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Introduction

isolates)

All Enterobacterales® (4,171)

* Tebipenem (TBP) pivoxil is in clinical development as an oral carbapenem for the treatment of
complicated urinary tract infections (cUTI), including acute pyelonephritis (AP)'2.

 Positive results from the recently completed phase 3 PIVOT-PO trial demonstrated non-inferiority of oral US Enterobacterales (3,914)

tebipenem compared to intravenous imipenems?.
eb penem compa edto davenous pene UK Enterobacterales (257)

* This study describes the in vitro activity of TBP and comparator agents against molecularly
characterized Enterobacterales isolates recovered from UTls and bloodstream infections (BSls) in the
United States and United Kingdom, including ESBL and carbapenemase producing isolates.

UTI Enterobacterales (3,040)
BSI Enterobacterales (1,131)
CSE® (4,070)

CNSE® (101)

Methods

Bacterial isolates

A total of 4,171 Enterobacterales isolates were included in this study. Isolates were collected from 62 US sites
in 2024 (3,914 isolates; 93.8%) and 3 different UK sites in 2023 (257 isolates; 6.2%). This included 3,436
isolates of Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis. The remaining /35 isolates were
comprised of 14 different generaq, including Citrobacter, Enterobacter, Serratia and other Klebsiella spp.

Isolates recovered were from UTls (3,040; 72.9%) and BSls (1,131; 27.1%).
Bacterial identification was confirmed by standard algorithms supported by matrix-assisted laser

non-ESBLY (3,594)
EC/KP/PM isolates (3,436)
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ESBL+" (577)
ESBL+, CSE® (538)

CTX-M" (449)

desorption ionization-time of flight mass spectrometry (Bruker Daltonics, Bremen, Germany). ARSI
Antimicrobial susceptibility testing Other (11)
Isolates were tested for susceptibility by broth microdilution following Clinical and Laboratory Standards None* (34)
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Tebipenem demonstrated potent in vitro
activity against the numerous subsets of

molecularly characterized isolates, including
those with ESBL phenotypes.
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Table 1: Activity of tebipenem and comparator agents against molecularly characterized Enterobacterales isolates
collected from the United States in 2024 and the United Kingdom during 2023
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Institute (CLSI) quidelines* and results were interpreted following European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines®.

All E. coliand K. pneumoniae isolates displaying MIC results >2 mg/L for aztreonam or ceftazidime or
ceftriaxone were defined as presumptive ESBL producers (ESBL+). P. mirabilis isolates displaying MIC results
>2 mqg/L for cefpodoxime or ceftazidime were defined as ESBL+.

Any isolate displaying MIC values of 22 mg/L for imipenem and/or meropenem or 21 mqg/L for ertapenem,
were categorized as carbapenem-nonsusceptible Enterobacterales (CNSE). Only meropenem was used for
the cateqgorization of Morganellaceae due to their intrinsic decreased susceptibility to imipenem.

ESBL+ and CNSE isolates were subjected to genome sequencing and screened for plasmid-mediated
AmpC (pAmpC), extended spectrum b-lactamase, and carbapenemase-producing genes.

Whole genome sequencing and screening of B-lactamase genes

Selected isolates had total genomic DNA extracted by the fully automated Thermo Scientific KingFisher Flex
Magnetic Particle Processor (Thermo Scientific), which was used to generate input material for library
construction.

DNA libraries were prepared using the /lllumina DNA library construction protocol (Illumina) following the

Phenotype/genotype (No. of

EC, E. coli; KP, K pneumoniae; PM, P. mirabilis; CSE, carbapenem-susceptible; ESBL, extended-spectrum p-lactamase; CNSE, carbapenem-non-susceptible Enterobacterales; TEB, tebipenem; IMI, imipenem;
MER, meropenem; ERT, ertapenem:; LEV, levofloxacin; CRO, ceftriaxone; FEP, cefepime; SXT, trimethoprim-sulfamethoxazole; TZP, piperacillin-tazobactam; EUCAST (V16.0) breakpoints applied for comparator
agents; “-“ breakpoints not available

