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OBJECTIVE: Ceftolozane/tazobactam is a novel antibacterial with potent activity
against P. aeruginosa and other common Gram-negative pathogens. Tazobactam
is an inhibitor of most common class A and some class C β-lactamases that
protects ceftolozane from hydrolysis and broadens coverage to include most
ESBL-producing Enterobacteriaceae. We evaluated the in vitro post β-lactamase
inhibitor (BLI) eﬀect of tazobactam when combined with ceftolozane using
time-kill assays.
METHODS: Two recent clinical E. coli strains with ceftolozane/tazobactam MICs
of 1 µg/ml were evaluated, one a CTX-M-15 (an ESBL) producing strain (#4643A;
ceftolozane MIC, 128 µg/ml), and one a CTX-M-15 and TEM-1 producing strain
(#5846A; ceftolozane MIC, 64 µg/ml). The organisms were exposed for 2 hours
to 4x MIC of ceftolozane/tazobactam, ceftolozane alone (4x MIC for ceftolozane/
tazobactam) and media containing no drug, washed and resuspended in media
containing ceftolozane/tazobactam, ceftolozane, or media alone at the same
concentration present during initial exposure. The post BLI eﬀect was calculated
as the time diﬀerence from when the number of viable organisms in the culture
exposed to ceftolozane/tazobactam and resuspended with media containing
ceftolozane alone increased 1 log10 compared to the time necessary for the culture
exposed and resuspended with media containing ceftolozane alone to increase
1 log10 above the viable organism count observed immediately after washing.
RESULTS: Post BLI eﬀect was calculated as 2.1 and 1.3 hours for strains #4643A
(Figure 1) and #5846A, respectively. Ceftolozane/tazobactam post antibiotic
eﬀect (PAE) was also measured as 0.8 to 0.9 hours.
CONCLUSIONS: We calculated an in vitro post-BLI eﬀect associated with
ceftolozane/tazobactam when testing E. coli strains producing CTX-M-15 +/TEM-1. A more complete understanding of post-BLI eﬀect may lead to optimized
modeling of β-lactam/BLI combinations.

INTRODUCTION
Ceftolozane/tazobactam (formerly CXA-201) is currently under
clinical development for treatment of complicated intra-abominal
infections (cIAI) and urinary tract infections (cUTI). Ceftolozane is a
novel antipseudomonal cephalosporin with greater activity against
Pseudomonas aeruginosa when compared to ceftazidime and
cefepime. Ceftolozane has also demonstrated good potency against
Enterobacteriaceae; however, like other structurally similar
cephalosporins, ceftolozane activity can be adversely aﬀected by
bacterial production of some β-lactamases.
The production of β-lactamases is the main cause of cephalosporin
resistance among members of the Enterobacteriaceae family, and
blaCTX-M-15 has been recognized as the most prevalent β-lactamase
gene among Enterobacteriaceae, especially Escherichia coli. To
decrease ceftolozane vulnerability to hydrolysis by β-lactamase,
ceftolozane was combined with tazobactam, a β-lactamase inhibitor
with established safety and eﬃcacy when in combination with
piperacillin.
The post-antibiotic eﬀect (PAE) is the term used to describe the
persistent inhibition of bacterial growth after antimicrobial exposure
has ceased. It represents the time it takes for an organism to
recover from the eﬀects of exposure and resume normal growth.
The post β-lactamase inhibitor eﬀect (PBLIE) reﬂects the eﬀect of
the β-lactamase inhibitor component of the β-lactamase inhibitor
combination on the persistent inhibition of bacterial growth. Thus,
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INTRODUCTION (CONT’D)
in order to calculate the PAE, the organisms are exposed to an
antimicrobial for a deﬁned period of time and then washed and
resuspended in drug-free media (no β-lactam and no β-lactamase
inhibitor in the case of a β-lactam/β-lactamase inhibitor combination).
To calculate the PBLIE, the organisms are resuspended in media
containing the β-lactam but not the inhibitor. We evaluated the in
vitro PBLIE of tazobactam when combined with ceftolozane using
time-kill assays.

