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Active surveillance of hospital-acquired infections in
Pediatric Intensive Care Unit: a single center study
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ABSTRACT

Objective: The aim of our study was to describe and analyze HAl incidence, etiology and risk factors in pediatric intensive care unit (ICU).
Background: Intensive care patients are at high risk of hospital-acquired infections (HAI) due to their underlying diseases and
exposure to invasive devices.

Methods: The study group consisted of patients admitted to children’s hospital ICU for more than 2 days during a six-month period
(267 patients, 1570 patient-days). We used the European Centre for Disease Prevention and Control standard protocol HAI-Net ICU
v2.2 for data collection.

Results: HAl occurred in 17 (6.4%) included patients (10.8 infections per 1000 patient-days). The most frequent were catheter-re-
lated bloodstream infections (33%, 7.6 per 1000 catheter-days) and intubation-associated pneumonia (25%, 10.9 per 1000 intu-
bation-days). Gram-negative bacteria (Pseudomonas aeruginosa, Klebsiella spp.) were identified as the most common etiological
agents. Significantly higher risk of HAI had patients with central venous catheter (OR: 14.5, 95% Cl 3.2-65.1), intubated (OR: 14.4,
95% Cl 4.4-46.2), with Pediatric Index of Mortality score higher than 10 (OR: 17, 95% Cl 2.7-111.5) and with previous bacterial or/
and fungal colonization (OR: 30.6, 95% Cl 9.2-101.3).

Conclusions: Active surveillance identified unreported HAI cases and proved to be an effective tool of infection control.
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SUHRN
Fulova M., Kotrbancova M., Perzelova J., Brazinova A.: Aktivna surveillance nemocni¢nych infekcii
na pediatrickej jednotke intenzivnej starostlivosti

Ciel: Cielom prace bolo opisat a analyzovat vyskyt, etioldgiu a rizikové faktory nemocni¢nych nakaz na pediatrickej jednotke in-
tenzivnej starostlivosti (JIS).

Uvod: Pacienti hospitalizovani na JIS patria medzi vysokorizikovych z hladiska vzniku nemocni¢nych nakaz (NN) kvéli zdvaznému
az kritickému zdravotnému stavu a potreby invazivnych diagnostickych a terapeutickych zasahov.

Metoédy: Do studie sme zaradili pacientov hospitalizovanych na detskej JIS na dlhsie ako 2 dni v priebehu Siestich mesiacov (spolu
267 pacientov, 1570 pacientskych dni). Pre zber tdajov o vyskyte NN sme pouzili Standardny protokol Eurépskeho centra pre pre-
venciu a kontrolu choréb HAI-Net ICU v2.2.

Vysledky: Infekcie v suvislosti s hospitalizaciou na JIS sme zistili u 17 (6,4 %) pacientov (10,8 infekcii/1000 pacientskych dni). Naj-
Castejsie islo o infekcie krvného rieciska v suvislosti so zavedenym katétrom (33 %, 7,6/1000 katétrovych dni) a pneumaoniu v stvis-
losti s intubaciou (25 %, 10,9/1000 dni intubacie). V etioldgii dominovali gramnegativne baktérie (Pseudomonas aeruginosa, Kleb-
siella spp.). Vyssie riziko vzniku NN mali pacienti s centrdlnym venéznym katétrom (OR: 14,5; 95% Cl 3,2-65,1), intubovani (OR: 14,4;
95% Cl 4,4-46,2), s Pediatrickym indexom mortality vy3sim ako 10 (OR: 17; 95% Cl 2,7-111,5) a s predchadzajucou bakteridlnou a/
alebo mykotickou kolonizéciou (OR: 30,6; 95% Cl 9,2-101,3).

Zaver: Aktivne sledovanie vyskytu nemocni¢nych nakaz poskytuje presny obraz o situacii na Urovni vybranych oddeleni nemocnice
a patri medzi prvé kroky k cielenej prevencii.

