Low Propensity for Development of Spontaneous In Vitro Resistance to Tebipenem,
Erfapenem, and Meropenem Among Enterobacterales Uropathogens

B.D. VanScoy!, H. Conde!, R.E. Mendes?3, N. Cotroneo3s, |.A. Critchley?
"Institute for Clinical Pharmacodynamics, Inc., Schenectady, NY; 2JMI Laboriatories, North Liberty, |A; 3Spero Therapeutics, Cambridge, MA

RESULTS

Table 2. Broth microdilution MIC values and molecular characterization of mutants with reduced
susceptibility to tebipenem relative to the isogenic parent isolate
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INTRODUCTION

RESULTS

« Tebipenem, an oral carbapenem in development for treatment of Table 1. Tebipenem, meropenem and ertapenem baseline agar MIC, average frequency of resistance to each compound at 4 and 8 times the agar MIC at 24 hours

complicated urinary tract infections and acute pyelonephritis, is active

versus uropathogens which produce extended-spectrum beto- R p-lactam resistance |5 Tebipenem — Meropenem —— Erfapenem Parent isolate characteristics Selection _Tebipenem MIC mg/L
lactamases (ESBL) such as Escherichia coli and Klebsiella pneumoniae. solate identier mechanism(s) ,?Aslec'?;;ﬁ‘)” FOR at 4x MIC FOR at 8x MIC I?ASIZ'?;;/Q{‘)’" FOR at 4x MIC FOR at 8x MIC ’?Aﬁf:'?:‘;/%’" FOR at 4x MIC FOR at 8x MIC denfifiey _ Prlactamresistance  condifions® rorert Morang  Amino acid alterations
. . . (e e . . . . mechanisms
* Bacteria acquire resistance to antibiotics via multiple routes, Including by g coji ATCC 25922 None 0.015 7.11x107 <2.42x107 0015 <1.98x107  <1.98x107 0.008 <259x107  <2.59x107 Single-step, 8 __ 1 012 No alterations observed
chromosomal mutation. In the studies described herein the frequency of ; =Y. :
. . A Y E. coli 4643 CTX-M-15, OXA-1/30 0.015 <1.57x107 1.57x107 0.03 <©02%10°  <2.02x107 0.06 1.83x107 371x10° £ COMATCC None 1BF MIC
spontaneous resistance to tebipenem, meropenem and ertapenem 25922 TBP serial <0.015 025  No alterations observed
among a panel of Enterobacterales isolates, including those resistantto g o) 13319 Gl TEME ACTAB: 0.06 4.64x10°8 <4.55x107 0.03 1.30x107 4.69x107 0.25 3.29x10°8 <4.05x10-7 passage, day 14
clinically relevant antibacterials, was assessed using static and seriall or. YMpL, VP E.coli 4643 CTX-M-15, OXA-1/30 S'”%ﬁ,’ﬁ% #x 0.06 025  No alterations observed
DASSAgE assays. E. coli 21711 CTX-M-15, OXA-1/30, TEM-1 0.03 1.29x10°® <3.64x107 0.03 1.21x10°8 <1.45x107 0.125 9.02x107 <1.19x107 TS TENCT
. . . . CTX-M-15, AcrAB-TolC, ] ] ] ] ] ] , RPN ~  Single-step, 4x Multiple alterations in
« Resistance fo the challenge compounds was then confirmed via E. coli 1801 ot 0.015 2.31x10°® 8.35x107 0.015 1.81x10% <6.04x107 0.06 3.51x10° <471x10°  E. coli 13319 AcrAB g’rﬁ;fmpc' TBP MIC 0.12 ! OmpC
minimum inhibitory concentration (MIC) testing and characterized E. coli 30854 CTX-M-15, OmpC, TEM-1-like 0.03 1.14x10° <7 .45x107 0.015 3.11x107 7.92x107 0.06 3.64x107 302x107 oo, CTXM-15,0mpC,  Singlestep, 4 o5 Alterationsin OmpC at 3
through whole genome sequencing (WGS). Relatedness of CTXM-15. TEM-T. OXA-1/30 ' TEM-1-like TBP MIC ' ' end
. . . . . . =IV\- , -1, - , -5 -5 -6 -7 -6 -4 . . . .
parent/mutant pairs was confirmed via mulfilocus sequence typing. E. coli 39930 SHV-28, OmpC 0.015 5.54x10 5.66x10 0.015 2.36x10 5.21x10 0.06 6.14x10 2.31x10 E coli 19407 CTX-M-55, TEM-] posgggéeggly y 0.12 3 Mulhpleoc?YI;rFe)rghons in
. CP_CTX-M_GrOUp 1, 9 9 6 -6 7 7 : )
E. coli 19407 0.5 <6.45x10 <6.45x10 0.125 7.68x10 7.92x10 0.5 4.83x10 4.42x10 Single-step, 4x -
METHODS CP_TEM_WT K. pneumoniae TBP MIC <0.015 0.25 No alterations observed
