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Abstract: Background: Ceftazidime-Avibactam (CAZ-AVI) is one of the new antibiotics available to
treat infections due to carbapenem-resistant gram-negative bacteria (CRB). Our aim was to describe
the use of CAZ-AVI in children admitted to pediatric intensive care units (PICUs), with suspected or
proven CRB infections. Methods: A retrospective descriptive study was conducted in two PICUs
of Rio de Janeiro, Brazil, between January 2020 and January 2024. Children aged 0 to 18 years who
received CAZ-AVI for more than 24 h were included. Results: CAZ-AVI was used in 37 patients. The
median age was 28 months (range 1–215), 17 (45.9%) being male. The median time from the patient
admission to the initial prescription of CAZ-AVI was 39.9 days (range 1–138). Thirty-four (91.9%)
children had at least one comorbidity at admission and (91.9%) used at least one invasive device prior
to the CAZ-AVI prescription, and 89.2% had received carbapenem before; and fifteen (40.5%) had
healthcare-associated infection (HAI) prior to CAZ-AVI use. The mean time of CAZ-AVI use was
11 days (range 1–22). Gram-negative bacteria were isolated in cultures from 12 (32.4%) patients in
the 24 h prior to prescription or on the day of prescription. In five patients, CRB was confirmed in
cultures, and in four (80%) of them, microbiological clearance was verified after 7 days of treatment.
The 30-day mortality rate was 37.8%. Conclusion: Almost all patients who used CAZ-AVI were
critically ill children with multiple comorbidities and previous use of carbapenems. Among CRB
confirmed infections, microbiology clearance in 7 days was high.
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1. Introduction

In 2017, the World Health Organization (WHO) published a list of antibiotic-resistant
priority pathogens. The list particularly highlights the threat of multidrug-resistant gram-
negative bacteria, emphasizing the need for research and development of new antibiotics
to address the challenge of resistance [1]. The critical pathogens cited by WHO as priority 1
include Acinetobacter baumannii and Pseudomonas aeruginosa which are carbapenem-resistant
and Enterobacteriaceae which is carbapenem-resistant and ESBL-producing.

At least five new drugs have addressed multidrug resistant infections in the last
few years, including children in trials [ceftazidime-avibactam (CAZ-AVI), ceftolozane-
tazobactam, imipenem-relebactam, meropenem-vaborbactam, and cefiderocol] [2]. Usually,
the research on the development of new antibiotics in children, particularly in neonates, is
conducted shortly after an adult trial. Considering that this population is also affected by
resistance, two additional antibiotics are potential candidates for accelerated development
(cefepime + taniborbactam and sulbactam + durlobactam) [3].

CAZ-AVI is a new antibiotic against gram-negative infections used in many countries
worldwide and approved for children in Brazil, for complicated intra-abdominal infections
(in association with metronidazole) and complicated urinary tract infections. In adults,
indications included hospital ventilator-associated pneumonia and bacteremia associated
with one of the above indications.
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The safety profile for complicated intra-abdominal infection (cIAI) in children
≥3 months to <18 Years with complicated urinary tract infection was evaluated by Bradley
et al. in 68 children, between September 2i015 and September 2017, in nine countries.
Similar rates of adverse effects were found in CAZ-AVI and control groups, and favorable
clinical and microbiologic responses were reported in over 90% of patients [4]. In a case
series of eight patients (neonates and children < 5 years) with suspected/proven infections
due to extensively drug-resistant (XDR) or pan-drug resistant (PDR) Klebsiella pneumoniae
treated with CAZ-AVI, there were clinical and microbiological responses, with no treatment
discontinuation due to adverse events and no deaths after 30 days [5]. Considering the
need for CAZ-AVI evaluation of in clinical practice, this study aims to describe the profiles
of children who used CAZ-AVI in pediatric intensive care units (PICUs), with suspected or
proven infections due to gram-negative bacteria resistant to carbapenems.

