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Objectives: Physicians must leverage several factors when making antibiotic therapy decisions, including route
of administration and duration of therapy. Oral administration provides several potential advantages including
increased accessibility, prevention of hospitalizations and earlier discharges. Sulopenem—a broad-spectrum,
synthetic penem B-lactam agent—uniquely possesses both oral and IV formulations along with noted stability
among antimicrobial-resistant subsets. This study evaluated the in vitro activity of sulopenem and comparator
agents against contemporary Enterobacterales and anaerobic clinical isolates predominantly from patients
with bloodstream, intra-abdominal and urinary tract infections.

Methods: A contemporary collection of 1647 Enterobacterales and 559 anaerobic isolates was assembled from
medical centres in Europe and the USA. Isolates were susceptibility tested using the CLSI reference methods:
broth microdilution for Enterobacterales and agar dilution for anaerobes.

Results: Sulopenem demonstrated potent in vitro antimicrobial activity (MICsg/90, 0.03/0.25 mg/L) against
Enterobacterales isolates regardless of infection type, inhibiting 99.2% of isolates at <1 mg/L. This activity
was conserved against resistant phenotypes including ESBL-phenotype Escherichia coli (MICsgs90, 0.03/
0.06 mg/L) and ESBL-phenotype Klebsiella pneumoniae (MICsg,90, 0.06/1 mg/L). Sulopenem maintained activity
against ciprofloxacin-, nitrofurantoin- and trimethoprim/sulfamethoxazole-non-susceptible subsets (MICsq,g0,
0.03-0.06/0.12-0.5 mg/L). Against anaerobic isolates, sulopenem (98.9% inhibited at <4 mg/L) and merope-
nem [98.4% susceptible (CLSI)] were the most active compounds tested.

Conclusions: The potent in vitro activity of sulopenem against this large collection of recent Enterobacterales
and anaerobic clinical isolates from multiple infection types supports its further clinical evaluation in the treat-
ment of intra-abdominal and urinary tract infections.

Introduction

Infectious disease management relies on the selection of appro-
priate and effective antibiotic therapy. When making critical
treatment decisions regarding antimicrobial therapy, physicians
leverage multiple factors including accurate diagnosis, urgency
of therapy, broad- or narrow-spectrum coverage, patient treat-
ment outcomes and antimicrobial resistance.”* To aid in the ju-
dicious use of these therapeutic agents, the appropriate route
of administration and duration of therapy must be considered.>*
Although some clinical circumstances necessitate IV

administration of antibiotics, oral administration provides several
potential advantages, including increased treatment accessibil-
ity, decreased cost, prevention of hospitalizations and earlier dis-
charges.”™ In situations where an equally effective and
bioavailable oral antimicrobial agent is available, physicians
should consider oral agents for outpatient treatment or as a po-
tential step-down therapy.

Sulopenem (CP-70429)—a broad-spectrum, synthetic penem
B-lactam antibiotic—uniquely possesses both oral and IV formu-
lations.'® Carbapenem antimicrobial agents including doripen-
em, ertapenem, imipenem and meropenem are currently
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approved by the US FDA; however, these agents are only available
in their parenteral formulation, requiring hospitalization or access
to outpatient infusion services for their administration.*® Oral ad-
ministration of the prodrug sulopenem etzadroxil demonstrates
increased absorption whereas IV administration of sulopenem
(comprised of the stable S isomer) leads to significant active
concentration in the urine.*>'? With activity against both
Gram-positive and -negative species, sulopenem inhibits peptido-
glycan cross-linking thus preventing bacterial cell wall synthe-
sis.!>'* Notably, susceptibility reports for this compound indicate
activity against fluoroquinolone-resistant, ESBL-producing and
MDR Enterobacterales.>*>"*” Sulopenem has recently com-
pleted several FDA Phase I1I clinical trials focused on treatment
of uncomplicated urinary tract infection (UTI; NCT03354598),
complicated UTI (cUTI; NCT03357614) and complicated additional
intra-abdominal infection (IAI; NCT03358376).'® An additional
Phase II1 clinical trial is currently underway, evaluating sulopenem
against amoxicillin/clavulanate for treatment of uncomplicated
UTI in adult women (NCT05584657). This study evaluated the
in vitro activity of sulopenem and comparator agents against
contemporary Enterobacterales and anaerobic clinical isolates
predominantly from patients with bloodstream infection (BSI),
IAI and UTL

Materials and methods
Bacterial isolates

A total of 1647 Enterobacterales and 559 anaerobic isolates were col-
lected from medical centres in Europe and the USA between 2018 and
2020 as part of the SENTRY Antimicrobial Surveillance Program.?®
Enterobacterales isolates included primarily Escherichia coli, Klebsiella
spp. and Enterobacter cloacae species complex isolates whereas anaer-
obic isolates were mainly Bacteroides, Clostridium, Cutibacterium and
Prevotella genera. Carbapenem-resistant Enterobacterales (CRE) and
ESBL-phenotype definitions were applied to Enterobacterales isolates
using CLSI breakpoint criteria.?° Bacterial identification was performed
by MALDI-TOF MS using the MALDI Biotyper (Bruker Daltonics, Billerica,
MS, USA) according to the manufacturer’s instructions.

