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Introduction
Hospital-acquired infections caused by resistant gram-negative 
bacteria have become a frequently encountered difficult clinical 
challenge. Those resistant organisms account for a significant 
percentage of hospital-acquired infections in many countries. 
Extended-spectrum β-lactamase (ESBL)-producing organ-
isms have produced multiple hospital outbreaks and become a 
global health concern.1,2 Moreover, increasing rates of carbap-
enem-resistant gram-negative bacteria are noticed in health 
care settings, especially with the increase of carbapenems used 
as essential agents to treat resistant isolates.3,4 Because of 
multidrug resistance in gram-negative bacteria, the use of old 
abandoned antibiotics (ie, polymyxins) has been recalled by 
the World Health Organization4 and reclassified as critically 
important for human medicine. Multidrug-resistant (MDR) 

Pseudomonas aeruginosa isolates have multiple resistance mech-
anisms, and there are insufficient therapeutic options to target 
them.5 As of today, aminoglycosides and polymyxins are the 
most consistently active antipseudomonal agents upon suscep-
tibility testing. However, both are suboptimal for the treatment 
of pseudomonal infections due to pharmacokinetic limitations 
and their association with worse outcomes when given as a 
monotherapy.6,7 In response to rising drug resistance, several 
new antibiotics are under development and investigation.8 
Ceftolozane-tazobactam is a novel antipseudomonal agent 
which contains a combination of an oxyimino-aminothiazolyl 
cephalosporin (ceftolozane) and a β-lactamase inhibitor (tazo-
bactam) which has been approved by the US Food and Drug 
Administration and the European Medicines Agency for the 
treatment of complicated intra-abdominal infections (with 
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InTRoduCTIon: Multidrug-resistant Pseudomonas aeruginosa isolates have multiple resistance mechanisms, and there are insufficient 
therapeutic options to target them. Ceftolozane-tazobactam is a novel antipseudomonal agent that contains a combination of an oxyimino-
aminothiazolyl cephalosporin (ceftolozane) and a β-lactamase inhibitor (tazobactam).

METhodS: A single-center retrospective observational study between January 2017 and December 2018 for patients who had been diag-
nosed with carbapenem-resistant P aeruginosa infections and treated with ceftolozane-tazobactam for more than 72 hours. We assessed 
clinical success based on microbiological clearance as well as the clinical resolution of signs and symptoms of infection.

RESulTS: A total of 19 patients fit the inclusion criteria, with a median age was 57 years, and 53% were female. The types of infections were 
nosocomial pneumonia, acute bacterial skin, and skin structure infections; complicated intra-abdominal infections; and central line–associ-
ated bloodstream infections. All of the isolates were resistant to both meropenem and imipenem. The duration of therapy was variable (aver-
age of 14 days). At day 14 of starting ceftolozane-tazobactam, 18 of 19 patients had a resolution of signs and symptoms of the infection. Only 
14 of 19 patients (74%) had proven microbiological eradication observed at the end of therapy. During therapy, there was no adverse event 
secondary to ceftolozane-tazobactam, and no Clostridium difficile infection was identified. The 30-day mortality rate was 21% (4/19).

ConCluSIonS: Multidrug-resistant P aeruginosa infection is associated with high mortality, which would potentially be improved using a 
new antibiotic such as ceftolozane-tazobactam. Studies are required to explain the role of combination therapy, define adequate dosing, and 
identify the proper duration of treatment.
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concomitant metronidazole use) and complicated urinary tract 
infections.9,10 Its potent activity against P aeruginosa arises 
from the stability of ceftolozane against AmpC enzymes, active 
efflux process, and porin-channel changes. Also, tazobactam 
gives ceftolozane further protection against destruction (by 
most ESBLs) without playing a role in its activity against P 
aeruginosa.11,12 Ceftolozane-tazobactam was the most active β-
lactam tested against P aeruginosa respiratory isolates of hospi-
talized patients in the United States from 2013 to 2015.13 
Although multicenter retrospective studies have demonstrated 
the efficacy of ceftolozane-tazobactam in MDR (including 
carbapenems) P aeruginosa infections,14,15 further clinical stud-
ies are needed to establish substantial clinical evidence.

