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Abstract

Introduction: The COVID-19 pandemic probably influenced the incidence of healthcare-associated infections (HAIs) in pediatric hospitals.
This study aimed to assess HAIs and the impact of multidrug-resistant organisms in pediatric intensive care units (ICUs) before and during the
pandemic.

Methodology: This retrospective study was conducted at the Children's Hospital of Soochow University from January 2017 to December 2022,
covering various ICU units. Statistical analyses compared HAI rates, including Ventilator-associated pneumonia (VAP), central line-associated
bloodstream infections (CLABSI), and catheter-associated urinary tract infections (CAUTI), and the prevalence of multidrug-resistant
pathogens.

Results: Child hospital admissions were analyzed, with 185,116 admissions pre-pandemic and 218,681 during the pandemic. The average
length of stay (LOS) increased across ICU units. Overall, the HAI rates declined from 2.7 to 1.79 (p < 0.01) with NICU rates decreasing from
2.93102.07 (p <0.01) and SICU rates from 7.17 to 4.56 (p < 0.01) except for general ICUs. VAP rates declined in the general ICU and NICU,
while the rates in the SICU remained statistically unchanged. The CLABSI and CAUTI rates remained stable across all ICUs. The total count
of multidrug-resistant bacteria increased by 41 instances with significant increases in gram-negative bacteria, particularly CRPA (13%) and
CRAB (3%), while MRSA decreased by 12%. CRE strains decreased by 10 counts in the NICUs, while CRAB increased by 12 in the general
ICUs and by 8 in the SICUs.

Conclusions: This study reveals a significant HAI decline in pediatric hospitals during the pandemic, suggesting implications for pediatric ICU

infection control.
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Introduction

Globally, the World Health Organization declared
the COVID-19 pandemic in March 2020 [1]. SARS-
CoV-2 infections are often mild or asymptomatic,
mainly affecting children's upper respiratory tracts [2].
Common symptoms include fever (59.1%) and cough
(55.9%) [3.,4]. Children show relative resistance to
severe SARS-CoV-2 infections, which may be due to
melatonin's direct antioxidant properties and its
modulation of ACE2 receptors [5,6]. However,
Multisystem Inflammatory Syndrome (MIS-C) in
Children has been reported. Its clinical manifestations
range from mild inflammation to severe shock
involving multiple organs, often requiring care in
pediatric intensive care units (PICUs) [7,8]. In these
PICUs, critical cases, especially SARS-CoV-2
infections in children with underlying conditions like

congenital heart disease and malnutrition, may affect
HAIs.

HAIs are a major cause of increased mortality and
morbidity in PICUs. The most common HAIls are
CLABSI at 25-30%, VAP at 20-25%, CAUTI at 15%,
and surgical site infections (SSI) at 11% [9]. HAIs in
PICUs have been studied in various countries, including
Turkey [10], Rome [11], South Korea [12], Italy [4],
Switzerland [13], Spain [8], and the United States [14].
Although the impact of COVID-19 on HAIs has been
recognized, most existing studies have been short-term,
covering less than a year and involving small samples
of pediatric patients. The prevalence of antibiotic-
resistant bacteria varies among pediatric ICUs in
different regions [15]. Thus, our understanding of the
pandemic's effects on children's hospitals and the
prevalence of antibiotic-resistant bacteria remains
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limited.

This study aims to assess the impact of the COVID-
19 pandemic on HAIs and changes in drug-resistant
bacteria, particularly in PICUs. Notably, more attention
has been paid to NICUs and SICUs. We found that HAI
rates decreased during the pandemic, especially in
NICU and SICU settings. Moreover, there was a
significant decline in infection rates related to
equipment-associated invasive procedures, such as
VAP.

Methodology
Study design

The research was carried out at a specialized
children's medical center in Suzhou, China, which is
affiliated with Soochow University. This hospital,
boasting a capacity of 1,500 beds, is renowned for its
integration of medicine, education, research, and
prevention. Ethical approval was obtained from the
local committee affiliated with the Children's Hospital
of Soochow University (2023CS203). The study
compared two periods: the pre-pandemic period (from
January 2017 to December 2019) and the pandemic
period (from January 2020 to December 2022). Data on
healthcare-associated infection rates were derived from
the infection surveillance system. These data covered
the entire hospital, as well as the NICUs, general
Intensive Care Units (ICUs), and SICUs.