Susceptibility testing methods

Enterobacterales isolates were tested for antimicrobial susceptibility
using CLSI reference broth microdilution methods®! with frozen-form
broth microdilution panels manufactured by JMI Laboratories.
Anaerobic isolates were tested for antimicrobial susceptibility using
CLSI reference agar dilution methods.?* JMI Laboratories produced
Brucella agar plates supplemented with haemin (5 pg), vitamin K1
(1 pg/mL) and laked sheep blood (5% v/v). Clostridium septicum isolate
testing required the use of 12-well, non-treated microtitre plates due to
the swarming nature of this species.?? Specifically, 1 mL of molten agar
containing the appropriate drug concentration was dispensed into each
well to yield an agar depth of 3-4 mm, consistent with CLSIM07 method-
ology and equivalent to commercially available options.?#?> All agar
plates were reduced prior to use in a Bactron 600 anaerobe chamber
(Sheldon Manufacturing, Cornelius, OR, USA) containing an atmosphere
of 5% carbon dioxide, 5% hydrogen and 90% nitrogen.

Concurrent quality assurance testing utilized CLSI-recommended
quality control strains including Bacteroides fragilis ATCC 25285, B. the-
taiotaomicron ATCC 29741, Clostridioides difficile ATCC 700057,
Eggerthella lenta 43055 for testing anaerobic isolates, and E. coli ATCC
25922 and Staphylococcus aureus ATCC 29213 for testing
Enterobacterales isolates. Concurrent bacterial colony counts monitored

inoculum density throughout susceptibility testing. CLSI, FDA and EUCAST
breakpoint criteria were utilized to determine susceptibility and resist-
ance rates for comparator agents, where available.?®2628

Results

Isolates and infection types

Enterobacterales isolates consisted of 983 E. coli, 347 Klebsiella
spp., 110 E. cloacae species complex, 91 Proteus mirabilis and
116 other Enterobacterales species. These isolates were recov-
ered from patients with BSI (23.5%; n=387), UTI (60.7%;
n=999) and IAI (15.8%; n=261). Anaerobic isolates included
194 Bacteroides spp., 85 Clostridium spp., 77 Cutibacterium
spp., 34 Prevotella spp. and 169 other Gram-positive and
-negative anaerobic species. Anaerobic isolates were collected
from patients with BSI (35.1%; n=196), skin and skin structure in-
fections (32.2%; n=180), IAls (5.0%; n=28), pneumonia in hos-
pitalized patients (0.7%; n=4), UTIs (0.5%; n=3) and other
infection types (26.5%; n= 148 isolates).

Enterobacterales susceptibility testing results

Sulopenem demonstrated potent in vitro antibacterial activity
(MICs/90, 0.03/0.25 mg/L) against 1647 Enterobacterales isolates
regardless of infection type, inhibiting 99.2% of all
Enterobacterales isolates at <1 mg/L, which is within the CLSI sus-
ceptible MIC breakpoint for doripenem, meropenem and imipenem
against Enterobacterales and within the sulopenem clinical expos-
ure levels (Table 1). The activity of sulopenem was comparable to
other carbapenem agents, including ertapenem [98.3%/98.3% sus-
ceptible (S) (CLSI/EUCAST)], imipenem [94.7%/92.0% S (CLSI/
EUCAST)] and meropenem [99.7%/99.8% S (CLSI/EUCAST)]
(Table 2). Activity of other comparator agents against these
Enterobacterales isolates was highest for amikacin [99.6%/99.0%
S (CLSI/EUCAST)], gentamicin [91.1%/90.9% S (CLSI/EUCAST)],
piperacillin/tazobactam [94.2%/91.7% S (CLSI/EUCAST)] and tige-
cycline [97.0% S (FDA)] (Table 2). Sulopenem inhibited 100.0% of
E. coli isolates (n=983; MICsg90, 0.03/0.03 mg/L) and 98.8% of
Klebsiella spp. isolates (n=347; MICsg90, 0.03/0.12 mg/L) at
<1 mg/L. Sulopenem demonstrated potent in vitro activity against
smaller Enterobacterales isolate subsets, including 29 Citrobacter
freundii species complex (MICsg,90, 0.06/0.12 mg/L; 100.0% inhib-
ited at <0.5mg/L), 110 E. cloacae species complex (MICsgg0,
0.12/0.5 mg/L; 97.3% inhibited at <1 mg/L), 33 Klebsiella aerogenes
(MICsp/90, 0.12/0.25mg/L; 100.0% inhibited at <1 mg/L), 41
Klebsiella oxytoca (MICsg/q0, 0.03/0.06 mg/L; 100.0% inhibited at
<0.06 mg/L), 20 Morganella morganii (MICsg90, 1/1 mg/L; 100.0%
inhibited at <1 mg/L), 91 P. mirabilis (MICsgs90, 0.25/0.25 mgl/L;
100.0% inhibited at <0.5 mg/L) and 14 Providencia spp. (MICso/90,
0.12/0.5 mg/L; 92.9% inhibited at <1 mg/L) isolates (Table 1).
Sulopenem (MICsg/90, 0.5/2 mg/L) inhibited 86.1% of Serratia mar-
cescens (n=36) isolates at <1 mg/L (Table 1).

