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Introduction
• The clinical efficacy of current first line empiric therapies for the treatment of Gram-

negative infections has been decreasing due to increase in ESBL and/or class
C expressing Enterobacterales; such a scenario compels clinicians to frequently
use carbapenems, leading to selection of difficult-to-treat carbapenem-resistant
Enterobacterales (CRE)

• WCK 4282 combines 2g cefepime with high dose tazobactam 2g, to be
administered three times a day in extended, 90 minutes infusion

• Previous studies showed that cefepime-tazobactam retains comprehensive activity
against Enterobacterales isolates that produce extended spectrum (ESBLs) and/
or AmpC/class C β-lactamases that are resistant to first line agents, piperacillin-
tazobactam and cefoperazone-sulbactam as well as recently approved combination
ceftolozane-tazobactam

• Clinical indications currently approved by the US Food and Drug Administration for
treatment with cefepime include moderate to severe pneumonia, complicated and
uncomplicated urinary tract infections, complicated intra-abdominal infections, and
uncomplicated skin and skin structure infections, as well as empiric therapy for
febrile neutropenic patients

• We compared the susceptibility of Gram-negative bacilli from patients with
bloodstream infections and pneumonia for cefepime-tazobactam, piperacillin-
tazobactam, and ceftolozane-tazobactam

Results
• The most common Gram-negative species isolated from BSI were Escherichia coli

(47.1%), Klebsiella pneumoniae (17.5%), and Pseudomonas aeruginosa (9.0%;
Figure 1)

• P. aeruginosa (37.1%), K. pneumoniae (11.9%), and E. coli (10.3%) were also the
most frequent Gram-negative isolates recovered from patients with PNM (Figure 1)

• Cefepime-tazobactam (MIC50/90, 0.03/0.12 mg/L; 99.7% inhibited at ≤16 mg/L for
BSI, and MIC50/90, 0.06/0.25 mg/L; 98.7% inhibited at ≤16 mg/L for PNM) was the
most active tazobactam combination against Enterobacterales with a susceptibility
spectrum similar to that of meropenem (99.3%/97.2% susceptible for BSI/PNM),
ceftazidime-avibactam (99.8%/99.9% susceptible), and amikacin (99.3%/98.3%
susceptible; Table 1; Figure 2)

• Cefepime-tazobactam retained good activity against Enterobacterales isolates not
susceptible to ceftriaxone (96.9%/97.9% of BSI isolates and 92.2%/94.4% of PNM
isolates inhibited at ≤8/≤16 mg/L), compared to 72.8%/47.2% susceptibility to
piperacillin-tazobactam and 82.5%/56.9% susceptibility to ceftolozane-tazobactam
for BSI/PNM isolates (Table 1)

• Similarly, against MDR Enterobacterales, cefepime-tazobactam (96.0%/90.0%
[BSI/PNM] inhibited at ≤16 mg/L) and ceftazidime-avibactam (98.0%/99.2%
susceptible [BSI/PNM]) demonstrated greater activity than piperacillin-tazobactam
(64.4%/41.5% for BSI/PNM) and ceftolozane-tazobactam (81.8%/54.3% for
BSI/PNM; Table 1)

• When tested against P. aeruginosa, cefepime-tazobactam inhibited 89.3%/95.0%
of BSI isolates (MIC50/90, 2/16 mg/L) and 80.7%/92.1% of PNM isolates (MIC50/90,
4/16 mg/L) at ≤8/≤16 mg/L; ceftazidime-avibactam and ceftolozane-tazobactam
were active against 96.7%/95.2% and 96.5%/94.5% BSI/PNM isolates at the
respective susceptible breakpoints (Table 1 and Figure 3)

• Cefepime-tazobactam (77.8%/77.3% [BSI/PNM] inhibited at ≤16 mg/L), ceftolozane-
tazobactam (81.2%/82.9% susceptible), and ceftazidime-avibactam (77.8%/84.5%
susceptible) retained some activity against P. aeruginosa not susceptible to
meropenem (Table 1)

• Cefepime-tazobactam (95.5%/79.4% [BSI/PNM] inhibited at ≤16 mg/L) and
ceftolozane-tazobactam (100.0%/66.2% susceptible [BSI/PNM]) were the
most active β-lactams against Acinetobacter spp. when the proposed cefepime-
tazobactam PK/PD breakpoint was applied (Table 1)

