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Abstract

Aims/Background: Healthcare-associated infections (HAIs) represent a major public health challenge requiring urgent attention. These
infections impose substantial burdens on both society and healthcare institutions. Patients in the pediatric intensive care unit (PICU) are
at particularly high risk of HAI. This study aimed to analyze the status of targeted HAI surveillance in the PICU over 10 consecutive years
and to provide evidence for improving HAI prevention and control strategies. Methods: Data were collected from PICU patients of Chil-
dren’s Hospital of Chongqing Medical University who were monitored through a real-time HAI surveillance system from January 2015
to December 2024. Collected indicators included HAI incidence, infection sites, incidence of device-associated infections, distribution
of pathogens, and the detection rates and incidence of multidrug-resistant organisms (MDROs). Results: A total of 20,120 patients were
monitored, with an overall HAI incidence of 3.36%. The annual incidence of HAI in the PICU exhibited a significant downward trend
over the 10 years (p < 0.001). The respiratory system was the most common site of infection. The incidences of central line-associated
bloodstream infection (CLABSI), ventilator-associated pneumonia (VAP), and catheter-associated urinary tract infection (CAUTI) were
0.70 per 1000 central line-days, 1.84 per 1000 mechanical ventilation-days, and 0.11 per 1000 urinary catheter-days, respectively. A total
of 643 pathogenic strains were isolated, predominantly Gram-negative bacteria (73.41%), with Acinetobacter baumannii being the most
frequently detected (18.35%). The detection rates of carbapenem-resistant Acinetobacter baumannii (CRAB) and carbapenem-resistant
Klebsiella pneumoniae (CRKP) were 67.33% and 31.42%, respectively, both showing significant upward trends over the decade (both
p < 0.001). The detection rate of carbapenem-resistant Escherichia coli (CREC) was 16.30% and showed a significant downward trend
for 10 consecutive years (p< 0.001). The incidence of MDRO-related HAI was 0.68%, with CRAB (0.32%) and CRKP (0.13%) having
the two highest incidence rates. Conclusion: The incidence of HAI in the PICU significantly decreased over the study period, indicating
progress in infection prevention and control. However, CLABSI, VAP, and MDROs remain key priorities in ongoing HAI prevention
efforts in the PICU.
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1. Introduction
A healthcare-associated infection (HAI) is defined as

an infection that occurs in a patient during the course of care
in a hospital or other healthcare setting, and was not present
or incubating at the time of admission. A recent systematic
review and meta-analysis reported that the global rate of
HAI is increasing [1]. HAI is often associated with pro-
longed hospitalization and increased mortality, posing sig-
nificant threats to patient safety and resulting in a significant
socioeconomic burden. Consequently, HAI has emerged as
a major public health concern worldwide [2,3]. A previ-
ous multicenter study identified HAI acquisition as an in-
dependent risk factor affecting all-cause mortality in inten-
sive care units (ICUs). The mortality rate is 14.06% among
ICU patients without device-associated HAI, increases to
31.14%–39.81% in those with one device-associated HAI
episode, and reaches 46.56% in patients with three simulta-

neous device-associated HAI [4]. Moreover, HAI has been
associated with increased length of hospital stay of 10.4
days [5]. Another study reported that HAI contributed to
longer pediatric intensive care unit (PICU) stays (median
1.1 days without HAI vs. 4.0 days with HAI) and extended
length of hospital stay [6]. In 2016 alone, HAIs accounted
for $7.2 to $14.9 billion in healthcare expenditures in the
United States [7]. In PICU settings, the mean additional
cost per HAI was 144,711 Australian dollars, representing
the highest health burden among hospital-acquired compli-
cations [6].

The PICU is a specialized environment designed for
the management of critically ill children. These patients
typically present with complex and severe clinical condi-
tions, compromised immune responses, prolonged expo-
sure to broad-spectrum antibiotics, frequent invasive proce-
dures, and increased environmental risks, all of which make
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the PICU a high-risk setting for HAI [8]. Various stud-
ies have reported the incidence of HAI in PICU to range
from 1.72% to 20.18% [9,10,11]. Prevention remains the
fundamental principle of hospital infection control strate-
gies and encompasses standard precautions (such as hand
hygiene and isolation protocols), environmental manage-
ment (including disinfection and air quality control), and
evidence-based antimicrobial stewardship programs to mit-
igate antimicrobial resistance. Targeted surveillance repre-
sents a key strategy in the prevention and control of HAI.
By enabling systematic data collection and analysis, it facil-
itates precise identification of high-risk points for infection.
Evidence shows that targeted surveillance, combined with
effective infection control interventions, can significantly
reduce the incidence of HAI [12,13].

