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ABSTRACT

Background: Healthcare-associated infections (HAIS) significantly contribute to elevated
healthcare expenditures, enhanced morbidity, and increased mortality rates. Patients in the
pediatric intensive care unit (PICU) exhibit heightened susceptibility to HAIs. This study
aimed to evaluate the prevalence and types of HAIs and their contribution to PICU
mortality and morbidity. Also, it aimed to assess possible sources of infection in the
environment and health care workers (HCWSs). Methods: This cross-sectional,
observational study was conducted on healthcare-associated infections in all admissions
to the Department of PICU of El-Mahala General Hospital during the study period. HAIs
were delineated in accordance with the guidelines established by the Centers for Disease
Control and Prevention. Standardized microbiological methodologies were employed for
their identification. All PICU healthcare workers were subjected to nasal and under-
fingernails cultures and inanimate objects. Results: A cohort of 211 patients was
examined. Among these, 35 patients experienced 41 episodes of bacterial healthcare-
associated infections. The incidence rate of HAls was 19.4 per 100 PICU admissions, with
an incidence density of 25.7 per 1000 PICU days. Notably, all identified HAIs were
associated with medical devices. Ventilator-associated pneumonia was the predominant
type, constituting 43.9% of cases, followed by central line-associated bloodstream
infections at 31.7%, bloodstream infections at 14.6%, and catheter-associated urinary tract
infections at 9.8%. The most commonly isolated organisms were MDR-Gram-negative
bacteria (56.1%), mainly Klebsiella (21.9%). Conclusions: Healthcare-associated
infections constitute a significant problem in PICU, mostly due to multidrug resistant
bacteria. It is significantly correlated with morbidity and mortality in PICU.

Introduction

of admission but manifest after the third day of
hospitalization [ 1].

The predominant complication
encountered in the PICU is healthcare-associated In intensive care settings, the overall
infections (HAIs), which are defined as infections incidence of healthcare-associated infection (HAI)
that are neither present nor in incubation at the time development ranges from 20-40 percent. The

infections most frequently documented include
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bloodstream infections (BSIs), ventilator-associated
pneumonia (VAP), urinary tract infections (URTIS),
and surgical site infections (SSls) [2].

Healthcare-associated BSIs significantly
contribute to elevated healthcare expenditures,
augmented morbidity, and heightened mortality
rates. Predominant pathogens implicated in central
line-associated bloodstream infections (CLABSI)
include coagulase-negative Staphylococci (CONS),
Methicillin-resistant ~ Staphylococcus aureus
(MRSA), various species of Candida, and Gram-
negative organisms such as Klebsiella and
Enterobacterales [3].

One known side effect of using invasive
mechanical ventilation in critically ill patients is
VAP. It ranks as the second most prevalent
nosocomial infection within ICU and typically
manifests within the first 10 days following
endotracheal intubation [4]. The prevention of VAP
in ICUs is guided by a variety of strategies, which
demonstrate regional variation [5].

Catheter-associated urinary tract
infections (CAUTISs) represent a significant health
concern in pediatric patients equipped with
indwelling urinary catheters, with infection risks
escalating daily from three to ten percent as long as
the catheter remains [6].

The objective of this study was to assess
the prevalence and varieties of HAIs and to analyze
their impact on morbidity and mortality within the
PICU.

Patients and methods

This observational, cross-sectional
investigation encompassed all patients who were
admitted to the PICU of EI-Mahala General Hospital
for at least 48 hours between May 2022 and October
2022.

Ethical consideration

An approval from the Research Ethics
Committee in Benha Faculty of Medicine was
obtained (code number: MS17-3-2022). Ethical
permission from the parents was obtained before
doing the study.

Inclusion criteria: Age from one month to 18 years,
infections were identified as occurring 48 hours or
more following admission to the PICU, and
infection control instructions are strictly followed
such as hand hygiene, spacing between cases, proper
sterilization/disinfection of various medical item,
aseptic  precautions whenever any invasive

procedures are being carried out and use of personal
protective equipment.

Exclusion criteria: Age less than one month,
patient with PICU stay less than 3 days, patient with
history of acquired or congenital
immunodeficiency, as well as scenarios where an
infection was either present or in the incubation
phase at the point of admission.