2. Materials and Methods

A retrospective descriptive study was conducted in two pediatric intensive care units.
The units are located in the city of Rio de Janeiro, Brazil, in two different hospitals. Both
units received clinical and surgical patients from the emergency room, the pediatric wards,
and transferred from other hospitals. Units 1 and 2 have 10-bed and 15-bed capacities,
respectively, and a 90% occupancy rate for both PICUs. We included children between 0
and 18 years old who used CAZ-AVI for more than 24 h between January 2020 and January
2024. The indication for CAZ-AVI was complicated intra-abdominal infection, complicated
urinary tract infection, bacteremia, sepsis, or respiratory tract infection due to suspected
or proven gram-negative resistant to carbapenems. The decision to initiate CAZ-AVI was
a consensus between the chief physician of the PICU and the pediatric infectious disease
specialist, based on the high likelihood of infection with carbapenem-resistant bacteria
(CRB). Patients transferred or dead within 24 h after admission were excluded.

Both hospitals implanted a program of antimicrobial stewardship in November 2016,
and one of the key points was the restriction of selected antimicrobials and their prescription
only after consultation with pediatric infectious disease specialists. CAZ-AVI was included
in the list of restricted antimicrobials in 2019, after approval for prescription by the Brazilian
National Agency of Surveillance in children. When a restricted antimicrobial is needed
for a child in the studied institutions in any ward or intensive care unit, the case is first
discussed prior with the pediatric infectious specialist. After the agreement of the specialist,
the antimicrobial is prescribed in the local electronic system for review of dose, interval,
and duration by the pharmacist. If any errors are detected, the prescription is denied, and a
correction is made.

The following doses were used in children between 3 months and 5 months: 120 mg
ceftazidime/kg/day q8h infused over 2 h, and in children > 6 months: 150 mg cef-
tazidime/kg/day q8h infused over 2 h, maximum 6 g/day.

Gram-negative bacteria accounted for 66/129 (51.2%) and 70/176 (39.8%) of all HAI in
hospitals 1 and 2, respectively, between 2016 and 2022. CRB was the cause of 5/129 (3.9%)
of healthcare-associated infections (HAI) in hospital 1, between 2016 and 2022, and 3/176
(1.7%) in hospital 2 during the same period.

We analyzed the duration of CAZ-AVI, and possible risk factors for acquiring CRB,
such as previous use of an invasive device, healthcare-associated infections, surgery, par-
enteral nutrition and carbapenem use, length of stay, and 30-day outcomes (discharge,
still admitted, or death). Children were analyzed in two subgroups (survivors and non-
survivors after 30 days of CAZ-AVI prescription). The safety of CAZ-AVI was not analyzed
in this manuscript. The Pediatric Index of Mortality (PIM 2) was calculated for all patients
at admission. The data were compiled in an Excel file. A descriptive analysis and means,
medians, the Mann–Whitney test for comparison of continuous variables, and Fisher’s
exact test for categorical variables were used. A p-value less than 0.05 was considered
statistically significant.
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3. Results

CAZ-AVI was prescribed for 37 patients, with 2 prescriptions in 2020, 17 in 2021, 9 in
2022, 9 in 2023, and 0 in 2024. The median age was 28 months (range 1–215), 17/37 (45.9%)
were male, and 34/37 (91.9%) had pre-existing chronic disease before the current admission.
Five out of thirty-seven patients (13.5%) had COVID-19 before the prescription of CAZ-AVI,
one in 2020, two in 2021 and two in 2022. Twenty-eight patients were evaluated with PIM
2 at admission between 0 and 10%, and in nine, the score was higher than 10%. Twenty-
two patients received 150 mg/kg/day q8h infused over 2 h, maximum 6 g/day, eight
patients received 6 g (ceftazidime)/day (2 g/ceftazidime 8/8 h) infused over 2 h, and seven
received 120 mg/kg/day q8h infused over 2 h. All doses were adequate according to the
child’s weight.

The main reasons for prescription were the following: lower respiratory tract infection
in 17/37 (45.9%), sepsis or septic shock in 6/37 (16.2%), two or more sites of infection
simultaneously in 4/37 (10.8%), gastrointestinal tract infection in 2/37 (5.4%), central
nervous system infection in 2/37 (5.4%), gastrointestinal infection in 2/37 (5.4%), and other
reasons in 4/37 (10.8%) patients (blood culture positive, skin infection, meropenem allergy,
and upper respiratory tract infection). The 30-day mortality rate was 37.8% (14/37). All
37 patients studied received a different antibiotic before the prescription of CAZ-AVI. Table 1
shows the previous data of patients in the period in the PICUs, before the prescription of
CAZ-AVI in survivors and non-survivors.

