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Abstract

0z

Objective: In this study, it was aimed to determine the incidence and
rate of healthcare-associated infections, and to determine the suscep-
tible microorganisms and antibiotic susceptibilities by examining the
patients hospitalized in our Pediatric Intensive Care Unit retrospectively.

Material and Methods: Patients who were hospitalized for more than
48 hours between January 2014 and June 2019 at Trakya University
Hospital Pediatric Intensive Care Unit were examined retrospectively
and criteria and formulas for Centers for Disease Control and Prevention
were used in calculations.

Results: A total of 49 healthcare-associated infections were detected
in 6825 patient days in a total of 725 patients. Healthcare-associated
infection rate was found to be 6.76%. 29 invasive device related infec-
tions were detected. Ventilator usage rate was 38%, ventilator associated
pneumonia rate was found to be 11.19 per 1000 interventional device
days, central venous catheter usage rate was 40%, central venous cath-
eter related hospital infection rate was found to be 0.73 per 1000 inter-
ventional device days and urinary catheter usage rate was 26%, catheter
related urinary tract infection rate was found to be 0.56 per 1000 inter-
ventional device days. The most common agents were Acinetobacter bau-
mannii (37%), Pseudomonas aeruginosa (16.6%), Klebsiella pneumoniae
(16.6%), Escherichia coli (9.2%), respectively.

Conclusion: The healthcare-associated infection rates of our Pediatric
Intensive Care Unit were found at the level of developed countries when
compared to other countries. However, our rate of ventilator-associated
pneumonia was high. The common problem of pediatric intensive care
units is multi-antibiotic resistant microorganisms.

Keywords: Pediatric intensive care unit, healthcare-associated infec-
tion, surveillance

Girig: Calismamizda Cocuk Yogun Bakim Unitemizde yatan hastalar geriye
donuk incelenerek saglik bakimi iligkili enfeksiyonlarinin siklik ve hizlarinin
saptanmasi, etken mikroorganizmalarin ve antibiyotik duyarliliklarinin be-
lirlenmesi amaclanmistir.

Gereg ve Yontemler: Trakya Universitesi Tip Fakiiltesi Hastanesi Cocuk
Yogun Bakim Unitesi'nde Ocak 2014-Haziran 2019 tarihleri arasinda 48
saatten uzun sire yatan hastalar geriye déniik incelenmistir ve hesap-
lamalarda Hastaliklari Onleme ve Kontrol Merkezi kriterleri ve formiilleri
kullaniimustir.

Bulgular: Toplam 725 hastada, 6846 hasta gliniinde, toplam 49 saghk
bakimi iligkili enfeksiyon saptanmistir. Saglik bakimi iligkili enfeksiyon hizi
%6.76 olarak bulunmustur. 29 invaziv arag iliskili enfeksiyon saptanmistir.
Ventilator kullanim orani %38, ventilator iliskili pnédmoni hizi 1000 girisim-
sel ara¢ gliniine 11.19, santral venoz kateter kullanim orani %40, santral
vendz kateter iliskili hastane enfeksiyonu hizi 1000 girisimsel ara¢ giiniine
0.73, Uriner kateter kullanim orani %26, kateter iliskili Griner sistem enfek-
siyonu hizi 1000 girisimsel ara¢ gtintine 0.56 olarak bulunmustur. En sik
goriilen etkenler sirasiyla Acinetobacter baumannii (%37), Pseudomonas
aeruginosa (%16.6), Klebsiella pneumoniae (%16.6), Escherichia coli (%9.2)
olarak saptanmistir.

Sonug: Cocuk Yogun Bakim Unitemizin saglik bakimi iliskili enfeksiyon
hizlari diger tlkelerle kiyaslandiginda gelismis tlkeler diizeyinde bulun-
mustur. Ancak ventilator iliskili pndmoni oranimiz yiiksektir. Cocuk yo-
gun bakim Unitelerinin ortak sorunu ¢oklu antibiyotik direncli mikroor-
ganizmalardir.