Methods

All patients were subjected to the
following: Detailed medical history data collection
and assessment of infection risk factors such as
using central venous catheterization, mechanical
ventilation, and urinary catheterization.
Additionally pediatric risk of mortality (PRISM)
score is predicated on several parameters including
cardiovascular and neurologic vital signs, acid-base
and blood gas metrics (acidosis, pH, pCOz2, total
CO02, and pa02), blood chemistry tests (glucose,
potassium, creatinine, and urea), and hematology
tests (white blood cell count, platelet count, with
prothrombin time (PT) and partial thromboplastin
time (PTT) collectively counted as one measure),
outcomes related to HAISs, such as length of stay (
LOS) and mortality rates, were meticulously
documented. This was complemented by a thorough
clinical examination, routine laboratory tests, and
disease-specific investigations, which encompassed
radiological assessments (e.g., chest X-rays) and
bacteriological cultures derived from urine, blood,
or sputum samples.

Microbiologic  methods and  healthcare-
associated infections definitions

Definitions of HAIs were established in
alignment with the Centers for Disease Control and
Prevention and National Health Surveillance case
definitions. Catheter associated urinary tract
infection (CAUTI) is classified as a urinary tract
infection where an indwelling urinary catheter (UC)
was in place for over two calendar days, with the
catheter present either on the day of the event or the
preceding day. Central line-associated blood stream
infection (CLABSI) involves a laboratory-
confirmed bloodstream infection occurring when a
central line (CL) was maintained for more than two
calendar days, and the line was present on the day of
the event or the day prior. Ventilator associated
pneumonia (VAP) describes pneumonia instances in
patients mechanically ventilated for over two days,
with the ventilator in place at the time of the event
or the day before. Identification of VAP utilizes a
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synthesis of radiological, clinical, and laboratory
criteria [7,8]. During the study, all PICU healthcare
workers underwent routine bimonthly nasal and
under-fingernail swab cultures, alongside similar
assessments of inanimate objects within the
environment.

Upon admission, bacteriological cultures
were systematically obtained from various potential
infection sites including blood, urine, sputum,
bronchoalveolar lavage, and cerebrospinal fluid as
required. Subsequent cultures were initiated based
on clinical suspicion of infection at respective sites.
The identification and antimicrobial susceptibility
of each isolate were determined using standard
microbiological techniques employing the Kirby—
Bauer disc diffusion method to detect bacterial
resistance or susceptibility to various antibiotics, in
accordance with the clinical and laboratory
standards institute (CLSI) guidelines [9,10].

Statistical analysis

Data collected were systematically coded,
inputted, and analyzed using IBM SPSS 23.0 for
Windows, a sophisticated database software.
Representations of qualitative data were articulated
through  frequencies and percentages. The
association among disparate qualitative variables
was examined using the Chi-square (X"2) test. In
the analysis of quantitative variables, both the mean
+ SD and the median alongside the range were
derived. The independent t-test was applied for
assessing differences across quantitative metrics,
whereas the Mann-Whitney U test was utilized for
evaluating nonparametric datasets. Statistical
significance was adjudicated based on a P value
threshold, where values greater than 0.05 were
considered non-significant and those less than 0.05
as significant. Logistic regression analysis was
employed to forecast the likelihood of an outcome,
contingent on various independent variables,
suitable for cases where the dependent variable is
qualitative (categorical).

Results

In this study, 211 patients who were
hospitalized in the PICU for more than 48 hours
were included. Of these, 35 patients developed a
total of 41 episodes of bacterial HAIs. The incidence
rate of HAIs was established at 19.4 per 100 PICU
admissions, with an incidence density of 25.7 per
1000 PICU days. All identified HAIs were
associated with medical devices. The breakdown of
these infections included ventilator-associated

pneumonia, which constituted 43.9%, followed by
central line (CL)-associated bloodstream infections
at  3L.7%, catheter-associated  bloodstream
infections at 14.6%, and CAUTIs at 9.8%. Device-
associated infection (DAI) rates per 1000 device
days were calculated as follows: 14.2 for ventilator-
associated pneumonia per 1000 ventilator days, 6.4
for CL-associated bloodstream infections per 1000
CL days, and 0.78 for CAUTIs per 1000 urinary
catheter days. Gram-negative bacteria emerged as
the predominant pathogens, accounting for 56.1%
(n=23/41) of all isolates.