Materials and Methods
This is a single-center retrospective observational study of 
patients treated between January 2017 and December 2018 at 
King Abdul Aziz Medical City-Riyadh (KAMC-RD) in 
Saudi Arabia. Eligible patients were those who had been diag-
nosed with MDR P aeruginosa infection from any source and 
who were at least 18 years old who received ceftolozane-tazo-
bactam therapy for at least 72 hours. The clinical and demo-
graphic data of eligible patients were extracted from the 
electronic medical records using our local health information 
system (Best Care). Pseudomonas aeruginosa clinical isolates and 
their susceptibility results were identified using the routine 
microbiological methods applied at KAMC-RD microbiology 
labs using the automated machine VITEK 2. The date of ini-
tiation of ceftolozane-tazobactam, dosing, and duration was 
determined based on the clinical pharmacist, physician, and 
nursing documentation during hospitalization. We assessed 
clinical success based on microbiological clearance (whenever 
repeated cultures were available); clinical resolution of signs 
and symptoms of infection, and 30-day in-hospital survival 
after initiation of ceftolozane-tazobactam treatment. The per-
sistence of P aeruginosa–positive clinical cultures after 72 hours 
of therapy was considered a microbiologic failure. All collected 
data were entered into Statistical Package for the Social 
Sciences software for analysis. This study was conducted in 
compliance with all the applicable institutional ethical guide-
lines in King Abdullah International Medical Research Center 
(KAIMRC), and consent was not required as there was no 
direct contact with patients.

Results
A total of 19 patients with MDR P aeruginosa had received 
ceftolozane-tazobactam and fit the inclusion criteria. The 
median age was 57 years (interquartile range: 36-71), and 10 
(53%) were female, as indicated in Table 1.

Types of infection were nosocomial pneumonia (6/19, 32%), 
where half of them had ventilator-associated pneumonia, acute 
bacterial skin, and skin structure infections (3/19, 16%), and 
one of those had complicated bacteremia, pyelonephritis (2/19, 

10%), complicated intra-abdominal infection (3/19, 16%), 
including cholangitis and intra-abdominal collection and bone 
infection (1, 5%). Central line–associated bloodstream infec-
tion was documented in 4 cases, and 1 had a complication with 
endocarditis.

Of 19 patients (63%), 12 were in intensive care unit (ICU) 
at the time of starting ceftolozane-tazobactam (Table 1). The 
rest of the patients did not require ICU admission during their 
hospitalization.

All the isolated P aeruginosa were carbapenem-resistant. 
Eight of the cultured P aeruginosa (42%) showed susceptibility 
to at least one of the aminoglycoside agents (gentamicin or 
amikacin). In total, 10 samples (53%) showed intermediate sus-
ceptibility to cefepime or ceftazidime. Most of the isolates were 
nonsusceptible to both ciprofloxacin and piperacillin-tazobac-
tam (89%). Only 1 patient had a coinfection with other bacte-
ria in the urine, which was an ESBL-producing Klebsiella 
pneumoniae, and the patients had a favorable outcome with 

Table 1. Demographics and clinical characteristics of 19 patients.

FACTOR NO. (%)

Age (median) 57 y (IQR: 36-71)

Female 10 (53%)

Underlying diseases

 Diabetes 9 (47%)

 Hypertension 10 (53%)

 Chronic kidney disease 5 (26%)

 Hematologic malignancy 5 (26%)

 Solid organ malignancy 2 (10%)

Specimen of culture

 Respiratory 6 (32%)

 Skin tissue 3 (16%)

 Urine 2 (10%)

 Intra-abdominal fluid 3 (16%)

 Bone tissue 1 (5%)

 Blood 4 (21%)

ICU admission 12 (63%)

Required source controla 10 (53%)

Duration of therapy (average) 14 d (7-35 d)

Clinical improvement (day 14) 18 (95%)

Microbiological clearance (day 14) 14 (74%)

30-day mortality 4 (21%)

Abbreviations: ICU, intensive care unit; IQR, interquartile range.
aCentral line removal, surgical debridement, drain insertion.



Bosaeed et al 3

Ta
b

le
 2

. 
C

lin
ic

al
 a

nd
 m

ic
ro

bi
ol

og
ic

al
 d

es
cr

ip
tio

ns
 o

f c
as

es
 a

ss
oc

ia
te

d 
w

ith
 tr

ea
tm

en
t f

ai
lu

re
.