Data collection

This retrospective, single-center study analyzed the
inpatient laboratory data collected over a six-year
period. Pediatric patients admitted to the ICUs who met
specific inclusion criteria were included in the study.
Patients with hospital stays of less than 48 hours or
those with infections documented within 48 hours prior
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to admission were excluded. The diagnostic criteria for
hospital-associated infections were based on the
guidelines of the Ministry of Health of the People’s
Republic of China, which were adapted from the
recommendations of the U.S. Centers for Disease
Control and Prevention [16].

Data were retrieved from the hospital's real-time
infection surveillance system and laboratory
information system. In this study, we analyzed the
incidence rates of VAP, CLABSI, and CAUTI both
before and during the COVID-19 pandemic.
Additionally, we examined the occurrence of
multidrug-resistant (MDR) pathogens. HAI rates were
calculated using the following formula: episodes
detected/number of admissions x 100. Rates of VAP,
CAUTI, and CLABSI were calculated per 1,000
device-days. The incidence rate of MDROs was
calculated with the formula: MDRO counts/number of
antimicrobial susceptibility tests % 100.

Statistical Analysis

Count data are reported as numbers, rates, or
percentages. Descriptive statistics for continuous
variables encompass the mean + standard deviation
(SD) and median (range). For the comparison of
continuous variables, an independent-sample t-test or
Mann-Whitney U-test was employed. Categorical
variables were analyzed using the Chi-square test or
Fisher's exact test. A p value of less than 0.05 was
regarded as statistically significant. All statistical
analyses were conducted using IBM SPSS Statistics®
version 26.0. To compare incidence rates, incidence
rate ratios (IRR) for the Poisson distribution were
utilized. These IRRs were calculated by dividing the
number of incidents by either "device days" or "patient
days." The statistical significance of the differences in

Table 1. Episodes of HAIs and HAISs rates for the different pediatric units pre- and during the COVID-19 pandemic.

2017-2019 2020-2023 Ve r
LOS (mean days, SD) 6.45+0.28 5.97 £0.11 1.773 0.048°
Global Episodes of HAIs 4999 3912
total admissions 185,116 218,681
THAISs rate 2.70 1.79 386.004 0.000°
LOS (mean days, SD) 18.33 +1.49 21.13+1.52 0.033 0.084°
Episodes of HAIs 412 224
NIcu Admissions 14,060 10,839
THAIS rate 2.93 2.07 18.343 0.000*
LOS (mean days, SD) 4.97+0.58 5.87+0.83 0.269 0.195°
ICU Episodes of HAIs 212 159
Admissions 4,008 3,325
THAIS rate 5.29 4.78 0.974 0.324*
LOS (mean days, SD) 5.12+0.30 5.38+0.44 1.123 0.451°
Episodes of HAIs 120 69
SICU Admissions 1,674 1,512
"HAISs rate 7.17 4.56 9.661 0.002*

LOS: length of stay; HAIs: hospital-acquired infections; NICU: neonatal intensive care units; ICU: general intensive care units; SICU: surgical intensive care
units. a: Pearson Chi-Square test; b: Student’s #-test; T: Rate in percentile. Bold text indicates statistically different values.
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Table 2. VAP rates and utilization ratio for the different pediatric units pre- and during the COVID-19 pandemic.

2017-2019

MV days (mean days, SD) 4.83+0.88
Global fUtility ratio of MV 0.90
VAP Rate/1000 device-days 5.90

MV days (mean days, SD) 4.64+0.95
NICU fUtility ratio of MV 2.32
VAP Rate/1000 device-days 2.73

MYV days (mean days, SD) 7.15+2.70
ICU TUtility ratio of MV 24.52
VAP Rate/1000 device-days 8.16

MYV days (median, range) 2.81+0.03
SICU Utility ratio of MV 26.17
VAP Rate/1000 device-days 7.22

J Infect Dev Ctries 2025; 19(5):669-676.