Table 1 shows that patients age ranged
from 1 to 156 months with median of 45.6,
predominantly males (70.7%). As regards their
weight it ranged from 4 to 35 kg with a median of
10 kg. The predominant infection type was
ventilator-associated pneumonia, comprising 43.9%
of cases.

Table 2 shows that the most isolated
pathogen among VAP was pseudomonas
aeruginosa (17.1%). While the most isolated
pathogen among CLABSI was Staphylococcus
aureus (24.4%). While the most isolated pathogen
among blood stream infections was coagulase
negative Staphylococci among (9.8%) of the
patients. While the most isolated pathogen among
CAUTI was Escherichia coli (4.9%).

Table 3 shows a statistically significant
difference between different types of health-care
infections as regard PRISM score, length of stay,
inotropes and vasopressors and outcome especially
elevated in VAP with significant difference from
other types.

Figure 1 shows antibiotic resistance
among isolated organisms from HAIs in the PICU.
A total of ten (24.4%) isolated organisms showed
extended-spectrum beta-lactamase resistance, eight
isolates (19.5%) showed multidrug resistance,
eleven isolates (26.8%) were resistant to methicillin-
resistant Staphylococcus aureus, and five (12%)
were carbapenem-resistant Enterobacteriaceae.

Table 4 reveals a statistically significant
correlation between patient outcomes and the
PRISM 11l score, most of the patients who died
(41.7%) had PRISM scores ranging from 15 to 19,
while most of the patients who survived (69%) had
PRISM scores ranging from 0 to 4 (p<0.001). Also,
when the PRISM score increases, the rate of
observed mortality increases.
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Table 5 showed that results of cultures
from health care workers and inanimate items
revealed that coagulase-negative staphylococci was
the most frequently isolated organism from under
fingernail (60%), nasal swabs (40%), and inanimate
objects (30%). Whereas coagulase-negative
Staphylococci are a part of normal skin flora. There
are 4 isolated methicillin-resistant coagulase-ve
Staphylococci organisms from healthcare workers
under fingernail swab and nasal swab and 1 isolated

methicillin-resistant staph organism from inanimate
object that may act as a potential source of infection.

Table 6 shows that after applying logistic
regression analysis for predictors of healthcare-
acquired infection; CVC insertion, endotracheal
tube insertion, urine catheter insertion, antibiotics
used, mechanical ventilation, positive inotropes use,
PRISM score, and length of stay can be used as
independent factors for predicting healthcare-
acquired infections.

Table 1. Demographic data and types of hospital-acquired infections in the pediatric intensive care unit among

the studied group.

Variables (n=41)
Age (month) Median (IQR) 45.6 (15.5)
Range 1- 156
Sex (n. %) Male 29 (70.7%)
Female 12 (29.3%)
. Median (IQR) 10 (9)
Welght (Kg) Range (4 — 35)
. Median (IQR) 75 (27)
Height (Cm) Range (56— 150)
. Mean + SD 46 (7)
Head circumference (Cm) Range (37-57)
VAP 18 (43.9%)
Central line-associated blood 0
Types of hospital-acquired stream infections 13 (31.7%)
infections Blood stream infections 6 (14.6%)
_Cathe_ter associated urine tract 4 (9.8%)
infection

Data is presented as Mean + SD, Median (IQR), Range, or frequency (percentage). IQR: Interquartile range.

Table 2. Distribution of healthcare-associated infection (HAI) pathogens.