Anahtar Kelimeler: Cocuk yogun bakim unitesi, saglk bakimi iliskili en-
feksiyon, slirveyans
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Introduction

Healthcare-associated infections (HAI) are an important
cause of morbidity and mortality in children treated as inpa-
tients. Moreover, they are responsible for prolonged length
of hospital stay and increased costs (1). Even though health-
care-associated infections are seen worldwide, their incidence
varies between countries, regions, and hospitals. These dif-
ferences are related to microorganisms found commonly in
hospitals, to the team that have a role in the transportation of
these microorganisms and provide healthcare and patients,
and to various interactions between the patients (1,2). Pediatric
patients requiring intensive care are more prone to HAIs. Nat-
ural defense mechanisms like skin integrity, coughing reflex,
and gastric motility are deteriorated in these patients. Such
severe diseases repress both natural and acquired immunity.
Broad-spectrum antibiotics started with treatment purposes
due to suspected sepsis deteriorate the protective flora and
lead to the reproduction of pathogen bacteria and fungi (3).
Healthcare-associated infections in pediatric inpatients can be
seen as intravenous or intraarterial catheter-associated blood
flow infections, ventilator-associated pneumonia (VAP), urinary
tract infections, surgical wound infections, and infections relat-
ed to implanted foreign objects. Healthcare-associated infec-
tions cause high morbidity and mortality. In addition, they pro-
long length of hospital stay and raise the cost of treatment (4).
Aim of this retrospective study was to examine the incidence of
HAI recorded on the hospital infection control and surveillance
system of our Pediatric Intensive Care Unit (PICU), location of in-
fection, microorganisms growing in cultures, and antibiotic re-
sistance, and thus, to determine the latest condition of our unit
and re-organize our antibiotic policy and protective measures.

Materials and Methods

The study was carried out in the six bed PICU of our hos-
pital. Pediatric intensive care unit is a hospital unit having two
isolated rooms which patients aged 1-18 years are admitted.
This unit accepts post-operative patients aged 1-18 years ce-
rebral spinal fluid brought to the emergency service or are ad-
mitted to wards or epicenters but require advanced life sup-
port during follow-up. Active surveillance is constantly carried
out by the hospital infection control committee in the PICU. A
retrospective investigation was conducted on the records of
inpatients admitted to our PICU between January 2014 and
June 2019. During this period of time, a total of 725 patients
were admitted in the PICU, and of these patients, 38 were di-
agnosed with HAI. Our study included the data of these 38
patients (49 attacks).

Patients who were admitted to another hospital within the
past one month, patients that died within the first two days
of admission or that were discharged from the hospital, and
patients referred to our hospital from another one with HAI
were excluded from the study.

The following definitions and formulas were used in the
calculation of the rate of healthcare-associated infection:

Length of hospital stay: The total of days that a patient
spends in the hospital as an inpatient. Only the day of admis-
sion is counted and the day of discharge is not. It expresses
the total number of days of all PICU inpatients for a year.

Days of invasive device: It expresses the total number of
days inpatients are exposed to invasive devices in the PICU for
a year.

The rate of healthcare-associated infection: (The number
of healthcare-associated infections/the number of inpatients)
x100

Incidence density of healthcare-associated infection: (The
number of healthcare-associated infections/Days of being ill)
x1000

The rate of invasive device use: Days of invasive device/
Days of being ill

The rate of invasive device-associated healthcare-associat-
ed infection (per 1000 catheter days): the number of invasive
device-associated HAI /Days of invasive device) x1000

The rate of invasive device-associated healthcare-associat-
ed infection (IDAHAI) % (per each 100 patients): (the number
of IDAHAI /the number of inpatients) x100

Healthcare-associated infections were defined on the ba-
sis of Centers for Disease Control and Prevention (CDC) criteria
(5). The patients were retrospectively reviewed in terms of HAI
types, HAl rates, agent microorganisms and antibiotic suscep-
tibility. Characteristics such as age, sex, diagnosis at admission,
comorbid diseases, length of hospital stay, day of hospital stay
at the time of diagnosis, the presence of infection during ad-
mission, presence and type of an underlying disease, presence
of a risk factor for infection development, antibiotics used pri-
or to HAI diagnosis, HAI type, microorganism type, and cul-
ture growth site were retrospectively evaluated in patients
diagnosed with healthcare-associated infection. All patients
suspected of HAI in the PICU undergo appropriate laboratory
tests and radiologic imaging that support diagnosis. Together
with blood culture, urine, sputum, cerebral spinal fluid, wound
site, catheter and endotracheal aspirate and tube cultures in
those receiving ventilator treatment are taken.

