9)

1
(>99.9)

0
(>99.9)

0
(>99.9)

1
(100.0)

0.015 0.015

K. pneumoniae (511) 3
(0.6)

296
(58.5)

176
(93.0)

18
(96.5)

3
(97.1)

2
(97.5)

1
(97.7)

0
(97.7)

1
(97.8)

1
(98.0)

4
(98.8)

6
(100)

0.015 0.03

P. mirabilis (235) 1
(0.4)

6
(3.0)

23
(12.8)

63
(39.6)

120
(90.6)

22
(100.0)

0.12 0.12

Non-ESBL (2,643)b 4
(0.2)

560
(21.3)

1,611
(82.3)

238
(91.3)

88
(94.6)

120
(99.2)

22
(100)

0.015 0.03

ESBL (442)c 22
(5.0)

269
(65.8)

95
(87.3)

22
(92.3)

13
(95.2)

6
(96.6)

2
(97.1)

0
(97.1)

1
(97.3)

2
(97.7)

4
(98.6)

6
(100)

0.015 0.06

MDR (222)d 14
(6.3)

134
(66.7)

45
(86.9)

8
(90.5)

10
(95.0)

4
(96.8)

0
(96.8)

0
(96.8)

1
(97.3)

0
(97.3)

1
(97.7)

5
(100)

0.015 0.06

aIncludes Citrobacter amalonaticus/farmeri (4), C. freundii species complex (57), C. koseri (40), Enterobacter asburiae (1), E. cloacae species complex (143), E. hormaechei (1),
Escherichia coli (2,339), E. marmotae (1), Hafnia alvei (2), Klebsiella aerogenes (58), K. ornithinolytica (1), K. oxytoca (87), K. pneumoniae (511), K. variicola (5),Morganella
morganii (21), Proteus hauseri (1), P. mirabilis (235), P. penneri (2), P. vulgaris group (13), Providencia rettgeri (6), P. stuartii (4), Raoultella ornithinolytica (1), R. planticola (2),
Serratia fonticola (1), S. liquefaciens (1), S. marcescens (36), Citrobacter spp. (1), and Raoultella spp. (2).

bIncludes 1,988 E. coli, 430 K. pneumoniae, and 225 P. mirabilis displaying MIC results of,2mg/mL for ceftazidime, aztreonam, and ceftriaxone, which were presumptively
characterized here as isolates absent of ESBL enzymes.

cIncludes 351 E. coli, 81 K. pneumoniae, and 10 P. mirabilis displaying MIC results of$2mg/mL for ceftazidime, aztreonam and/or ceftriaxone, which were presumptively
characterized here as ESBL producers.
dIncludes 175 E. coli, 40 K. pneumoniae, and 7 P. mirabilis displaying MIC results of$2mg/mL for ceftazidime, aztreonam and/or ceftriaxone, which were presumptively
characterized here as ESBL producers. These isolates also were not susceptible to levofloxacin (MIC,$1mg/mL) and trimethoprim-sulfamethoxazole ($4/76mg/mL).

TABLE 2 Nonsusceptibility rates for amoxicillin-clavulanate, levofloxacin, and trimethoprim-
sulfamethoxazole against most common isolates (E. coli, K. pneumoniae, and P. mirabilis)
causing UTI by Census Divisions

Region

% not susceptiblea

ESBLbA-C Levofloxacin TMP-SMX
All 17.0 22.7 28.5 14.3
New England 13.7 15.8 23.2 9.9
Middle Atlantic 26.4 46.7 41.4 41.9
East North Central 15.3 20.8 23.7 10.5
West North Central 14.2 14.4 24.4 6.9
South Atlantic 15.0 20.5 29.5 10.8
East South Central 19.9 23.3 22.4 16.3
West South Central 17.2 25.3 34.5 10.7
Mountain 20.5 22.8 34.9 15.4
Pacific 14.9 17.9 25.8 14.5
aIncludes 2,339 E. coli, 511 K. pneumoniae, and 235 P. mirabilis; % of isolates not susceptible according to CLSI
2021; A-C, amoxicillin-clavulanate; TMP-SMX, trimethoprim-sulfamethoxazole.

bIncludes 351 E. coli, 81 K. pneumoniae, and 10 P. mirabilis distributed across 9 US Census Divisions displaying
MIC results of$2mg/mL for ceftazidime, aztreonam and/or ceftriaxone, and presumptively characterized here
as ESBL producers.
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rates of 9.8% to 26.1%. These results reflect the continuous dissemination of the ESBL
phenotype in E. coli, K. pneumoniae, and P. mirabilis isolates in the US during the last 2
decades (14). Rates of ESBL production among E. coli, K. pneumoniae, and P. mirabilis
causing various infections in US hospitals were reported to be between 12% and 16%
during 2013 to 2016 (11, 14, 15). A similar collection of E. coli and K. pneumoniae that