In recent years, most targetedHAI surveillance studies
in intensive care units have focused on adult populations or
general hospitals. In contrast, data on pediatric populations
and pediatric specialty hospitals, particularly those with a
high risk of infections, remain relatively limited. There-
fore, a children’s hospital conducted a decade-long (2015–
2024) continuous targeted surveillance of HAI among hos-
pitalized patients admitted to the PICU, aiming to provide
evidence for improving HAI prevention and control strate-
gies.

2. Methods
2.1 Study Subjects

This study included hospitalized patients (aged ≥1
month and ≤18 years) admitted to the PICU of the Chil-
dren’s Hospital of Chongqing Medical University between
January 2015 and December 2024. The inclusion criteria
were as follows: PICU admission duration greater than 48
hours, diagnosis of HAI confirmed by both HAI manage-
ment specialists and clinical physicians, and infections oc-
curring within 48 hours after transfer from the PICU. Ex-
clusion criteria were: PICU admission duration≤48 hours,
and infections that were present or incubating at the time of
admission.

2.2 Data Collection
The real-time automatic nosocomial infection surveil-

lance system version 12.9 (Hangzhou Xinglin Informa-
tion Technology Co., Ltd., Hangzhou, China) continu-
ously collected infection-related data from PICU patients
between January 2015 and December 2024. The scope
of surveillance included the incidence of HAI, infection
sites, incidence of device-associated infections, distribution
of pathogens, detection rates of multidrug-resistant organ-
isms (MDROs), and the incidence of MDRO-related HAI.
MDROs in this paper specifically refer to carbapenem-
resistant Acinetobacter baumannii (CRAB), methicillin-
resistant Staphylococcus aureus (MRSA), carbapenem-
resistant Klebsiella pneumoniae (CRKP), carbapenem-
resistant Pseudomonas aeruginosa (CRPA), carbapenem-

resistant Escherichia coli (CREC), and vancomycin-
resistant Enterococcus (VRE). Diagnostic criteria were in-
corporated based on clinical manifestations, microbiologi-
cal findings, and radiological evidence, following the HAI
diagnostic standards issued by the Ministry of Health of the
People’s Republic of China [14].

2.3 Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics version 31.0 (International Business Ma-
chines Corp., Armonk, NY, USA). Categorical variables
were expressed as frequency (n) and percentage (%). The
trend χ2 was used to assess the change in incidence across
years. A p-value< 0.05 was considered statistically signif-
icant.

3. Results
3.1 Incidence of HAI

From 2015 to 2024, a total of 20,120 PICU inpatients
weremonitored, with 677HAI cases and 769HAI episodes.
The incidence rate of HAI was 3.36%, and the episode rate
was 3.82%. Over the ten consecutive years, the incidence
of HAI in the PICU showed a statistically significant down-
ward trend (p < 0.001), as shown in Table 1.

Table 1. Rates of HAI in the PICU from 2015–2024.
Year Total inpatients (n) HAI rate n (%) HAI episodes n (%)

2015 1982 99 (4.99) 112 (5.65)
2016 2047 60 (2.93) 70 (3.42)
2017 1877 78 (4.16) 85 (4.53)
2018 1878 63 (3.35) 74 (3.94)
2019 1855 100 (5.39) 112 (6.04)
2020 1958 56 (2.86) 57 (2.91)
2021 2250 62 (2.76) 71 (3.16)
2022 2131 52 (2.44) 59 (2.77)
2023 2324 60 (2.58) 71 (3.06)
2024 2252 47 (2.09) 58 (2.58)
Global 20,120 677 (3.36) 769 (3.82)
Note: HAI, healthcare-associated infection; PICU, pediatric inten-
sive care unit. Annual data are based on the number of hospitaliza-
tions within the year, while ten-year total data are deduplicated based
on individual patients.

