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Background: The widespread dissemination of carbape-
nem-resistant gram-negative bacteria poses a significant
threat to global public health.

Purpose: This study aimed to investigate the prevalence
of carbapenem resistance in gram-negative bacteria iso-
lated from patients at the Children's Medical Center Hos-

for proactive interventions, including appropriate anti-
biotic prescription practices and strengthening of antibio-
tic stewardship programs.

Key words: Carbapenem-resistant, Gram-negative bac-
teria, OXA-type carbapenemase, NDM, KPC

pital, Tehran, Iran, to understand the molecular mecha-
nisms underlying this resistance.

Methods: During the period spanning from June 2019
to June 2020, 777 gram-negative bacterial strains were
isolated. Antibiotic susceptibility testing was performed
according to Clinical and Laboratory Standards Institute.
Polymerase chain reaction was used to detect carbapenem
resistance genes including bla oxaz3, bla oxaza, bla oxaass, bla
oxas1, bla oxass, bla oxaus, bla kec, blavp, blaviv, and blaxpw.
Results: Among the total bacterial isolates, 141 (18.1%)
exhibited carbapenem resistance. Escherichia coli was the
most prevalent (57.4%), followed by Klebsiella pneumoniae
(11.3%), and Acinetobacter baumannii (10.6%). Other not
able contributors included Enterobacter spp. (5.7%), Sal-

Key message

Question: What is the prevalence of carbapenem resistance
in gram-negative bacteria and associated carbapenemase
genes?

Findings: This study identified a notable prevalence of
carbapenem-resistant gram-negative isolates, with Esche-
richia coli being the predominant contributor, followed
by Klebsiella pneumoniae, Acinetobacter baumannii,
while bla oxass was the most prevalent carbapenemase
gene.

Meaning: These findings highlight the urgent need for
proactive measures including the rapid detection of car-
bapenemase-producing isolates and effective infection

monella spp. (3.5%), and Stenotrophomonas maltophilia control.
(2.8%). Citrobacter spp., Proteus mirabilis, and Pseudomo-

nas aeruginosa contributed to the distributions of 2, 1,

and 3 isolates, respectively. Notably, bla oxass showed the Introduction

highest prevalence (33%), followed by bla oxaus and bla
oxas 8 (27% and 24%, respectively). In addition, bla oxazawas
present in 11% of the total isolates, bla oxaz3 in 10%, and bla
~om in 10%, whereas bla KPC, bla vim, and bla e were not
detected.

Conclusion: Our study highlights the prevalence of car-
bapenemase-producing gram-negative isolates among
pediatric patients. Notable resistance patterns, especially
in K. pneumoniae and E. coli, underline the urgent need

The widespread dissemination of carbapenem-resis-
tant gram-negative bacteria poses a significant threat to
public health globally.*? The World Health Organization
as identified carbapenem-resistant Enterobacteriaceae,
carbapenem-resistant Pseudomonas aeruginosa, and car-
bapenem-resistant Acinetobacter baumannii as urgent
concerns, guiding research and development efforts for
new antibiotics.”

Corresponding author: Shima Mahmoudi, PhD. Biotechnology Centre, Silesian University of Technology, 44-100 Gliwice, Poland

&4 Email: shima.mahmoudi@polsl.pl, sh-mahmoudi@sina.tums.ac.ir

Received: 26 December 2023, Revised: 11 June 2024, Accepted: 24 June 2024

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2025 by The Korean Pediatric Society


https://doi.org/10.3345/cep.2023.01774
http://creativecommons.org/licenses/by
http://crossmark.crossref.org/dialog/?doi=10.3345/cep.2023.01774&domain=pdf&date_stamp=2025-01-15
http://crossmark.crossref.org/dialog/?doi=10.3345/cep.2023.01774&domain=pdf&date_stamp=2025-01-15

Carbapenemases represent a diverse group of enzymes
that confer resistance to carbapenem antibiotics, posing
a significant challenge to antibiotic effectiveness and
public health. The rise of carbapenem resistance is attri-
buted to extensive and often unnecessary antibiotic use,
particularly in developing countries, leading to limited
antibiotic options. Carbapenem resistance can originate
from 2 main mechanisms: B-lactam ring hydrolysis fa-
cilitated by carbapenemase enzymes or alterations in
membrane permeability due to mutations in efflux pumps
or porins, often in conjunction with extended-spectrum
B-lactamase expression in Enterobacteriaceae.”