2020-2022 xZ r IRR IRR 95% CI
6.34+1.41 0.523 0.191°

1.30 935.171 0.000*

2.49 0.000° 2.367 1.611~3.480
7.52+3.36 4.524 0.226°

5.74 2263.946 0.000*

0.13 0.004° 20.764 2.658~162.203
835+ 1.75 1.241 0.554°

29.10 107.150 0.000*

2.97 0.001° 2.614 1.479~4.620
4.91+0.85 -2.087 0.037¢

23.42 16.866 0.000*

10.97 0.208° 0.658 0.344~1.262

MV: mechanical ventilation; VAP: ventilator-associated pneumonia. NICU: neonatal intensive care units; ICU: general intensive care units; SICU: surgical
intensive care units. a: Pearson Chi-Square test; b: Student’s #-test; c: Poisson distribution, d: Independent-Samples Mann-Whitney U Test, {: Rate in percentile.

Bold text indicates statistically different values.

IRRs between the two periods was evaluated. In
addition, the SPSSAU data science analysis platform
(https://spssau.com/) was also utilized for statistical
analysis.

Results
HAI Rates

During the COVID-19 pandemic, the total number
of hospital admissions increased by approximately
17.7%. Notably, the reduction in the HAI rate, which
amounted to 33.7%, was statistically significant. Across
all ICUs, the number of admissions decreased by about
20.6%. Globally, the episodes of HAIs declined by
21.8%. In all ICU units, a more substantial reduction of
approximately 39.2% was observed. A significant
decrease in the HAI rate was recorded for the overall
patient population, as well as in the NICU and SICU.
However, no significant change was detected in the
general ICU. Furthermore, the overall LOS in hospitals
was significantly shortened, and no remarkable
variation was found across all ICUs. Detailed data are
presented in Table 1.

VAP
This section examines the utilization ratio of

Mechanical Ventilation (MV) and the rates of VAP
across different ICUs before and during the pandemic.
During the pandemic, there was a general increase in
the duration of MV, which was accompanied by a rise
in the utilization ratio. Globally, the VAP rate decreased
by 57.8%. Specifically, in the NICU, the VAP rate
witnessed a substantial decline of 95.2%, representing
the most significant reduction among all units. In the
general ICU, the VAP rate decreased by 63.5%.
Conversely, in the SICU, the VAP rate increased by
52.1%, making it the only unit to experience an upward
trend in VAP cases. These findings suggest that the
NICU achieved the lowest VAP rate. For a
comprehensive analysis, additional details are
presented in Table 2.

CLABSI

Table 3 presents data regarding central venous
catheter (CVC) days, catheter utilization rates, and
CLABSI across different pediatric healthcare units
before and during the COVID-19 pandemic.
Specifically, catheter utilization increased significantly
in all ICUs. The most substantial increase was observed
in the SICU, where the rate soared from 15.42 to 55.71.
Although CVC days decreased in most units, both the

Table 3. CLABSI rates and utilization ratio for the different pediatric units pre- and during the COVID-19 pandemic.

2017-2019
CVC days (mean days, SD) 15.74+£7.78
Global fCatheter utilization ratio 3.42
CLABSI rate/1000 device-days 0.24
CVC days (mean days, SD) 30.66 £ 1.03
NICU fCatheter utilization ratio 11.79
CLABSI rate/1000 device-days 0.21
CVC days (median, range) 7.3(7.2-11.3)
ICU fCatheter utilization ratio 14.58
CLABSI rate/1000 device-days 0.33
CVC days (mean days, SD) 4.61 +0.38
SICU fCatheter utilization ratio 15.42
CLABSI rate/1000 device-days 0

