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Background: The incidence of carbapenem-resistant organism (CRO) infections is increasing in children. However, pediatric-specific 
treatment strategies present unique challenges. Ceftazidime/avibactam is a β-lactam/β-lactamase inhibitor combination, showing 
adequate efficiency against CRO isolates. However, clinical data on the efficacy of ceftazidime/avibactam in children are still lacking.
Methods: This was a retrospective study of children (aged <18 years) infected with confirmed or suspected carbapenem-resistant 
pathogens and treated with ceftazidime-avibactam at the First Affiliated Hospital of Zhengzhou University between 2020 and 2022.
Results: We identified 38 children aged 14 (5.0–16.3) years; 20 (52.6%) had hematologic malignancies. 25 children with confirmed 
CRO infections were administered ceftazidime-avibactam as targeted therapy. The median treatment was 10 (6.0–16.5) days. Among 
them, 24 had infections caused by carbapenem-resistant Enterobacterales (CRE) (18 carbapenem-resistant Klebsiella pneumoniae and 
six carbapenem-resistant Escherichia coli species) and one with carbapenem-resistant Pseudomonas aeruginosa strains. The source of 
infection was the bloodstream in 60.0% of the cases (15/25). The clinical response rate was 84.0% (21/25), and 30-day mortality rate 
was 20% (5/25). 13 children were administered ceftazidime-avibactam as empiric therapy for suspected infections. The median 
treatment was 8 (6.0–13.0) days. No deaths occurred and clinical response was achieved in 12 of the 13 patients (92.3%) who 
empirically treated with ceftazidime-avibactam.
Conclusion: Ceftazidime-avibactam is important for improving survival, and clinical response in children with infections caused by CRO.
Keywords: ceftazidime-avibactam, carbapenem-resistant organisms, children

Introduction
Multidrug resistance, caused mainly by excessive use of antibiotics, is one of the greatest challenges to public health 
worldwide. The search for new antimicrobial strategies is urgent.1 In children, the incidence of infections caused by 
carbapenem-resistant Gram-negative bacteria is increasing. A study on carbapenem resistance prevalence in US children 
reported that, from January 1999 to July 2012, the frequency of carbapenem resistance increased from 0% in 1999–2000 
to 0.47% in 2010–2011 among Enterobacterales species,2 from 9.4% in 1999 to 20% in 2012 among Pseudomonas 
aeruginosa species,3 and from 0.6% in 1999 to 6.1% in 2012 among Acinetobacter Baumannii species.4 Available 
pediatric case series suggest that infections due to these organisms are associated with significant mortality, ranging from 
8% to 50%.5–14 In pediatric cancer patients with bloodstream infections, the mortality rate is as high as 57%.15 Despite 
widespread attention paid to carbapenem-resistant threats, antibiotic treatment of these infections in children remains 
challenging, given the limited clinical data on active drugs.

Ceftazidime-avibactam is a β-lactam-β-lactamase inhibitor approved by the Food and Drug Administration (FDA) in 2019 
for children aged ≥3 months. This drug has potent in vitro activity against carbapenem-resistant Enterobacterales (CRE) and 
carbapenem-resistant Pseudomonas aeruginosa. Observational studies in adults have shown that ceftazidime-avibactam may 

Infection and Drug Resistance 2023:16 5815–5824                                                         5815
© 2023 Meng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 June 2023
Accepted: 29 August 2023
Published: 5 September 2023

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-6010-9898
http://orcid.org/0000-0001-7411-1430
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


be associated with improved outcomes compared to other treatment regimens for carbapenem-resistant infections.16–19 

However, data on the use of ceftazidime-avibactam in children with carbapenem-resistant infections are limited, with only 
case reports and case series available.20–23 Similarly, a pediatric case series that included eight children reported successful 
clinical and microbiological responses to ceftazidime-avibactam in CRE infections.22 Another retrospective study evaluated 
the use of ceftazidime-avibactam in 21 children with hematologic malignancies and multi-drug resistant gram-negative 
bacteria infections, ceftazidime-avibactam resolved infection in >90% of cases.23 Despite these findings, a more detailed 
understanding of the outcomes and effects of this agent in children with carbapenem-resistant infections is required.

We conducted a retrospective evaluation of 38 children with serious infections caused by suspected or confirmed 
carbapenem-resistant organism (CRO), who were treated with ceftazidime-avibactam. We described the clinical char-
acteristics, microbiological features, and resistance mechanisms associated with the isolates, focusing specifically on the 
clinical outcomes after ceftazidime-avibactam treatment.