TABLE 3 Antimicrobial activity of tebipenem and comparator agents against
Enterobacterales and phenotypic subsetsa

Antimicrobial agent

MIC (mg/mL) CLSIb

50% 90% Range %S %I %R
All (3,576)
Tebipenem 0.015 0.06 #0.004 to>8 - - -
Amoxicillin-clavulanic acid 4 32 #0.25 to>32 76.1 10.9 13.1
Aztreonam 0.12 16 #0.03 to>16 87.1 2.0 10.9
Cefazolin 2 >32 #0.5 to>32 - - -
Ceftazidime 0.25 8 #0.015 to>32 88.1 2.1 9.8
Ceftriaxone #0.06 >8 #0.06 to>8 84.8 0.3 14.9
Cefuroxime 4 >64 #0.5 to>64 - - -
Ertapenem #0.008 0.03 #0.008 to>2 98.5 0.8 0.7
Levofloxacin 0.06 16 #0.015 to>32 79.4 2.2 18.4
Meropenem #0.015 0.06 #0.015 to>32 99.6 0.1 0.3
Piperacillin-tazobactam 2 8 #0.06 to>128 92.9 2.7 4.4
Trimethoprim-sulfamethoxazole #0.12 >4 #0.12 to>4 73.9 26.1

Non-ESBL (2,643)
Tebipenem 0.015 0.03 #0.004 to 0.25 - - -
Amoxicillin-clavulanic acid 4 16 #0.25 to>32 89.4 8.5 2.1
Aztreonam 0.06 0.12 #0.03 to 1 100.0 0.0 0.0
Cefazolin 2 8 #0.5 to>32 - - -
Ceftazidime 0.12 0.25 0.03 to 1 100.0 0.0 0.0
Ceftriaxone #0.06 0.12 #0.06 to 1 100.0 0.0 0.0
Cefuroxime 4 8 #0.5 to 32 95.9c 3.6 0.5
Ertapenem #0.008 0.015 #0.008 to 0.25 100.0 0.0 0.0
Levofloxacin 0.03 8 #0.015 to>32 85.4 1.6 13.0
Meropenem #0.015 0.03 #0.015 to 0.25 100.0 0.0 0.0
Piperacillin-tazobactam 2 4 #0.06 to>128 98.4 0.6 1.0
Trimethoprim-sulfamethoxazole #0.12 >4 #0.12 to>4 77.9 22.1

ESBL (442)
Tebipenem 0.015 0.06 0.008 to>8 - - -
Amoxicillin-clavulanic acid 16 >32 2 to>32 44.6 32.4 23.1
Aztreonam >16 >16 0.12 to>16 18.8 14.7 66.5
Cefazolin >32 >32 8 to>32 - - -
Ceftazidime 16 >32 0.12 to>32 26.7 15.6 57.7
Ceftriaxone >8 >8 0.12 to>8 6.6 1.1 92.3
Cefuroxime >64 >64 4 to>64 2.5c 2.5 95.0
Ertapenem 0.03 0.25 #0.008 to>2 93.8 2.8 3.5
Levofloxacin 8 32 #0.015 to>32 28.4 5.2 66.4
Meropenem 0.03 0.06 #0.015 to>32 97.3 1.1 1.6
Piperacillin-tazobactam 4 32 #0.06 to>128 74.9 12.7 12.4
Trimethoprim-sulfamethoxazole >4 >4 #0.12 to>4 33.5 66.5

MDR (222)
Tebipenem 0.015 0.06 0.008 to>8 - - -
Amoxicillin-clavulanic acid 16 32 2 to>32 41.4 39.2 19.4
Aztreonam >16 >16 0.12 to>16 15.8 15.8 68.5
Cefazolin >32 >32 32 to>32 - - -
Ceftazidime 16 >32 0.12 to>32 24.8 17.6 57.7
Ceftriaxone >8 >8 0.25 to>8 1.8 1.4 96.8
Cefuroxime >64 >64 4 to>64 1.4c 0.5 98.2
Ertapenem 0.03 0.25 #0.008 to>2 94.0 2.8 3.2
Levofloxacin 16 32 1 to>32 0.0 8.6 91.4
Meropenem 0.03 0.06 #0.015 to>32 96.8 0.9 2.3
Piperacillin-tazobactam 4 32 #0.06 to>128 68.9 16.7 14.4
Trimethoprim-sulfamethoxazole >4 >4 4 to>4 0.0 100.0

aSee the footnote on Table 1 for a description of all 3,576 species of Enterobacterales included in this study. The non-
ESBL category includes 1,988 E. coli, 430 K. pneumoniae, and 225 P. mirabilis displayingMIC results of,2mg/mL for
ceftazidime, aztreonam, and ceftriaxone, and these isolates are presumptively characterized here as absent of ESBL
enzymes. The ESBL phenotype were those E. coli (351), K. pneumoniae (81), and P. mirabilis (10) displayingMIC results
of$2mg/mL for ceftazidime, aztreonam, and/or ceftriaxone. TheMDR phenotype were those isolates presumptively
characterized as ESBL producers that also were not susceptible to levofloxacin (MIC,$1mg/mL) and trimethoprim-
sulfamethoxazole ($4/76mg/mL).