KLUCOVE SLOVA
nemocni¢né nakazy - aktivna surveillance — pediatricka JIS
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INTRODUCTION and exposure to invasive devices [1]. A point preva-
lence study implemented in 2022-2023 in 33 European

In acute care hospitals, Intensive Care Units (ICU) re- countries revealed the highest HAI prevalence in ICU,
present the high-risk setting for hospital-acquired infec- where 20.5% of patients had at least one HAl compared
tions (HAI) due to patients” severe underlying diseases with the average 7.1% for all other specialties [2]. In pe-
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diatric ICU, in a similar study from 29 European coun-
tries in 2012, the HAI prevalence was 15.5%, compared
with the average of 4.2% in all words [3]. The impact
of HAI is significant on the patient’s health status and
outcome as well as on costs due to increased length of
stay, additional diagnostics and treatment. There is evi-
dence that HAI is largely preventable. Active HAI sur-
veillance at the hospital level is a first step to targeted
prevention and improved safety in routine patient care.

The aim of the study was to describe how active sur-
veillance, description and risk factors analysis of HAI
can help to determine priority infection control targets.
The study was implemented in the pediatric ICU of
a children hospital in the Slovak Republic.

MATERIALS AND METHODS

Our retrospective study took place in a ten-bed ICU
of a tertiary referral children’s hospital in the Slovak Re-
public where healthcare from birth to 18 years of age is
provided. All patients admitted to the ICU for more than
two days in a six-month period (January-June 2018)
were included in the study. In the hospital passive sur-
veillance (reporting by healthcare staff) of healthcare
associated infections is implemented based on the legi-
slation of the Slovak Republic. The hospital epidemio-
logist coordinates infection prevention. We obtained
data on reported HAI from the hospital epidemiologist.

For active data collection, we used the European
Centre for Disease Prevention and Control (ECDC) HAI-
Net ICU v2.2 patient-based (standard option) protocol
for active surveillance of ICU-acquired infections [4].
Data on hospitalized patients was obtained from the
patient’s medical records. Following data were collec-
ted: age, gender, length of hospitalization, type of ICU
admission, immunity status, invasive device exposure
(central venous catheter — CVC, urinary catheter, intu-
bation), results of microbiological testing, presence or
absence of HAI, their sites and etiology and antimicro-
bial use indications. The microbiological testing con-
sisted of routine microbiological monitoring (culture
of samples: nasal swab, tonsil swab, urine, rectal swab)
and additional testing according to the patient’s health
conditions (e.g. blood culture). For evaluation of antimi-
crobial resistance, we used minimal and recommended
antimicrobial resistance markers in the ICU according
to the HAI-Net ICU protocol. The Pediatric Mortality
Index 2 (PIM 2) score was calculated for each patient
using the online calculator [5].

The presence of HAI was determined using the EU
standard definitions [6]. For description we used the
following indicators: incidence rate (number of HAI per
100 hospitalized patients), incidence density (number
of infections per 1000 patient-days) and device-asso-
ciated infection rates (number of infections per 1000
device-days).
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We used the following definition to determine colo-
nization: the presence of microorganisms on the skin,
mucous membranes, in wounds, or in secretions/
excreta without clinical symptoms, whereas it is not
a normal microflora or contamination of the sample
[1].

For the analysis of patient risk factors, we used the
chi-square test with Yates correction and logistic re-
gression in the STATA 16.0 software. P-values less than
0.05 were considered statistically significant.

RESULTS

Patients characteristics

In the monitored period, 287 patients were admitted
to the ICU. In 267 patients, the hospitalization lasted
longer than 2 days and they were included in the study.
The average length of hospitalization was 7 days (from
3 to 77 days, 1570 patient-days together). The median
age was 4 years (from 1 month to 18 years) and the
male-to-female ratio was 1.2:1.