Table 1. Previous data before prescription of CAZ-AVI, including possible risk factors for carbapenem-
resistant bacteria acquisition (Rio de Janeiro, city 2020–2024).

Variables Survivors
N = 23

Non-Survivors
N = 14 p Value #

Length of stay in PICU until CAZ-AVI prescription (median in days)
Previous surgery (%)

31
60.9

21.5
42.9

0.52 *
0.33

Previous healthcare-associated infection (%) 39.1 42.9 1.0
Previous use of invasive device (%)

• Previous use of mechanical ventilation
• Previous use of central venous catheter
• Previous use of urinary tract infection

78.3
82.6
52.2

78.6
100
57.1

1.0
0.28
1.0

Previous use of parenteral nutrition (%) 21.7 28.6 0.70
Colonization by multidrug resistant bacteria (%) 60.9 57.1 1.0
Prior use of antibiotic (%)

• Previous use of third/fourth generation cephalosporin
• Previous use of carbapenems

100
52.2
82.6

100
57.1
100

1.0
1.0
0.28

Median of time of antibiotic use before CAZ-AVI prescription (in days) 39 20.5 0.18 *

* Mann–Whtiney test # Fisher’s exact.

The median duration of prior mechanical ventilation was 17 days (1–138), 22.2 days
(0–138) for the central venous catheter, and 3 days (0–43) for the urinary tract catheter.
The median duration of previous parenteral nutrition was 0 days (0–89). Hemodialysis
was required in two patients (both survivors), and neither required an extracorporal
circulation system.

An infectious agent was isolated in 16 (43.2%) patients, and 12 (32.4%) of them were
gram-negative bacteria patients at the time of CAZ-AVI prescription. Among patients with
gram-negative samples, mortality was 5/12 (41.6%). In five patients, CRB was confirmed
in cultures, and in four (80%) of them, microbiological clearance was verified after 7 days
of treatment. Considering the 30-day outcomes, one patient was discharged, one remained
hospitalized, and three died. The profiles of these patients are shown in Table 2.
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Table 2. Profile of CRB confirmed cases (Rio de Janeiro, city 2020–2024).

Age
(in Months) Gender Type of Prior

Comorbidity
Prior CRB
Colonization

Previous Use of
Carbapenems

CAZ-AVI
Dosage

Infection Site at
CAZ-AVI
Admission

Patient 1 215 Female NPE Yes No 2 g 8/8 h infused
over 2 h Pneumonia

Patient 2 30 Male NPE No No
120 mg/kg/day
q8h infused over
2 h

Pneumonia

Patient 3 17 Female
Central
nervous
system tumor

Yes Yes
150 mg/kg/day
q8h infused over
2 h

Urinary tract
infection

Patient 4 172 Female NPE/
Hydrocephalus No Yes 2 g 8/8 h q8h

infused over 2 h

Pneumonia/
urinary tract
infection/
Central nervous
system

Patient 5 96 Male Arthrogryposis Yes Yes
150 mg/kg/day
q8h infused over
2 h

Bloodstream
infection

CRB: Carbapenem-resistant bacteria, CAZ-AVI: Ceftazidime-avibactam, NPE: Non-progressive encephalopathy.

In the remaining 21 patients where no bacteria or fungi were isolated, no infectious
agent was found; 1 patient was discharge; 13 were still admitted; and 7 had died. Mortality
in cases confirmed with CRB was 3/5 (60%) and 7/21 (33.3%) in patients without an isolated
infectious agent (p = 0.19).

The median time of prior antibiotic use in children with CRB-confirmed infections
was 6 days and 29 days in children without agent isolated in cultures (p = 0.030).

The agents and site of infection are shown in Table 3.

Table 3. Agents isolated and sites in children with CAZ-AVI prescription (Rio de Janeiro, city
2020–2024).