K. pneumoniae ATCC 43816 SHV-1 0.015 <1.71x107 6.14x10°® 0.03 <2.49x107 <2.49x107 0.015 <2.89x107 <2.89x107  ATCC 43816 SHV-1 TBP seridl 001s 015 No alterafions observed
- The static frequency of resistance (single-step, or FOR) fo tebipenem (TBP), k. pneumoniae 25021 CTX-M-15, TEM-1, OXA-2 0.03 8.31x107 2.26x107 0.03 5.81x107 1.58x107 0.25 3.50x10°8 690x10° neumoniae  CTXMTS, TEMC "’S?:;T’egsef'e (;Oéf
m and ert nem w for nel of twenty four - SV, TRV L ~ISh i
meropenem and erfapenem was assessed for a panel of twenty fou K. pneumoniae 40031 CTX-M-15, SHV-11 0.125 2.03x10° 2.3x107 0.125 5.41x107 1.75x107 0.25 3.94x107 1.59x107 25021 OXA-1, SHV-28 TBP MIC 0.06 2 Noalterations observed
Enterobacterales isolates including E. coli (n = 8), K. pneumoniae (n = 9), Single-step, 8x OmpK36 stop codon af
and other Enterobacterales (n = 7) K. pneumoniae 50566 CTX-M_Group 1, SHV ESBL 0.03 1.94x107 1.93x107 0.03 2.64x107 1.22x107 0.125 2.91x107 1.28x10” TBP MlC' 0.06 | AA1D5
. . . . . . , CP_CTX-M_Group 1, SHV ) ) ) ) ] ] K - i
were plated on agar containing 4 or 8 fimes the MIC of each K. pneumoniae 4812 CTX-M-15 0.06 2.61x107 1.56x107 0.125 4.61x10° 2.34x10° 0.25 1.40x107 9.01x10°® passage, day 12 00° ' premature stop codon af
carbapenem and incubated for 24h. Resistance was confirmed by K iae 21904 CTX-M-15, OXA-T 0.03 8.01x10” 2.13x10” 0.03 8.42x10”7 2.80x10” 0.125 1.52x1077 4.65x10° AALZS
MIC testing [1] and was defined as a > four-fold increase in MIC. - Phevmoniae VT A ' X X ' X X ' X X K. pneumoniae CTX-M-15, OXA-1/30, Single-step, 8x ., 5 OMPK36 AAA212.237
| . . . K. pneumoniae 604 CTX-M-15, OXA-1/30, SHV-1, 0.06 1.56x107 8.45x10°8 0.06 2.92x10° <2.92x107 0.125 1.00x10°8 4.46x10° 804 . SHV-1, OmpK TBP MIC
« Serial passages were performed using two E. coli and two K. pneumoniae OmpK a. TBP=tebipenem
: S : : . CTX-M-15, OXA-1, SHV-28, _ _ _ _ _ _ , , ,
exposure to tebipenem, meropenem, or ertapenem over a 14-da i . . . T . ) .
b “PIPENS > : x yP P. mirabilis ATCC 29906 wild type 0.015 4.46x107 5.63x10°8 0.03 <2.04x107  <2.04x10? 0.008 <370x107  <3.70x10? single- and multi-step resistance studies identified alterations of OmpC in
using oroth microdilution methodologies. E. coli and its homologue OmpK36 in K. pneumoniae (Table 2).
Whol : ducted foh fant P. mirabilis ATCC BAA-856 TEM-10 0.03 1.78x10° 1.60x10°® 0.03 4.01x107 2.22x107 0.015 5.54x107 2.61x107
¢ © fhge?ofﬁ“e sedquepc|:|ng WO cc?rndyc © don reprisleg ative mutants o , , . B S S « While no amino acid alterations on targeted proteins were detected in
r?m de S1d |T: C‘? Sera DOSS%QG Studies an .Gssgm FeOseQE§5nces WEIe  P. mirabilis ATCC BAA-2791 TEM+ 0.06 <1.68x10 <1.68x10 0.06 9.93x10 5.72x10 0.015 1.88x10 1.60x10 mutants derived from E. coli ATCC 25922 and 4643, factors which may
OmpC/OmpK36, and OmpK37 (K. pneumoniae only) and penicillin - freunail a type : VIX 70X : St O7X : O/ X O/X Flux-puUMPS | AcrAB-TolC), global regulators and p-lactamases such as
binding proteins (PBPs) 1a, 1b, 2, and 3 and compared with parent C. freundii ATCC BAA-2807 CTX-M-5 0.015 8.70x107 8.46x107 0.06 <2.16x107 <2.16x107 0.25 <3.93x107 <3.93x107 ©TERLUMPS 169 AC ol 9 I and prac
<olqt 9P S P P - freundi ) M ' /X 40X : 1oX 10X : 79X 79X chromosomally-encoded AmpC were not examined in this studly.
ISOIATES. E. cloacae ATCC 13047 Wild type 0.03 7.47x107 <3.52x107 0.06 <4.05x107 <4.05x107 0.125 3.00x10° <5.04x107 . . . . . . .
« Similarly, while no amino acid alterations were observed in mutants derived
E. cloacae AR Bank# 0073 cAmpC, CTX-M-9 0.015 2.33x10” 3.47x10® 0.03 <1.97x107 <1.97x107 0.06 2.80x10” 7.35x10® from K. pneumoniae ATCC 43816 and 25021, express]on levels of por]ng