Materials and Methods
Patients
We retrospectively reviewed the electronic medical records of all children aged < 18 years who were diagnosed with 
a suspected or confirmed infection caused by CRO and received at least 72 h of ceftazidime-avibactam treatment at the 
First Affiliated Hospital of Zhengzhou University between 2020 and 2022. This study was approved by the Research 
Ethics Committee of the First Affiliated Hospital of Zhengzhou University. As patient data were analyzed anonymously 
and maintained confidential, the patient consent was waived. We certify that the study was performed in accordance with 
the Declaration of Helsinki.

Clinical Data and Outcomes
Clinical data were collected from electronic medical records using a standardized report form. Information regarding patient 
demographics, comorbidities, clinical status, laboratory variables, source of infection, antimicrobial therapies, and antimi-
crobial susceptibility was extracted. Ceftazidime-avibactam treatment was categorized as empirical therapy (administered to 
treat a suspected CRO infection) or targeted therapy (administered to treat a confirmed CRO infection). CRO infection was 
confirmed when CRO was detected in the sterile or eligible specimens. CRO infection was highly suspected when a patient 
had clinical features of infection, such as a fever pattern and inflammatory indicators, and had one or more risk factors, such as 
immune suppression and CRO colonization, despite the absence of positive pathogenic bacterial culture results. Perirectal 
swabs were screened for CRO colonization. The primary outcome was 30-day mortality after the initiation of ceftazidime- 
avibactam treatment. Clinical response was assessed at the end of ceftazidime-avibactam treatment, which defined as 
resolution of signs and symptoms of the infection, absence of recurrence of the infection, and no requirement of additional 
antibiotic therapy. Microbiologic success was defined as a negative culture after 72 h of ceftazidime-avibactam therapy, when 
repeated cultures were available. The length of hospital stay and ICU stay were calculated from the day of ceftazidime- 
avibactam treatment to the day of discharge from the hospital or ICU, respectively.

Microbiology
Carbapenem-resistant organisms were defined as bacteria that tested resistant to any carbapenem (meropenem, ertapenem, or 
imipenem) or were positive for carbapenemase production. The VITEK 2 Compact system (bioMérieux, Marcy l’Etoile, France) 
and Phoenix100 automated system (Becton Biosciences, Franklin Lakes, NJ, USA) were used for microbial identification and 
antimicrobial susceptibility testing, respectively. The minimum inhibitory concentration (MICs) for polymyxin B was interpreted 
according to the clinical breakpoints published by the European Committee on Antimicrobial Susceptibility Testing.24 Others 
were interpreted using the Clinical and Laboratory Standards Institute (CLSI) breakpoints.25 Ceftazidime-avibactam 
Susceptibility was not assessed routinely during the study period. The combined modified carbapenem inactivation method 
(mCIM) and EDTA-CIM (eCIM) were used to detect carbapenemases according to the CLSI guidelines.26 The mCIM was 
considered positive (detection of carbapenemase) if the zone diameter was 6 to 15 mm, or 16 to 18 mm with small colonies. 
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When the mCIM result showed positive, if a ≥5 mm increase in the zone diameter for eCIM as compared to that for mCIM 
suggests the production of a metallo-carbapenemase, if a ≤4 mm increase suggests the production of a serine carbapenemase.

Statistical Analysis
Continuous variables with non-normal distributions are presented as medians with interquartile ranges (IQR), and 
categorical variables are presented as frequencies (percentages). Due to the limited sample size, descriptive statistical 
analysis was performed using SPSS (version 25.0).

Results
Patient Characteristics
38 children receiving ceftazidime-avibactam were eligible for this analysis, including nine (23.7%) children aged 5 years 
or younger, eight (21.1%) aged 5–11 years, and 21 (55.3%) aged 12–17 years. The most common comorbid condition 
was hematologic malignancy, which was present in 20 (52.6%) children. Bloodstream infection was the most common 
type of infection, accounting for 21 cases (55.3%), followed by pneumonia (14 cases; 36.8%). The predominant causative 
CRO was carbapenem- resistant Klebsiella pneumoniae (n = 18; 72.0%), followed by carbapenem-resistant Escherichia 
coli (n = 6; 24.0%), and carbapenem-resistant Pseudomonas aeruginosa (n = 1; 4.0%). Of the 25 culture-confirmed 
isolates, 17 were tested for carbapenemase production, 8 produced serine β-lactamases (SBL), 7 produced metallo-β- 
lactamases (MBL), and 2 produced both SBL and MBL. Among 13 patients with suspected infections, after treated with 
ceftazidime-avibactam, three isolates were found to be carbapenem-sensitive Klebsiella pneumoniae, one was carbape-
nem-sensitive Pseudomonas aeruginosa, one was Stenotrophomonas maltophilia, three were carbapenem-resistant 
Klebsiella pneumoniae strains, five isolates were culture negative (see Table 1).