MATERIALS AND METHODS
Bacterial Isolates. Two contemporary clinical E. coli strains with
ceftolozane/tazobactam MIC values of 1 µg/ml were evaluated:
§ E. coli strain 136-4643A – a clinical strain with blaCTX-M-15
(CTX-M-15 producing), with ceftolozane MIC of 128 µg/ml
and ceftolozane/tazobactam MIC of 1 µg/ml.
§ E. coli strain 107-5846A – a clinical strain with blaCTX-M-15 and
blaTEM-1 (CTX-M-15 and TEM-1 producing), with ceftolozane
MIC of 64 µg/ml and ceftolozane/tazobactam MIC of 1 µg/ml.
Methods. MIC and MBC values were determined in triplicate by the
reference frozen-form broth microdilution method for ceftolozane
alone and in combination with tazobactam at a ﬁxed concentration
of 4 µg/ml. In order to determine the PBLIE, ﬁve tubes were
evaluated (see Table 1 and Figures 1 and 2):
§ Growth control (Tube C): There was no drug exposure and the
organisms were washed in drug free cation-adjusted MullerHinton broth (CAMHB) and resuspended at 1:1000 dilution
(approximately 3 log10 dilution) in drug free CAMHB.
§ Ceftolozane alone (Tube Z): The organisms were exposed for
2 hours to ceftolozane alone (4x to 16x the MIC for
ceftolozane/tazobactam), the organisms were then washed in
drug free CAMHB and resuspended at 1:1000 dilution
(approximately 3 log10 dilution) in CAMHB containing ceftolozane
alone at the same concentration present during exposure.
§ PAE tube (Tube F): The organisms were exposed for 2 hours to
ceftolozane/tazobactam, washed in drug free CAMHB and
resuspended at 1:1000 dilution (approximately 3 log10 dilution) in
drug free CAMHB.
§ PBLIE tube (Tube T): The organisms were exposed for 2 hours
to ceftolozane/tazobactam, washed in drug free CAMHB and
resuspended at 1:1000 dilution (approximately 3 log10 dilution)
in CAMHB containing ceftolozane alone at the same
concentration present during exposure.
§ Activity control (Tube N): The organisms were exposed for 2 hours
to ceftolozane/tazobactam, washed in drug free CAMHB and
resuspended at 1:1000 dilution (approximately 3 log10 dilution)
in CAMHB containing both ceftolozane and tazobactam at the
same concentration present during exposure.

MATERIALS AND METHODS
Colony counts of each of the study tubes were performed preantimicrobial exposure (T0), 1 hour after antimicrobial exposure
(T1) and 2 hours after antimicrobial exposure (T2). Colony counts
were taken immediately after washing and resuspending the
organisms, and each hour until visible turbidity was observed.
The PAE for the ceftolozane/tazobactam combination was
calculated as F-C, where F is the time for the number of viable
organisms in the tube resuspended (after exposure to
ceftolozane/tazobactam) with CAMHB containing no drugs
(no ceftolozane or tazobactam) to increase 1 log10 above the
number of viable organisms observed immediately after
centrifugation (wash/resuspension), and C is the time for the
number of viable organisms in the control tube (no exposure to
ceftolozane/tazobactam) to increase by 1 log10 above the number
observed immediately after antibiotic removal.
The PBLIE was calculated as T-Z, where T is the time for the
number of viable organisms in the culture (after exposure to
ceftolozane/tazobactam) resuspended with media containing
ceftolozane (no tazobactam) to increase 1 log10 above the number
observed immediately after centrifugation (wash/resuspension),
and Z is the time for the number of viable organisms in the culture
(after exposure to ceftolozane alone) resuspended with media
containing ceftolozane alone (Tube Z) to increase 1 log10 above
the number of viable organisms observed immediately after
centrifugation.

RESULTS
E. coli strain 136-4643A (Table 1 and Figure 1)
§ Ceftolozane/tazobactam MIC and MBC results for E. coli strain
136-4643A were identical at 1 µg/ml.
§ Tubes C (growth control) and Z (ceftolozane alone) had very similar
growth curves with rapid growth after wash/resuspension. It took
1.4 hours for the number of viable organisms in the growth control
tube to increase 1 log10 after wash/resuspension.
– The time interval for the number of viable organisms to increase
1 log10 after wash/resuspension was 2.2 hours in Tube F (both
ceftolozane and tazobactam removed) and 3.5 hours in Tube T
(only tazobactam removed) (Figure 1).
– PAE for the combination compound ceftolozane/tazobactam
was calculated as 2.2 – 1.4 = 0.8 hours (Tube F - Tube C;
Figure 1).
– PBLIE was calculated as 3.5 – 1.4 = 2.1 hours (Tube T - Tube Z;
Figure 1).

RESULTS (CONT’D)
§ Complete killing was observed 4 hours after wash/resuspension
(T6) in the activity control tube (N, organisms were resuspended in
CAMHB containing ceftolozane/tazobactam at 4/4 µg/ml).