9 Includes species of Citrobacter, Cronobacter, Enterobacter, Escherichia, Hafnia, Klebsiella, Lelliottia, Morganella, Pantoea, Pluralibacter, Proteus, Providencia, Raoultella, and Serratia
® Includes CSE isolates with MIC <1 mg/L for imipenem (not considered for Morganellaceae) and/or meropenem, or <0.5 mg/L for ertapenem

¢ Includes isolates with MIC >2 mg/L for imipenem and/or meropenem, or >1 mg/L for ertapenem; 25 isolates that carried carbapenemase genes (1 blayy,.s, 1 blagpcs, 4 blogpc.o, 8 blaypc.3, 7 blaypm-s, 1 Blaypm-7.
1 blagyaigi 1 blaoya.ag. and 1 blagyaqgand blaypm.4) and 76 isolates where no carbapenemase genes were detected

d Includes all Enterobacterales that did not meet the definition of ESBL phenotype
¢ Includes E. coli, K. pneumoniae, and P. mirabilis isolates that did not meet the definition of ESBL phenotype

FIncludes E. coliand K pneumoniaeisolates (with aztreonam, ceftazidime, or ceftriaxone MICs of >2 mg/L), and P. mirabilis isolates (with cefpodoxime or ceftazidime MICs of >2 mg/L) that meet the definition
of ESBL phenotype

9 Includes carbapenem-susceptible E. coli, K pneumoniae, and P. mirabilis isolates that meet the definition of ESBL phenotype

" The following blacry.v alleles were detected: 2 blacry p.1, 20 blacry s 313 blacrymas: 1 blactxm-s. 82 blacty .oz, 2 blacry -z, 3 Blacty m-z0. 20 blacry pm-ss. 3 blactym-es, 1 Plactym-o1 1 blactxmasand blacrym.3 and
1 blacry.mas9nd blacry_m.s5 - Isolates may include additional ESBL alleles

' The following alleles were detected: T blacmy.ias, 25 blacmy-o, 1 BIAcmy-a. 1 Blacmy-a2, 1 BlIcmy-o and blacyy-as, and 15 blapya. Excludes isolates with CTX-M alleles

I The following alleles were detected: 1 blagya.1/30. 1 BI0spy-105 2 Blagiy12. 3 Blasyyoa, 1 BIAsy_5, 1 Blasyy.sand blagyy._7, T blotemag, T blotem-1e- Excludes isolates with CTX-M or pAmpC alleles
“No ESBL alleles were detected in these isolates

"'Enterobacterales breakpoint of <2 mg/L used for Serratia spp.

Table 2: Frequency distribution of tebipenem MIC values against molecularly characterized
Enterobacterales isolates collected from the United States in 2024 and the United Kingdom during 2023

No. and cumulative % of isolates inhibited at MIC (ug/mL) of:

" . . . MICso MIC
manufacturer’s instructions and were sequenced on a NextSeq Sequencer (lllumina). isolates) 0.004 0.008 0.015 0.03 006 012 025 05 >8 o
FASTQ format sequencing files for each sample set were trimmed, error-corrected and assembled using de All Enterobacterales® (4.171) © 755 2o bt 25 2o T 19 y y ) : ) 0.0z 0.06