A
g

E
 (

S
E

x
)

U
N

D
E

R
Ly

IN
g

 
D

IS
E

A
S

E
S

T
y

P
E

 O
F

 
IN

IT
IA

L 
IN

F
E

C
T

IO
N

C
O

N
C

O
M

IT
A

N
T

 
B

A
C

T
E

R
E

M
IA

S
U

S
C

E
P

T
IB

IL
IT

y
 

O
F

 T
H

E
 

IS
O

LA
T

E
D

 
P

s
e

u
D

o
m

o
n

a
s

 
a

e
R

u
g

In
o

s
a

a

T
R

E
AT

M
E

N
T

 
R

E
g

IM
E

N
 

(D
U

R
AT

IO
N

 IN
 

D
Ay

S
)

C
E

F
TO

LO
z

A
N

E
-

TA
z

O
B

A
C

TA
M

 
D

O
S

E
b

O
U

T
C

O
M

E
 (

AT
 1

4 
D

)
C

A
U

S
E

 O
F

 
T

R
E

AT
M

E
N

T
 

FA
IL

U
R

E

30
-D

 
D

E
AT

H

73
 (

M
)

D
M

, H
T

N
, b

ow
el

 
pe

rf
or

at
io

n 
w

ith
 

co
m

pl
ic

at
ed

 
ab

do
m

in
al

 
su

rg
er

ie
s

In
tr

a-
ab

do
m

in
al

 
ab

sc
es

se
s

N
o

C
ef

ta
zi

di
m

e 
=

 R
C

ip
ro

flo
xa

ci
n 

=
 R

A
m

ik
ac

in
 =

 S
g

en
ta

m
ic

in
 =

 I

C
ef

to
lo

za
ne

-
ta

zo
ba

ct
am

10

P
LU

S
 A

m
ik

ac
in

6

1.
5 

g 
ev

er
y 

8 
ho

ur
s

F
ev

er
 s

to
pp

ed
, 

re
m

ai
ne

d 
in

 IC
U

 fo
r 

ci
rc

ul
at

or
y 

su
pp

or
t, 

re
pe

at
ed

 c
ul

tu
re

s 
re

m
ai

ne
d 

po
si

tiv
e

L
ac

k 
of

 s
ou

rc
e 

co
nt

ro
l

y
E

S

69
 (

M
)

D
M

, H
T

N
, C

A
D

, 
C

K
D

, r
ec

ta
l c

an
ce

r
V

A
P

N
o

C
ef

ta
zi

di
m

e 
=

 I
C

ip
ro

flo
xa

ci
n 

=
 S

A
m

ik
ac

in
 =

 R
g

en
ta

m
ic

in
 =

 S

C
ef

to
lo

za
ne

-
ta

zo
ba

ct
am

14

P
LU

S
 

A
zt

re
on

am
14

1.
5 

g 
ev

er
y 

8 
ho

ur
s

C
lin

ic
al

ly
 im

pr
ov

ed
 

w
ith

 p
er

si
st

en
t 

po
si

tiv
e 

re
sp

ira
to

ry
 

cu
ltu

re

P
ne

um
on

ia
 o

n 
ch

ro
ni

c 
tr

ac
he

os
to

m
y

N
O

61
 (

M
)

H
T

N
, n

on
-s

m
al

l-
ce

ll 
lu

ng
 c

an
ce

r 
w

ith
 lo

ng
-t

er
m

 
m

ec
ha

ni
ca

l 
ve

nt
ila

tio
n

V
A

P
N

o
C

ef
ta

zi
di

m
e 

=
 I

C
ip

ro
flo

xa
ci

n 
=

 I
A

m
ik

ac
in

 =
 S

g
en

ta
m

ic
in

 =
 S

C
ef

to
lo

za
ne

-
ta

zo
ba

ct
am

10

P
LU

S
 C

ol
is

tin
14

3 
g 

ev
er

y 
8 

ho
ur

s
C

lin
ic

al
ly

 im
pr

ov
ed

 
w

ith
 p

er
si

st
en

t 
po

si
tiv

e 
re

sp
ira

to
ry

 
cu

ltu
re

R
ec

ur
re

nt
 

pn
eu

m
on

ia
 d

ue
 to

 
lu

ng
 c

ol
la

ps
e 

an
d 

em
ph

ys
em

at
ou

s 
ch

an
ge

s

N
O

57
 (

M
)