Variables (n. %0) Culture +ve
VAP(n=18)

Pseudomonas aeruginosa 7 (17.1%)

Klebsiella spp. 6(14.6%)

Coagulase -ve Staphylococci 2 (4.9%)

Acinetobacter spp. 1(2.4%)

E-coli 1(2.4%)

Staphylococcus aureus 1(2.4%)

CLABSI (n=13)

Staphylococcus aureus. 10 (24.4%)

Klebsiella spp. 2 (4.9%)

Staphylococcus epidermidis. 1 (2.4%)
BSI (n=6)

Coagulase-ve Staphylococci 4(9.8%)

Pseudomonas spp. 1(2.4%)

Enterobacter spp. 1(2.4%)
CAUTI (n=4)

E-coli 2 (4.9%)

Klebsiella spp. 1 (2.4%)

Proteus spp. 1 (2.4%)

Data is presented as frequency (percentage). VAP: Ventilator associated pneumonia, CLABSI: Central line-associated bloodstream

infections, CAUTI: Catheter associated urine tract infection.
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Table 3. Comparison of morbidity and mortality in different types of health-care infections.
Variables (n. %) VAP CLABSI BSI CAUTI P
(n=18) (n=13) (n=6) (n=4) value
PRISM score 0-4 3 (16.7%) 10 (76.9%) 4 (66.7%) 3 (75%)
5-9 2 (11.1%) 2 (15.4%) 1 (16.7%) 1 (25%)
10-14 6 (33.3%) 0 (0%) 0 (0%) 0 (0%)
15-19 4 (22.2%) 1(7.7%) 1 (16.7%) 0 (0%) 0.03
>20 3 (16.7%) 0 (0%) 0 (0%) 0 (0%)
Length of stay | 9-—15 days 7 (38.9%) 9 (69.2%) 6 (100%) 3 (75%)
16 — 33 days 11 (61.1%) 4 (30.8%) 0 (0%) 1 (25%) 0.04
Inotropes and No 2 (11.1%) 7 (53.8%) 6 (100%) 2 (50%)
vVasopressors Dobutrex 9 (50%) 1 (7.7%) 0 (0%) 1 (25%)
Dobutrex & noradrenaline 0 (0%) 1 (7.7%) 0 (0%) 0 (0%)
Dopamine & Dobutrex 7 (38.9%) 3 (23.1%) 0 (0%) 1 (25%)
Dopamine & Dobutrex & 0 (0%) 1(7.7%) 0 (0%) 0 (0%) 0.002
adrenaline
Alive 8 (44.4%) 11 (84.6%) 6 (100%) 4 (100%)
Died 10 (55.6%) 2 (15.4%) 0 (0%) 0 (0%) 0.01
*Fisher exact test, Non-significant: P >0.05, Significant: P <0.05 Data is presented as frequency (percentage).
Table 4. Relation between PRISM score and outcome among the studied patients.
Variables (n. Alive Died Total Observed mortality P
%) (n=29) (n=12) (%) value
0-4 20 (69%) 0 (0%) 20 0%
5-9 6 (20.7%) 0 (0%) 6 0%
10-14 2 (6.9%) 4 (33.3%) 6 66.7 % <0.001
15-19 1 (3.4%) 5 (41.7%) 6 83.3%
>20 0 (0%) 3 (25%) 3 100 %
Data is presented as frequency (percentage). *Fisher exact test, Non-significant: P >0.05, Significant: P <0.05
Table 5. Culture results among health care workers.
Culture
Variables (n. %) +ve MRSA MRCONS MSCONS
Culture from under fingernail swab (n=15)
Coagulase — ve Staphylococci 9 (60%) - 1 8
Staphylococcus aureus 3 (20%) 0 - -
No growth 3 (20%)
Culture from nasal swab (n=15)
Coagulase — ve Staphylococci 6 (40%) - 3 4
Staphylococcus aureus 3 (20%) 0 - -
Beta hemolytic Streptococci 2 (13.3%)
No growth 4 (26.7%)
Swap from inanimate object (n=10)
Coagulase —ve Staphylococci 3 (30%) - 0 3
Staphylococcus aureus 2 (20%) 1 - -
Candida albicans 1 (10%)
No growth 4 (40%)

Data is presented as frequency (percentage). MRSA: Methicillin resistant Staphylococcus aureus, MRCONS: Methicillin resistant
coagulase -ve Staphylococci, MSCONS: Methicillin sensitive coagulase -ve Staphylococci
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Table 6. Logistic regression analysis for predictors of healthcare acquired infections.