The Ambler classification system categorizes carba-
penemases into 3 main classes: class A, class B (metallo-f-
lactamases), and class D.>® Class A carbapenemase,
known as KPC-1 (Klebsiella producing carbapenemase), is
atype of enzyme that plays a significant role in conferring
resistance to carbapenem antibiotics. Class B metallo-
B-lactamases (MBLs), including New Delhi MBL (NDM),
Verona integron encoded MBL (VIM) and Imipenemase
(IMP), are enzymes that render antibiotics ineffective by
hydrolyzing them. Class D Carbapenemases, also known
as OXA-type enzymes, are characterized by their ability
to hydrolyze carbapenems using a serine residue in their
active sites.” Class D Carbapenemases play a crucial role
in the global dissemination of carbapenem resistance,
emphasizing the importance of surveillance, infection
control measures, and the development of novel treat
ment strategies to address this urgent public health
concern. Carbapenem-resistant Enterobacteriaceae
carrying the bla npm gene are frequently identified in
regions such as Asia, Africa, China, and the United
Kingdom. On the other hand, the bla KPC gene has
been have spread widely in the United States and South
America.? In contrast, K. pneumoniae strains producing
bla oxa4s are considered endemic to North Africa and
the Middle East.? This distribution highlights the varied
prevalence of different carbapenemase genes in different
geographical regions, emphasizing the need for region-
specific strategies to monitor and address the spread of
antibiotic resistance.

Understanding the prevalence and distribution of
carbapenem resistance genes is crucial for developing
effective strategies to combat the antibiotic resistance.

The aim of this study was to investigate the prevalence
of carbapenem resistance in gram-negative bacteria
isolated from patients admitted to Children's Medical
Center Hospital. This study seeks to provide a compre-
hensive understanding of the molecular mechanisms
contributing to carbapenem resistance.

Methods

The study was conducted at Children's Medical Center, a
prominent and highly specialized Iranian hospital known
for its expertise in pediatric care from June 2019 to June
2020. This hospital serves a significant patient population,
attending to over 10,000 patients every month. Notably,
Children’s Medical Center is recognized for delivering
high-quality and specialized therapeutic services to neo-
nates, infants, and children, not only within Iran but
also across the broader region. The hospital currently
operates a pediatric intensive care unit (ICU) with 10
beds and an emergency ICU established with 9 beds to
enhance Emergency Department coverage. Additionally,
the recently established infant ICU addresses the specific
needs of acutely ill infants.

During the period spanning from, a total of 777 gram-
negative strains were isolated. The inclusion criteria for
the selection of samples were as follows: Firstly, samples
were considered if they exhibited a positive culture
outcome, signifying the presence of microbial growth.
Secondly, samples were included based on the presence
of symptoms indicative of infection. We excluded dupli-
cate strains from our study, choosing to incorporate
only the initial strain when 2 or more strains were
isolated concurrently. We did not differentiate between
hospital-acquired and community-acquired cases in our
enrollment criteria.

Demographic information of patients, comprising de-
tails such as gender, age, length of hospital stays, and
assigned wards, were collected.

The need for ethical review and approval was waived
because of the retrospective nature and anonymization
of the analyzed data.

1. Bacterial identification and antibiotic susceptibility
testing

Bacterial identification involved Gram staining for
morphological assessment and differential biochemical
tests. Organism identification utilized conventional bio-
chemical methods, including oxidase, sugar fermenta-
tion, methyl red/Voges-Proskauer test, growth on Kliger’s
Iron Agar, urease and a motility test.”*1?

Antibiotic susceptibility testing was conducted using
Escherichia coli ATCC 25922 as the quality control strain,
and results were interpreted following the guidelines
set by the Clinical and Laboratory Standards Institute.'¥
In certain situations, the laboratory may have tested
only a subset of antibiotics due to various factors such as
resource constraints, clinical indications, or laboratory
protocols. As a result, the number of isolates documented
for each antibiotic may vary depending on the antibiotics
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included in the testing panel.

