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Introduction
•	 Limited therapeutic options are currently available for the oral treatment of 

complicated urinary tract infections (cUTIs) caused by antimicrobial-resistant 
Enterobacterales. 

•	 Ceftibuten is an oral cephalosporin active against Enterobacterales approved by 
the US FDA in 1995. 

•	 Avibactam, a potent inhibitor of extended-spectrum β-lactamases (ESBLs), serine 
carbapenemases, and AmpC enzymes, can be administered orally. 

•	 We evaluated the in vitro activity of ceftibuten-avibactam against 
Enterobacterales causing cUTI in medical centers worldwide.

Methods
•	 Organism Collection

–	 Participant medical centers were invited to collect a specific number (25 to 
60, depending on geographic region) of consecutive isolates (1/patient) from 
patients with cUTI in 2021.

–	 Only the bacterial isolates that were the probable cause of a patient’s 
infection were included in this investigation.

–	 The organism collection included 3,216 isolates from 72 medical centers in 
25 countries. 

–	 Isolates were mainly from the US (n=1,585; 29 centers) and Europe 
(n=1,410; 33 centers in 18 countries).

–	 The organism collection also included E. coli isolates from Latin America 
(n=121; 6 centers in 5 countries) and Japan (n=100; 4 centers). 

•	 Susceptibility Testing

–	 Antimicrobial susceptibility was evaluated by the CLSI broth microdilution 
method.

–	 Avibactam was present at a fixed concentration of 4 mg/L in combination with 
ceftibuten.

–	 Current ceftibuten breakpoints published by CLSI (≤8 mg/L) and EUCAST 
(≤1 mg/L) were applied to ceftibuten-avibactam for comparison. 

	– E. coli, K. pneumoniae, and P. mirabilis isolates were categorized as exhibiting 
an ESBL phenotype based on CLSI criteria; i.e., the isolate had an elevated 
MIC value (≥2 mg/L) for ceftazidime, ceftriaxone, or aztreonam.

–	 Isolates were considered multidrug resistant (MDR) according to criteria 
defined in 2012 by the joint European and US Centers for Disease Control, 
which define MDR as nonsusceptible to ≥1 agent in ≥3 antimicrobial 
classes. 

–	 Carbapenem-resistant Enterobacterales (CRE) were defined as isolates that 
displayed imipenem or meropenem MIC values ≥4 mg/L; imipenem MIC 
results were not applied to P. mirabilis or indole-positive Proteeae due to their 
intrinsically elevated MIC values.

Conclusions
•	 Ceftibuten-avibactam was highly active against a large collection of contemporary 

Enterobacterales isolated from patients with cUTIs and exhibited a similar 
spectrum to ceftazidime-avibactam. 

•	 Ceftibuten-avibactam retained strong activity against CRE, isolates with an 
MDR and/or ESBL phenotype, and isolates nonsusceptible to levofloxacin, 
nitrofurantoin, and/or TMP-SMX.

•	 Ceftibuten-avibactam may represent a valuable option for oral treatment of cUTI 
caused by resistant Enterobacterales.  
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Contact

•	 The most active oral agents were ceftibuten (89.3%S; 79.5% inhibited at 
≤1 mg/L), levofloxacin (75.4%S), and trimethoprim-sulfamethoxazole (TMP-SMX; 
73.4%S; Table 1 and Figure 2).

•	 Only ceftibuten-avibactam, ceftazidime-avibactam, meropenem, and amikacin 
were active against >90% of ESBL-phenotype isolates (Table 1 and Figure 3).

•	 Only ceftibuten-avibactam, ceftazidime-avibactam, and amikacin were active 
against >70% of CRE isolates (Table 1 and Figure 3). 

•	 Ceftibuten-avibactam activity against CREs was similar to ceftazidime-avibactam 
(MIC50/90, 2/>32 mg/L; 77.2% susceptible; Table 1 and Figure 3).