The activity of sulopenem was conserved against resistance
phenotypes, including 170 ESBL-phenotype E. coli (MICsq/g0,
0.03/0.06 mg/L; 100.0% inhibited at <1mg/L) and 49
ESBL-phenotype K. pneumoniae (MICsq/90, 0.06/1 mg/L; 91.8%
inhibited at <1 mg/L) (Table 1). Sulopenem exhibited elevated
MIC values against four meropenem-non-susceptible (NS)
K. pneumoniae (MICsg, 16 mg/L; Table 2). Against four CRE
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Table 3. Sulopenem and comparator agent agar dilution cumulative percent inhibition MIC results against 559 anaerobic isolates from the USA and
Europe

No. and cumulative % of isolates inhibited at MIC (mg/L) of:
Organism/organism group (no. of isolates) <0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 >%  MICsg MICqp

All anaerobes

Sulopenem (559) 51 82 128 104 100 36 34 8 10 1 1 4 012 1
9.1 23.8 46.7 653 83.2 89.6 957 97.1 989 99.1 993 100.0
Clindamycin (559) 98 72 57 49 70 45 28 22 118 05 >4
17.5 30.4 40.6 49.4 61.9 69.9 75.0 78.9 100.0
Meropenem (559) 104 54 82 122 95 42 30 12 9 6 3 012 1
18.6 28.3 42.9 64.8 81.8 89.3 94.6 96.8 984 99.5 100.0
Metronidazole (559) 16 13 64 159 162 31 13 7 2 92 1 >16
29 52 16.6 451 741 79.6 819 832 835 100.0
Moxifloxacin (559) 9 46 170 131 46 60 22 33 42 05 8
1.6 9.8 403 63.7 719 82.6 86.6 925 100.0
Piperacillin/tazobactam (558) 178 52 69 69 39 34 25 29 31 18 4 10 025 16
31.9 41.2 53.6 659 729 79.0 835 887 943 975 982 100.0
Tigecycline (558°) 102 99 98 76 86 43 28 17 9 0.25 2
18.3 36.0 53.6 67.2 82.6 90.3 953 98.4 100.0
Gram-negative anaerobes
Sulopenem (287) 22 21 58 59 66 27 16 6 6 1 1 4 012 1
7.7 15.0 35.2 55.7 78.7 88.2 93.7 958 97.9 983 986 100.0
Clindamycin (287) 38 20 22 22 42 29 11 15 88 05 >4
13.2 20.2 27.9 355 50.2 60.3 641 69.3 100.0
Meropenem (287) 23 14 29 86 62 26 20 9 9 6 3 012 1
80 129 23.0 53.0 74.6 83.6 90.6 93.7 96.9 99.0 100.0
Metronidazole (287) 14 5 25 99 107 19 11 1 1 5 1 2
49 6.6 153 49.8 87.1 93.7 97.6 97.9 983 100.0
Moxifloxacin (287) 5 14 47 79 30 43 16 22 31 05 >8
1.7 6.6 23.0 505 61.0 76.0 815 89.2 100.0
Piperacillin/tazobactam (286°) 62 14 29 39 25 26 24 26 20 8 3 10 0.5 16
21.7 26.6 36.7 503 59.1 68.2 76.6 857 92.7 955 96,5 100.0
Tigecycline (286°) 26 24 43 60 68 23 18 16 8 0.5 4
9.1 175 325 535 773 853 916 972 100.0
Gram-positive anaerobes
Sulopenem (272) 29 61 70 45 34 9 18 2 4 0.06 0.5
10.7 33.1 58.8 75.4 87.9 91.2 97.8 98.5 100.0
Clindamycin (272) 60 52 35 27 28 16 17 7 30 012 >4
22.1 41.2 54.0 64.0 743 80.1 86.4 89.0 100.0
Meropenem (272) 81 40 53 36 33 16 10 3 0.06 0.5
29.8 44.5 63.9 77.2 89.3 95.2 98.9 100.0
Metronidazole (272) 2 8 39 60 55 12 2 6 1 87 1 >16
0.7 3.7 18.0 40.1 60.3 647 654 67.6 68.0 100.0
Moxifloxacin (272) 4 32 123 52 16 17 6 11 11 0.25 4
1.5 13.2 585 77.6 83.5 89.7 919 96.0 100.0
Piperacillin/tazobactam (272) 116 38 40 30 14 8 1 3 11 10 1 0.12 2
426 56.6 71.3 82.4 875 90.4 90.8 91.9 96.0 99.6 100.0
Tigecycline (272) 76 75 55 16 18 20 10 1 1 0.12 2
27.9 55.5 75.7 81.6 832 956 993 99.6 100.0