2. Polymerase chain reaction amplification

Genomic DNA extraction from bacterial samples was
conducted using a DNA extraction kit (Bioneer, Daejeon,
Korea) following the manufacturer's instructions.

The polymerase chain reaction (PCR) method was used
for detection of the target genes including bla oxaz3, bla
oxa24, bla oxass, bla oxasi, bla oxass, bla oxaus, bla kec, bla v,
bla vim, and bla npm.>>2% The PCR test was performed in
a final volume of 25 yL with a final DNA concentration of
100 ng/mL. The PCR cycle consisted of an initial dena-
turation at 94°C for 5 minutes, followed by 35 cycles at
94°C for 30 seconds, annealing at 51°C-59°C for 40 sec-
onds, and extension at 72°C for 40 seconds.®

3. Statistical analysis

The data were analyzed using IBM SPSS Statistics ver.
22.0 (IBM Co., Armonk, NY, USA). Categorical variables
were presented as frequency and percentage.

Results

During the l-year study period, 141 carbapenem-resis-
tant bacteria were isolated from a total of 777 bacterial
isolates. E. coli was predominant, constituting 36.6% with
285 isolates, followed by K. pneumoniae (n=140, 18%), P.
aeruginosa (n=112, 14.4%), Enterobacter spp. (n=50, 6.4%),
A. baumannii (n=31, 4.0%), Serratia marcescens (n=32,
4.1%), and Salmonella spp. (n=24, 3.1%). Klebsiella spp.,
Citrobacter spp., Proteus mirabilis, Stenotrophomonas
maltophilia, Pseudomonas spp., and Burkholderia spp.
ranged from 0.9% 5.5%, while Morganella morganii re-
presents a minimal 0.1%. Among carbapenem-resistant
bacteria, E. coli stands out as the predominant contrib-
utor with 81 cases (57.4% of total), followed by K. pneumo-

All

Morganella morganii
Burkholderia spp.
Pseudomonas spp.
Stenotrophomonas maltophilia
Proteus mirabilis
Citrobacter spp.

Klebsiella spp.
Acinetobacter baumannii
Salmonalla spp.
Enterobacter spp.

Serratia marcescens
Pseudomonas aeroginosa
Escherichia coli

Klebsiella pneumoniae

niae with 16 isolates (15%) and A. baumannii with 15
isolates (10.6%). Other notable contributors include Sal-
monella spp. (3.5%), Enterobacter spp. (5.7%), and S.
maltophilia (2.8%). Citrobacter spp., P. mirabilis, and P.
aeruginosa have fewer isolates, while Pseudomonas spp.,
Burkholderia spp., and M. morgani show no carbapenem
resistance (Fig. 1).

The median age of the patients with carbapenem-resis-
tant bacteria was 2 years (interquartile range, 3 months-5
years). The highest frequency was observed among

Table 1. Demographic and clinical variables of patients with
carbapenem-resistant gram-negative isolates

Variable No. (%)
Male sex 77 (54.6)
Age (yr)
<1 70 (49.6)
1-5 38(27.0)
5-10 16 (11.3)
>10 17(12.1)
Specimen
Urine 68(48.2)
Foley catheter 25(17.7)
Central venous catheter 34(24.0)
Surgical specimens 3(2.1)
Bronchoalveolar lavage 11(7.8)
Ward
Emergency 30(21.3)
ICUs 39(27.7)
Urology 25(17.7)
Oncology 9(6.4)
Surgery 8(5.7)
Rheumatology 7(5.0)
Gastroenterology 5(3.5)
Neonates 4(2.8)
Infectious 4(2.8)
Pulmonary 3(2.1)
Others 7 (5.0

ICU, intensive care unit.
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Fig. 1. Distribution of carbapenem resistance among gram-negative bacterial species. The dark bars indicate carbapenem-

resistant isolates.
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children aged 1 year and under, representing 49.6 % of
the total population (n=70), followed by children aged 1 to
5 years, accounting for 27% (n=38). Carbapenem-resistant
bacteria were isolated from 77 boys (54.6%). They were
cultured from various clinical specimens, including
urine, Foley catheter, central venous catheter, surgery
infusion, and bronchoalveolar lavage fluid. The distribu-
tion of isolates across these specimens revealed that the
highest frequency was observed in urine samples (n=68,
48.2%) (Table 1). The distribution of bacterial isolates
across different hospital wards revealed distinct patterns.
The ICUs exhibited the highest prevalence at 27.7%,
followed by the emergency ward at 21.3%, and the urology
ward at 17.7% (Table 1). The remaining wards contribute to
the distribution, each representing a distinct proportion
ranging from 2.1% to 6.4%. K. pneumoniae emerges as a
prominent bacterium in ICUs (50%) and surgery ward
(25%). Meanwhile, E. coli was prevalent in urology (24.7%),
and emergency ward (24.7%).