Table 1 Characteristics of Study Population According to Ceftazidime-Avibactam Treatment Strategy

Characteristics Total  
(N=38)

Targeted 
Therapy (N=25)

Empirical 
Therapy (N=13)

Age, median (IQR), years 14.0 (5.0–16.3) 11.6 (5.0–16.5) 14.0 (5.0–16.5)

< 5 years 9 (23.7%) 6 (24.0%) 3 (23.1%)

5 ~ 11 years 8 (21.1%) 7 (28.0%) 1 (7.7%)

12 ~ 17 years 21 (55.3%) 12 (48.0%) 9 (69.2%)

Male, gender 22 (57.9%) 15 (60.0%) 7 (53.8%)

Comorbidities

Premature infants 1 (2.6%) 1 (4.0%) 0 (0)

Solid tumors 1 (2.6%) 1 (4.0%) 0 (0)

Solid organ transplantation 2 (5.3%) 1 (4.0%) 1 (7.7%)

Hematologic malignancies 20 (52.6%) 11 (44.0%) 9 (69.2%)

HSCT 6 (15.8%) 2 (8.0%) 4 (30.8%)

Others 11 (28.9%) 10 (40.0%) 1 (7.7%)

Location at the time of infection

Medical ward 18 (47.4%) 8 (32.0%) 10 (76.9%)

Surgical ward 7 (18.4%) 4 (16.0%) 3 (23.1%)

ICU 13 (34.2%) 13 (52.0%) 0 (0)

(Continued)
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Table 1 (Continued). 

Characteristics Total  
(N=38)

Targeted 
Therapy (N=25)

Empirical 
Therapy (N=13)

ICU admission within 3 months prior to infection 21 (55.3%) 17 (68.0%) 5 (38.5%)

Carbapenems exposure within 3 months prior to infection 28 (73.7%) 16 (64.0%) 11 (84.6%)

CRO colonization within 3 months prior to infection (n/N, colonization/tested) 5/15 (33.3%) 3/7 (42.9%) 2/8 (25.0%)

Neutropenia 22 (57.9%) 13 (52.0%) 9 (69.2%)

ICU admission 24 (63.2%) 19 (76.0%) 5 (38.5%)

Septic shock 12 (31.6%) 10 (40.0%) 2 (15.4%)

Mechanical ventilation 14 (36.8%) 13 (52.0%) 1 (7.7%)

CRRT 3 (7.9%) 3 (12.0%) 0 (0)

Type of infection

Pneumonia 14 (36.8%) 11 (44.0%) 3 (23.1%)

Genitourinary 4 (10.5%) 3 (12.0%) 1 (7.7%)

Surgical sites 2 (5.3%) 1 (4.0%) 1 (7.7%)

Skin 1 (2.6%) 0 (0) 1 (7.7%)

Bloodstream 21 (55.3%) 15 (60.0%) 6 (46.2%)

Intra-abdominal 3 (7.9%) 2 (8.0%) 1 (7.7%)

Intracranial 2 (5.3%) 1 (4.0%) 1 (7.7%)

Unknown 1 (2.6%) 0 (0) 1 (7.7%)

Species

Carbapenem-resistant Klebsiella pneumoniae / 18 (72.0%) /

Carbapenem-resistant Escherichia coli / 6 (24.0%) /

Carbapenem-resistant Pseudomonas aeruginosa / 1 (4.0%) /

Carbapenemases

MBL 7 (18.4%) 7 (28.0%) /

SBL 8 (21.1%) 8 (32.0%) /

MBL+SBL 2 (5.3%) 2 (8.0%) /

Not tested 21 (55.3%) 8 (32.0%) 13 (100%)

Ceftazidime-avibactam treatment

Duration of ceftazidime-avibactam treatment (days) 8.5 (6.0–14.2) 10.0 (6.0–16.5) 8.0 (6.0–13.0)

Time from infection onset to ceftazidime-avibactam treatment (days) 4.0 (2.0–5.3) 4.0 (3.5–6.0) 2.0 (1.0–3.5)