CONCLUSIONS

Figure 1. Post-β-lactamase inhibitor eﬀect (PBLIE) of E. coli strain 136-4643A
after 2-hr exposure to ceftolozane/tazobactam (4 μg/ml)

E.coli #4643A

§ Ceftolozane/tazobactam MIC and MBC results for E. coli strain
107-5846A were 1 and 1 µg/ml, respectively.
§ Tubes C (growth control) and Z (ceftolozane alone) had very similar
growth curves with rapid growth after wash/resuspension. It took
1.3 hours for the number of viable organisms in the growth control
tube to increase 1 log10 after wash/resuspension.
§ The time interval for the number of viable organisms to increase
1 log10 after wash/resuspension was 2.2 hours in Tube F (both
ceftolozane and tazobactam removed) and 2.6 hours in Tube T
(only tazobactam removed); (see Figure 2). Thus:
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1.

– PBLIE was calculated as 2.6 – 1.3 = 1.3 hours (Tube T - Tube Z;
Figure 2).
§ Complete killing was observed 1 hour after wash/resuspension (T3)
in the activity control tube (N, organisms were resuspended in
CAMHB containing ceftolozane/tazobactam at 4 µg/ml).
Table 1. Summary of colony count results
Tube Zb
Ceftolozane
only (4 μg/ml)

Colony counts (log10)
Tube Fc
Tube Td
Ceftolozane and
Tazobactam
tazobactam removed
removed

Tube Ne
Ceftolozane/
tazobactam at 4/4 μg/ml

6.3
6.7
7.7

6.3
6.3
4.5

6.3
6.2
4.4

6.3
6.1
4.4

4.6
5.1
6.5
7.0
7.9
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9.0
-

2.3
2.4
3.3
4.3
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6.1
7.0
7.7
8.3

2.2
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2.3
2.9
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6.5
7.3

1.8
1.6
1.5
1.3
0.0
0.0
0.0
0.0
0.0

6.4
6.3
7.3

6.4
6.0
4.1

6.4
5.5
3.8

6.4
5.9
4.0

4.1
4.9
5.8
6.7
7.7
8.4
-

1.7
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4.1
4.9
5.7
6.9
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1.5
1.0
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1.3
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0.0
0.0
0.0
0.0
0.0
0.0

a.

Growth control: There was no drug exposure and the organisms were washed in drug free cation-adjusted Muller-Hinton broth
(CAMHB) and resuspended at 1:1000 dilution (approximately 3 log10 dilution) in CAMHB.

b.

Ceftolozane alone: The organisms were exposed for 2 hours to ceftolozane alone (4x to 16x the MIC for ceftolozane/tazobactam),
the organisms were then washed in drug free CAMHB and resuspended at 1:1000 dilution (approximately 3 log10 dilution) in CAMHB
containing ceftolozane alone at the same concentration present during exposure.

c.

Post-antibiotic eﬀect (PAE): The organisms were exposed for 2 hours to ceftolozane/tazobactam, washed in drug free CAMHB and
resuspended at 1:1000 dilution (approximately 3 log10 dilution) in drug free CAMHB.

d.

PBLIE tube: The organisms were exposed for 2 hours to ceftolozane/tazobactam, washed in drug free CAMHB and resuspended at
1:1000 dilution (approximately 3 log10 dilution) in CAMHB containing ceftolozane alone at the same concentration present during
exposure.

e.

Activity control: The organisms were exposed for 2 hours to ceftolozane/tazobactam, washed in drug free CAMHB and resuspended
at 1:1000 dilution (approximately 3 log10 dilution) in CAMHB containing both ceftolozane and tazobactam at the same concentration
present during exposure.
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§ When only tazobactam is removed after 2 hours
exposure to ceftolozane/tazobactam at 4x MIC, the
time interval for the number of viable organisms to
increase 1 log10, ie. the PBLIE, was 1.3 to 2.1 hours.

1.0

– PAE for the combination compound ceftolozane/tazobactam
was calculated as 2.2 – 1.3 = 0.9 hours (Tube F - Tube C;
Figure 2).
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§ Tazobactam eﬃciently protects ceftolozane from
hydrolysis by CTX-M-15
§ Ceftolozane/tazobactam PAE after 2 hours exposure
at 4x MIC was 0.8 to 0.9 hours when testing E. coli
clinical strains 136-4643A (CTX-M-15-producing)
and 107-5846A (CTX-M-15- and TEM-1-producing)

E. coli strain 107-5846A (Table 1 and Figure 2)

Log10 CFU/mL

ABSTRACT

Figure 2. Post-β-lactamase inhibitor eﬀect (PBLIE) of E. coli strain 107-5846A
after 2-hr exposure to ceftolozane/tazobactam (4 μg/ml)
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