Variables Univariate analysis Multivariate analysis

P value Odds (Cl 95%) P value Odds (Cl 95%)
Age 0.006 1.44 (1.02 — 1.89) 0.19 3.08 (0.58 — 16.3)
Sex 0.41 0.53(0.12-2.43) - -
CcvC 0.03 9.4(43-22.3) 0.001 0.68 (1.02 — 1.75)
Endotracheal tube 0.005 21.15 (2.45-182.3) 0.02 0.43 (1.03 - 1.40)
Urine catheter 0.004 13 (3.5-48.2) 0.03 1.65 (1.78 - 3.17)
Antibiotic used 0.01 1.82 (1.32 - 2.49) 0.02 2.93 (1.64 — 8.51)
Mechanical ventilation 0.03 11.74 (1.42 - 122.2) 0.04 2.84 (1.21-3.92)
Inotropes use 0.005 21.15 (2.45-182.3) 0.02 13.18 (1.43-121.5)
WBCs 0.45 0.88 (0.6 — 1.21) - -
Hemoglobin 0.32 1.35(0.75-2.4) - -
Platelets 0.33 1.003 (0.99 — 1.01) - -
CRP on admission 0.89 1.17 (0.11 - 12.48) - -
PRISM score 0.001 1.69 (1.23 - 2.34) 0.005 1.7 (1.17 - 2.48)
Length of stay 0.003 1.22 (1.07 - 1.39) 0.004 1.21 (1.06 — 1.38)

CVC: Central venous catheter, WBCs: White blood cells, CRP: C-reactive protein , PRISM score : Pediatric Risk of Mortality

Figure 1. Antibiotic resistance of isolated organisms of hospital acquired infections in the PICU (n = 41).
CRE= Carbapenem-resistant Enterobacterales, ESBLS=extended spectrum Beta lactams, MDR=multidrug
resistance, MRSA=Methicillin resistant Staphylococcus aureus, MRCONS=Methicillin resistant coagulase —ve
Staphylococci, MSCONS=Methicillin sensitive coagulase — ve Staphylococci, MRSE=Methicillin resistant
Staphylococcus epidermidis

12
10
8
6
4
2

: H B

MRSA ESBLs RE MRCONSs MRSE None

. . Our study showed that the majority of the
Discussion

Our research demonstrated an HAI
incidence rate of 16.9 per 100 PICU admissions,
with an incidence density of 25.7 per 1000 PICU
days. These findings align closely with the HAI
rates reported in developing countries, which range
between 15.1% and 22.1% [11]. Atici et al. [12]
identified a PICU HAI rate of 22.24%.

studied patients were males, ages ranging from 1 to
156 months with a median of 45.6. Akinkugbe et al.
[13] studied 1930 critically ill children and
determined the effect on their disease course, of
which 44% were female. The median age was 38
months (10-118).

Avcu et al. [14] conducted a study to
determine the occurrence and distribution of HAISs,
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as well as antibiotic susceptibility trends in a PICU.
The patients' average age was 81.9 months, with a
range of 3 to 190 months. Among the patients who
developed HAIs, half (n=11, 50%) were female.

In this study, VAP was the most prevalent
form, accounting for 43.9% of the cases. Central line
(CL)-associated bloodstream infections,
bloodstream infections, and CAUTIs accounted for
31.7%, 14.6%, and 9.8% of the cases, respectively.
Numerous studies that were comparable to ours
found that VAP was the most prevalent infection
[15,16]. However, according to Hacimustafaoglu
et al. [17], bloodstream infections were identified
as the predominant cause of HAIs in the PICU.

Our study showed that VAP, the most
common serious HAI, showed increased morbidity
and mortality, as (16.7%) of VAP had PRISM
scores> 20. In contrast, other types of HAIs had
PRISM scores < 20, length of stay most of the
patients with VAP stayed from 16 to 33 days, As
regards inotropes and vasopressors, (38.9%) of
patients with VAP used dopamine and dobutrx in
comparison to (23.1%) of patients with CLABSI and
(25%) of patients with CAUTI. Also, (55.6%) of
patients with VAP died in comparison to (15.4%) of
patients with CLABSI and none of the patients with
BSI or CAUTI. The reason for this is that VAP is
commonly caused by aggressive organisms.