The detailed distribution of carbapenem resistance
genes among bacterial species is provided in Table 2 and

Citrobacter spp.
Serratia marcescens

Stenotrophomonas maltophilia

Fig. 2. Notably, bla oxass showed the highest prevalence,
being present in 33% of the total isolates, bla oxauz and
bla oxass also demonstrated substantial prevalence, ac-
counting for 27% and 24%, respectively. bla oxazsa was
present in 11% of the total isolates, bla oxa23 in 10%, and bla
~nom in 10%. bla kpc, bla vim, and bla mp were not found in
the analyzed bacterial isolates.

Fig. 3 shows the diversity of carbapenem resistance
genes and their combinations. In K. pneumoniae, pre-
valent carbapenemase genes include bla oxass (94%), bla
oxaas (31%), and bla NDM (19%). For E. coli, a diverse profile
was observed, with significant occurrences of bla oxaus
(23%), bla 0OXA48 (41%), and bla NDM (7%).

P. aeruginosa displayed varying percentages of carba-
penemase genes, with bla oxa23 (33%) and bla oxaia3 (67%)
being prominent. Enterobacter spp. shows a mix of car-
bapenemase genes, including bla oxass (50%) and bla npm
(38%). A. baumanii demonstrates a high occurrence of bla
OXA58 (73%).

Klebsiella spp. presented high percentages of bla oxais
(40%) and bla npm (40%). P. mirabilis and S. marcescens

Total j I @l .
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Klebsiella spp. |l El OXA48

Acinetobacter baumannii —NSEM Il OXA51

Salmonalla spp. I OXA58
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Fig. 2. Carbapenem resistance genes by bacterial species. NDM, New Delhi metallo-B-lactamase. The x-axis represents
the number of genes detected across various bacterial species

Table 2. Carbapenem resistance genes by bacterial species (see Fig. 2)

Bacteria No. bla oxaz3 blaoxa2a blaoxasi bla oxai43 blaoxass blaoxass blanom
Klebsiella pneumoniae 16 1(6) 1(6) 2(13) 7(44) 15(94) 5(31) 3(19)
Escherichia coli 81 6(7) 9(11) 15(19) 19(23) 0(0) 33(41) 6(7)
Pseudomonas aeruginosa 3 1(33) 0(0) 0(0) 2(67) 0(0) 1(33) 0(0)
Enterobacter spp. 8 3(38) 0(0) 0(0) 3(38) 4(50) 2(25) 3(398)
Salmonalla spp. 5 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) 0(0)
Acinetobacter baumannii 15 2(13) 5(33) 7(47) 0(0) 11(73) 3(20) 0(0)
Klebsiella spp. 5 0(0) 0(0) 0(0) 2(40) 2(40) 0(0) 2 (40)
Proteus mirabilis 1 1(100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Stenotrophomonas maltophilia 4 0(0) 0(0) 0(0) 2(50) 2(50) 3(75) 0(0)
Serratia marcescens 1 0(0) 0(0) 0(0) 1(100) 0(0) 0(0) 0(0)
Citrobacter spp. 2 0(0) 1(50) 1(50) 2(100) 0(0) 0(0) 0(0)
Total 14 14 (10) 16 (11) 26 (18) 38(27) 34(24) 47 (33) 14(10)

Values are presented as number (%).
NDM, New Delhi metallo-B-lactamase.
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each have isolates with carbapenemase genes, including
bla oxass (100%) in P. mirabilis and bla oxaus (100%) in S.
marcescens. Citrobacter spp. showed carbapenemase
genes, including bla oxa3 (100%).