3.2 Distribution of HAI Sites

From 2015 to 2024, respiratory system infections
were the primary HAI sites in the PICU. The top five
infection sites were: lower respiratory tract not clas-
sified as ventilator-associated pneumonia (VAP), VAP,
bloodstream infection (BSI) not classified as central line-
associated bloodstream infection (CLABSI), CLABSI, and
upper respiratory tract infection, accounting for 46.29%,
16.91%, 10.53%, 5.85%, and 4.29%, respectively. Device-
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Table 2. Distribution of HAI infection sites in the PICU from 2015–2024.
Type of Infection 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Global
Upper respiratory tract 1 1 0 1 5 9 5 6 3 2 33
Lower respiratory tract (non-VAP) 55 23 48 38 55 33 36 23 29 16 356
VAP 24 22 17 9 18 0 5 7 12 16 130
BSI (non-CLABSI) 8 4 8 9 14 3 8 8 9 10 81
CLABSI 4 8 1 5 10 4 2 3 3 5 45
Gastrointestinal 9 5 5 0 3 2 0 2 3 1 30
Intracranial 2 1 1 2 0 2 8 4 6 0 26
Urinary tract (non-CAUTI) 3 0 1 1 3 2 1 2 3 4 20
CAUTI 1 2 0 0 0 0 0 0 1 0 4
Skin and soft tissue 2 0 0 1 2 0 0 0 0 2 7
Surgical site 2 2 1 5 1 2 5 0 1 1 20
Others 1 2 3 3 1 0 1 4 1 1 17
Note: HAI, healthcare-associated infection; PICU, pediatric intensive care unit; VAP, ventilator-associated pneumonia; BSI, blood-
stream infection; CLABSI, central line-associated bloodstream infection; CAUTI, catheter-associated urinary tract infection.

associated infections totaled 179 cases, accounting for
23.28% of all infections. Details are presented in Table 2.

3.3 Device Utilization and Related Infections
From 2015 to 2024, the device utilization rates were

47.21% for central line (CL), 51.49% for mechanical ven-
tilation (MV), and 27.30% for urinary catheter (UC). Cor-
responding device-associated infection rates were 0.70 per
1000 CL days for CLABSI, 1.84 per 1000 MV days for
VAP, and 0.11 per 1000 UC days for catheter-associated
urinary tract infection (CAUTI). Over the decade, CLABSI
and VAP rates exhibited fluctuating downward trends but
rebounded after 2021. In contrast, CAUTI rates remained
consistently low throughout the study period. Details are
provided in Table 3.

3.4 Distribution of Pathogenic Bacteria in HAI
A total of 643 pathogenic strains were isolated from

677HAI patients, with Gram-negative bacteria predominat-
ing (73.41%). The six most commonly detected pathogens
were: Acinetobacter baumannii (18.35%), Pseudomonas
aeruginosa (11.66%), Klebsiella pneumoniae (9.95%),
Stenotrophomonas maltophilia (7.15%), Escherichia coli
(6.38%), and Staphylococcus aureus (5.44%). Details are
presented in Table 4.

3.5 MDROs Detection
From 2015 to 2024, the detection rates of MDROs

in the PICU, CRAB, MRSA, CRKP, CRPA, CREC, and
VRE, were 67.33%, 47.03%, 31.42%, 19.22%, 16.30%,
and 0.00%, respectively. Notably, CRAB and CRKP ex-
hibited statistically significant upward trends (p < 0.001),
while CREC demonstrated a statistically significant down-
ward trend (p < 0.001). Details are presented in Table 5.

3.6 HAI With MDROs
From 2015 to 2024, the incidence of HAI attributed

to MDROs in the PICU was 0.68%, with specific rates of

0.32% for CRAB, 0.13% for CRKP, 0.10% for MRSA,
0.09% for CRPA, and 0.03% for CREC. No VRE-
associated infections were identified during the study pe-
riod. Details are shown in Table 6.