Materials and Methods
Bacterial isolates

• A total of 3,389 Gram-negative bacilli isolates were consecutively collected
(1/patient) from patients with bloodstream infection (BSI; 1,349) and pneumonia
(PNM; 2,040) in 40 US medical centers during 2018 by the SENTRY Antimicrobial
Surveillance Program

• Only isolates determined to be significant by local criteria as the reported probable
cause of infection were included in the program

Resistant subsets

• CRE isolates were defined as displaying imipenem, meropenem, and/or doripenem
MIC values at ≥4 mg/L (Clinical and Laboratory Standards Institute [CLSI], 2019)
– Imipenem was not applied to Proteus mirabilis or indole-positive Proteeae due to

the intrinsically elevated MIC values

• Multidrug-resistant (MDR) Enterobacterales strains were classified according to
recommended guidelines (Magiorakos et al., 2012) as follows:
– MDR = nonsusceptible (CLSI breakpoints) to at least 3 antimicrobial classes

Susceptibility testing 

• Susceptibility testing against cefepime-tazobactam (tazobactam at fixed 8 mg/L),
ceftolozane-tazobactam (tazobactam at fixed 4 mg/L), piperacillin-tazobactam
(tazobactam at fixed 4 mg/L), and comparators was performed by reference broth
microdilution method

• The percentage of isolates inhibited at ≤8 mg/L (CLSI cefepime high dose) and at
≤16 mg/L (proposed pharmacokinetic/pharmacodynamic [PK/PD] susceptibility
breakpoint based on extended infusion and high dosage) of cefepime-tazobactam
were evaluated

• CLSI breakpoints were applied for comparators and for categorizing resistant
subsets

Conclusions
• Susceptibility rates were markedly lower among isolates from PNM compared to BSI

• Cefepime-tazobactam was the most active tazobactam combination tested against
Gram-negative bacilli isolated from patients with BSI and PNM from US hospitals

• Cefepime-tazobactam demonstrated greater activity than piperacillin-
tazobactam and ceftolozane-tazobactam against ceftriaxone-resistant and MDR
Enterobacterales, which was comparable to the activity of ceftazidime-avibactam
against these organisms

• Against ceftriaxone-resistant and MDR Enterobacterales from PNM, susceptibility
rates of cefepime-tazobactam were higher than that of meropenem

• Against P. aeruginosa from BSI and PNM, cefepime-tazobactam susceptibility
rates were comparable to that of ceftolozane-tazobactam and higher than that of
piperacillin-tazobactam

• Overall, activity profile of cefepime-tazobactam supports its potential role as
carbapenem-sparing empirical therapy in view of rising resistance rates to
current first line agents such as third and fourth generation cephalosporins and
piperacillin-tazobactam

• Study results support further clinical development of high-dose extended-infusion
cefepime-tazobactam for treatment of Gram-negative bacilli infections
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Figure 1 Frequency of organisms isolated in US medical centers by 
infection type (SENTRY Program, 2018)

Figure 2 Antimicrobial susceptibility of Enterobacterales isolated from 
bloodstream infections and pneumonia in hospitalized patients in US 
medical centers (SENTRY Program, 2018)

Table 1 Antimicrobial activity of cefepime-tazobactam and comparator agents tested 
against Gram-negative bacilli isolated from bloodstream infection and pneumonia in the 
United States (2018)
Organism/organism group 
Antimicrobial agent

BSI (no. tested) Pneumonia (no. tested)
%Sa %R %Sa %R

Enterobacterales (1,185) (1,024)
Cefepime-tazobactam [99.5/99.7]b [98.2/98.7]b

Piperacillin-tazobactam 94.0 3.0 86.9 6.9 
Ceftolozane-tazobactam 97.1 2.3 89.7 7.6 
Ceftazidime-avibactam 99.8 0.2 99.9 0.1 
Cefepime 88.2 9.2 87.4 9.6 
Meropenem 99.3 0.6 97.2 2.6 
Levofloxacin 75.1 22.8 81.5 15.9 
Amikacin 99.3 0.3 98.3 0.4 
Colistinc 88.2 11.8 73.9 26.1 

Enterobacterales not susceptible to CRO (191) (231)
Cefepime-tazobactam [96.9/97.9]b [92.2/94.4]b