•	 CRE rates were 1.8%/1.9% in the US/EU; ceftibuten-avibactam inhibited 
79.3%/81.5% of CRE isolates from the US/EU at ≤8 mg/L (72.4%/77.8% at 
≤1 mg/L; data not shown).

Results 
•	 The most common organisms isolated in both the US and Europe were E. coli, 

K. pneumoniae, P. mirabilis, and indole-positive Proteeae (Figure 1). 

•	 The most active agents against Enterobacterales were ceftibuten-avibactam 
(98.4%/99.6% inhibited at ≤1/≤8 mg/L), ceftazidime-avibactam (99.6% 
susceptible [S]), amikacin (99.1%S), and meropenem (98.2%S; Table 1 and 
Figure 2). 

•	 Ceftibuten-avibactam (MIC50/90, 0.03/0.06 mg/L) was 4-fold more potent than 
ceftazidime-avibactam (MIC50/90, 0.12/0.25 mg/L) based on MIC50/90 values.

Figure 1. Frequency of Enterobacterales causing complicated urinary 
tract infections in the United States (A) and Europe (B)

Figure 2. Antimicrobial susceptibility of Enterobacterales isolated from patients with complicated urinary tract infections
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Table 1. Antimicrobial activity of ceftibuten-avibactam in comparison to oral and intravenous comparator agents tested against Enterobacterales

Antimicrobial (oral)
% Susceptible per CLSIa (number of isolates)

All (3,216) ESBL (541) MDR (317) CRE (57)
Ceftibuten-avibactam [99.6 / 98.4]b [98.3 / 97.6]b [95.6 / 92.1]b [78.9 / 73.7]b

Ceftibuten 89.3c 56.7c 41.3c 19.3c

Cefuroxime 61.2d 1.1d 0.0d 0.0d

Cefazolin 66.6c 0.7c 0.0c 0.0c

Cephalexin 66.6c 0.7c 0.0c 0.0c

Levofloxacin 75.4 24.6 11.7 15.8
Ciprofloxacin 72.9 17.7 4.7 14.0
Nitrofurantoin 67.7 63.0 46.1 15.8
TMP-SMX 73.4 32.0 25.6 24.6

Antimicrobial (IV)
Ceftazidime-avibactam 99.6 98.2 95.6 77.2
Ceftolozane-tazobactam 94.1 82.2 63.6 3.5
Piperacillin-tazobactam 87.7 62.7 32.2 1.8
Ceftriaxone 79.0 6.1 4.4 3.5
Meropenem 98.2 91.3 82.0 3.5
Gentamicin 90.6 66.7 41.6 66.7
Amikacin 99.1 95.6 91.8 71.9
Colistin 85.6c 90.7c 83.6c 70.2c

a Criteria as published by CLSI (2022).
b Values in brackets indicate percentage inhibited at ≤8 / ≤1 mg/L for comparison. 
c Using uncomplicated urinary tract infection only breakpoints.
d Using oral breakpoints.
Abbreviations: TMP-SMX, trimethoprim-sulfamethoxazole; MDR, multidrug-resistant; ESBL, extended-spectrum β-lactamase phenotype; CRE, carbapenem-resistant Enterobacterales.
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Figure 3. Activity of ceftibuten-avibactam against Enterobacterales-resistant subsets if isolates were collected from patients with complicated urinary tract infections

%
 o

f i
so

lat
es

20

80

60

40

10

50

30

70

90

100

0
All ESBL MDR CRE LEV-NS NIT-NS TMP-SMX-NS

Resistant subset

99.6 98.3
95.6

78.9

98.6 99.0 98.8
98.4 97.6

92.1

73.7

97.8 98.096.4

% inhibited at ≤1 mg/L % inhibited at ≤8 mg/L

Abbreviations: ESBL, extended-spectrum β-lactamase; MDR, multidrug-resistant; CRE, carbapenem-resistant Enterobacterales; LEV, levofloxacin; NS, nonsusceptible per CLSI criteria;  
NIT, nitrofurantoin; TMP-SMX, trimethoprim-sulfamethoxazole.