As regards the most commonly isolated
organisms , Our study showed that , 56.1% were
Gram-negative bacteria (GNB) and 43.9% were
Gram-positive bacteria. This distribution is
consistent with earlier research in both adults and
children, which found that the majority of HAIs in
ICUs are caused by GNB, with Enterobacteriaceae
accounting for 25-30% of all isolates [18,19].
Pseudomonus spp. was the most frequently isolated
organism in VAP in the current investigation. This
is consistent with earlier research [20]. However,
many investigations have identified i spp. as the
most common bacteria related with VAP [18,21].

In the National Nosocomial Infection
Surveillance System (NNISS) survey of PICU
patients, coagulase-negative Staphylococcus spp.
were identified as the major bacterium associated
with CLABSI, accounting for 37.8% of cases that
were reported [22]. In our study, we found
staphylococcus aureus, the predominant organism
causing CLABSI. Also, the most isolated organisms
in BSI and CAUTI were coagulase-ve Staphylococci
and Escherichia coli respectively.

We showed antibiotic resistance among
isolated organisms from HAIs in the PICU. A total
of ten (24.4%) isolated organisms showed extended-
spectrum beta-lactamase resistance, eight isolates
(19.5%) showed multidrug resistance, eleven
isolates (26.8%) were resistant to methicillin-
resistant Staphylococcus aureus, and five (12%)
were carbapenem-resistant Enterobacteriaceae.

Almazeedi et al. [23] showed antibiotic
resistance among isolated organisms from HAIs in
the PICU. A total of 44 (30.3%) samples showed
extended-spectrum beta-lactamase resistance, 37
(25.5%) showed multidrug resistance, eight (5.5%)
were methicillin-resistant Staphylococcus aureus,
and three (2.1%) were carbapenem-resistant
Enterobacteriaceae. A total of 53 (36.6%) had no
resistance to antibiotics.

In our study, most of the patients who died
(41.7%) had PRISM scores ranging from 15 to 19,
while most of the patients who survived (69%) had
PRISM score ranging from 0 to 4. Also, when the
PRISM score increases, the rate of observed
mortality increases.

Our investigation demonstrated that
coagulase-negative staphylococci, as a part of The
skin normal flora, emerged as the most prevalently
isolated organisms, detected in 60% of samples
collected from beneath fingernails, 40% of nasal
swabs, and 30% of inanimate objects. Conversely,
Staphylococcus aureus was less frequently
identified, with isolation rates of 20% from
fingernail swabs, 20% from nasal swabs, and 20%
from inanimate object samples. Beta hemolytic
Streptococci was isolated from nasal swabs in very
limited culture (13.3%) and candida albicans were
also isolated in very limited culture from an
inanimate object (10%). There are 4 isolated
methicillin-resistant coagulases-ve Staphylococci
organisms from healthcare worker’s underfinger
nail and nasal swab and 1 isolated methicillin-
resistant staph organism from an inanimate object
that may act as a potential source of infection. In our
study, we found Gram-negative bacilli ,the main
pathogens in our ICU, not identified from HCW
hands nor from the environment. This shows the
success of the Infection Control Program
implemented by our hospital.

In another study, cultures obtained from
beneath the fingernails and throats of HCWs
indicated a high recovery rate of coagulase-negative
Staphylococci, ranging from 80% to 100%, and
Staphylococcus aureus, ranging from 20% to
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33.3%. These organisms are predominantly
harbored by colonized children in the ICU, from
whom they are transmitted to others via hospital
personnel [24].

After applying logistic regression analysis
for predictors of healthcare-acquired infection; CVC
insertion, endotracheal tube insertion, urine catheter
insertion, antibiotics used, mechanical ventilation,
positive inotropes use, PRISM score, and length of
stay can be used as independent factors for
predicting healthcare-acquired infections.

Moustafa et al. [15] used logistic
regression and found that LOS, Pediatric Logistic
Organ Dysfunction (PELOD), and MV were
significantly associated with HAIs. Significant
predictors of HAIs were LOS and MV. While
univariate analysis revealed a significant correlation
between the PELOD score and PRISM score HAIS.