RESULTS

 FOR values for tebipenem, meropenem, and ertapenem at 4 to 8 times the
MIC ranged from <6.87 x 107 to 5.54 x 102, with similar results obtained for
all species and genotypes, including ESBL-producing isolates and those

Figure 1. Serial passage results for four Enterobacterales isolates versus tebipenem, meropenem and ertapenem, over the 14-day period

E. coli ATCC 25922

E. coli 19407

K. pneumoniae ATCC 43816

K. pneumoniae 4812

were not assessed in this study.

CONCLUSIONS

« These data suggest tebipenem has a low propensity for spontaneous

with porin alterations (Table 1). 128,000 (wild Type) (CTX-M, TEM) (Wild Type) (CTX-M, SHV) resistance at 4 to 8 times the MIC in vitro and was similar to meropenem and
« Mutants collected on tebipenem-containing agar plates demonstrated 32:000 i erfapenem in both single-step and serial passage studies.
tebipenem MIC values of 0.12 o 2mg/L with the highest MIC observed =400 | y, — « Cross-resistance to febipenem, meropenem, and ertapenem among mutants
with parent K. pneumoniae isolate 25021 and 40031. Similarly, mutants £2.000 J_.@ 7 suggests common mechanisms contribute to elevated MIC values, including
selected on meropenem had meropenem MIC values of 0.125 to 4 5 0.500 -+ M through reduced permeability.
mg/L and mutants selected on ertapenem had ertapenem MIC value =0.125 - #_,,
of 0.125 to >8 mg/L. 0.031 = REFERENCES
: : 0.008 + . . . . . . S . . . . . . . . . . . . . . . . . . . . . .
* Inthe serial passage assays, MIC values for each agent vs. four isolates 0O 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 1. Clinical Laboratory Standards Institute. Methods for Dilutional Antimicrobial Susceptibility

over the 14-day period were approximately five to eight 2-fold dilutions
higher than baseline, resulting in similar MIC values to those observed in the
FOR studies (0.12 to 2 mg/L) (Figure 1).

« Mutants isolated found in the presence of tebipenem, meropenem, and
ertapenem had similarly decreased susceptibility to each compound.
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