Gram-negative organisms included: Bacteroides caccae (5), Bacteroides fragilis (109), B. fragilis group (3), Bacteroides ovatus (15), B. ovatus/Bacteroides
xylanisolvens (2), Bacteroides stercoris (1), Bacteroides thetaiotaomicron (25), B. thetaiotaomicron/Bacteroides faecis (8), Bacteroides uniformis (7),
Bacteroides vulgatus (18), Fusobacterium necrophorum (11), Fusobacterium nucleatum (13), Fusobacterium periodonticum (1), Fusobacterium varium
(1), Parabacteroides distasonis (9), Parabacteroides gordonii (1), Porphyromonas asaccharolytica (1), Porphyromonas somerae (2), Prevotella bergensis
(1), Prevotella bivia (5), Prevotella buccae (6), Prevotella corporis (1), Prevotella denticola (3), Prevotella disiens (2), Prevotella intermedia (4), Prevotella
loescheii (1), Prevotella melaninogenica (4), Prevotella nigrescens (2), Prevotella oris (2), unspeciated Bacteroides (1), unspeciated Fusobacterium (2),
unspeciated Prevotella (3), unspeciated Veillonella (3), Veillonella atypica (2), Veillonella parvula (12) and Veillonella parvula group (1).

Gram-positive organisms included: Actinobaculum schaalii (3), Actinomyces canis (1), Actinomyces europaeus (1), Actinomyces naeslundii (1),
Actinomyces neuii (2), Actinomyces odontolyticus (4), Actinomyces oris (2), Actinomyces radingae (2), Bifidobacterium breve (2), Bifidobacterium longum
(1), Clostridium cochlearium (1), Clostridium innocuum (3), Clostridium perfringens (65), Clostridium ramosum (4), Clostridium septicum (8), Clostridium
sporogenes (2), Clostridium tertium (2), Collinsella aerofaciens (1), Cutibacterium acnes (73), Cutibacterium avidum (4), Eggerthella lenta (20), Facklamia
hominis (1), Finegoldia magna (14), Paeniclostridium sordellii (2), Parvimonas micra (31), Peptoniphilus asaccharolyticus (1), Peptoniphilus harei/indoli-
cus (7), Peptostreptococcus anaerobius (6), Peptostreptococcus stomatis (1), Slackia exigua (2), unspeciated Actinomyces (1), unspeciated Peptoniphilus
(2), unspeciated Peptostreptococcus (1) and unspeciated Propionibacterium (1).

9Greater than the highest concentration tested.

PMissing isolate was an F. necrophorum isolate that died during susceptibility testing. This was indicated by no growth on the positive growth control
agar poured alongside tigecycline and piperacillin/tazobactam, the last agents to be tested.
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Table 4. Antimicrobial activity of sulopenem and comparator agents tested against anaerobic isolates from the USA and Europe

mag/L CLsI® EUCAST® FDA®

Antimicrobial agent MICsq MICgg MIC range %S %I %R %S %I %R %S %I %R
Sulopenem 0.12 1 <0.015to >16

Clindamycin 0.5 >4 <0.03 to >4 75.0 39 21.1 78.9 211 75.0° 39 21.1
Meropenem 0.12 1 <0.015 to >8 98.4 1.1 0.5 96.8 2.7 0.5 98.4b,c 1.1 0.5
Metronidazole 1 >16 <0.06 to >16 83.2 0.3 16.5 81.9 18.1 83.2° 0.3 16.5
Moxifloxacin 0.5 8 <0.06 to >8 82.6 4.0 13.4 82.6° 4.0 13.4
Piperacillin/tazobactam 0.25 16 <0.06 to >64 94.3 3.9 1.8 88.7 5.6 5.7 94.3° ¢ 3.9 1.8
Tigecycline 0.25 2 <0.06 to >8 91.6 5.6 2.8