Risk factors that may affect infection development in all
patients diagnosed with health care-associated infection were
determined. Risk factors were listed as venous/arterial cathe-
ter use, nasogastric catheter, urinary catheter, central venous
catheter, intubation tube, peritoneum dialysis catheters, ven-
triculoperitoneal shunt catheter, tracheostomy, percutaneous
endoscopic gastrostomy catheter, long term antibiotic use,
loss of consciousness, H, receptor blocker use, immunosup-
pression, transfusion, total parenteral nutrition, and having
undergone operation.
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This study was approved by Trakya University Faculty of
Medicine Scientific Research Ethics Committee on November
6, 2019 with the protocol number BAEK 2019/398.

Statistical Analysis

Statistical analyses were performed on SPSS 19.0 (Serial
number: 10240642) statistics package program. Descriptive
statistics, Mann-Whitney U were used as statistical method.
Numerical datawere expressed as mean and standard devia-
tion and categorical data as frequency distribution and per-
centage. In relation to HAI, HAl rate, HAIl incidence density, ra-
tio of invasive device use, central venous catheter-associated
bloodstream infection (CVC-ABSI), catheter-associated urinary
tract infection (CA-UTI), and epidemiologic data like VAP ratio
were calculated.

Results

Between the duration of time of the study, a total of 38
patients (5.24%), 14 (36.8%) girls and 24 (63.2%) boys, diag-
nosed with HAl and recorded on the infection control and sur-
veillance system were included into our study. Forty-nine HAI
attacks that developed in these 38 patients were taken under
assessment. Of these patients, 31 had 1 HAI attack, 4 had 2
attacks, 2 had 3 attacks, and 1 had 4 attacks. Rate of HAIl was
detected as 6.76%, and HAl incidence density in 1000 days of
being ill was found as 7.16. Mean age was found as 5.6 + 6.0
years (minimum 1 month, maximum 16.8 years) and mean
body weight as 18.8 = 19.1 kilograms (minimum 2.6, maxi-
mum 75 kg) (Table 1). Table 2 presents invasive device-associ-
ated HAl rates in our PICU.

When admission status of the patients was reviewed, it was
seen that 22 (57.9%) patients were admitted due to infection
and 16 (42.1%) were admitted for reasons other than infec-
tion. Mortality rate after hospital admission was found as 50%.
When diagnoses at admission were reviewed, it was found
that 17 (44.74%) patients were diagnosed with pneumonia, 5
(13.6%) were admitted following resuscitation (referral from
an epicenter after resuscitation), and 5 (13.6%) had status ep-
ilepticus, respectively. Other diagnoses at admission included
2 (5.26%) acute gastroenteritis (severe dehydratation) cases,
2 (5.26%) hypoxic ischemic encephalopathy sequela cases,
and one post-operative case (rhabdomyosarcoma, tumor
resection), one transverse myelitis, one thalamic aneurism

Table 2. Invasive device-associated HAI rates

hemorrhage, one neuroblastoma, one medulloblastoma, one
Hodgkin's lymphoma, and one spina bifida case. One and only
patient admitted for trauma was hospitalized due to status
epilepticus subject to head trauma after motor vehicle ac-
cident. At least one underlying disease was present in 33 of
the patients diagnosed with HAI, one patient had two chronic
diseases, and there were no comorbid diseases in 5. The most
common comorbid disease was cerebral palsy.