4. Discussion
An analysis of 10 consecutive years of targeted

surveillance data on HAI in the PICU of a children’s
hospital revealed an HAI incidence rate of 3.36%. This
rate is higher than those reported in other domestic PI-
CUs (ranging from 1.72% to 1.78%) [9,10], but signifi-
cantly lower than the rates reported by Huang et al. [15]
in China (19.40%) and Mohamed et al. [11] in Ethiopia
(20.18%). Variability in HAI incidence across institu-
tions may be attributed to differences in geographic set-
tings, patient populations, diagnostic and therapeutic ca-
pacity, and the strength of infection surveillance and con-
trol systems. Over the 10-year monitoring period, this
hospital demonstrated a statistically significant downward
trend in HAI incidence in the PICU. This decline suggests
that the infection prevention and control interventions im-
plemented, explicitly designed for the PICU environment,
have been effective. Key interventions included: (1) devel-
oping PICU-specific infection prevention and control pro-
tocols tailored to local epidemiological characteristics; (2)
establishing standardized procedures for invasive interven-
tions to minimize infection risks; (3) designating trained
physicians and nurses as infection control monitors after
formal competency-based training; (4) promoting a col-
laborative and responsive communication mechanism be-
tween the Department of Infection Management and clini-
cal teams, supported by regular supervision, feedback, and
ongoing educational sessions; and (5) conducting quarterly
infection control quality review meetings to drive continu-
ous quality improvement.

3

https://www.imrpress.com


Table 3. Device utilization and associated infection rates in the PICU from 2015–2024.
Year Stays (days) CL days CL utilization

rate (%)
CLABSI
cases

CLABSI rate
(/1000 CL days)

MV days MV utilization
rate (%)

VAP cases VAP rate (/1000
MV days)

UC days UC utilization
rate (%)

CAUTI cases CAUTI rate
(/1000 UC days)

2015 10,630 2345 22.06 4 1.71 3597 33.84 24 6.67 1585 14.91 1 0.63
2016 11,419 5198 45.52 8 1.54 6880 60.25 22 3.20 3628 31.77 2 0.55
2017 11,841 5004 42.26 1 0.20 7378 62.31 17 2.30 3824 32.29 0 0.00
2018 12,453 6678 53.63 5 0.75 7685 61.71 9 1.17 3990 32.04 0 0.00
2019 12,908 6566 50.87 10 1.52 8435 65.35 18 2.13 3899 30.21 0 0.00
2020 12,796 7235 56.54 4 0.55 6828 53.36 0 0.00 4691 36.66 0 0.00
2021 15,839 8009 50.57 2 0.25 7693 48.57 5 0.65 2095 13.23 0 0.00
2022 15,975 7892 49.40 3 0.38 7186 44.98 7 0.97 3247 20.33 0 0.00
2023 16,473 7647 46.42 3 0.39 7605 46.17 12 1.58 5270 31.99 1 0.19
2024 16,699 8113 48.58 5 0.62 7265 43.51 16 2.20 5177 31.00 0 0.00
Global 137,033 64,687 47.21 45 0.70 70,552 51.49 130 1.84 37,406 27.30 4 0.11
Note: PICU, pediatric intensive care unit; CL, central line; CLABSI, central line-associated bloodstream infection; MV, mechanical ventilation; VAP, ventilator-associated pneumonia; UC, urinary catheter;
CAUTI, catheter-associated urinary tract infection.
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Research on infection sites in PICU patients facilitates
targeted resource allocation for enhanced monitoring and
intervention in high-risk infection sites. The findings of
this study indicate that HAI in the PICU predominantly in-
volves the respiratory system, which is consistent with both
domestic and international research [10,11,15]. These ob-
servations suggest that future priorities for HAI prevention
and control should continue to emphasize the respiratory
system. Patients in the PICU are generally immunocom-
promised and exhibit reduced respiratory defense functions
due to immature airway development, coma, sedation, or
underlying diseases. Frequent invasive respiratory proce-
dures further increase the risk of respiratory system infec-
tions. Therefore, medical staff should strengthen nutritional
support for PICU patients; minimize non-essential inva-
sive procedures, and enhance compliance in hand hygiene.
These measures are critical for reducing the incidence of
respiratory system infections in this vulnerable population.

The CLABSI rate in this hospital was 0.70 per 1000
CL days, higher than previously reported rate in domes-
tic PICU (0.50 per 1000 CL days) [9], yet lower than the
rate reported by Yang et al. [10] (1.13 per 1000 CL days)
and those from international studies (1.39–5.59 per 1000
CL days) [4,16,17]. The VAP incidence was 1.84 per 1000
MV days, which is lower than both national PICU reports
(3.57–6.20 per 1000 MV days) [9,10] and international fig-
ures (4.03–8.08 per 1000 MV days) [4,17,18]. Continu-
ous surveillance over the 10 years revealed an overall fluc-
tuating downward trend in both CLABSI and VAP rates,
suggesting that infection prevention and control measures
implemented since 2016 have been effective. These inter-
ventions included bundle strategies, continuous quality im-
provement using quality management tools, specialized su-
pervision, and the application of endotracheal tube inner-
wall cleaning techniques to reduce the occurrence of VAP
[19]. Evidence suggests that comprehensive and evidence-
based preventive strategies can significantly reduce the in-
cidence of CLABSI and VAP [20,21]. However, since
2021, a rebound in both CLABSI and VAP rates has been
observed, indicating potential declines in adherence to pro-
tocols or emerging challenges in infection control. This
upward trend highlights the need to establish sustainable,
long-term infection prevention mechanisms and maintain
strict vigilance in clinical practice.