Organisms included: Actinobaculum schaalii (3), Actinomyces canis (1), Actinomyces europaeus (1), Actinomyces naeslundii (1), Actinomyces neuii (2),
Actinomyces odontolyticus (4), Actinomyces oris (2), Actinomyces radingae (2), Bacteroides caccae (5), Bacteroides fragilis (109), B. fragilis group (3),
Bacteroides ovatus (15), Bacteroides ovatus/Bacteroides xylanisolvens (2), Bacteroides stercoris (1), Bacteroides thetaiotaomicron (25), Bacteroides the-
taiotaomicron/Bacteroides faecis (8), Bacteroides uniformis (7), Bacteroides vulgatus (18), Bifidobacterium breve (2), Bifidobacterium longum (1),
Clostridium cochlearium (1), Clostridium innocuum (3), Clostridium perfringens (65), Clostridium ramosum (&), Clostridium septicum (8), Clostridium
sporogenes (2), Clostridium tertium (2), Collinsella aerofaciens (1), Cutibacterium acnes (73), Cutibacterium avidum (4), Eggerthella lenta (20),
Facklamia hominis (1), Finegoldia magna (14), Fusobacterium necrophorum (11), Fusobacterium nucleatum (13), Fusobacterium periodonticum (1),
Fusobacterium varium (1), Paeniclostridium sordellii (2), Parabacteroides distasonis (9), Parabacteroides gordonii (1), Parvimonas micra (31),
Peptoniphilus asaccharolyticus (1), Peptoniphilus harei/indolicus (7), Peptostreptococcus anaerobius (6), Peptostreptococcus stomatis (1),
Porphyromonas asaccharolytica (1), Porphyromonas somerae (2), Prevotella bergensis (1), Prevotella bivia (5), Prevotella buccae (6), Prevotella corporis
(1), Prevotella denticola (3), Prevotella disiens (2), Prevotella intermedia (4), Prevotella loescheii (1), Prevotella melaninogenica (4), Prevotella nigrescens
(2), Prevotella oris (2), Slackia exigua (2), unspeciated Actinomyces (1), unspeciated Bacteroides (1), unspeciated Fusobacterium (2), unspeciated
Peptoniphilus (2), unspeciated Peptostreptococcus (1), unspeciated Prevotella (3), unspeciated Propionibacterium (1), unspeciated Veillonella (3),

Veillonella atypica (2), Veillonella parvula (12) and V. parvula group (1).
I, intermediate; R, resistant; S, susceptible.

“Criteria as published by CLSI (2022), EUCAST (2022) and the US FDA (2022).
PUS FDA breakpoints were applied. The CLSI M100 standard was recognized.

‘Using parenteral breakpoints.

isolates, tigecycline was the sole antimicrobial agent exhibiting
activity at the current FDA breakpoint (MIC range, 0.5-2 mg/L;
100% S). Notably, sulopenem maintained potent in vitro antibac-
terial activity against Enterobacterales isolates NS to antimicro-
bial agents commonly used to treat UTIL including 405
ciprofloxacin-NS, 547 nitrofurantoin-NS and 434 trimethoprim/
sulfamethoxazole-NS isolates with corresponding sulopenem
MICso/90 Values of 0.03/0.25 mg/L, 0.06/0.5 mg/L and 0.03/
0.12 mgl/L, respectively (Table 1).

Anaerobic isolate susceptibility testing results

Analogous to the activity observed against Enterobacterales, su-
lopenem demonstrated potent in vitro antibacterial activity
(MICs0/90, 0.12/1 mg/L) against 559 anaerobic isolates regardless
of infection type, inhibiting 98.9% of all isolates at <4 mg/L,
which is within the CLSI susceptible MIC breakpoint for ertapen-
em, meropenem and imipenem against anaerobes and within
the sulopenem clinical exposure levels (Table 3). Sulopenem
and meropenem demonstrated parallel activity against
Gram-negative and -positive anaerobic species; sulopenem
(MICsp/90, 0.12/1 mg/L) inhibited 97.9% of Gram-negative anaer-
obic isolates (n=287) at <4 mg/L, equivalent to meropenem
[MICso/90, 0.12/1 mgl/L; 96.9%/93.7%/96.9% S (CLSI/EUCAST/FDA)]
(Table 4). Likewise, sulopenem (MICsg/90, 0.06/0.5 mg/L) inhibited
100.0% of Gram-positive anaerobic isolates at <4 mg/L, equivalent

to meropenem [MICsg/g0, 0.06/0.5 mg/L; 100.0% S (CLSI/EUCAST/
FDA)]. Additional comparator agent susceptibilities ranged from
75.0% (CLSI/FDA) for clindamycin to 94.3% (CLSI/FDA) for piperacil-
lin/tazobactam. Of the anaerobic isolates tested, 25.0% (140/559)
demonstrated clindamycin NS whereas 17.4% (97/559) demon-
strated moxifloxacin NS; >96.9% of the anaerobic isolates in these
resistant subgroups were inhibited by <4 mg/L of sulopenem.

Discussion

This study provides updated susceptibility data on the in vitro activ-
ity and spectrum of sulopenem against 1647 Enterobacterales
and 559 anaerobic clinical isolates collected from 2018-2020 in
Europe and the USA. Overall, sulopenem inhibited 99.2% of all
Enterobacterales isolates at <1 mg/L. The activity of sulopenem
(MICsp/90, 0.03/0.03 mg/L), amoxicillin/clavulanate, meropenem
and ciprofloxacin against E. coliisolates is corroborated by previous-
ly published susceptibility data.'®?° Importantly, sulopenem main-
tained potent in vitro activity irrespective of ESBL-phenotype and
fluoroguinolone-NS status. These data highlight that sulopenem
is a potential option for treatment of UTI and IAI caused by resistant
pathogens, a growing public health concern.>® Currently, sulope-
nem has been evaluated in three Phase III clinical trials focused
on efficacy of the oral sulopenem etzadroxil/probenecid formula-
tion against UTI (NCT03354598), cUTI (NCT03357614) and IAI
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(NCT03358376), with a fourth UTI-focused clinical trial underway
(NCT05584657).183132 Recently, NCT03357614 and NCT03354
598 clinical trials were completed but narrowly missed the lower
limit for demonstration of non-inferiority against ertapenem for
treatment of cUTIs and ciprofloxacin for treatment of UTIs, respect-
ively.**3* Of the Phase III trials completed to date, clinical expo-
sures to sulopenem achieved were high enough to cover the
MICqo values summarized in this present study.

