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Abstract

Background: Carbapenem-resistant Enterobacteriaceae (CRE) represent an important global threat. The aim of this
study is to describe the clinical course and outcomes of patients with CRE infections treated with ceftazidime-
avibactam (CAZ-AVI) compared to patients treated with other agents.

Methods: A retrospective cohort study of patients with established CRE infections from January 2017 until August
2018 was conducted. All patients who received CAZ-AVI and all cultures with carbapenem-resistant isolates were
screened. We compared patients who received CAZ-AVI for CRE infections with patients who received other agents.

Results: A total of 38 consecutive patients with CRE infections were identified. Age and baseline comorbidities
were similar between the two groups. The median time from admission to isolation of CRE culture was 22.5 days in
the CAZ-AVI group and 17 days in the comparative group (P = 0.7). The incidence of CRE bacteremia was similar
between the two groups: 7 patients (70%) in the CAZ-AVI group and 15 patients (53.6%) in the comparative group
(P = 0.47). The most common type of CRE infections in both groups was hospital acquired pneumonia (HAP).
Klebsiella pneumoniae was the predominant pathogen in both groups. A carbapenemase gene was detected in 35
(92%) patients; the OXA-48 gene was the predominant gene identified in 28 (74%) isolates. Eight out of ten patients
in the CAZ-AVI group and fifteen out of twenty-eight in the comparative group achieved clinical remission (P =
0.14). After thirty days, all-cause mortality was observed in five patients in the CAZ-AVI group and 16 patients in the
comparative group, accounting for 50 and 57% respectively.

Conclusions: In patients with established OXA-48-type CRE infection, CAZ-AVI is a reasonable alternative to
standard therapy. These findings need to be confirmed in prospective studies.

Keywords: Ceftazidime-avibactam, Carbapenem-resistant Enterobacteriaceae, Saudi Arabia

Background
The emergence of carbapenem-resistant Enterobacteria-
ceae (CRE) represents a threat to global public health [1,
2]. Carbapenems are considered the last line of defence
against Enterobacteriaceae. The burden of CRE infections is
substantial, including longer lengths of stay, higher
infection-related mortality and higher health care costs
than those associated with carbapenem-susceptible

Enterobacteriaceae (CSE) [3–5]. Several studies have re-
ported that carbapenem resistance is an independent risk
factor for mortality, which is likely due to inappropriate
initial antimicrobial therapy [6–8].
Treatment options for CRE infections are very limited.

Polymyxins have been used for the treatment of CRE infec-
tions; however, there remain concerns regarding increasing
resistance, limited efficacy and toxicity [9–12]. Novel β-lac-
tam/β-lactamase inhibitor combinations have emerged as
new treatment options for CRE infections [12, 13]. However,
these combinations are not active against all carbapenemases
[13] . Ceftazidime-avibactam (CAZ-AVI) is a new β-lactam/
β-lactamase inhibitor combination with in vitro activity
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against Klebsiella pneumoniae carbapenemases (KPCs) and
OXA-48 producing Enterobacteriaceae [14].
There is accumulating evidence of the utility of

CAZ-AVI for the treatment of infections caused by
resistant gram-negative bacilli, including CRE infec-
tions [15–19]. However, most of the published studies
included patients with KPCs. A recent study docu-
mented the successful treatment of patients with
OXA-48-type CRE infections with CAZ-AVI [20]. In
Saudi Arabia, carbapenemases are highly prevalent in
K pneumoniae isolates. OXA-48 is the predominant
carbapenemase followed by New Delhi metallo- β
-lactamase (NDM) [21]. Our aim is to describe the
clinical course and outcomes of patients with CRE in-
fections treated with CAZ-AVI compared to those of
patients treated with other agents.