Monotherapy 6 (15.8%) 4 (16.0%) 2 (15.4%)

Combination therapy 32 (84.2%) 21 (84.0%) 11 (84.6%)

(Continued)
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Microbiological Characteristics
The susceptibility profiles of the 24 CRE isolates are summarized in Table 2. One isolate did not undergo susceptibility testing for 
carbapenems but produced carbapenemase SBL. The remaining 23 isolates were resistant to imipenem and meropenem (23/23) 
and almost all strains had a MIC ≥16 μg/mL. The majority were resistant to levofloxacin (18/23), ciprofloxacin (19/23), 
aztreonam (19/23), and TMP/SMX (17/21). None of the tested isolates was resistant to colistin or tigecycline.

Clinical Outcomes for Ceftazidime-Avibactam as Empiric Therapy
Thirteen children received ceftazidime-avibactam as empirical therapy; however, their isolates were not confirmed to be 
CRO by culture. Of these patients, 84.6% (11/13) had previous carbapenem exposure, the median time from initiation of 

Table 1 (Continued). 

Characteristics Total  
(N=38)

Targeted 
Therapy (N=25)

Empirical 
Therapy (N=13)

Meropenem 5 (13.2%) 4 (16.0%) 1 (7.7%)

Imipenem 9 (23.7%) 4 (16.0%) 5 (38.5%)

Tigecycline 10 (26.3%) 5 (20.0%) 5 (38.5%)

Aztreonam 15 (39.5%) 11 (44.0%) 4 (30.8%)

Polymyxin B 2 (5.3%) 1 (4.0%) 1 (7.7%)

Outcomes

Length of hospitalization after infection (days) 37.0 (25.0–64.3) 35.0 (24.0–64.0) 39.0 (29.5–64.5)

Length of ICU stay after infection (days) 7.0 (0–25.0) 16.0 (1.0–29.5) 0.0 (0.0–4.5)

30-day mortality 5 (13.2%) 5 (20.0%) 0 (0)

Clinical response 33 (86.8%) 21 (84.0%) 12 (92.3%)

Microbiological eradication 20/26 (76.9%) 17/23 (73.9%) 3/3 (100%)

Abbreviations: CRO, Carbapenem-resistant organisms; CRRT, continuous renal replacement therapy; HSCT, hematopoietic stem cell transplant; ICU, Intensive care unit; 
IQR, interquartile range; MBL, metallo-β-lactamases; SBL, serine β-lactamases.

Table 2 Antimicrobial Susceptibility Testing for Carbapenem-Resistant Enterobacteriaceae 
Isolates

Antibiotic Isolates Tested Sensitive Intermediate Resistance

Colistin 23 22 (95.7%) 1 (4.3%) 0 (0)

Tigecycline 23 22 (95.7%) 1 (4.3%) 0 (0)

TMP/SMX 21 4 (19.0%) 0 (0) 17 (81.0%)

Meropenem 23 0 (0) 0 (0) 23 (100%)

Imipenem 23 0 (0) 0 (0) 23 (100%)

Aztreonam 23 3 (13.0%) 1 (4.3%) 19 (82.6%)

Amikacin 23 12 (51.2%) 0 (0) 11 (47.8%)

Ciprofloxacin 23 2 (8.7%) 2 (8.7%) 19 (82.6%)

Levofloxacin 23 2 (8.7%) 3 (13.0%) 18 (78.3%)

Abbreviation: TMP/SMX, trimethoprim/sulfamethoxazole.
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carbapenem treatment to infection onset was 17 (10–67) days, and the median duration of carbapenem therapy was 17 
(9–30) days. Two patients had CRO colonization within the past 3 months, which were confirmed by perirectal swabs 
on day of 15 and day 47, respectively, prior to infections. 38.5% (5/13) had prior ICU admission due to sepsis (n=1), 
shock (n=1), liver transplant (n=1), convulsion (n=1) and bronchofiberscopy with hematologic malignancy (n=1), 
respectively.

The median duration of ceftazidime-avibactam therapy was 8.0 (6.0–13.0) days. The median time from the onset of 
infection to initiation of ceftazidime-avibactam treatment was 2 (1.0–3.5) days. 12 of the 13 patients showed a favorable 
clinical response. No deaths occurred within 30 days of ceftazidime-avibactam administration.