The principal strength of this study lies in
the implementation of a standardized protocol
across all participating PICUs. Patients who
developed HAIs exhibited higher illness severity,
extended PICU LOS, and elevated rates of resistant
pathogens, although mortality was significantly
impacted. This research provides a comprehensive
overview of PICU-HAI epidemiology and ecology
in Egypt, potentially serving as a benchmark and
identifying areas for improvement in pediatric care
within the country. The most significant limitation
of our study was the relatively low number of
enrolled patients.

Conclusions

o Heathcare-associated  infection  (HAIS)
constitute significant problem approximately
19.4 per 100 PICU admissions, mostly caused
by resistant bacteria.

o Patient with HAIs had significantly longer
LOS, higher mortality, increased inotropic
requirements and higher PRISM score
especially elevated in VAP.

e Mechanical ventilation (MV), CVC, UC,
length of stay and PRISM score were
significantly predictors of HAIs.

Acknowledgments
None to be declared.

Authors' contributions

All authors contributed to the study
conception and design. Material preparation
was performed by Reda S. Arafah. Data

collection and analysis were performed by
Samar M.H. Emara. The first draft of the
manuscript was written by Eman G. Abd El
Rahman and Maha M. Osman all authors
commented on previous versions of the
manuscript. All authors read and approved the
final manuscript.

Funding
None
Competing interest
No competing interests to declare.

Data availability

All data generated or analyzed during this
study are included in this puplished article.

References
1-Joram N, de Saint Blanquat L, Stamm D,

Launay E, Gras-Le Guen C. Healthcare-
associated infection prevention in pediatric
intensive care units: a review. Eur J Clin
Microbiol Infect Dis 2012;31(10):2481-2490.
DOI:10.1007/s10096-012-1611-0

2-Chen YY, Chen IH, Chen CS, Sun SM.
Incidence and mortality of healthcare-
associated infections in hospitalized patients
with moderate to severe burns. J Crit Care 2019;
54:185-190. DOI: 10.1016/j.jcrc.2019.08.024

3-Vallés J, Calbo E, Anoro E, Fontanals D,
Xercavins M, Espejo E et al. Bloodstream
infections in adults: importance of healthcare-
associated infections. J Infect 2008;56(1):27-
34. DOI: 10.1016/j.jinf.2007.10.001

4-Kalanuria AA, Ziai W, Mirski M. Ventilator-
associated pneumonia in the ICU [published
correction appears in Crit Care. 2016 Jan 28;
20:29. doi: 10.1186/s13054-016-1206-8. Zai,
Wendy [corrected to Ziai, Wendy]]. Crit Care.
2014;18(2):208. Published 2014 Mar 18.
DOI:10.1186/cc13775

5-Lambert ML, Palomar M, Agodi
A Hiesmayr M, Lepape A, Ingenbleek A, et
al. Prevention of ventilator-associated



Abd EI Rahman EG et al./ Microbes and Infectious Diseases 2025; 6(4): 6497-6506

6505

pneumonia in intensive care units: an
international online survey. Antimicrob Resist
Infect Control 2013;2(1):9. Published 2013 Mar
26. DOI:10.1186/2047-2994-2-9
6-Snyder MD, Priestley MA, Weiss M,Hoegg
CL, Plachter N, Ardire S, et al. Preventing
Catheter-Associated Urinary Tract Infections in
the Pediatric Intensive Care Unit. Crit Care
Nurse2020;40(1):e12-e17.
DOI:10.4037/ccn2020438.
7-Centers for Disease Control and Prevention.
Identifying healthcare-associated infections
(HAIl) for NHSN surveillance. National
Healthcare Safety Network (NHSN) patient
safety component manual. Atlanta, GA: CDC.
2016.
8- Identifying Healthcare-Associated Infections
(HAI) for NHSN surveillance.2017. Available
at:
https://www.cdc.gov/nhsn/PDFs/pscManual/2
PSC_lIdentifying HAIs_NHSN current.pdf.
[Last accessed 2017 Oct 10].
9-Tille P. Traditional cultivation and
identification. Bailey and Scotts’s diagnostic
microbiology. 14th ed. St Louis, Missouri: CV
Mosby Co 2016. pp. 81-105.
10-Clinical and Laboratory Standards
Institute (CLSI). Performance Standards for
Antimicrobial Susceptibility Testing. 27th
ed.CLSI supplement M100.Wayne, PA; 2017.