The CAUTI incidence rate at this hospital was 0.11 per
1000 UC days, with multiple years reporting zero CAUTI
cases, findings consistent with domestic PICU report [9]
and significantly lower than international rates ranging
from 1.33 to 7.2 per 1000 UC days [4,16,22]. Evidence in-
dicates that effective and comprehensive infection preven-
tion and control strategies can substantially reduce CAUTI
incidence [23]. The sustained low CAUTI rate in this insti-
tution is closely associated with rigorous implementation
of healthcare-associated infection control measures. These
include strict adherence to indications for catheter place-

Table 4. Distribution of pathogenic bacteria in HAI from the
PICU.

Pathogenic bacteria Strains (n
= 643)

Constituent
rate (%)

Gram-positive bacteria 132 20.53
Staphylococcus aureus 35 5.44
Streptococcus pneumoniae 32 4.98
Staphylococcus epidermidis 18 2.80
Enterococcus faecium 14 2.18
Staphylococcus hemolyticus 11 1.71
Staphylococcus hominis 5 0.78
Enterococcus faecalis 4 0.62
Others 13 2.02

Gram-negative bacteria 472 73.41
Acinetobacter baumannii 118 18.35
Pseudomonas aeruginosa 75 11.66
Klebsiella pneumoniae 64 9.95
Stenotrophomonas maltophilia 46 7.15
Escherichia coli 41 6.38
Elizabethkingia meningoseptica 31 4.82
Enterobacter cloacae 27 4.20
Serratia marcescens 12 1.87
Haemophilus influenzae 11 1.71
Others 47 7.31

Fungi 39 6.07
Candida albicans 26 4.04
Candida parapsilosis 4 0.62
Candida tropicalis 3 0.47
Others 6 0.93

Note: HAI, healthcare-associated infection; PICU, pediatric inten-
sive care unit.

ment, insertion performed exclusively by trained, compe-
tent, and experienced healthcare personnel, strict aseptic
techniques during insertion and maintenance, the use of
anti-reflux drainage bags, standardized daily perineal hy-
giene, and efforts to minimize both the frequency and du-
ration of catheter use. A comparative analysis of domestic
and international studies on device-associated infections in
PICUs reveals that reported incidence rates in China are
generally lower. This discrepancy may be partially ex-
plained by differences in case definitions, diagnostic cri-
teria, surveillance methodologies, and reporting practices
between Chinese and international guidelines.

The present surveillance revealed that Gram-negative
bacteria were the predominant pathogens responsible for
HAI in the PICU, with Acinetobacter baumannii, Pseu-
domonas aeruginosa, and Klebsiella pneumoniae being
the most frequently isolated species, findings consistent
with previous domestic and international reports [9,11,15,
24]. The detection rates of MDROs of particular concern,
CRAB, MRSA, CRKP, CRPA, and CREC, were compara-
ble to those reported by the Chinese PICUCritical Infection
Pathogen and Antimicrobial Resistance Surveillance Net-
work during the same period [25]. The incidence of MDRO

5

https://www.imrpress.com


Table 5. Detection of MDROs in the PICU from 2015–2024.