Clinical Outcomes for Ceftazidime-Avibactam as Targeted Therapy
Twenty-five children with confirmed CRO infections received targeted ceftazidime-avibactam therapy. Time from the 
onset of infection to initiation of ceftazidime-avibactam treatment was 4 (3.5–6.0) days. The median duration of therapy 
was 10 (6.0–16.5) days. Among the 21 patients who received concomitant antibiotics, carbapenems were used in 8 
patients, aztreonam in 11 patients, tigecycline in 5 patients, polymyxin B in 1 patient. Of the nine patients whose isolates 
produced MBL, seven received aztreonam as combination therapy.

Among the 25 cases, the clinical response was considered successful in 21. Follow-up cultures were available for 23 
patients, and 6 of them showed microbiological failure. Within 30 days, 5 (20.0%) cases died. Table 3 summarizes five 
cases who died. The cause of death in 2 patients was not directly attributed to the failure of ceftazidime-avibactam, as the 
pathogens were eradicated after ceftazidime-avibactam treatment. One patient was admitted with traumatic brain injury 
and died due to progressive multiorgan failure. Another patient was admitted with joint pain, which worsened rapidly 
with septic shock and died of respiratory failure. The last case developed a polymicrobial infection, including carbape-
nem-resistant Acinetobacter baumannii and cytomegalovirus, and died of multiorgan failure.

Side Effects
Diarrhea occurred in one patient treated with ceftazidime-avibactam, and relieved after discontinuation. No other adverse 
reactions were observed.

Discussion
Infections caused by CRO is a major threat to modern medicine, and treatment options are limited.27–29 Although 
ceftazidime-avibactam has been approved for complicated urinary tract and intra-abdominal infections caused by 
susceptible gram-negative microorganisms in children, data on its use in the treatment of CRO infections are limited. 
In this study, we analyzed the use of ceftazidime-avibactam in 38 children with CRO infections, and our findings provide 
valuable information on its efficacy in this population.

Our study demonstrated that ceftazidime-avibactam was associated with a successful clinical response rate of 84.0% 
in children with confirmed CRO infections, which was higher than the reported clinical success rate of polymyxins for 
managing infections caused by multidrug-resistant gram-negative organisms, including carbapenem-resistant strains. 
Previous retrospective studies evaluating the use of polymyxins in clinical settings reported clinical success rates of 
approximately 50%.30,31 In terms of safety, no serious safety signals were identified for ceftazidime-avibactam in our 
study, whereas adverse effects, particularly nephrotoxicity, were a major concern during polymyxin treatment, with 
a higher incidence in children.30,31 The all-cause 30-day mortality rate in our study was 20.0%, which is comparable to 
that of a recently published retrospective study that included 21 children with hematologic malignancies infected with 
a carbapenem-resistant gram-negative organism and treated with ceftazidime-avibactam, and reported an overall mor-
tality rate of 20%.23 However, the mortality rate of children infected with multidrug-resistant gram-negative organisms 
and treated with polymyxins in several retrospective reports fluctuated between approximately 30% and 40%,31–33 which 
is higher than that observed in our study.

Of the 17 isolates tested, nine (52.9%) produced carbapenemase MBLs. This is consistent with previously reported 
data from China, which confirmed that New Delhi metallo-beta-lactamases accounted for 49.0% of the CRE isolates in 
children.34 The distribution of carbapenemases in China differs from that in other regions, where Klebsiella pneumoniae 
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Table 3 Summary of Five Cases Died Receiving Ceftazidime-Avibactam for Carbapenem-Resistant Pathogen Infections

Age Sex Comorbidity Infection 
Source

Species Carbapenemase Therapy Dosing Duration 
(Days)

Microbiological 
Eradication

Comments

9 mo F HM Pneumonia Klebsiella 
pneumoniae

MBL CAZ-AVI+ 

aztreonam

0.46g q8h 12 Yes Admitted with fever and myelosuppression, 

died due to respiratory failure

5 y F HM Bloodstream Escherichia coli MBL CAZ-AVI+ 

aztreonam

1.25g q8h 18 Yes Admitted with AML M5, had chemotherapy, 

died due to multiorgan failure

9 y M Trauma Pneumonia 

Bloodstream

Klebsiella 
pneumoniae

Not tested CAZ-AVI 2.5g q8h 4 No Admitted with a traumatic brain injury and 

died due to progressive multiorgan failure

11 y F HM Bloodstream Escherichia coli MBL CAZ-AVI+ 

aztreonam

2.3g q8h 8 Not tested Admitted with joint pain, rapid worsening 

with septic shock, died due to respiratory 
failure

16 y M HSCT Bloodstream Klebsiella 
pneumoniae

SBL CAZ-AVI+ 
tigecycline

2.5g q8h 10 No Developed polymicrobial infections and 
died due to septic shock and multiorgan 