2020-2022 7 p IRR IRR 95% CI
727+0.34 4.776 0.133°
13.97 87249.164 0.000°
0.44 -1.843 0.065¢ 0.539 0.280~1.040
26.51 +3.67 4.654 0.132°
15.30 766.337 0.000°
0.35 -0.758 0.449¢ 0622  0.182~2.125
9.2(7.7-9.2) -0.664 0.507¢
31.20 1577.443 0.000°
0.33 0.983¢ 1.027  0.093 ~11.327
574 +0.48 0.260 0.033"
55.71 2959.975 0.000°
1.32 0.988¢ — —

CVC: central venous catheter; CLABSISs: central-line-associated blood stream infections; NICU: neonatal intensive care units; [CU: general intensive care units;
SICU: surgical intensive care units. a: Pearson Chi-Square test; b: Student’s #-test; c: Poisson distribution, d: Independent-Samples Mann-Whitney U Test, :
Rate in percentile. Bold text indicates statistically different values.
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Table 4. CAUTI rates and utilization ratio for the different pediatric units pre- and during the COVID-19 pandemic.

2017-2019
UC days (mean days, SD) 4.83+0.23
Global fUrinary Catheter Utilization ratio 2.32
CAUTI rate /1000 device-days 1.44
UC days (median, range) 2.8(2.0-2.8)
NICU fUrinary Catheter Utilization ratio 0.15
CAUTI rate /1000 device-days 0
UC days (mean days, SD) 5.77+0.684
ICU fUrinary Catheter Utilization ratio 21.64
CAUTI rate /1000 device-days 2.26
UC days (median, range) 4.2(3.9-4.4)
SICU fUrinary Catheter Utilization ratio 58.28
CAUTI rate /1000 device-days 0.61

2020-2022 7 p IRR IRR 95% CI
5.09£0.22 0.000 0.217°
2.35 2251 0.133°

1.89 0.181¢ 0.762  0.511~1.135
2.3(22-2.4) 0.664 0.507¢
0.33 102.899 0.000°

0 — — —

7.46 + 1.643 2318 0.175°
23.01 10.936 0.001°

0.88 0.113° 2,553 0.801 ~8.140
4.6(4.6-5.2) 0.429 0.079¢
59.59 2.976 0.085°

1.23 0.318° 0.494  0.123~1.974

CAUTIs: catheter-associated urinary tract infections; UC: urinary catheter; NICU: neonatal intensive care units; ICU: general intensive care units; SICU: surgical
intensive care units. a: Pearson Chi-Square test; b: Student’s #-test; c: Poisson distribution, d: Independent-Samples Mann-Whitney U Test, f: Rate in percentile.

Bold text indicates statistically different values.

general ICU and the SICU witnessed an increase.
Notwithstanding the overall increase in catheter
utilization, the CLABSI rate did not show significant
changes in most units. For a comprehensive
understanding of these findings, refer to Table 3.

CAUTI

Table 4 presents a comparison of urinary catheter
days, catheter utilization ratios, and CAUT]I rates across
different pediatric healthcare units before and during
the pandemic. The analysis reveals no significant
differences in urinary catheter days and CAUTI rates
among all units during the pre-and during the pandemic
periods. However, it is notable that there was a
significant increase in catheter utilization ratios in both
the NICU and the general ICU. For a more in-depth
exploration of these findings, refer to Table 4.

MDROs

Table 5 presents data regarding the number of
antibiotic susceptibility tests (AST), the prevalence of
multidrug-resistant organisms (MDROs), and the
detection rates of MDROs across different units before

and during the pandemic. Overall, during the pandemic,
there was a notable increase in the detection of MDROs;
Nevertheless, in ICUs, the detection numbers
decreased. Specifically, the incidence rate of MDROs
in the general ICU increased significantly from 29.8%
to 42.3%, whereas the incidence rates in other ICUs
remained largely stable.