Year
Acinetobacter baumannii Staphylococcus aureus Klebsiella pneumoniae Pseudomonas aeruginosa Escherichia coli Enterococcus

Strains CRAB rate n (%) Strains MRSA rate n (%) Strains CRKP rate n (%) Strains CRPA rate n (%) Strains CREC rate n (%) Strains VRE rate n (%)

2015 113 53 (46.90) 60 29 (48.33) 64 13 (20.31) 79 13 (16.46) 77 12 (15.58) 15 0 (0.00)
2016 115 57 (49.57) 51 24 (47.06) 105 28 (26.67) 88 9 (10.23) 52 13 (25.00) 12 0 (0.00)
2017 114 55 (48.25) 67 34 (50.75) 81 15 (18.52) 96 21 (21.88) 57 14 (24.56) 10 0 (0.00)
2018 150 98 (65.33) 63 29 (46.03) 64 11 (17.19) 74 20 (27.03) 68 24 (35.29) 37 0 (0.00)
2019 175 128 (73.14) 58 27 (46.55) 61 29 (47.54) 69 11 (15.94) 54 12 (22.22) 36 0 (0.00)
2020 113 61 (53.98) 81 37 (45.68) 60 9 (15.00) 71 10 (14.08) 39 3 (7.69) 20 0 (0.00)
2021 213 167 (78.40) 98 36 (36.73) 78 23 (29.49) 73 13 (17.81) 43 4 (9.30) 34 0 (0.00)
2022 125 78 (62.40) 77 36 (46.75) 73 22 (30.14) 89 21 (23.60) 76 9 (11.84) 26 0 (0.00)
2023 107 78 (72.90) 97 55 (56.70) 93 40 (43.01) 113 20 (17.70) 66 1 (1.52) 25 0 (0.00)
2024 232 206 (88.79) 88 41 (46.59) 104 56 (53.85) 91 24 (26.37) 51 3 (5.88) 42 0 (0.00)
Global 1457 981 (67.33) 740 348 (47.03) 783 246 (31.42) 843 162 (19.22) 583 95 (16.30) 257 0 (0.00)
Note: MDROs, multidrug-resistant organisms; PICU, pediatric intensive care unit; CRAB, carbapenem-resistant Acinetobacter baumannii; MRSA, methicillin-resistant Staphylococcus aureus;
CRKP, carbapenem-resistant Klebsiella pneumoniae; CRPA, carbapenem-resistant Pseudomonas aeruginosa; CREC, carbapenem-resistant Escherichia coli; VRE, vancomycin-resistant Ente-
rococcus.
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Table 6. HAI cases with MDROs in the PICU from 2015–2024.

Year Total inpatients
CRAB CRPA CRKP MRSA CREC VRE

Cases Rate (%) Cases Rate (%) Cases Rate (%) Cases Rate (%) Cases Rate (%) Cases Rate (%)

2015 1982 7 0.35 1 0.05 2 0.10 2 0.10 1 0.05 0 0.00
2016 2047 7 0.34 1 0.05 6 0.29 2 0.10 0 0.00 0 0.00
2017 1877 8 0.43 4 0.21 3 0.16 6 0.32 0 0.00 0 0.00
2018 1878 9 0.48 2 0.11 2 0.11 2 0.11 4 0.21 0 0.00
2019 1855 8 0.43 2 0.11 5 0.27 1 0.05 2 0.11 0 0.00
2020 1958 2 0.10 1 0.05 1 0.05 2 0.10 0 0.00 0 0.00
2021 2250 7 0.31 1 0.04 1 0.04 2 0.09 0 0.00 0 0.00
2022 2131 2 0.09 1 0.05 1 0.05 0 0.00 0 0.00 0 0.00
2023 2324 6 0.26 2 0.09 0 0.00 2 0.09 0 0.00 0 0.00
2024 2252 8 0.36 3 0.13 6 0.27 1 0.04 0 0.00 0 0.00
Global 20,120 64 0.32 18 0.09 27 0.13 20 0.10 7 0.03 0 0.00
Note: HAI, healthcare-associated infection; MDROs, multidrug-resistant organisms; PICU, pediatric intensive care unit; CRAB, carbapenem-
resistant Acinetobacter baumannii; MRSA, methicillin-resistant Staphylococcus aureus; CRKP, carbapenem-resistant Klebsiella pneumoniae;
CRPA, carbapenem-resistant Pseudomonas aeruginosa; CREC, carbapenem-resistant Escherichia coli; VRE, vancomycin-resistant Enterococ-
cus. Annual data are based on the number of hospitalizations within the year, while ten-year total data is deduplicated based on individual
patients.

infections was 0.68%, with CRAB as the leading cause, fol-
lowed by CRKP, MRSA, CRPA, and CREC; no VRE cases
were reported. The differential trend of increased detection
rates of CRAB and CRKP but decreased CREC in the PICU
may be mainly attributed to differences in the survival and
transmission characteristics, colonization niches, and noso-
comial epidemic potential. CRAB survives persistently in
the hospital environment, while CRKP relies on intestinal
colonization and highly transmissible resistance plasmids.
Both pathogens tend to establish persistent nosocomial bac-
terial reservoirs in the PICU, and their detection rates con-
tinuously increase under the selective pressure of broad-
spectrum antibiotics. In comparison, CREC is mainly de-
rived from sporadic external introductions and lacks the ca-
pability for sustained clonal dissemination within the PICU.
With the implementation of antimicrobial stewardship and
standardized nosocomial infection control, sporadic CREC
cases have been well controlled, leading to a reduction in
its detection rate.