Patients were admitted to the ICU mostly (214/80%)
from other wards of the same hospital or from another
hospital, predominantly after scheduled surgery. Less
often, patients were admitted from the community
(53/20%), and these were mostly patients with trauma
or polytrauma (e.g. fall from a height, car accident), in-
toxication, burns, severe infections or after drowning.
The improvement of the health condition in 259 pa-
tients led to discharge to another ward in the hospital,
8 (3%) patients died in the ICU, of whom 6 were young-
er than one year.

In 233 (87%) patients, at least one of the invasive
devices (CVC, intubation or urinary catheter) was intro-
duced. The median exposure was 4 days for CVC (min
1 - max 51 days, 1059 CVC-days), 2 days for intubation
(min 1 — max 42 days, 551 intubation-days) and 3 days
for urinary catheter (min 1 - max 68 days, 1412 cathe-
ter-days).

Hospital-acquired infections

Six HAI were reported to the hospital epidemiologist
during the study period. Active surveillance revealed
24 HAls in 17 (6.4%) out of 267 patients (1.4 HAI per 1
patient). The incidence density was 10.8 HAI per 1000
patient-days. The most common HAI types were blood-
stream infections (37.5%) and pneumonia (37.5%) (ta-
ble 1). Association with device use was found in 89%
(8 out of 9) of bloodstream infections and 67% (6 out
of 9) of pneumonias. This represents incidence rates
of 7.6 bloodstream infections per 1000 CVC-days and
10.9. pneumonia per 1000 intubation-days. Bacteria
(75.0%), viruses (20.8%) and fungi (4.1%) were iden-
tified as etiological agents. One pneumonia had no
positive microbiology and in one gastroenteritis there
was a combined etiology (rotavirus and adenovirus).
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Table 1. Types and etiology of hospital-acquired infections

All Pneumonia Bloodstream Gastroenteritis | Eye infection fosahint

n (%) n (%) 'n:‘e(f);:;’“ ) n (%) CV(':‘-I‘:/La)ted

Hospital-acquired infections
HAls all 24 (100) 9(37.5) 9(37.5) 3(12.5) 2(8.3) 1(4.1)
Microbiologically confirmed HAls

Number of identified

microorganisms 24(100) 8(100) 9(100) 4(100) 2 (100) 1(100)

Identified groups of microorganisms

Gram-positive bacteria 7 (29.1) - 6 (66.60) - 1 (50.0) -
Gram-negative bacteria 11 (45.8) 6 (75.0) 3(33.3) - 1 (50.0) 1 (100)
Viruses 5(20.8) 1(12.5) - 4 (100) - -
Fungi 1(4.1) 1(12.5) - - - -
Most frequently identified microorganisms*

Staphylococcus aureus 2(8.3) - 1(11.7) - 1 (50.0) -
Cogmeregtie sy - wmy - - -
Pseudomonas aeruginosa 6 (25.0) 3(37.5) 1(11.1) - 1 (50.0) 1(100)
Klebsiella pneumoniae 2(8.3) 1(12.5) 1(11.1) - - -
rotavirus 3(12.5) - - 3(75.0) - -

*Other microorganisms identified: Enterococcus faecalis, Klebsiella oxytoca, Enterobacter cloacae, E. coli, adenovirus, Aspergillus fumigatus

Table 2. Colonization - tested samples and etiology

Nasal/ Rectal Days after admission
Sample type and day of All tonsils ecta n (%)

testing after admission n (%) swab sw: b 3and
o n (%)
n (%) more

Colonized patients 37 (100) 35 (94.5) 17 (45.9) (217?0) 9(24.3) 2 (5.4) 24 (64.8) 21 (56.7)
:‘i‘cr'r‘::r;‘;fr"ifz‘:'ﬁed 128100)  76(100)  27(100) 11030) 9(100)  3(100)  53(100) 69 (100)
Identified groups of microorganisms

Gram-positive bacteria 10(7.8) 8(10.5) 2(7.4) - - - 7(13.2) 3(4.3)
Gram-negative bacteria 96 (75.0) 57 (75.0) 25(92.5) 5(384) 6(66.6) 3(100) 35(66.0) 56(81.1)
Yeasts 22 (17.1) 11(14.4) — 8(61.5) 3(33.3) — 11 (20.7) 10 (14.4)
Most frequently identified microorganisms**