Based on Figure la, the microorganism analysis
reveals an increase in MDROs, especially among
Gram-negative bacteria. Specifically, there were 4
strains of carbapenem-resistant Enterobacteriaceae
(CRE), 31 strains of carbapenem-resistant
Pseudomonas aeruginosa (CRPA), and 21 strains of
carbapenem-resistant Acinetobacter baumannii
(CRAB). In contrast, there was a decrease in Gram-
positive bacteria. For instance, there were 15 strains of
methicillin-resistant Staphylococcus aureus (MRSA).
Additionally, vancomycin-resistant enterococci (VRE)
were not detected. The percentage of CRPA increased
by 12.4%, and that of CRAB increased by 3.0%.
Conversely, the percentage of MRSA decreased by
12.2%, and that of CRE decreased by 4.0%, as shown
in Figure 2a.

Table 5. Analysis of MDROs for the different pediatric units pre- and during the COVID-19 pandemic.

2017-2019

2020-2022 7 p
AST (N)
Global 884 1,019
NICU 112 84
ICU 258 175
SICU 103 89
MDROs (N)
Global 168 209
NICU 20 9
ICU 77 74
SICU 22 20
Incidence Rate of MDROs (%)
Global 19.00 20.50 0.676 0.411°
NICU 17.86 10.70 1.943 0.163*
ICU 29.80 42.30 7.106 0.008*
SICU 21.40 22.50 0.035 0.852°

AST: Antimicrobial susceptibility testing; MDRO: Multidrug-resistant organisms. Incidence Rate of MDROs = (MDROs/AST) *100. a: Pearson Chi-Square

test; T: Rate in percentile. Bold text indicates statistically different values.
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Figure 1. Numbers of the multidrug-resistant bacteria for the different pediatric units pre- and during the COVID-19 pandemic. a. Overall
number of strains of multidrug resistant bacteria detected in hospitalized children; b. No. of strains of multidrug-resistant bacteria detected
in NICUs; c¢. No. of strains of multidrug-resistant bacteria detected in ICUs; d. No. of strains of multidrug-resistant bacteria detected in the
SICUs.
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Figures 1b and 2b indicate that CRE had the highest
detection percentage in the NICU, reaching
approximately 90%. However, during the pandemic,
the number of MDROs in NICUs significantly
decreased. There was a notable decline in CRE strains
(10 strains) and a slight increase in MRSA (1 strain).

In Figures 1¢ and 2c, the analysis of pre-and during-
pandemic MDROs in the general ICUs shows that the
predominant strain was CRAB, with a 19% increase in
the count of CRAB strains. Conversely, the percentage
of MRSA decreased by 17% during the pandemic.

The SICU demonstrated a significant shift in multi-
resistant strains before and during the pandemic. Before
the pandemic, CRE and MRSA were the predominant
strains. However, during the pandemic, CRAB and
MRSA became the dominant strains. Notably, CRE was
not detected during the pandemic, as depicted in
Figures 1d and 2d.

Discussion

This study aimed to explore the HAI rates in
pediatric hospitals, with a focus on various ICU settings
during the pre-pandemic and pandemic periods of
COVID-19. We observed a significant reduction in the
overall HAl rate, especially in the VAP rate across most
ICU units. Notably, the counts of MDROs also

decreased in ICUs. For the first time, we determined
that the dominant strains of multidrug-resistant bacteria
differed among different ICU units: the NICU was
predominantly affected by CRE, while the general ICU
had a predominance of CRAB. During the pandemic,
the dominant strains in the SICU shifted from CRE to
CRAB.

Our findings suggested an overall increase in total
admissions, likely reflecting the elevated demand for
healthcare resources during the pandemic. However,
some studies have reported a decline in pediatric
hospitalizations during the early stages of the COVID-
19 pandemic [17,18]. Additionally, our study revealed
that hospitals have effectively reduced HAI rates
globally, particularly in the NICU and SICU. In Iran, a
19.75% decrease in the total rate of HAIs was reported
during the COVID-19 outbreak (p = 0.02) [19]. In
PICUs in Turkey, The infection rate was higher before
the pandemic (5.12) compared to during the pandemic
(4.52) [10]. Another study indicated a decline in the
NICU HAI rate from 8.43 to 5.66 [20]. These findings
imply that aggressive infection prevention and control
measures, including the use of personal protective
equipment, improved ventilation, and strict hygiene
protocols, can be effective in reducing HAIs.