Limited reports on sulopenem activity are available for recent,
clinically relevant anaerobic species. Data from previous studies
by both Gootz et al.*® and Ednie and Applebaum?® gave comparable
results to our study. Overall, the activity of sulopenem (MICsg,g0,
0.12/1 mg/L), clindamycin (MICsg/90, 0.5/>4 mg/L), piperacillin/
tazobactam (MICsg,90, 0.25/16 mg/L) and metronidazole (MICsgg0,
1/>16 mg/L) against anaerobic isolates agreed with published
data.®® Against all anaerobic isolates, sulopenem (98.9% inhibited
at <4 mg/L) and meropenem [98.4% S (CLSI)] were the most active
agents assessed. The potent in vitro activity of sulopenem suggests
the potential of this agent to treat mixed anaerobic infections; how-
ever, additional data from complicated IAI clinical trials are needed.

In summary, sulopenem demonstrated potent in vitro anti-
microbial activity against contemporary Enterobacterales isolates
(including ESBL-phenotype strains) and Gram-positive and
-negative anaerobic clinical isolates. These data indicate that oral
sulopenem may be a potential treatment for uncomplicated UTI
or as a step-down therapy for complicated UTI or IAI following 1V
treatment.

Acknowledgements

We would like to thank the following staff members at JMI Laboratories
(North Liberty, IA, USA): Gauri Deshpande, Amy Chen and Michael
Janechek for technical support and assistance with manuscript preparation.

Funding

This study was performed by JMI Laboratories and supported by Iterum
Therapeutics. This analysis and manuscript preparation was funded by
Iterum Therapeutics.

Transparency declarations

JMI Laboratories 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 Biosciences, Inc.,
Laboratory Specialists, Inc. (LSI), Meiji Seika Pharma Co., Ltd, Melinta
Therapeutics, Menarini Group, Merck & Co., Inc., MicuRx Pharmaceuticals
Inc., Mutabilis, Nabriva Therapeutics, National Institutes of Health,
Novome Biotechnologies, Omnix Medical Ltd, Paratek Pharma, Pattern
Bioscience, Pfizer Inc., Prokaryotics Inc., Pulmocide Ltd, QPEX Biopharma,

Inc., Roche Holding AG, Roivant Sciences, SeLux Diagnostics, Inc., Shionogi
Inc, Sinovent Pharmaceuticals, Inc, SNIPR Biome ApS, Spero
Therapeutics, Summit Therapeutics, Inc, T2 Biosystems, TenNor
Therapeutics, Thermo Fisher Scientific, University of Southern California,
University of Wisconsin, USCAST, US Food and Drug Administration,
Venatorx Pharmaceutics, Inc., Weill Cornell Medicine and Wockhardt Ltd.
There are no speakers’ bureaus or stock options to declare.

References

1 Leekha S, Terrell C, Edson R. General principles of antimicrobial therapy.
Mayo Clin Proc 2011; 86: 156-67. https://doi.org/10.4065/mcp.2010.0639

2 Biedenbach D, Moet G, Jones R. Occurrence and antimicrobial resist-
ance pattern comparisons among bloodstream infection isolates from
the SENTRY antimicrobial surveillance program (1997-2002). Diagn
Microbiol Infect Dis 2004; 50: 59-69. https:/doi.org/10.1016/].
diagmicrobio.2004.05.003

3 Havey T, Fowler R, Daneman N. Duration of antibiotic therapy for bac-
teremia: a systematic review and meta-analysis. Crit Care 2011; 15: R267.
https:/doi.org/10.1186/cc10545

4 McCarthy K, Avent M. Oral or intravenous antibiotics? Aust Prescr 2020;
43: 45-8. https://doi.org/10.18773/austprescr.2020.008

5 Karlowsky J, Adam H, Baxter M et al. In vitro activity of sulopenem, an
oral penem, against urinary isolates of Escherichia coli. Antimicrob Agents
Chemother 2019; 63: e01832-18. https://doi.org/10.1128/AAC.01832-18

6 Hecker M, Aron D, Patel N et al. Unnecessary use of antimicrobials in
hospitalized patients: current patterns of misuse with an emphasis on
the antianaerobic spectrum of activity. Arch Intern Med 2003; 163:
972-8. https://doi.org/10.1001/archinte.163.8.972

7 Cyriac J, James E. Switch over from intravenous to oral therapy: a con-
cise overview. J Pharmacol Pharmacother 2014; 5: 83-7. https://doi.org/
10.4103/0976-500X.130042

8 Beique L, Zvonar R. Addressing concerns about changing the route of
antimicrobial administration from intravenous to oral in adult inpatients.
Can J Hosp Pharm 2015; 68: 318-26.