Staphylococcus aureus 9(7.0) 7(9.2) 2(7.4) - - - 6(11.3) 3(4.3)
Pseudomonas aeruginosa 26 (20.3) 11(14.4) 9(33.3) 3(23.00 2(22.2) 1(33.3) 5(9.4) 19 (27.5)
f;g’l’t‘(’)gzzg"m"”as 19148  10(13.1) 6(222) 176 1(11.1)  1(33.3) 475 15(1.7)
Klebsiella pneumoniae 14 (10.9) 8(10.5) 5(18.5) - 1(11.1) - 5(9.4) 8(11.5)
Klebsiella oxytoca 9(7.0) 5(6.5) 2(7.4) 1(7.6) 1(11.1) - 4(7.5) 5(7.2)
Enterobacter cloacae 10 (7.8) 8(10.5) - - 1(11.1) 1(33.3) 5(9.4) 3(4.3)
E. coli 8(6.2) 7(9.2) 1(3.7) - - - 5(9.4) 3(4.3)
Acinetobacter spp. 6 (4.6) 5(6.5) 1(3.7) - - - 4(7.5) 2(2.8)
Candida albicans 10(7.8) 5(6.5) - 3(23.00 2(22.2) - 5(9.4) 4(5.7)
Candida parapsilosis 3(2.3) 3(3.9) - - - - 2(3.7) 1(1.4)

*Bronchoalveolar lavage

**Other microorganisms identified: Enterococcus faecalis, Klebsiella variicola, Acinetobacter pittii, Burgholderia cepacia, Acineto-
bacter junii, Chryseobacterium indologenes, Candida lusitaniae, Candida glabrata, Candida tropicalis, Candida fabianii, Candida
guilliermundii, Candida krusei
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Enterobacteriaceae isolates were resistant to third-gene-
ration cephalosporins in 40%, no isolate was resistant
to carbapenems. Carbapenem resistance was found in
33% of Pseudomonas aeruginosa isolates. During the
study period 11% of all antibiotics prescribed in the ICU
were used to treat HAI The case-fatality rate was 23.5%
for patients with HAl compared with 1.6% for patients
without HAI (p < 0.001).

Colonizations

Colonization was found in 37 (14%) vs. HAls in 17
(6.4%) patients (p < 0.01). In colonized patients, there
were usually multiple samples tested positive with
multiple different agents (table 2). Colonization was
detected in 24 (65% out of 37) patients during the first
two days after ICU admission and in 21 (56%) patients
hospitalized longer than 3 days (p > 0.05). Overall,
gram-negative bacteria were the most common agents
in the etiology of colonization. Pseudomonas aerugino-

Table 3. Patient risk factors

_ All patients Patients with HAI

| number | % | number | %

PUVODNI PRACE

sa was identified significantly more often (p < 0.05) in
patients hospitalized for more than 3 days. For other
agents there were not significant differences according
to the patient’s length of stay. Enterobacteriaceae iso-
lates were resistant to third-generation cephalosporins
in 39%, no isolate was resistant to carbapenems. Pseu-
domonas aeruginosa isolates were in 23% carbapenem
resistant. Staphylococcus aureus isolates were in 78% (7
out of 9) methicillin resistant (MRSA).

Patient risk factors

The higher risk of acquiring HAIs depended upon the
patient’s health conditions and the presence of invasive
devices. The statistically significant results of the analysis
are shown in table 3. The factors that presented the high-
est chance of acquiring HAI were the following: coloniza-
tion, PIM Il score above 10, insertion of CVC and intuba-
tion. Age, gender, length of hospital stay and number of
inserted invasive devices were not statistically significant.