failure

Abbreviations: AML, acute myeloid leukemia; CAZ-AVI, ceftazidime-avibactam; F, female; HM, hematologic malignancies; HSCT, hematopoietic stem cell transplant; M, male; mo, months; MBL, metallo-β-lactamases; SBL, serine β- 
lactamases; y, years.
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carbapenemases are the most common carbapenemases identified in carbapenemase-producing Enterobacteriaceae 
isolates that infect children in the United States.35 It is important to note that infections caused by carbapenem- 
resistant MBL-producing isolates are associated with mortality rates > 30%, with the highest risk of death among 
carbapenem-resistant isolates.36 Therefore, it is essential to highlight the properties of MBLs as they are not inhibited by 
avibactam, which limits the use of ceftazidime-avibactam as monotherapy.

The combination of ceftazidime-avibactam and aztreonam has been shown to be an effective regimen for treating 
MBL-producing CRE, with a reported reduction in mortality risk of approximately 60%.37 This approach is based on the 
fact that aztreonam is not degraded by MBLs, whereas avibactam effectively inhibits other β-lactamases that hydrolyze 
aztreonam.38 Accordingly, aztreonam was administered as targeted therapy in 80% of the cases in which isolates 
possessed MBLs in our study. Although three deaths were reported in these patients, clinical response and microbiolo-
gical eradication were observed in two cases, in which death was not directly attributed to infection. Nonetheless, 
infection with MBL-producing Enterobacterales may increase the risk of mortality, and the combination of ceftazidime- 
avibactam and aztreonam may be a suitable therapeutic option.

Approximately of 40% patients received ceftazidime-avibactam combined with carbapenems in our study. Results 
from clinical experience have indicated that ceftazidime-avibactam combined with another in vitro non-susceptible 
antimicrobial, such as carbapenems, could significantly decrease the 30-day mortality rate for critically ill patients with 
carbapenem-resistant Klebsiella pneumoniae.39 Our previous study has also confirmed that use of carbapenems was as an 
independent predictor of decreased mortality in children with carbapenem-resistant Klebsiella pneumoniae bacteremia.40 

In the present study, no one died among patients who received ceftazidime-avibactam combined with carbapenems, but 
we could not make a qualitative comparison due to the small sample size. Further clinical studies are needed to well 
define the potential use of ceftazidime-avibactam in combination with carbapenems in children with CRO infections.

Approximately 35% of patients who received ceftazidime-avibactam in our study were treated empirically, mostly for 
bloodstream infections. A retrospective study from India have also revealed that ceftazidime-avibactam was often used 
empirically in critically ill patients with suspected hospital-acquired infections in clinical settings.41 These patients had a high 
risk of CRO infections, presenting with one or more risk factors such as CRO colonization, prior carbapenem therapy in the past 3 
months, and ICU admission.42–44 As expected, we observed a clear mortality benefit in patients empirically treated with 
ceftazidime/avibactam. However, the results are challenging to interpret because the majority of cases were in medical wards 
and not in the ICU. The question remains whether the benefit is meaningful or diluted by less severe underlying diseases. 
Furthermore, it should be emphasized that we evaluated the benefit of empiric therapy in terms of short-term mortality; however, 
we did not explore its impact on the long-term risk of ceftazidime-avibactam resistance, infection recurrence, or hospital 
readmission.

One major limitation of our study was the small sample size, which prevented us from performing stratification 
analyses to estimate potential confounding factors that may contribute to death. Another important limitation is the 
retrospective nature of our study, which limited our ability to collect data on clinical and demographic variables that were 
not recorded at the time. Third, it was a single-center study with the inherent shortcomings, and more patients from 
different regions and countries are warranted. Thus, caution should be exercised when interpreting our findings and 
further studies are required to confirm our results.

Conclusion
In summary, this retrospective study identified the clinical characteristics of children infected with suspected or 
confirmed CRO and their outcomes following ceftazidime-avibactam treatment. Our results suggest that ceftazidime- 
avibactam provides clinically important benefits in terms of survival, clinical response rate in children with confirmed 
CRO infection. MBL-producing CRE isolates were common and were likely associated with a higher 30-day mortality 
rate. Moreover, no death occurred in children who empirically treated with ceftazidime-avibactam. These findings 
highlight the potential efficacy of ceftazidime-avibactam for the treatment of pediatric CRO infections.
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All data analyzed during this study are included in this published article.
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