H
IV

/A
ID

S
, 

na
so

ph
ar

yn
ge

al
 

ly
m

ph
om

a

C
om

pl
ic

at
ed

 
pe

ri
an

al
 

ab
sc

es
se

s

y
es

C
ef

ta
zi

di
m

e 
=

 I
C

ip
ro

flo
xa

ci
n 

=
 R

A
m

ik
ac

in
 =

 R
g

en
ta

m
ic

in
 =

 R

C
ef

to
lo

za
ne

-
ta

zo
ba

ct
am

7

P
LU

S
 C

ol
is

tin
13

1.
5 

g 
ev

er
y 

8 
ho

ur
s

C
lin

ic
al

ly
 

de
te

ri
or

at
ed

 w
ith

 
pe

rs
is

te
nt

 p
os

iti
ve

 
bl

oo
d 

cu
ltu

re
s

P
at

ie
nt

 d
ie

d 
w

hi
le

 
on

 a
nt

ib
io

tic
s

y
E

S

45
 (

F
)

D
M

, H
T

N
, 

po
ly

m
ya

lg
ia

 
rh

eu
m

at
ic

a,
 

po
st

ca
rd

ia
c 

ar
re

st

H
A

P
N

o
C

ef
ta

zi
di

m
e 

=
 R

C
ip

ro
flo

xa
ci

n 
=

 R
A

m
ik

ac
in

 =
 S

g
en

ta
m

ic
in

 =
 S

P
ip

er
ac

ill
in

-
ta

zo
ba

ct
am

7

P
LU

S
 C

ol
is

tin
7  

sw
itc

he
d 

af
te

r 
cu

ltu
re

s 
to

 
ce

ft
ol

oz
an

e
-

ta
zo

ba
ct

am
7

1.
5 

g 
ev

er
y 

8 
ho

ur
s

C
lin

ic
al

ly
 im

pr
ov

ed
 

w
ith

 r
es

pi
ra

to
ry

 
po

si
tiv

e 
cu

ltu
re

 a
ft

er
 

tr
ea

tm
en

t

C
ol

on
iz

ed
 w

ith
 

M
D

R
 

P
se

ud
om

on
as

 
ae

ru
g

in
os

a 
(d

id
 

no
t r

eq
ui

re
 

th
er

ap
y)

N
O

A
bb

re
vi

at
io

ns
: A

ID
S

, a
cq

ui
re

d 
im

m
un

od
efi

ci
en

cy
 s

yn
dr

om
e;

 C
A

D
, c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
; C

K
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 D
M

, d
ia

be
te

s 
m

el
lit

us
; F

, f
em

al
e;

 H
A

P,
 h

os
pi

ta
l-a

cq
ui

re
d 

pn
eu

m
on

ia
; H

IV
, h

um
an

 im
m

un
od

efi
ci

en
cy

 
vi

ru
s;

 H
T

N
, h

yp
er

te
ns

io
nI

, i
nt

er
m

ed
ia

te
; I

C
U

, i
nt

en
si

ve
 c

ar
e 

un
it;

 M
, m

al
e;

 M
D

R
, m

ul
tid

ru
g 

re
si

st
an

t; 
R

, r
es

is
ta

nt
; S

, s
us

ce
pt

ib
le

; V
A

P,
 v

en
til

at
or

-a
ss

oc
ia

te
d 

pn
eu

m
on

ia
.

a M
in

im
um

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
ns

 (
M

IC
s)

 w
er

e 
de

te
rm

in
ed

 u
si

ng
 r

ef
er

en
ce

 b
ro

th
 m

ic
ro

di
lu

tio
n 

m
et

ho
ds

 a
nd

 in
te

rp
re

te
d 

ac
co

rd
in

g 
to

 th
e 

C
lin

ic
al

 L
ab

or
at

or
y 

S
ta

nd
ar

ds
 In

st
itu

te
 (

C
LS

I)
 c

rit
er

ia
.1

6

b B
ef

or
e 

ad
ju

st
m

en
t f

or
 r

en
al

 im
pa

ir
m

en
t.



4 Infectious Diseases: Research and Treatment 

therapy. Intervention for source control was required for 6 of 
the patients, including surgical debridement, drains insertion, 
or fluid aspiration.

Ceftolozane-tazobactam was used as a single therapy in 11 
patients, whereas the combination with other antibiotics was 
done in 8 patients with no apparent impact on the patient’s 
outcome. Colistin, aztreonam, and amikacin were the anti-
biotics used as accompanying antipseudomonas agents.  
The average time between obtaining the culture and starting 
ceftolozane-tazobactam was 5 days. The antibiotic duration of 
therapy was widely variable between patients, ranging from 
7 days to more than a month, with an average of 14 days. Only 
2 patients required more than 3 weeks of therapy, and it was 
secondary to poor source control for osteomyelitis and persis-
tent liver abscesses.