9 Kang A, Beuttler R, Minejima E. Evaluation of step-down oral antibiotic
therapy for uncomplicated streptococcal bloodstream infections on clin-
ical outcomes. Ther Adv Infect Dis 2022; 9: 20499361211073248.

10 Zhanel G, Pozdirca M, Golden A et al. Sulopenem: an intravenous and
oral penem for the treatment of urinary tract infections due to
multidrug-resistant bacteria. Drugs 2022; 82: 533-57. https://doi.org/10.
1007/s40265-022-01688-1

11 Foulds G, Knirsch A, Lazar J et al. Pharmacokinetics of the penem
CP-65,207 and its separate stereoisomers in humans. Antimicrob
Agents Chemother 1991; 35: 665-71. https:/doi.org/10.1128/AAC.35.4.
665

12 Gootz T, Girard D, Schelkley W et al. Pharmacokinetic studies in ani-
mals of a new parenteral penem CP-65,207 and its oral prodrug ester. J
Antibiot (Tokyo) 1990; 4&3: 422-32. https://doi.org/10.7164/antibiotics.
43.422

13 Gootz T, Retsema J, Girard A et al. In vitro activity of CP-65,207, a new
penem antimicrobial agent, in comparison with those of other agents.
Antimicrob Agents Chemother 1989; 33: 1160-6. https:/doi.org/10.
1128/AAC.33.8.1160

14 Hamilton-Miller J. Chemical and microbiologic aspects of penems, a
distinct class of beta-lactams: focus on faropenem. Pharmacotherapy
2003; 23: 1497-507. https://doi.org/10.1592/phco.23.14.1497.31937

15 Puttagunta S, Aronin S, Huband M et al. 1363. Sulopenem activity
against enterobacteriaceae isolates from patients with urinary tract in-
fection or intra-abdominal infection. Open Forum Infect Dis 2018; 5:
S417. https://doi.org/10.1093/ofid/ofy210.1194

80of9


https://doi.org/10.4065/mcp.2010.0639
https://doi.org/10.1016/j.diagmicrobio.2004.05.003
https://doi.org/10.1016/j.diagmicrobio.2004.05.003
https://doi.org/10.1186/cc10545
https://doi.org/10.18773/austprescr.2020.008
https://doi.org/10.1128/AAC.01832-18
https://doi.org/10.1001/archinte.163.8.972
https://doi.org/10.4103/0976-500X.130042
https://doi.org/10.4103/0976-500X.130042
https://doi.org/10.1007/s40265-022-01688-1
https://doi.org/10.1007/s40265-022-01688-1
https://doi.org/10.1128/AAC.35.4.665
https://doi.org/10.1128/AAC.35.4.665
https://doi.org/10.7164/antibiotics.43.422
https://doi.org/10.7164/antibiotics.43.422
https://doi.org/10.1128/AAC.33.8.1160
https://doi.org/10.1128/AAC.33.8.1160
https://doi.org/10.1592/phco.23.14.1497.31937
https://doi.org/10.1093/ofid/ofy210.1194

In vitro activity of sulopenem

JAC

16 Puttagunta S, Dunne M. Antimicrobial activity of sulopenem tested
against gram-positive and Gram-negative organisms from the United
States and Europe (2013-2015). ASM Microbe poster 2017. https://www.
iterumtx.com/our-science/publications/posters-presentations

17 Raei F, Eftekhar F, Feizabadi M. Prevalence of quinolone resistance
among extended-spectrum B-lactamase producing uropathogenic
Klebsiella pneumoniae. Jundishapur J Microbiol 2014; 7: e10887. https:/
doi.org/10.5812/jjm.10887

18 Iterum Therapeutics. Iterum Therapeutics announces topline results
from phase 3 clinical trial of oral and IV sulopenem for the treatment of
complicated intra-abdominal infections. 2019. https://www.iterumtx.
com/news/press-releases/detail/29/iterum-therapeutics-announces-top
line-results-from-phase-3

19 JMI Laboratories. SENTRY microbiology visualization platform. https:/
sentry-mvp.jmilabs.com/

20 CLSI. Performance Standards for Antimicrobial Susceptibility Testing—
Thirty-Second Edition: M100. 2022.

21 CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria That Grow Aerobically—Eleventh Edition: MO7. 2018.

22 CLSI. Methods for Antimicrobial Susceptibility Testing of Anaerobic
Bacteria—Ninth Edition: M11. 2018.

23 Macfarlane S, Hopkins M, Macfarlane G. Toxin synthesis and mucin
breakdown are related to swarming phenomenon in Clostridium septi-
cum. Infect Immun 2001; 69: 1120-6. https://doi.org/10.1128/IAL69.2.
1120-1126.2001