Methods
We conducted a retrospective cohort study of patients
with CRE infections from January 2017 to August 2018
at King Faisal Specialist Hospital and Research Center
(KFSHRC), Jeddah, Saudi Arabia. All adult patients (>
18 years) who received CAZ-AVI for at least 24 h and all
cultures with carbapenem-resistant isolates were
screened. We included patients with clinically estab-
lished CRE infections. Cases where CRE cultures likely
represented colonization were excluded. CAZ-AVI was
not available at our hospital until December 2017; we
compared patients who received CAZ-AVI for the treat-
ment of CRE infections between December 2017 and
August 2018 with patients with CRE infections between
January 2017 and November 2017 who received other
CRE-specific therapies. Baseline characteristics were re-
corded, and clinical, microbiological and therapeutic
data were collected. Clinical course and outcome data
until death or hospital discharge were obtained. The pri-
mary outcome was complete remission, as evaluated by
infectious disease specialists, defined as resolution of
fever and eradication of bacteria in subsequent cultures.
The secondary outcomes recorded were clinical cure
without relapse or death within 30 days, 30-day mortality
from starting CAZ-AVI, mortality due to CRE, length of
stay in days and 30-day relapse rate with the same
isolate.
Data extraction was performed by a trained phys-

ician and collected in a special case record form. Data
included patients’ demographics, Charlson comorbid-
ity index, concomitant diseases, time from admission
to first culture isolate of CRE culture in days, presence of
bacteremia, type of infection, organism isolated, time from
first CRE culture to starting CRE-specific therapy and CRE-
specific therapy used. Susceptibility testing was performed
using the Vitek 2 system (bioMérieux, Marcy L’étoile,
France) and N-291 card. Phenotypic conformation of CRE

was performed using the Clinical Laboratory Standards In-
stitute (CLSI) methodology, which includes the ertapenem,
imipenem, and meropenem E-test and modified Hodge test
(MHT). All confirmed isolates of CRE from the culture
were then tested using the Xpert Carba-R Kit following the
manufacture’s recommendation for rapid detection and dif-
ferentiation of the blaKPC, blaNDM, blaVIM, blaOXA-48 and
blaIMP gene sequences linked to carbapenem resistance
in gram-negative bacteria. The interpretation of the
minimum inhibitory concentration (MIC) for carba-
penems is based on CLSI guidelines; resistance to
ertapenem was considered if MIC was ≥2 μg/ml and
resistance to meropenem and imipenem was consid-
ered if MICs were ≥ 4 μg/ml.
All data were analysed using IBM SPP version 25.

Continuous data were described using mean and
standard deviation for the normally distributed data
Medians and interquartile ranges were used for non-
normal data. Frequency and percentages were used to
describe categorical data. Group comparison was per-
formed using the by chi-square or Fisher’s exact test
for proportions. Student’s t-test was used to compare
continuous data. A P value of < 0.05 was considered
significant.

Results
We identified 13 patients who received CAZ-AVI for
the treatment of CRE infections between December
2017 and August 2018. Three patients were excluded
from the analysis for being children (two patients)
and being only treated with only CAZ-AVI for less
than 24 h (one patient). The comparative group in-
cluded 28 patients with CRE infections using the
same criteria between January 2017 and November 2017
at KFSHRC-Jeddah. The median age was similar between
the two groups: 59.5 years in the CAZ-AVI group and
61.5 years in the comparative group (P = 0.71). The me-
dian Charlson comorbidity index was 5.5 in the CAZ-AZI
group compared to 5 in the comparative group (P = 0.86).
The demographics and baseline characteristics for the
remaining patients are included in Table 1. Both treat-
ment groups were similar, with no significant differences
in terms of baseline data. OXA-48 was the predominant
carbapenemase in patients who received CAZ-AVI (8/10,
80%), one patient had NDM and in one patient, no carba-
penemase gene was detected. In the comparative group,
OXA-48 was the predominant carbapenemase as well (19/
28, 68%), 5 patients had NDM, one patient had both
NDM and OXA-48, and no carbapenemase gene was de-
tected in three patients. Carbapenem MIC distribution
was similar between the two groups; details on mechanism
of carbapenem resistance and antibiotic MICs for both
groups are presented in Additional file 1: Table S1 and
Additional file 2: Table S2.
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The median time (IQR) to the first isolation of CRE was
22.5 days (4.75–50.75) in the CAZ-AVI group compared to
17 days (5.25–29.25) in the comparative group. Hospital-ac-
quired pneumonia (HAP) was the most common infection
type in both groups, with 5 (50%) patients in the CAZ-AVI
group compared to 14 (50%) in the comparative group (>
0.99). K. pneumoniae was the predominant pathogen in
both groups. Details of baseline characteristics of both
groups are included in Table 1. Groups remained similar
after restricting analysis on patients with OXA-48 carbape-
nemase gene (Additional file 3: Table S3).
The comparative group received colistin (21, 75%),

carbapenem (21, 75%), tigecycline (9, 32.1%), aminogly-
coside (8, 28.6%), quinolone (4, 14.3%), trimethoprim/
sulfamethoxazole (1, 3.6%) and aztreonam (1, 3.6%). Out
of the 28 patients in the comparative group, 25 patients
were administered antibiotic combinations. Details of
the used combinations in the comparative group are pre-
sented in Additional file 4: Table S4.