Piperacillin-tazobactam 72.8 13.6 47.2 28.6 
Ceftolozane-tazobactam 82.5 13.9 56.9 32.5
Ceftazidime-avibactam 99.0 1.0 99.6 0.4 
Cefepime 27.2 57.1 44.2 42.4
Meropenem 95.8 3.7 87.4 11.7
Levofloxacin 36.8 60.5 54.3 42.6
Amikacin 96.9 2.1 93.1 1.3 
Colistinc 91.1c 8.9  79.1c 20.9 

MDR isolates (101) (130)
Cefepime-tazobactam [94.1/96.0]b [86.2/90.0]b

Piperacillin-tazobactam 64.4 15.8 41.5 32.3 
Ceftolozane-tazobactam 81.8 13.6 54.3 39.7 
Ceftazidime-avibactam 98.0 2.0 99.2 0.8 
Cefepime 21.8 68.3 33.1 54.6
Meropenem 92.1 6.9 77.7 20.8
Levofloxacin 13.0 80.0 31.8 62.8
Amikacin 92.1 4.0 88.5 3.1 
Colistinc 80.2 19.8 63.6 36.4

CRE isolates (7) (29)
Cefepime-tazobactam [28.6/57.1]b [44.8/58.6]b

Piperacillin-tazobactam 0.0 100.0 0.0 89.7 
Ceftolozane-tazobactam 0.0 100.0 0.0 100.0 
Ceftazidime-avibactam 71.4 28.6 96.6 3.4 
Cefepime 0.0 85.7 3.4 79.3
Meropenem 0.0 100.0 0.0 93.1
Levofloxacin 28.6 71.4 24.1 65.5 
Amikacin 85.7 14.3 75.9 3.4 
Colistinc 71.1 28.6 82.1 17.9 

Pseudomonas aeruginosa (121) (757)
Cefepime-tazobactam [89.3/95.0]b [80.7/92.1]b

Piperacillin-tazobactam 82.6 8.3 75.2 14.3 
Ceftolozane-tazobactam 96.5 1.8 94.5 3.8
Ceftazidime-avibactam 96.7 3.3 95.2 4.8 
Cefepime 89.3 4.1 78.2 8.6 
Meropenem 85.1 9.9 74.4 19.0
Levofloxacin 70.2 19.0 60.2 26.3
Amikacin 99.2 0.0 91.1 5.3
Colistin 100.0 0.0 99.6 0.4 

P. aeruginosa not susceptible to MEM (18) (194)
Cefepime-tazobactam [66.7/77.8]b [49.0/77.3]b

Piperacillin-tazobactam 38.9 33.3 41.2 36.1 
Ceftolozane-tazobactam 81.2 6.2 82.9 14.0
Ceftazidime-avibactam 77.8 22.2 84.5 15.5 
Cefepime 66.7 16.7 42.8 25.3 
Meropenem 0.0 66.7 0.0 74.2
Levofloxacin 16.7 50.0 18.0 59.8
Amikacin 100.0 0.0 79.4 15.5
Colistin 100.0 0.0 99.5 0.5 

Acinetobacter spp. (22) (102)
Cefepime-tazobactam [95.5/95.5]b [67.6/79.4]b

Piperacillin-tazobactam 86.4 9.1 58.8 36.3 
Ceftolozane-tazobactam [100.0]d [0.0]d [66.2]d [20.8]d

Ceftazidime-avibactam [81.8]d [18.2]d [62.7]d [37.3]d

Cefepime 90.9 9.1 63.7 30.4
Meropenem 95.5 4.5 65.7 33.3
Levofloxacin 95.5 4.5 65.7 34.3
Amikacin 95.2 4.8 84.3 10.8 
Colistin 100.0 0.0 91.2 8.8 

BSI, bloodstream infection; MDR, multidrug-resistant; CRO, ceftriaxone; CRE, carbapenem-resistant Enterobacterales; MEM, meropenem 
a Criteria as published by CLSI 2019.
b Percentage of isolates inhibited at ≤8 / ≤16 mg/L, respectively.
c Percentage of wild type based on epidemiologic cutoff value. CLSI M100 (2019).
d Percentage of isolates inhibited at P. aeruginosa breakpoint for comparison purpose. 
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Figure 3 Antimicrobial susceptibility of P. aeruginosa isolated from 
bloodstream infections and pneumonia in hospitalized patients in US 
medical centers (SENTRY Program, 2018)
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