bCriteria as published by CLSI (2022); “-“, breakpoint not available or not available for any given species included
within a group (i.e., cefazolin).

cUsing parenteral breakpoints.
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caused UTI from the 2016 SENTRY program for the US revealed ESBL rates of 12% and
11%, respectively (15). The results presented here showed presumptive ESBL rates of
approximately 15% in E. coli and 16% in K. pneumoniae. These latest conclusions indi-
cate that the dissemination of ESBL isolates causing UTI in US hospitals continues, as
does the coresistance often exhibited by these pathogens (Table 3).

UTI caused by ESBL pathogens often precludes the use of oral and many intrave-
nous options for empirical or guided treatment. Additionally, 11% to 22% of non-ESBL
isolates were also not susceptible to oral options, such as amoxicillin-clavulanate, levo-
floxacin, and trimethoprim-sulfamethoxazole. Therefore, these results show the need
for an orally bioavailable agent that could provide broad spectrum coverage for the
empirical and guided management of UTI in both inpatient and ambulatory care set-
tings, including infections caused by ESBL and/or MDR isolates.

It is important to emphasize that, upon approval, the clinical use of tebipenem should
be exercised judiciously. Tebipenem has an intrinsic broad spectrum of activity, which
resembles the activity of intravenous carbapenems (13). The convenience provided by
such an oral agent could potentially exacerbate its clinical utilization, which could en-
courage the emergence and dissemination of isolates carrying carbapenemase genes.
Stewardship programs are critical to minimize indiscriminate use of antimicrobial agents.

This study evaluated the in vitro activity of tebipenem and comparator agents against
UTI pathogens of various phenotypes. However, due to a lack of further patient informa-
tion, a distinction between isolates causing complicated or uncomplicated UTI could not
be made. In addition, a specific analysis of tebipenem activity based on molecular data
were not performed here, but one has been published elsewhere against subsets of E.
coli (16). This study reported on the high rates of ESBL and MDR rates in UTI pathogens
in US hospitals and the uniform in vitro potency (MIC90) of the oral tebipenem and intra-
venous carbapenems, where other oral treatment options did not seem to provide ac-
ceptable (i.e., >90% susceptible) in vitro susceptibility rates. These data benchmark the
in vitro activity of tebipenem tested against Enterobacterales. Since tebipenem is being
developed as an oral prodrug, it could offer an additional and convenient tool for man-
aging UTI caused by Enterobacterales when approved for clinical use.

MATERIALS ANDMETHODS
Clinical isolates. A total of 3,576 Enterobacterales isolates were recovered from patients with UTI in

52 medical centers located in 9 US Census Divisions during 2019 and 2020. These isolates were included in
the STEWARD Surveillance Program. STEWARD mirrored the design of the SENTRY Antimicrobial
Surveillance Program, which is a cross-sectional, laboratory-based program that surveys the frequency of
organisms causing various community- and hospital-associated infections, observes antimicrobial suscepti-
bility patterns, and monitors for the emergence of resistance (17). Participating laboratories followed spe-
cific instructions for selecting consecutive and unique isolates (1 isolate per patient per infection episode).
Only isolates deemed to be clinically relevant and responsible for UTI based on local criteria (e.g.,
$100,000 CFU/mL) were selected until a target number was reached. The sites initially performed the bac-
terial identifications, which were later confirmed by JMI Laboratories using matrix-assisted laser desorption
ionization-time of flight mass spectrometry (Bruker Daltonics, Bremen, Germany).

Antimicrobial susceptibility testing. Susceptibility testing was performed using the Clinical and
Laboratory Standards Institute (CLSI) broth microdilution method (18). Frozen-form broth microdilution
panels were manufactured by JMI Laboratories (North Liberty, IA, USA) and contained cation-adjusted
Mueller-Hinton broth. Panels were quality assured both before and during use according to CLSI guide-
lines (18, 19). Agents presented here were those included in the surveillance program for tebipenem.
These agents were not chosen based on indication (i.e., cUTI), but rather to characterize the susceptibility
profiles of included species and group of species (e.g., ESBL or carbapenemases). MIC interpretations for
comparator agents followed CLSI breakpoint criteria, as available (19). E. coli, K. pneumoniae, and P. mirabi-
lis with MIC values of $2 mg/mL for ceftazidime, ceftriaxone, and/or aztreonam were phenotypically char-
acterized as ESBL. Isolates were also grouped as an MDR phenotype if an ESBL phenotype was present
and the isolate was nonsusceptible to fluoroquinolone (levofloxacin) and trimethoprim-sulfamethoxazole
using CLSI breakpoints (19).
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