Among subjects with a creatinine clearance >50 mL/min, 
the approved dose of 1.5 g every 8 hours was used in 8 cases, 
and 2 patients received 3 g every 8 hours as decided by the 
treating physician. Ceftolozane-tazobactam dosing among the 
remaining patients was calculated according to the changes in 
creatinine clearance and requirement of hemodialysis, ranged 
from 1.5 to 0.375 g every 8 hours, following the recommended 
protocol.

At day 14 of starting ceftolozane-tazobactam, 18 of 19 
patients had a resolution of signs and symptoms of the infec-
tion (as reported by treating physicians). Only 14 patients 
(74%) had proven microbiological eradication observed at the 
end of therapy. Of the 12 patients, 7 patients who were in ICU 
at the initiation of treatment were discharged to the medical/
surgical ward, whereas the remaining 5 patients stayed for 
other reasons. During therapy, there was no adverse event sec-
ondary to ceftolozane-tazobactam in our cohort, and no cases 
with Clostridium diff icile infection were identified.

The 30-day mortality rate was 21% (4/19). Two of those 
deaths were related to the primary infection. Although 1 of 
those 2 had shown a clinical improvement initially, the cul-
tures remained positive due to lack of source control (Table 2). 
The other 2 patients deteriorated later and died due to com-
plications of catastrophic antiphospholipid syndrome and 
severe aspiration.

Discussion
In this report, we are presenting a real-world experience with 
ceftolozane-tazobactam treatment of MDR P aeruginosa infec-
tions with various indications. Our data suggest that ceftolo-
zane-tazobactam is an effective and safe drug for treating 
different types of carbapenem-resistant P aeruginosa infections. 
Clinical success was observed in nearly 95% of the patients 
with a 30-day mortality of 21%. Such a success rate was also 
noted in previous reports.13,14 In a recent multicenter study,15 
205 critically ill patients infected with MDR P aeruginosa and 
treated with ceftolozane-tazobactam were reviewed, and the 
overall mortality rate was 19%. Pneumonia was the most com-
mon infection, and the isolated organisms were nonsusceptible 

to antipseudomonal carbapenems in 96.8% of the patients. A 
similar result was also observed in another multicentral retro-
spective study.17 The average course duration of ceftolozane-
tazobactam was 14 days, which is similar to our study.

It is difficult to evaluate the actual effects of the use of con-
comitant intravenous antibiotics or high-dose ceftolozane-
tazobactam due to the small number of patients. Recent studies 
are now recommending using high-dose ceftolozane-tazobac-
tam for the treatment of hospital-acquired bacterial pneumo-
nia and ventilator-associated bacterial pneumonia in patients 
⩾18 years old. Ceftolozane-tazobactam monotherapy may be 
sufficient for the treatment of P aeruginosa infections that are 
susceptible to this agent. Early initiation of proper antibiotics 
and identification of the susceptibility pattern for these new 
antibiotics are anticipated to associate with lowered mortality, 
greater clinical success, and microbiological cure. It is essential 
to highlight that ceftolozane-tazobactam is not active against 
carbapenemase-producing strains. Still, it has good activity 
against P aeruginosa strains that are resistant to carbapenems 
via mechanisms other than carbapenemase production.

The median time from culture collection to the start of cef-
tolozane-tazobactam dosing in our study was 5 days. This indi-
cates that a de-escalation approach was used in these cases, 
which is commonly recommended by clinical guidelines for 
severe infections. The emergence of resistance after courses of 
ceftolozane-tazobactam has been described in some reports 
highlighting the importance of setting strict standards for the 
drug’s use and the continued urgency for new antibiotics.18

The limitations of this study include the retrospective nature 
of the data and dependence on documentation for assessing 
clinical outcomes via medical records review. Moreover, the 
decision to use ceftolozane-tazobactam as well as different 
doses and antibiotic combinations was at the consideration of 
the treating clinicians rather than prespecified in a protocol. 
Finally, the presence of different types of infections also limited 
the analysis. However, considering the severity and high mor-
tality rates of such infections, it is necessary to have clinical 
data on the efficiency of new antibiotics with potent activity 
against resistant P aeruginosa.

In conclusion, our results suggest that ceftolozane-tazobactam 
shows an anticipated great advantage for treating severe infections 
caused by carbapenem-resistant P aeruginosa. More studies are 
required to explore the role of combination therapy, define ade-
quate dosing of ceftolozane-tazobactam during different types of 
infections from the appropriate pharmacokinetic/pharmaco-
dynamic data, and identify the proper duration of treatment.
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