Notably, the hospital-wide incidence of MDRO in-
fections was significantly higher than the rate reported by
Wang et al. [26] (0.08%). Of particular public health sig-
nificance, CRAB and CRKP are classified as “Critical Pri-
ority” pathogens in the World Health Organization (WHO)
Bacterial Priority Pathogens List 2024, posing substantial
threats due to their association with increased mortality,
prolonged hospitalization, and rising healthcare costs, chal-
lenges that place considerable strain on health systems glob-
ally [27]. Over the past decade, this institution has ob-
served a statistically significant upward trend in the detec-
tion rates of both CRAB and CRKP. Moreover, infections
caused by these two pathogens consistently ranked first and
second in MDRO-related HAI incidence, underscoring an
urgent need to strengthen and enforce comprehensive in-

fection prevention and control strategies. Key interven-
tions should include optimizing antimicrobial stewardship
to promote the rational use of antibiotics, standardizing en-
vironmental decontamination protocols, strictly enforcing
contact precautions, and implementing active surveillance
screening for the early identification and containment of
colonized or infected patients [28,29]. Effective control
of MDRO transmission requires a multifaceted, integrated
approach involving coordinated efforts among clinical mi-
crobiology laboratories, infection control teams, pharmacy
services, intensive care units, and hospital administration.
Only through sustained and collaborative action can health-
care facilities mitigate the growing burden of MDROs and
safeguard patient safety in high-risk settings such as the
PICU.

Our study reveals the HAI status of the PICU in this
children’s hospital over ten consecutive years, and under-
scores the significance of infection prevention strategies.
However, the study has notable limitations. First, there is a
lack of analysis on the correlation between HAI and patient
characteristics, as well as critical outcomes such as mor-
tality, prolonged PICU length of stay, and elevated health-
care costs, which could enhance clinical applicability. Sec-
ond, the findings are derived from a single center, which
may limit their generalizability to healthcare institutions
with different patient populations or infection control prac-
tices. Third, the retrospective design restricts the poten-
tial to establish causal relationships, especially on the im-
pact of specific interventions on HAI incidence. Although
these limitations exist, this study is one of the few inves-
tigations conducted in a PICU of a children’s hospital and
provides valuable insights for improving infection control
measures. Future research should focus on the epidemio-
logical characteristics of HAI in PICUs, comprehensively
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evaluate the association between HAIs and health or eco-
nomic burden, and conduct multicenter prospective stud-
ies to provide an evidence-based foundation for developing
precision prevention and control strategies.

5. Conclusion
This study found that the incidence of HAI in the

PICU demonstrates a continuing downward trend. The pri-
mary site of HAI is the respiratory system, and the inci-
dence of CLABSI and VAP has shown an upward trend in
recent years. Gram-negative organisms are the most fre-
quently detected in HAI. Furthermore, the detection rates
of MDROs, notably CRAB and CRKP, have persistently
increased. These trends highlight the ongoing and serious
challenges facing infection prevention and control. Mov-
ing forward, prevention efforts should focus on the refined
management of CLABSI and VAP, while simultaneously
strengthening surveillance and intervention strategies tar-
geting MDROs. These coordinated approaches are essen-
tial to continuously reduce the risk of HAI and ensure the
safety of pediatric patients.

Key Points
• Targeted surveillance of HAI in the PICU provides

real-world data to identify challenges, understand HAI sta-
tus and trends, and clarify infection control priorities.

• Currently, data on targeted surveillance in PICUs of
children’s hospitals remain relatively limited.

• The incidence of HAI has significantly decreased
in the PICU of this children’s hospital, indicating notable
progress in infection prevention and control efforts.

• Future prevention efforts should focus on refining the
management of CLABSI and VAP, while also strengthening
MDRO surveillance and intervention strategies.
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