95% CI

Al patients

Pediatric Index of Mortality Il score

0.1-2 210 79 6 29 reference category

2.1-4 16 6 2 12.5 4.8 0.067 0.8-26.3
4.1-10 35 13 7 20.0 5.8 < 0.001 2.6-27.1
10 and more 6 2 2 333 17 0.003 2.7-111.5
Presence of invasive devices

CvC 100 37 15 15.0 14.5 < 0.001 3.2-65.1
Intubation 59 22 13 22.0 14.4 <0.001 4.4-46.2
Urinary catheter 214 80 14 6.5 1.2 0.81 0.32-4.2
Colonization

Yes 37 14 13 35.1 30.6 < 0.001 9.2-101.3
No 230 86 4 1.7 reference category
Impaired immunity”

Yes 19 7 4 21.1 4.8 0.013 1.4-16.5
No 248 93 13 5.2 reference category
Antibiotic treatment in 48 hours before or after ICU admission**

Yes 48 18 10 20.8 7.9 < 0.001 2.8-22.2
No 219 82 7 3.2 reference category

Origin of the patient

Community 53 20 3.8 reference category

Ward in this/other hospital 214 80 15 7.0 1.9 0.395 0.42-8.67
Type of ICU admission

Scheduled surgical 176 66 4 23 reference category

Other*** 91 34 13 14.3 7.1 0.001 2.2-22.6

*Impaired immunity due to treatment (chemotherapy, radiotherapy, immune suppression, corticosteroids long duration or high
doses recently), due to disease (leukemia, lymphoma, AIDS), or white blood cells < 0,5x10%L (as defined in APACHE Il score)

**antibiotic therapy for an infection around ICU admission has been given, not: antimicrobial prophylaxis, local treatment

***QOther reason for ICU admission than recovery from a scheduled surgery e.g. patients with trauma or polytrauma, intoxication,

burns, severe infections, respiratory failure
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DISCUSSION

The active surveillance in the pediatric ICU revealed
four times more HAIs than reported by healthcare staff
(6 vs. 24). Passive surveillance is easy to implement,
but prone to underreporting of the cases. Active sur-
veillance detects every case, but it requires trained per-
sonnel and financial resources. Giving the real picture
of the situation active surveillance is a better tool for
infection control. Currently artificial intelligence appli-
cations in hospitals have the potential to improve data
collection [7].

In a single-center incidence study, we found a HAI
rate 10.8 per 1000 patient-days (6.4% out of included
patients). Other single-center of multi-center incidence
studies in pediatric ICUs describe rates between 18.3-
3.6 HAIs per 1000 patient days [8, 9, 10] or 15-2.47% if
the rate is expressed per 100 patients [11, 12, 13]. As in
this study, the most frequent types of HAI in the other
studies were bloodstream and respiratory infections
related to invasive devices [8, 9, 10, 11, 13]. We did not
reveal device-associated urinary tract infections; how-
ever, they were the third most frequent infection type
in the other pediatric studies with published rates 4.1-
10.7 urinary infections per 1000 urinary catheter days
[8,9,10,11,13].

According to our results, significantly more ICU pa-
tients were colonized than got HAI. Colonization de-
tected 0-2 days after admission was probably not
related to the stay at the ICU. MRSA colonization was
detected mostly in the first two days of ICU stay, in pa-
tients transferred from other wards of this/other hos-
pital, suggesting the imported cases. Colonization de-
tected 3 and more days after ICU admission along with
detected HAI agents reflect the pathogens circulating
in the ICU. In colonized patients these were mostly
gram-negative bacteria, notably Pseudomonas aerugi-
nosa and Candida spp.