1. Antimicrobial resistance among carbapenem-resis-

tant gram-negative bacteria

The overall analysis revealed an antibiotic resistance
rate of 82.8% for sulfamethoxazole-trimethoprim, 43.9%
for amikacin, 86.8% for cefepime, 90.8% for cefotaxime,
25.5% for ciprofloxacin, and 61.2% for piperacillin across
the bacterial species evaluated. Notably, K. pneumoniae
exhibited resistance in the following order: cefotaxime
(93.8%), cefepime (87.5%), piperacillin-tazobactam (75.0
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%), sulfamethoxazole-trimethoprim (75.0%), amikacin
(75.0%), and ciprofloxacin (37.5%). Similarly, E. coli demon-
strated resistance to cefotaxime (90.1%), sulfamethoxa-
zole-trimethoprim (87.7%), cefepime (86.4%), piperacillin-
tazobactam (49.4%), amikacin (24.7%), and ciprofloxacin
(1L.1%) (Table 3).

P. aeruginosa displayed resistance to ciprofloxacin (66.7
%), amikacin (66.7%), and piperacillin-tazobactam (66.7%).
Enterobacter spp. exhibited substantial resistance, with
complete resistance to cefotaxime (100%), sulfamethoxa-
zole-trimethoprim (100%), and piperacillin-tazobactam
(100%). Salmonella spp. exhibited resistance to sulfame-
thoxazole-trimethoprim (100%). The highest antibiotic
resistance rates were observed in A. baumannii, which
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Fig. 3. The frequency of carbapenem resistance genes and their combinations. The hatched bars indicate the
presence of only one gene, whereas the colored bars without hatching represent combinations of genes.

Table 3. Antimicrobial resistance among carbapenem-resistant gram-negative bacteria

Bacteria Sulfamethoxazole-trimethoprim  Amikacin Cefepime Cefotaxime  Ciprofloxacin Piperacillin—tazobactam
Klebsiella pneumoniae 12(75) 12(75) 14 (87.5) 15(93.8) 6(37.5) 2(75)
Escherichia coli 71(87.7) 20(24.7) 70(86.4) 73(90.1) 9(11.1) 40 (49.4)
Pseudomonas aeruginosa 0(0) 2(66.7) 2(66.7) 0(0) 2(66.7)
Serratia marcescens 0(0) 1(100) 1(100) 1(100) 0(0) 1(100)
Enterobacter spp. 5/5(100) 5/6(83.3) 5/6(83.3) 6/6 (100) 5/8 (62.5) 6/6 (100)
Salmonalla spp. 4/4.(100) 0(0) 0(0) 2/4 (50) 2/5 (40) 0(0)
Acinetobacter baumannii 13(86.7) 15(100) 15(100) 15(100) 12 (80) 14 (100)
Klebsiella spp. 4(80) 3(60) 4(80) 4(80) 1(20) 4(80)
Citrobacter spp. 1(50) 0(0) 0(0) 1(100) 0(0) 0(0)
Proteus mirabilis 1(100) 0(0) 1(100) 1(100) 0(0) 0(0)
Stenotrophomonas maltophilia 0(0) 0(0) 0(0) 0(0) 1(25) 0(0)

Values are presented as number (%).
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displayed complete resistance to cefotaxime, cefepime,
piperacillin-tazobactam, and amikacin.

Discussion

The surge in antimicrobial resistance among gram-
negative bacteria, especially in developing countries like
Iran, poses a significant concern.>?2%

In this study during a one-year period, it was observed
that 18.1% of the gram-negative bacterial isolates exhibit:
ed phenotypic resistance to carbapenems. Notably, E.
coliwas the most prevalent bacterial strain, constituting
57.4% of the carbapenem-resistant cases. In comparison,
K. pneumoniae and A. baumannii exhibited significant
ly lower frequencies, accounting for 11.3% and 10.6%,
respectively. The prevalence of carbapenem resistance,
especially in E. coli and A. baumannii, underscores the
urgent need for effective infection control measures
and the development of targeted therapeutic strategies
to combat the rising threat of antibiotic resistance. The
varied distribution among different bacterial species
emphasizes the complex nature of resistance patterns
and highlights the importance of continuous surveil-
lance to monitor and address emerging trends in anti-
biotic resistance.