9 9 , P ) ’ , g, ’ 04% 184% 701% 83.6% 90.6% 969%  987%  991% 994% 99.5% 99.6% 99.7% 100.0% ' '
novo assembler SPAdes 3.15.3. An in-house software was applied to align the assembled sequences against US Enterobacterals (3014 15 684 2034 544 269 248 64 19 14 3 4 2 14 00> 004
a comprehensive in-house database containing known B-lactamase genes. hterobacterales (3.914) 04% 179% 698% 837% 906% 969% 986% 991% 994% 995% 996% 99.6% 1000% |
1 69 122 20 19 17 9
UK Enterobacterales (257) 04% 272% 747% 825% 899% 965% 100.0% 0.02 012
593 1578 390 197 171 54 14 1 3 4 1 13
UTl Enterobacterales (3.040) 04%  199% 718% 846% 9%  967% 985% 989% 993% 994% 995% 996% 1000% 002 000
ReSU |tS BSI Enterobacterales (1,131 > 1600 578 e Yl 7 7 ° y 0 y ] ] 002 012
nterobacterales (1131) 04% 146% 657% 8l1% 891% 974%  991%  996% 99.8% 99.8% 99.8% 999% 100.0% ‘
o T 16 753 2153 561 271 248 63 5 00> 0.06
, , , | 04% 189% 718% 856% 922% 983% 999% 100.0% | |
Tebipenem MIC;y and MIC,, values against the 4,171 Enterobacterales isolates from the UK and US were ) 0 3 3 17 17 10 14 14 3 4 5 14
0.015 mg/L and 0.06 mg/L, respectively (Table Tand Table 2). [dentical MICg; o values were obtained for CNSE™ (10D 00% 30% 59% 228% 396% 495% 634% 772% 802% 842% 861% 1000% OO 7O
: : rabilic i i 14 722 1833 439 248 245 66 13 9 0 1 2 2
the 3436 £. coll K prietimoniae. and P m/rc.)blll‘s.ls.o ates (0.015 mg/oL and 0.06 mg/L,.respe.ctl\‘/er). eS8 (€594 04% 205% 715% 837% 906% 974% 992% 996% 999% 999% 999% 999% 1000% 0 00O
Among the E. coli, K pneumoniae, and P. mirabilis isolates, 577 (16.8%) met the screening criteria for ESBL | 16 731 1925 380 153 151 49 5 5 3 3 0 1
phenotype (ESBL+) (Table 1 and Table 2). EC/KP/PM isolates (3436) 05% 217% 778% 891% 935% 979% 992% 993% 995% 996% 997% 997% 1000% 002 006
Tebipenem displayed MIC values of 0.015/0.06 mg/L against ESBL+ isolates. _ESBL® 4 /00 1602 264 113 15| 3
P Piay 50790 J 9 o . MBI (2697) 05% 250% 8l.0% 902% 942% 988% 100.0% 0.02 0.0
The MICgy,0q values of intravenous (1V) carbapenem agents were £0.12/0.5 mg/L for imipenem (96.4% f , 31 323 125 40 20 7 6 5 3 3 0 12
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(93.2% susceptible) ESBL+, CSE9 (538) : Sl Ses lad Y 0 > 1 0.02 0.06
' e ' o o ’ 04% 61% 662% 892% 961%  989%  998% 100.0% ' ‘
Susceptibility to non-carbapenem comparator agents ranged from 6.4% - 72.4%. XM (449) 2 27 284 97 26 9 3 ] 000 003
Of the ESBL+ isolates, 538 (93.2%) were carbapenem-susceptible (ESBL+, CSE). 0.4% 6.8% 6?.2% 971.2% 972.37% 9937% 99.]8% 100.0% | '
. . . o/ . . . i
ESBL+, CSE were predominantly associated with blacry.y (83.5%; 449/538). Plasmid-mediated AmpC genes PAMPC' (44) VAT G T GRET G 003 006
without a bla-r, p were detected in 8.2% (44/538) of isolates, other ESBL genes were identified in 2.0% Other (1) 0 3 3 3 2 003 0D
. . . . er . .
(11/538) of isolates, and no acquired ESBL genes were found in 6.3% (34/538) of isolates. 0.0% 273% 545% 818% 100.0%
. 0 4 22 6 0 1 1
©) k
The CNSE phenotype represented 2.4% (101/4,171) of all isolates tested. None* (34) 0% 8% Tee% oatn  omi%  OrI%  100.0% 002 003

Against CNSE isolates, tebipenem had MIC. o4 values of 0.5/>8 mg/L.

Comparator IV carbapenem agents showed MICg; o4 values of 1/>8 mg/L for imipenem (79.2%
susceptible), 0.25/32 mqg/L for meropenem (82.2% susceptible), and 2/>2 mg/L for ertapenem (19.8%
susceptible).