Agents Blood Urine Tracheal
Aspirate Sputum Surgical Site

Aspirate
Cerebrospinal

Fluid Total

Escherichia coli 0 1 0 0 0 0 1
Klebsiella pneumoniae 1 0 0 0 0 0 1
Pseudomonas aeruginosa 1 1 1 0 0 0 3
Carbapenem-resistant
Acinetobacter baumannii 0 0 1 0 0 0 1
Carbapenem-resistant
Pseudomonas aeruginosa 0 1 2 0 0 0 3
Escherichia coli ESBL 0 0 0 0 1 1 2
Pan-resistant
Klebsiella pneumoniae 0 0 0 0 0 1 1
Staphylococcus aureus 0 0 0 1 0 0 1
Sacaromyces cerivisiae 0 0 0 1 0 0 1
Candida sp. 0 2 0 0 0 0 2
Total 2 5 4 2 1 2 16

The median length of stay until the prescription of CAZ-AVI was 39.9 days (1–138)
and the median time of treatment was 11 days (1–22). The median time of treatment was
14 days in the survival group × 6.5 days in the non-survival group (p < 0.0001).



Children 2024, 11, 664 5 of 7

4. Discussion

The global crisis of antibiotic resistance also affects children admitted to pediatric
intensive care units, where broad-spectrum treatment with antibiotics is usually necessary
to achieve favorable outcomes. In a multicenter study in four PICUs in Greece, the rates
of resistance of carbapenem Pseudomonas aeruginosa and Acinetobacter baumannii samples
related to healthcare-associated infections were 44% and 80%, respectively [6]. In our study,
our historical series showed a percentage of less than 10% of carbapenem-resistant bacteria
causing HAI in PICUs, in both units.

Recent guidance from the Infectious Diseases Society of America recommends CAZ-
AVI as an option for treating target organisms such as carbapenem-resistant Enterobac-
terales and Pseudomonas aeruginosa with difficult-to-treat resistance (DTR-P. aeruginosa)
in adults and children [7]. Unlike in adults, few new options are available to treat these
organisms in Brazil, and CAZ-AVI represents an option for critically ill children admitted
to PICUs

CAZ-AVI has been used in our institution only following strict criteria and after
discussion with pediatric infectious disease specialists (PIDS) for selected patients with
critical diseases and a risk of death. The local politics of the antimicrobial stewardship
program are very strict, and the prescription of CAZ-AVI and other restricted antimicrobials
is not allowed without pre-authorization, even during nights, weekends, and holidays.
The only exceptions for prescription of restricted antimicrobials without pre-authorization
are patients with sepsis and febrile neutropenia, when restricted antimicrobials could be
administered within the first hour after diagnosis, but subsequent doses require PIDS
authorization. At the present moment, CAZ-AVI represents the last option for treating
suspected CRB infections in both studied PICUs, and its introduction into clinical practice
was possible after discussion with local specialists and Brazilian approval for pediatric use.

A recent report described the use of CAZ-AVI in 38 children admitted to a single center
in China between 2022 and 2022 [8], but the authors included children also admitted to
other wards than the PICUs. Unlike our study, where all children were in PICUs, only 34.2%
of the Meng’s study patients were in intensive care units at the time of CAZ-AVI treatment.

Most of the patients who received CAZ-AVI were admitted in 2021, during the second
year of the COVID-19 pandemic. Despite this finding, our small number of patients,
especially those admitted with COVID-19, does not allow us to infer that this result could
be attributed to the COVID-19 pandemic, considering that the vaccine was not available
during that period, and we could not evaluate the gravity score at admission. The effects
of COVID-19 pandemics on the increased prevalence of multidrug-resistant bacteria in
ICUs causing HAI are uncertain, but in hospitals without infection prevention and control
and/or antimicrobial stewardship program initiatives, an increase in gram-negative AMR
was verified in a systematic review and meta-analysis (risk ratio 1.11, 95% CI: 1.03–1.20) [9].

Despite a low PIM 2 score at admission, almost all patients remained in the PICU
for many days until the CAZ-AVI prescription and were exposed to well-described risk
factors for possible CRB acquisition during their stay. Almost all patients had previous
illness, a longer stay of hospitalization before CAZ-AVI, and multiple and long-term use
of invasive devices such as mechanical ventilation, central venous catheter, and urinary
tract infections. Liu and colleagues, in a meta-analysis, reported sixteen risk factors for
carbapenem-resistant Klebsiella pneumoniae infections, with longer hospital stay (OR = 12.92)
and more days of ICU stay (OR = 4.58) being the most important [10].