The current study observed an overall increase in

Figure 2. Component ratio of the multidrug-resistant bacteria for the different pediatric units pre- and during the COVID-19 pandemic. a.
Percentages of overall composition of multidrug-resistant bacteria in hospitalized children; b. Percentage composition of multidrug-resistant
bacteria in NICUs; c. Percentage composition of multidrug-resistant bacteria in ICUs; d. Percentage composition of multidrug-resistant
bacteria in SICUs. Note: Inner ring-pre COVID-19, outer ring-During COVID-19.

a.Global bNICU o c.ICU d.sICU

=

89%

0%
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the duration of mechanical ventilation. However, the
VAP rates declined across most units, with the NICU
showing the most substantial reduction. These findings
are in line with those of Ceparano et al., who reported a
decreased incidence of VAP in NICUs (3.0% vs. 0.4%,
p =0.019) [11]. Conversely, the VAP rate increased in
SICUs. This increase might be associated with the
rising trend of CRAB within the SICU. Prior exposure
to carbapenems (for more than 7 days) independently
elevated the risk of developing VAP [21].

The COVID-19 pandemic led to an increase in the
isolation rates of CRAB, CRPA, and CRE. Conversely,
the incidence of MRSA decreased, underscoring the
escalating issue of multidrug resistance. This trend is
consistent with findings reported by CHINET in 2022
[22]. In South Korea, studies have shown an overall
increase in MDROs, with CRAB and CRPA
demonstrating an upward trend following the onset of
the COVID-19 pandemic [23]. Notably, a substantial
degree of heterogeneity was observed in the prevalence
of resistant strains and resistance rates across different
studies. Most studies (55.6%) indicated a 10.4% to
40.9% reduction in the rate of CRPA infections during
the pandemic. In contrast, 54.5% of studies reported an
increase in MRSA infections and colonization, with
rates rising from 4.6% to 170.6% [24].

We discovered that the counts of MDROs declined
in various ICUs. In Italy, during the pandemic, the
prevalence of MDR Gram-negative bacteria carriage
decreased in the NICUs in Palermo [25]. The most
frequently detected pathogens in pediatric ICUs were
Enterobacteriaceae, Pseudomonas aeruginosa, and
Staphylococcus aureus [26]. In general ICUs, CRAB
strains were the most prevalent during both the pre-
pandemic and pandemic periods. In the SICUs, MRSA
is one of the primary pathogens responsible for surgical
site infections (SSI) [27]. However, during the
pandemic, we observed a significant change in the
SICU. The main MDRO strain shifted from MRSA to
CRAB. These findings imply that although the
pandemic might have had a positive impact on certain
drug-resistant strains, it also promoted the emergence
and spread of CRAB in SICUs [28]. This outcome calls
for particular attention to potential mechanisms of
CRAB transmission among various ICUs.

This study encompasses several limitations. First, it
is a single-center study with a relatively small sample
size. This factor may restrict the generalizability of the
findings. Second, no investigations were carried out to
evaluate hand hygiene compliance during the
pandemic. Such studies could enhance our
comprehension of the mechanisms underlying the

J Infect Dev Ctries 2025; 19(5):669-676.

observed decline in infection incidence. Third, the
impact of HAIs on patient mortality and the
transmission dynamics among drug-resistant bacteria
were not explored. Understanding these aspects is
pivotal for deciphering the elevated detection of CRAB
in SICUs during the pandemic. Moreover, While
COVID-19 admissions might account for the increase
in hospitalizations and the augmented use of MV during
the pandemic, this specific population was not analyzed
in the present study. Consequently, further research is
imperative to fill these gaps. Notwithstanding these
limitations, this study offers valuable data regarding the
alterations in HAI rates in pediatric hospitals in China
during the COVID-19 pandemic. It remains of utmost
importance to persistently implement effective
infection prevention measures even after the conclusion
of the pandemic.

Conclusions

The proper implementation of infection control
protocols during the COVID-19 outbreak has been
demonstrated to reduce the rates of HAIs. Particular
attention should be given to the spread of CRAB in
different ICUs.
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