Eight patients (80%) in the CAZ-AVI group achieved
clinical remission compared to 15 patients (53.6%) in the
comparative group (P = 0.14). The time to clearance of
bacteremia was similar in both groups, with median
(IQR) values of 4 days (3–5) and 5 days (3–7), respect-
ively (Table 2). Thirty-day all-cause mortality and re-
lapse with the same isolate were similar between the two
groups (5, 50%) vs (16, 57.1%) (P = 0.7) and (2, 20%) vs
(1, 3.6%) (P = 0.1) respectively. Other secondary out-
comes including relapse, attributable mortality and 30-
day mortality, were similar in both groups. There was no
difference in outcome results after restricting analysis on
patients with OXA-48 carbapenemase gene (Additional
file 5: Table S5).

Discussion
Even though our small sample size likely precluded our
ability to find statistically significant differences, our
study demonstrated a clinically significant benefit of

Table 1 Baseline characteristics of patients with CRE infections who received ceftazidime/avibactam compared with comparative
group (received different CRE specific antibiotics)

Characteristic Ceftazidime/Avibactam group n = 10 (%) Comparative group n = 28 (%) P value

Male 8 (80) 16 (57.1) 0.27

Age, median (IQR), y 59.5 (26–67) 61.5 (50–72) 0.71

CCI, median (IQR) 5.5 (2–8.5) 5 (4–7.75) 0.86

Baseline comorbidities

Diabetes mellitus 4 (40) 15 (53.6) 0.71

Hypertension 5 (50) 18 (64.3) 0.47

CVD 4 (40) 9 (32.1) 0.71

Renal disease 3 (30) 12 (42.8) 0.71

Malignancy 5 (50) 7 (25) 0.24

Transplant 5 (50) 5 (17.9) 0.09

HIV 0 1 (3.6) > 0.99

Time from admission to first isolate of CRE culture
(days), median (IQR), days

22.5 (4.75–50.75) 17 (5.25–29.25) 0.71

CRE Bacteremia 7 (70) 15 (53.6) 0.47

Type of infection

CLABSI 1 (10) 4 (14.3) > 0.99

HAP 5 (50) 14 (50) > 0.99

cUTI 3 (30) 8 (28.6) > 0.99

cIAI 3 (30) 5 (17.8) 0.41

SSTI 2 (20) 3 (10.7) 0.59

Microbiology

Klebsiella pneumoniae 7 (70) 23 (82.1) 0.41

Escherichia coli 3 (30) 5 (17.9)

Time from first CRE culture to starting CRE specific
therapy, median (IQR), days

3.5 (1–8.75) 0 (0–1) 0.05

IQR Interquartile range, CCI Charlson comorbidity index, CVD Cardiovascular disease, HIV Human immunodeficiency virus, CLABSI Central Line-associated blood
stream infection, CRE Carbapenem-resistant Enterobacteriaceae, HAP Hospital-acquired pneumonia, cUTI Chronic urinary tract infection, cIAI complicated intra-
abdominal infection, SSTI Soft tissue infection
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CAZ-AVI for the treatment of CRE infections, including
those caused by OXA-48 producing organisms, com-
pared to standard therapy. A majority of our patients
had HAP infections. All-cause mortality in previously re-
ported studies ranged from 24 to 39.5% compared to
50–57.1% in our cohort; we hypothesize that this differ-
ence is due to the high comorbidity index in our pa-
tients, reflecting the complex medical background and
severe nature of these infections.
Many studies have investigated the role of various

combination therapies for the treatment of CRE; two
large retrospective studies showed that combination
therapy (with two or more in vitro-active drugs, with
meropenem in all patients) was associated with lower
mortality rates than monotherapy (colisin, tigecycline,
and gentamicin) in populations with high severity indi-
ces [22, 23].
CAZ-AVI has emerged as a promising therapy for