The 30-day mortality of all patients was higher (37.8%) and also showed elevated
values when only patients with gram-negative isolates were analyzed (41.6%). Iosifidis and
colleagues did not report deaths in neonates and children <5 years treated with CAZ-AVI
for extensively drug-resistant (XDR) or pan drug-resistant (PDR) Klebsiella pneumoniae
infections, but only eight children were included in the single-center case series [5]. Consid-
ering the few reports in children about mortality from carbapenem-resistant bacteria, more
data are available from the adult population. In a systematic review and meta-analysis of
mortality in adult patients infected with carbapenem-resistant Klebsiella pneumoniae from
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North America, South America, Europe, and Asia, the values were 33.24, 46.71, 50.06, and
44.82%, respectively [11]. Usually, mortality in PICUs ranges from 2.31% to 25%, but is
higher in patients with critical conditions like septic shock [12–14]. Considering that our
children had several risk factors for unfavorable outcomes, the mortality rate is compatible
with the patients’ diseases.

The low number of patients with confirmed CRB prevents a specific analysis of efficacy
in this subpopulation. When considering microbiological clearance, in this subgroup,
microbiological clearance was high, but on the other hand, only one received discharge.

Until 2023, CRB accounted for less than 4% of all HAI in both PICUs studied, despite
the units being references for the treatment of critically ill children in the city of Rio de
Janeiro. Our efforts are ongoing, with an active surveillance of children colonized with CRB
and measures to prevent the spread of these agents in hospitals contributing to maintaining
low rates of CRB causing HAIs, which are considered for the studied hospitals as a local
quality marker of care. The prevalence of CRB-causing infection in children varies according
to the ward, type of gram-negative bacteria, and type of associated infection, being high in
neonatal intensive care units and in pediatric oncologic wards [15].

Our study has some limitations. Firstly, it included patients with suspected CRB
infections, but even when confirmed infections were analyzed, mortality was almost
the same for the whole group. In addition, the existence of a robust local antimicrobial
stewardship allowed the prescription of CAZ-AVI only when a strong suspicion of CRB
was possible. Secondly, the inclusion of two centers for critically ill children, while previous
reports included fewer patients than ours and only single centers or case reports [16,17].
The third limitation is the absence of CAZ-AVI safety in the children studied, and the
last limitation was the study design (retrospective study), in which it was not possible to
control the quality of the information. However, considering that the data were entered into
electronic medical records, it is unlikely that there would be incorrect data for analysis. To
our knowledge, this is the largest Brazilian series reporting CAZ-AVI treatments in children.

5. Conclusions

Almost all patients who used CAZ-AVI were critically ill children, with multiple
comorbidities and previous use of carbapenems. Among the confirmed CRB infections,
microbiological clearance at 7 days was high.

Author Contributions: A.R.A.d.S.—Wrote the main text of the manuscript and reviewed the final
version. R.Q.—Collected data, prepared tables, and reviewed the final version of manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Faculty of Medicine (Universidade Federal
Fluminense), under number 5.022.885 dated from 6 October 2021. Informed consent was obtained
from legal guardians for this study. All methods were carried out in accordance with relevant
guidelines and regulations.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy, legal and ethical reasons.

Conflicts of Interest: Author André Ricardo Araujo da Silva was employed by the company Prontob-
aby Group. The remaining authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.



Children 2024, 11, 664 7 of 7

References
1. WHO Publishes List of Bacteria for Which New Antibiotics Are Urgently Needed. Available online: https://www.who.int/

news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed (accessed on 12 March
2023).