Susceptibility to non-carbapenem comparator agents ranged from 13.9% - 58.4%.

Carbapenemase genes were identified in 25/101 CNSE isolates, including blayp- (n=13), blaypm (n=8), blayy,
(n=1), blagxa-ag-iike (N=2). and blaypm + blagxa-ag-iike (N=1).
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AP, acute pyelonephritis

BSI, bloodstream infection

CNSE, carbapenem not susceptible Enterobacterales
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CLSI, Clinical and Laboratory Standards Institute

cUTI, complicated urinary tract infection

ESBL, extended-spectrum B-lactamase

EUCAST, European Committee on Antimicrobial Susceptibility Testing
|, Susceptible, increased exposure

MDR, multidrug resistance

MIC, Minimal inhibitory concentration
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EC, E. coli; KP, K. pneumoniae; PM, P. mirabilis; CSE, carbapenem susceptible; ESBL, extended spectrum-b-lactamase; CNSE, carbapenem non-susceptible Enterobacterales
9 Includes species of Citrobacter, Cronobacter, Enterobacter, Escherichia, Hafnia, Klebsiella, Lelliottia, Morganella, Pantoea, Pluralibacter, Proteus, Providencia, Raoultella, and Serratia
® Includes CSE isolates with MIC <1 mg/L for imipenem (not considered for Morganellaceae) and/or meropenem, or £0.5 mg/L for ertapenem.

¢ Includes isolates with MIC >2 mg/L for imipenem and/or meropenem, or 21 mg/L for ertapenem:; 25 isolates that carried carbapenemase genes (1 blay,.s, 1 blaypcag. 4 blagpc.o, 8 blapc.s, 7 blaypm.s, 1 bIaypm-7,
1 blagyag 1 blaoya-as. and 1 blagyag1and blaypm-4) and 76 isolates where no carbapenemase genes were detected.

d Includes all Enterobacterales species that did not meet the definition of ESBL phenotype.
¢ Includes E. coli, K. pneumoniae, and P. mirabilis isolates that did not meet the definition of ESBL phenotype.

fIncludes E. coliand K. pneumoniae isolates (with aztreonam, ceftazidime, or ceftriaxone MICs of 32 mg/L), and P. mirabilis isolates (with cefpodoxime or ceftazidime MICs of 32 mg/L) that meet the definition
of ESBL phenotype

9 Includes carbapenem-susceptible E. coli, K pneumoniae, and P. mirabilis isolates that meet the definition of ESBL phenotype

" The following blacy.ym alleles were detected: 2 blacry .y, 20 blacry s 313 blacry.mas 1 blactym-24. 82 blacty o7, 2 blacty s, 3 Blacry -0, 20 blacrym-ss. 3 blacty.m-es 1 PlacTx-m-01 1 Blacxm-15 and blacrym.3 and
1 blactym59nd blacty m-s5 - Isolates may include additional ESBL alleles.

' The following alleles were detected: 1 blacyy-ias 25 blacmy-o, 1 bIacmy-a 1 BIAcpy-a2, T BIacmy.o and blacyy-as, and 15 blapy . Excludes isolates with CTX-M alleles.
I The following alleles were detected: 1 blagya1/30, 1 BIOsy-105 2 Blagyyan, 3 blasyyoa, 1 bIAsy_s, 1 blasiy.sand blagyy7, T bloremag, 1 bIotem-e- Excludes isolates with CTX-M or pAmpC alleles.
“No ESBL alleles were detected in these isolates.

Conclusions

* Tebipenem demonstrated potent in vitro activity against carbapenem-
susceptible Enterobacterales causing UTI and BSI in the US and UK, including
ESBL+ isolates.

* These data indicate that tebipenem has activity comparable to intravenous
carbapenems and support the development of tebipenem as an oral treatment
option for cUTI.

* Only 2.4% of isolates included in this study met criteria for CNSE, indicating a low
prevalence of this resistance phenotype in this UTI/BSI sample set.
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