24 Carroll KC, Pfaller MA, Landry ML et al. Manual of Clinical Microbiology.
12th edn. ASM Press, 2019.

25 Campanile F, Wootton M, Davies L et al. Gold standard susceptibility
testing of fosfomycin in Staphylococcus aureus and Enterobacterales
using a new agar dilution panel®. J Glob Antimicrob Resist 2020; 23:
334-7. https://doi.org/10.1016/j.jgar.2020.08.025

26 EUCAST. Breakpoint tables for interpretation of MICs and zone dia-
meters. v12.0. 2022. https://www.eucast.org/ast_of_bacteria/previous_
versions_of documents

27 US-FDA. Antibacterial susceptibility test interpretive criteria. 2019.
https:/www.fda.gov/drugs/development-resources/antibacterial-susceptib
ility-test-interpretive-criteria

28 CLSI. Performance Standards for Antimicrobial Susceptibilty Testing—
Twenty-Eighth Edition: M100. 2019.

29 Dunne M, Puttagunta S, Aronin S et al. Impact of empirical antibiotic
therapy on outcomes of outpatient urinary tract infection due to nonsus-
ceptible Enterobacterales. Microbiol Spectr 2022; 10: e0235921. https:/
doi.org/10.1128/spectrum.02359-21

30 Dunne M, Gupta V, Aronin S et al. 1527. The prevalence of
Enterobacteriaceae (ENT) resistant to all major classes of oral antibiotics
from outpatient urine cultures in the United States and effect on clinical
outcomes. Open Forum Infect Dis 2018; 5: S473-S4. https:/doi.org/10.
1093/0fid/0fy210.1356

31 Dunne M, Das A, Akinapelli K et al. Efficacy and safety of oral sulope-
nem etzadroxil/probenecid versus oral ciprofoxacin in the treatment of
uncomplicated urinary uract infections (UUTI) in adult women: Results
from the SURE-1 trial. IDWeek 2020, 2020.

32 Dunne M, Aronin S. Efficacy and safety of intravenous sulopenem fol-
lowed by oral sulopenem etzadroxil/probenecid versus intravenous erta-
penem followed by oral ciprofoxacin or amoxicillinclavulanate in the
treatment of complicated urinary tract infections (cUTI): Results from
the SURE-2 trial. IDWeek 2020, 2020.

33 Dunne M, Aronin S, Das A et al. Sulopenem or ciprofloxacin for the
treatment of uncomplicated urinary tract infections in women: a phase
3, randomized trial. Clin Infect Dis 2023; 76: 66-77. https:/doi.org/10.
1093/cid/ciac738

34 Dunne M, Aronin S, Das A et al. Sulopenem for the treatment of com-
plicated urinary tract infections including pyelonephritis: a phase 3, ran-
domized trial. Clin Infect Dis 2023; 76: 78-88. https://doi.org/10.1093/
cid/ciac704

35 Ednie L, Appelbaum P. Antianaerobic activity of sulopenem compared
to six other agents. Antimicrob Agents Chemother 2009; 53: 2163-70.
https://doi.org/10.1128/AAC.01557-08

90f9


https://www.iterumtx.com/our-science/publications/posters-presentations
https://www.iterumtx.com/our-science/publications/posters-presentations
https://doi.org/10.5812/jjm.10887
https://doi.org/10.5812/jjm.10887
https://www.iterumtx.com/news/press-releases/detail/29/iterum-therapeutics-announces-topline-results-from-phase-3
https://www.iterumtx.com/news/press-releases/detail/29/iterum-therapeutics-announces-topline-results-from-phase-3
https://www.iterumtx.com/news/press-releases/detail/29/iterum-therapeutics-announces-topline-results-from-phase-3
https://sentry-mvp.jmilabs.com/
https://sentry-mvp.jmilabs.com/
https://doi.org/10.1128/IAI.69.2.1120-1126.2001
https://doi.org/10.1128/IAI.69.2.1120-1126.2001
https://doi.org/10.1016/j.jgar.2020.08.025
https://www.eucast.org/ast_of_bacteria/previous_versions_of_documents
https://www.eucast.org/ast_of_bacteria/previous_versions_of_documents
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://doi.org/10.1128/spectrum.02359-21
https://doi.org/10.1128/spectrum.02359-21
https://doi.org/10.1093/ofid/ofy210.1356
https://doi.org/10.1093/ofid/ofy210.1356
https://doi.org/10.1093/cid/ciac738
https://doi.org/10.1093/cid/ciac738
https://doi.org/10.1093/cid/ciac704
https://doi.org/10.1093/cid/ciac704
https://doi.org/10.1128/AAC.01557-08

	Introduction
	Materials and methods
	Bacterial isolates
	Susceptibility testing methods

	Results
	Isolates and infection types
	Enterobacterales susceptibility testing results
	Anaerobic isolate susceptibility testing results

	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	References