CRE infections in several clinical studies, however, most
of these studies included patients with KPCs [17, 24]. In
a prospective multicenter cohort study to describe the
clinical outcomes for patients with CRE infections com-
pared, 38 patients treated with CAZ-AVI to 99 patients
treated with colistin for KPC-producing CRE, it showed
lower adjusted all-cause mortality in the CAZ-AVI
group [24]. Sousa A. et al prospectively studied the
effectiveness of CAZ-AVI as a rescue treatment for man-
aging infections due to OXA-48-producing Enterobacte-
riaceae in 57 patients, 81% received CAZ-AVI as a
monotherapy [20].
New treatment options for CRE infections have emerged

in recent years, many of which exhibit activity against the
KPC-producing gene but not OXA-48. Meropenem/vabor-
bactam is a novel β -lactamase inhibitor that exert activity
against CRE by inhibiting class A carbapenemases
such as KPCs but has no in vitro activity against class
B metallo- β-lactamases (NDM or VIM) or class D
OXA 48 B-lactamases [25]. Plazomicin is a next-

generation aminoglycoside that has been approved for
the treatment of complicated urinary tract infections
(cUTI). Studies have shown that plazomicin is more
potent than other aminoglycosides against KPC-pro-
ducing Enterobacteriaceae [12]. Eravasycline is a syn-
thetic antibacterial agent of the tetracycline class that
has been approved for the treatment of complicated
intra-abdominal infections (cIAI) and has been shown
to have twofold higher activity than tigecycline against
CRE; however, there is limited clinical data for the ef-
ficacy of this drug against CRE infections [12]. Imipe-
nem/cilastin and relebactam is a combination of
imipenem and a novel β -lactamase inhibitor that
exert activity against bacteria by inhibiting class A
and C carbapenemases but has no in vitro activity
against class B metallo- β -lactamases or class D
OXA-48 B-lactamasese. Cefiderocol is a novel ceph-
alosporin with unique antibacterial activity against
many CRE isolates and is active against carbapene-
mase hydrolysis [26].
The most prevalent carbapenemase-producing gene in

Saudi Arabia is OXA-48, followed by NDM. In our co-
hort, a majority of the tested isolates carried the OXA-
48 gene [21]. Because of the different performances of
these antimicrobial agents, we strongly stress on the im-
portance of molecular testing to identify the gene re-
sponsible for causing the CRE infection and thus use the
appropriate antibiotic.
The emergence of CAZ-AVI-resistant strains during

treatment has already been reported and can be a con-
tributing factor to increased mortality among patients
with OXA-48 type CRE infections [16]. Shields et al de-
scribed resistance to CAZ-AVI in 3 out of 10 patients
with microbiological failure following treatment for 10–
19 days. We believe that CAZ-AVI should be incorpo-
rated in standard antibiogram susceptibility testing.
Our study has several limitations. First, the retrospect-

ive nature of the analysis is a source of confounding by

Table 2 Outcomes of patients with CRE infections who received ceftazidime-avibactam compared with comparative group
(received different CRE specific antibiotics)

Outcome Ceftazidime/Avibactam group n = 10 (%) Comparative group n = 28 (%) P value

Clinical remission 8 (80) 15 (53.6) 0.14

Clinical cure without relapse or 4 (40) 11 (39) > 0.99

death within 30 days

30 days all-cause mortality 5 (50) 16 (57.1) 0.7

Attributable mortality to CRE 2 (20) 11 (39.3) 0.27

Length of stay, median (IQR), days 69.5 (47.5–96) 40.5 (22–79.5) 0.07

30-days relapse of the same isolate 2 (20) 1 (3.6) 0.1

Time to clearance of bacteremia, 4 (3–5) 5 (3–7) 0.65

median (IQR), days

CRE Carbapenem-resistant Enterobacteriaceae, IQR Interquartile range
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the indication type of bias. Additionally, due to the small
sample size, our study was not sufficiently statistically
powerful to detect a significant difference in efficacy or
tolerability. Randomized controlled trials to address this
vital issue are needed.

Conclusions
In summary, our study included a cohort of patients
with invasive CRE infections, a majority of whom exhib-
ited OXA-48 genotype, and showed that CAZ-AVI is a
promising antibiotic for the treatment of these patients
with limited therapeutic options. Despite the limitations
and small size of the study, we were able to show that
CAZ-AVI is effective and comparable to standard treat-
ment for patients with established OXA-48-type CRE
infections.
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