11-Rosenthal VD, Al-Abdely HM, El-Kholy
AA. International Nosocomial Infection
Control Consortium report, data summary of
50 countries for 2010-2015: device-associated
module. Am J Infect Control 2016; 44: 1495—
1504.

12- Atici S, Soysal A, Kepenekli Kadayifci E.
Healthcare-associated infections in a newly

opened pediatric intensive care unit in Turkey:

results of four-year surveillance. J Infect Dev
Ctries 2016; 10:254-259.

13-Akinkugbe O, Cooke FJ, Pathan N.
Healthcare-associated bacterial infections in
the paediatric ICU. JAC Antimicrob Resist
2020; 2:1-7.

14-Avcu G, Atikan BY. Healthcare-Associated
Infections at A Tertiary Level Pediatric
Intensive Care Unit from Turkey. J Pediatr Res
2021;8(3):246-250. DOI:
10.4274/jpr.galenos.2020.67299.

15- El-Sahrigy SAF, Shouman MG, Ibrahim
HM, Rahman AMOA, Habib SA, Khattab
AA, et al. Prevalence and Anti-Microbial
Susceptibility of Hospital Acquired Infections
in Two Pediatric Intensive Care Units in
Egypt. Open Access Maced J Med Sci 2019
Jun 14;7(11):1744-1749.

16-Moustafa AA, Raouf MM, El-Dawy MS.
Bacterial healthcare-associated infection rates
among children admitted to Pediatric Intensive
Care Unit of a Tertiary Care Hospital, Egypt.
Alexandria Journal of Pediatrics
2017;30(3):100-7.

17-Hacimustafaoglu M, Yegin N, Celebi S,
Ergun G, Cetin BS, Celik T, et al. Hospital
Infections in the Pediatric Intensive Care Unit;
4-Year Evaluation 2010-2013. July 2015;
9(2)56-63. DOI:10.5152/ced.2015.2098

18-Rasslan O, Seliem ZS, Ghazi IA. Device-
associated infection rates in adult And
pediatric intensive care units of hospitals in
Egypt. International Nosocomial Infection
Control Consortium (INICC) findings. J Infect
Public Health 2012; 5:394-402.

19-Brindha SM, Jayashree M, Singhi S. Study
of nosocomial urinary tract Infections in a
pediatric intensive care unit. J Trop Pediatr
2011; 57:357-362.



Abd EI Rahman EG et al. / Microbes and Infectious Diseases 2025; 6(4): 6497-6506
6506

20-Mariki P, Rellosa N, Wratney A. Application
of a modified microbiologic criterion for
identifying pediatric  ventilator-associated
pneumonia. Am J Infect Control 2014,
42:1079-1083.

21-El-Nawawy AA, Abd El-Fattah MM, Abd
El Raouf Metwally H. One year study of
bacterial and fungal nosocomial infections
among patients in pediatric intensive care unit
(PICU) in Alexandria. J Trop Pediatr
2005;52:185-191.

22-Wisplinghoff H, Bischoff T, Sandra M.
Nosocomial bloodstream infections In US
hospitals: analysis of 24,179 cases from a
prospective nationwide Surveillance study.
Clin Infect Dis 2004; 39:309-317.

23-Almazeedi MA, Al Ghadeer HA, Bugshan
AS,Alhrthi HL, Alshuaibi MK, Albargi HH,
et al. Pattern and Frequency of Nosocomial
Infections in the Pediatric Intensive Care Unit
at East Jeddah General Hospital, Saudi Arabia.
Cureus 2023;15(10): e47561. Published 2023
Oct 24. DOI:10.7759/cureus.47561.

24-Kaoutar B, Joly C, L'Hériteau F, Barbut F,
Robert J, Denis M et al. Nosocomial
infections and hospital mortality: a multicentre
epidemiology  study. J Hosp Infect
2004;58(4):268-275.

Abd ElI Rahman EG, Arafah RS, Emara SMH, Osman MM. Healthcare-associated infections in pediatric intensive
care unit of EI-Mahalla general hospital. Microbes Infect Dis 2025; 6(4): 6497-6506.