2. Williams, P.C.M.; Bradley, J.; Roilides, E.; Olson, L.; Kaplan, S.; Lutsar, I.; Giaquinto, C.; Benjamin, D.K.; Sharland, M. Harmonising
regulatory approval for antibiotics in children. Lancet Child. Adolesc. Health 2021, 5, 96–98. [CrossRef] [PubMed]

3. Williams, P.C.; Qazi, S.A.; Agarwal, R.; Velaphi, S.; Bielicki, J.A.; Nambiar, S.; Giaquinto, C.; Bradley, J.; Noel, G.J.; Ellis, S.; et al.
Antibiotics needed to treat multidrug-resistant infections in neonates. Bull. World Health Organ. 2022, 100, 797–807. [CrossRef]
[PubMed]

4. Bradley, J.S.; Roilides, E.; Broadhurst, H.; Cheng, K.; Huang, L.M.; MasCasullo, V.; Newell, P.; Stone, G.G.; Tawadrous, M.;
Wajsbrot, D.; et al. Safety and Efficacy of Ceftazidime-Avibactam in the Treatment of Children ≥3 Months to <18 Years with
Complicated Urinary Tract Infection: Results from a Phase 2 Randomized, Controlled Trial. Pediatr. Infect. Dis. J. 2019, 38, 920–928.
[CrossRef] [PubMed]

5. Iosifidis, E.; Chorafa, E.; Agakidou, E.; Kontou, A.; Violaki, A.; Volakli, E.; Christou, E.I.; Zarras, C.; Drossou-Agakidou, V.;
Sdougka, M.; et al. Use of Ceftazidime-avibactam for the Treatment of Extensively drug-resistant or Pan drug-resistant Klebsiella
pneumoniae in Neonates and Children <5 Years of Age. Pediatr. Infect. Dis. J. 2019, 38, 812–815. [CrossRef] [PubMed]

6. Briassoulis, P.; Briassoulis, G.; Christakou, E.; Machaira, M.; Kassimis, A.; Barbaressou, C.; Nikolaou, F.; Sdougka, M.; Gikas, A.;
Ilia, S. Active Surveillance of Healthcare-associated Infections in Pediatric Intensive Care Units: Multicenter ECDC HAI-net ICU
Protocol (v2.2) Implementation, Antimicrobial Resistance and Challenges. Pediatr. Infect. Dis. J. 2021, 40, 231–237. [CrossRef]

7. Tamma, P.D.; Aitken, S.L.; Bonomo, R.A.; Mathers, A.J.; van Duin, D.; Clancy, C.J. Infectious Diseases Society of America 2022
Guidance on the Treatment of Extended-Spectrum β-lactamase Producing Enterobacterales (ESBL-E), Carbapenem-Resistant
Enterobacterales (CRE), and Pseudomonas aeruginosa with Difficult-to-Treat Resistance (DTR-P. aeruginosa). Clin. Infect. Dis.
2022, 75, 187–212. [CrossRef] [PubMed] [PubMed Central]

8. Meng, H.; Zhao, Y.; An, Q.; Zhu, B.; Cao, Z.; Lu, J. Use of Ceftazidime-Avibactam for Suspected or Confirmed Carbapenem-
Resistant Organisms in Children: A Retrospective Study. Infect. Drug Resist. 2023, 16, 5815–5824. [CrossRef] [PubMed]

9. Langford, B.J.; Soucy, J.R.; Leung, V.; So, M.; Kwan, A.T.H.; Portnoff, J.S.; Bertagnolio, S.; Raybardhan, S.; MacFadden, D.R.;
Daneman, N. Antibiotic resistance associated with the COVID-19 pandemic: A systematic review and meta-analysis. Clin.
Microbiol. Infect. 2023, 29, 302–309. [CrossRef] [PubMed]

10. Liu, P.; Li, X.; Luo, M.; Xu, X.; Su, K.; Chen, S.; Qing, Y.; Li, Y.; Qiu, J. Risk Factors for Carbapenem-Resistant Klebsiella pneumoniae
Infection: A Meta-Analysis. Microb. Drug Resist. 2018, 24, 190–198. [CrossRef] [PubMed] [PubMed Central]

11. Xu, L.; Sun, X.; Ma, X. Systematic review and meta-analysis of mortality of patients infected with carbapenem-resistant Klebsiella
pneumoniae. Ann. Clin. Microbiol. Antimicrob. 2017, 16, 18. [CrossRef] [PubMed] [PubMed Central]

12. McCrory, M.C.; Spaeder, M.C.; Gower, E.W.; Nakagawa, T.A.; Simpson, S.L.; Coleman, M.A.; Morris, P.E. Time of Admission to
the PICU and Mortality. Pediatr. Crit. Care Med. 2017, 18, 915–923. [CrossRef] [PubMed]