Out of 49 HAI attacks diagnosed during the study period,
the first was VAPs with 53.1% (n= 29), the second was blood-
stream infection (BSI) with 20.4% (n= 10) and the third was
clinically defined pneumonia with 6.1% (n= 3). Eight of the
patients developing ventilator-associated pneumonia has ce-

Table 1. Demographics of the pediatric intensive care unit and HAI
rates

Number of inpatients in the PICU 725
Number of patients in whom HAI 38
was detected

Number of days being hospitalized | 6846
Mean length of PICU stay (day) 944

Mean length of stay of patients with

49.86 (min 7-max 207)

HAIs (day)
Day of HAl incidence (day)
Boys [n (%)]

17.1 (min 6-max 40)
24 (63.15%)

Girls [n (%)] 14 (36.84%)
Age, year (mean) 56
Urinary catheter day 1770
Day of invasive device CVC day 2730
Ventilator day 2592
HAl rate 6.76%
HAl incidence density 7.16
Urinary catheter ratio 26%
Ratio of invasion device use CVCratio 40%
Ventilator ratio 38%
Invasive device-associated HAI rate- CAUTI rate 056
er (1000 invasive device day) CVCABSIrate 073
P VAP pneumonia 11.19

HAI: Healthcare-associated infection, CA-UTI: Catheter-associated urinary tract
infection, CVC: Central venous catheter, CVC-ABSI: Central venous catheter-asso-
ciated bloodstream infection VAP: Ventilator-associated pneumonia.

Invasive device-associated
Total number of | Total number of Ratio of device Total day of HAl rates (per 1000 invasive
n in patients days beingiill use invasive device device days)
VAP 26 725 6846 38% 2592 11.19
CVC-ABSI 2 725 6846 40% 2730 0.73
CA-UTI 1 725 6846 26% 1770 0.56

associated pneumonia.

HAI: Healthcare-associated infection, CA-UTI: Catheter-associated urinary tract infection, CVC-ABSI: Central venous catheter-associated bloodstream infection VAP: Ventilator-
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Table 3. Healthcare-associated infections of the patients

Healthcare-associated infections n %
Ventilator-associated pneumonia 26 53.1%
Laboratory-proven bloodstream infection 10 20.4%
Clinically defined pneumonia 3 6.1%
Central venous catheter-associated bloodstream infection 2 4.1%
Meningitis or ventriculitis 1 2.0%
Catheter-associated urinary tract infection 1 2.0%
Meningitis developing postoperatively 1 2.0%
Decubitis ulcer infection 1 2.0%
Primary superficial incisional surgical site infection 1 2.0%
Arterial or venous infection 1 2.0%
Soft tissue infection 1 2.0%
Urinary system infection not associated with catheter 1 2.0%
Total 49 100.0%
Table 4. Distribution of the patients’infection agent
Agent n %
Acinetobacter baumannii 20 37.0%
Pseudomonas aeruginosa 9 16.6%
Klebsiella pneumoniae 9 16.6%
Gram negative bacteria Escherichia coli 5 9.2%
Serratia marcescens 2 3.7%
Enterobacter aerogenes 2 3.7%
Klebsiella oxytoca 1 1.8%
Fungi Candida albicans 3 5.5%
Candida parapsilosis 1 1.8%
Gram positive bacteria Koagulaz (-) stafilokok 2 3.7%
*There are patients in whom more than one agent grew.

rebral palsy, four patients had an underlying malignancy, and
two were diagnosed with spinal muscular atrophy. Four pa-
tients had tracheostomy. Mean time spent under mechanical
ventilator in patients developing VAP was 22.3 days.

Out of the samples taken from patients, 48 (88.8%)
gram-negative bacteria, 2, (3.7%) gram-positive bacteria, and
4 (7.4%) fungi were isolated (Table 4).

The primarily isolated infection agents from the samples
were found as Acinetobacter baumannii in 20 patients (37%),
Pseudomonas aeruginosa in 9 (16.7%) patients, and Klebsiella
pneumonaiae in 9 (16.7%) patients, respectively. While one of
the coagulase negative staphylococci (CNS) was Staphylococ-
cus capitis, the other was Staphylococcus hominis. When isola-
tion sites of the primarily isolated agents detected in patient
samples were examined, A. baumannii was detected in respi-
ratory tract samples with 41.9%, in blood samples with 16.6%,
A. baumannii and CNS in cerebral spinal fluid samples with

50.0%, A. baumannii and K. pneumoniae in urine samples with
50%, A. baumannii in wound site with 40% and in the tip of
the catheter with 100%. Figure 1 shows the ratio of the agents
detected according to invasive device-associated HAI types.