In consistency with other studies [2, 3, 8, 9, 13]
gram-negative bacteria were the most common iso-
lated HAI agents, mainly Enterobacteriaceae and Pseu-
domonas aeruginosa. We did not detect carbapen-
em-resistant Enterobacteriaceae, although in the Point
Prevalence Survey of HAI in 28 European countries
among pediatric patients in average 9% of Entero-
bacteriaceae isolates were carbapenem resistant [3].
In the same survey, 44% of Enterobacteriaceae were
resistant to third-generation cephalosporins, which is
like the 40% in HAIl/colonization isolates in our study.
Out of Pseudomonas aeruginosa isolates, carbapenem
resistant were 33% in HAI and 23% in colonization.
Staphylococcus aureus and coagulase-negative-staphy-
lococci were the most frequent gram-positive bacteria,
in agreement with other studies [2, 3, 8,9, 11, 13]. We
detected no MRSA in HAI etiology, but 78% (7 out of 9)
of Staphylococcus aureus isolates in colonized patients
were resistant to methicillin. In the Point Prevalence

Survey of HAl in 28 European countries among pediat-
ric patients, 19% of Staphylococcus aureus isolates were
resistant to methicillin [3].

According to the World Health Organization carbape-
nem-resistant Pseudomonas aeruginosa, and carbape-
nem-resistant and third-generation cephalosporin-re-
sistant Enterobacteriaceae are listed as high-priority and
critical-priority bacteria [14]. This is due to their ability
to cause HAI associated with high morbidity and mor-
tality, their potential to cause outbreaks and our lack of
treatment. In our study, 2 out of four patients with HAI
with fatal outcome had carbapenem-resistant Pseudo-
monas aeruginosa infection. Multimodal prevention
strategies should be implemented to control infec-
tions/colonization and consist of at least transmission
precautions (hand hygiene, isolation), environmental
cleaning (including water safety), continuous monitor-
ing and infection management [14].

Analysis of risk factors pointed to the highest risk
for HAl in those patients who were colonized (OR 30.6,
95% Cl 9.2-101.3). Similarly, in a study from Spain,
previous bacterial colonization by multidrug-resistant
bacteria was the most important extrinsic risk factor for
HAI (OR 20.4, 95% Cl 14.3-29.1) [10]. The severity of the
underlying disease and the presence of invasive devi-
ces are well known risk factors for HAI [1, 3, 8-11, 15].
In our study there was a significantly increased chance
of acquiring HAI in the ICU patients with a severe un-
derlying disease described as a PIM Il score (OR 5.8 for
PIM Il higher than 4, OR 17 for higher than 10), an infec-
tion presents at admission (OR 7.9), impaired immunity
(OR 4.8) and admission for other reasons than recovery
from scheduled surgery (OR 7.1). A significantly high-
er PIM Il score for patients with HAI was confirmed in
a study from Japan [15]. Other studies confirmed that
there was a higher risk for HAI in patients with severe
underlying disease using different scores: McCabe
score [3], pediatric mortality risk score (PRISM) [8, 10].
The severity of the disease requires invasive therapeu-
tic interventions, the presence of both factors results
in a higher infection rate. We confirmed a significantly
higher chance of HAI in patients with introduced inva-
sive devices (CVC OR 14.5, intubation OR 14.4). There is
evidence for care bundles implementation as an effec-
tive control measure for device-associated HAI [10, 16,
17]. Age under 12 months and prolonged hospital stay
were identified as independent risk factors for HAI [3],
but in our study, age and length of stay were insigni-
ficant.

The limitations of our research are the following: first,
the study describes the situation only during a 6-month
period. The epidemiological situation changes over
time, and therefore repeated or continuous monitor-
ing is necessary for effective targeted control. Second,
we did not consider arterial catheters when monitoring
invasive devices, because most of patients included in
our study with vascular catheter had the venous cathe-
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ter. A study of colonization of CVC and arterial cathe-
ters in a pediatric ICU revealed 4% colonized CVC but
up to 10% colonized arterial catheters [18]. Since both
types of catheters are often inserted simultaneously,
the arterial catheter may be an undetected factor in
bloodstream infections related to invasive devices and
should be included in future surveillance.

CONCLUSION

The purpose of this study was to identify priority in-
fection control points for daily practice in one pedia-
tric ICU. Epidemiological situation in a hospital ward is
a combination of patient’s and environmental factors,
it changes over time and may vary in different de-
partments of the hospital. Results of this study point
to the prevention of device-associated infections and
gram-negative bacteria infection/colonization.
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