13. Punchak, M.; Hall, K.; Seni, A.; Buck, W.C.; DeUgarte, D.A.; Hartford, E.; Kelly, R.B.; Muando, V.I. Epidemiology of Disease and
Mortality from a PICU in Mozambique. Pediatr. Crit. Care Med. 2018, 19, e603–e610. [CrossRef] [PubMed] [PubMed Central]

14. de Souza, D.C.; Shieh, H.H.; Barreira, E.R.; Ventura, A.M.; Bousso, A.; Troster, E.J.; LAPSES Group. Epidemiology of Sepsis in
Children Admitted to PICUs in South America. Pediatr. Crit. Care Med. 2016, 17, 727–734. [CrossRef] [PubMed]

15. Aguilera-Alonso, D.; Escosa-García, L.; Saavedra-Lozano, J.; Cercenado, E.; Baquero-Artigao, F. Carbapenem-Resistant Gram-
Negative Bacterial Infections in Children. Antimicrob. Agents Chemother. 2020, 64, e02183-19. [CrossRef] [PubMed]

16. Nascimento, A.D.S.; Passaro, M.F.; Silva, P.S.S.; Rodriguez, S.F.; Martins, M.K.; Oliveira, S.C.P.; Moriel, P.; Visacri, M.B. Off-Label
Use of Ceftazidime-Avibactam in a Premature Infant with Multidrug-Resistant Klebsiella pneumoniae Infection: A Case Report.
J. Pharm. Pract. 2023, 36, 1020–1025. [CrossRef] [PubMed]

17. Pu, W.; Fan, L.; Zhang, Y.; You, D.; Li, M.; Ma, L. Carbapenem-resistant Klebsiella pneumoniae Osteoarthritis in Two Preterm
Infants Treated with Ceftazidime-avibactam. Pediatr. Infect. Dis. J. 2023, 42, 1124–1127. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://doi.org/10.1016/S2352-4642(20)30365-5
https://www.ncbi.nlm.nih.gov/pubmed/33484666
https://doi.org/10.2471/BLT.22.288623
https://www.ncbi.nlm.nih.gov/pubmed/36466207
https://doi.org/10.1097/INF.0000000000002395
https://www.ncbi.nlm.nih.gov/pubmed/31335570
https://doi.org/10.1097/INF.0000000000002344
https://www.ncbi.nlm.nih.gov/pubmed/31135647
https://doi.org/10.1097/INF.0000000000002960
https://doi.org/10.1093/cid/ciac268
https://www.ncbi.nlm.nih.gov/pubmed/35439291
https://www.ncbi.nlm.nih.gov/pmc/PMC9890506
https://doi.org/10.2147/IDR.S426326
https://www.ncbi.nlm.nih.gov/pubmed/37692471
https://doi.org/10.1016/j.cmi.2022.12.006
https://www.ncbi.nlm.nih.gov/pubmed/36509377
https://doi.org/10.1089/mdr.2017.0061
https://www.ncbi.nlm.nih.gov/pubmed/28749714
https://www.ncbi.nlm.nih.gov/pmc/PMC5873294
https://doi.org/10.1186/s12941-017-0191-3
https://www.ncbi.nlm.nih.gov/pubmed/28356109
https://www.ncbi.nlm.nih.gov/pmc/PMC5371217
https://doi.org/10.1097/PCC.0000000000001268
https://www.ncbi.nlm.nih.gov/pubmed/28737595
https://doi.org/10.1097/PCC.0000000000001705
https://www.ncbi.nlm.nih.gov/pubmed/30063654
https://www.ncbi.nlm.nih.gov/pmc/PMC6218274
https://doi.org/10.1097/PCC.0000000000000847
https://www.ncbi.nlm.nih.gov/pubmed/27362850
https://doi.org/10.1128/AAC.02183-19
https://www.ncbi.nlm.nih.gov/pubmed/31844014
https://doi.org/10.1177/08971900221087131
https://www.ncbi.nlm.nih.gov/pubmed/35414301
https://doi.org/10.1097/INF.0000000000004092
https://www.ncbi.nlm.nih.gov/pubmed/37725810

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