Several research groups in Iran have previously publi-
shed on carbapenem resistance rates and associated
genes for specific gram-negative bacteria.?»?>3® How-
ever, the available information remains limited. In our
previous investigation focusing on carbapenem-resistant
isolates exhibiting metallo-p-lactamase (MBL) produc-
tion, 29% (32 isolates) of MBL-producing strains carried
the bla NDM gene. Furthermore, the presence of the bla
e and bla vim genes was detected in 2% (2 isolates) and
1% (1 isolate) of MBL-producing strains, respectively.?)
Pourbaghi et al.*” reported a lower resistance rate of 8%
in Iran. Additionally, in a study conducted at a Moroccan
hospital, it was found that enterobacteria comprised 52.7%
of the bacterial isolates, with a corresponding ratio of
21.8% displaying resistance to carbapenems.*?

Our study revealed a distinct prevalence of carbapene-
mase genes among the bacterial isolates. The diversity
of carbapenem resistance genes and their combinations
underscores the complexity of carbapenem resistance
mechanisms. Notably, bla oxass showed the highest pre-
valence at 33%, followed by substantial occurrences of
bla oxai3 (27%) and bla oxass (24%). The extensive presence
of bla oxass across diverse species within hospitals, and
notably in community settings, poses a significant chal-
lenge in constraining and managing the dissemination
of bacteria carrying these enzymes. This difficulty arises

from the capability of plasmids harboring bla oxass to
readily and extensively transfer horizontally between
different bacterial species.? This horizontal transmission
mechanism contributes to the widespread distribution
of the gene, making it a challenging factor for controlling
the spread of carbapenem-resistant bacteria in various
environments. Within K. pneumoniae, the predominant
carbapenemase genes were identified as bla oxass (94%),
bla oxass (31%), and bla npm (19%). Klebsiella spp. demon-
strated substantial proportions of bla oxaus (40%) and bla
nom (40%). Interestingly, these findings differ from those
reported by Jafari et al., where in K. pneumoniae, bla oxass
took precedence as the most frequent carbapenemase
gene at 72%, followed by bla npwm at 31%.3? These variations
underscore the complicated dynamics of carbapenem
resistance, influenced by geographic. However, further
investigation is needed to bridge this gap and establish
comprehensive insights into the evolving patterns of
carbapenem resistance, emphasizing the necessity for
ongoing and region-specific surveillance initiatives to in-
form effective strategies for mitigating this global health
concern.

This development of carbapenem-resistant strains not
only restricts the effectiveness of primary p-lactam anti-
biotics but extends its impact to other critical therapeutic
molecules, including sulfamethoxazole-trimethoprim,
aminoglycosides, and fluoroquinolones.?

The elevated rates of antibiotic resistance observed
among carbapenem-resistant gram-negative bacilli pre-
sent a challenge in the effective management of infec-
tions associated with these bacteria. The comprehensive
analysis reveals alarming resistance rates, notably 82.8%
for sulfamethoxazole-trimethoprim, 43.9% for amikacin,
86.8% for cefepime, 90.8% for cefotaxime, 25.5% for cipro-
floxacin, and 61.2% for piperacillin-tazobactam across
the diverse bacterial species. For E. coli, ciprofloxacin
presents the lowest resistance at 11.1%, suggesting it may
be a more favorable choice, followed by amikacin (24.7%).
In the case of K. pneumoniae, considering the lower
resistance rates, ciprofloxacin (37.5%) emerges as a more
effective option.

Our study has several limitations. Our study did not
investigate the clinical outcomes or the impact of carba-
penemase-producing isolates on patient morbidity and
mortality, which would provide a more comprehensive
perspective on the clinical implications of these resistant
strains. Furthermore, the lack of information on patient-
specific factors, such as comorbidities and recent anti-
biotic use, hinders a more comprehensive analysis of risk
factors associated with carbapenem resistance. We did
not differentiate between hospital-acquired and com-
munity-acquired cases. Furthermore, it is imperative to
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acknowledge that our study is single-institutional and
lacks prospective surveillance data.

In conclusion, our study highlights the concerning
prevalence of carbapenemase-producing gram-negative
isolates among patients at the Children's Medical Center
hospital. The notable resistance patterns observed, es-
pecially in K. pneumoniae and E. coli, underline the
urgent need for proactive interventions, including ap-
propriate antibiotic prescribing practices and the streng:
thening of antibiotic stewardship programs.
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