While 95% of A. baumannii strains in healthcare-associated
infections were resistant to carbapenem, colistin resistance
was not seen. While 78% of K. pneumoniae strains were resis-
tant to carbapenem, this rate was 56% in P. aeruginosa. One of
the coagulase negative staphylococci (50%) was resistant to
methicillin. Multiple drug resistance was found in gram-nega-
tive microorganisms. Figure 2 summarizes resistance rates of
gram-negative bacteria.

Discussion

While HAl is seen in 5-10% of patients admitted to hospital
indeveloped countries, thisrateis two-25fold more in develop-
ing countries and surpasses 25% (6). HAl incidence in children
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show inverse proportion with age and the country’s level of
development. Healthcare-associated infections show inverse
correlation with age in adult and child patients, and while HAI
is between 7-9% in children aged under one year, it is between
1.5-4% in children aged 1-10 years (7). Children are under more
risk in terms of HAI compared to adults due to vascular prob-
lems, frequent necessities of drug applications, and the need
for a more often nurse care in pediatric intensive care units (8).
Pediatric HAI rates in several studies have been reported as
6-13.7% in the USA, 18.3% in Brazil, 29.6% in Egypt, and 6.7% in
Switzerland (9-12). In a single-center study conducted in Izmir,
Turkey, HAI rate has been found as 32.7%, in a study conduct-
ed in Pediatric Health and Diseases wards in Istanbul in 2010,
the same rate was found as 9.6%, and HAI rate has been deter-
mined as 16.3% in a study carried out in the Pediatric Clinicand
PICU of Uludag University Medical Faculty (13-15). In a study
from Turkey in which 50 PICUs from 27 different cities have par-
ticipated, HAI rate has been detected as 37% (16). When these
data were compared to ours, our pediatric intensive care unit is
at the level of developed countries with 6.76% in terms of HAI
rate. We are of the opinion that this is because within years, the
nurse/patient ratio has been brought to a better level, hand hy-
giene is of crucial importance, infection control measures are
strictly followed, and invasive procedures are terminated in the
shortest possible time. The difference detected between the
studies can arise from many factors. For instance, the number
of HAl increases due to reasons such as short number of staff
per patient, surplus number of chronic patients requiring long
admission, and insufficiency of physical means.

The most common HAI in PICUs is BSI, followed by pneu-
monia and UTI (4). The most common HAI in our PICU in the
study was pneumonia, 26 of which were VAP and 3 were clini-
cal pneumonia. This was followed respectively by BSI and UTI.
Invasive device-associated HAI in our PICU was VAP, which
was followed by CVCA-BSI and CA-UTI. Considering infection
agents, the first three pathogens in terms of incidence were A.
baumannii, P. aeruginosa and K. pneumoniae. In a prospective
study from Spain, it has been detected that the most frequent
HAI seen in PICU was BSI, followed by respiratory tract infec-
tions and UTI. In the same study, it has been established that
the most frequent agent in bacteremia was central nervous
system (CNS), the most frequent agent of pneumonia was P
aeruginosa, and that of UTI was Escherichia coli. VAP rate has
been found as 23.9 for 1000 invasive device days, CVC-ABSI rate
as 12.4 and CA-UTl rate as 10.7 (2). In a study conducted in a
PICU in Brazil, it has been reported that the most common HAls
were respectively pneumonia (31.6%) and BSI (17.3%), and
the agents were respectively gram-negative bacteria (54.8%),
gram-positive bacteria (23.8%), and fungi. The most frequently
isolated gram-negative bacteria have been reported as A. bau-
mannii and K. pneumoniae (10). In a study from our country,
the most common HAI has been reported as lower respiratory

tract infection (23.5%), and the most frequently isolated agents
have been determined as P. aeruginosa, Acinetobacter spp. and
Candida spp. (16). In our study, the most common agent in VAP
was A. baumannii, in BSI, it was A. baumannii and Candida al-
bicans, in pneumonia, it was A. baumannii, and in UTI, it was
50% A. baumannii and 50% K. pneumoniae. In our hospital, the
primary HAl agent is A. baumannii. In a study from Japan con-
ducted retrospectively with 426 patients in a PICU, it has been
reported that VAP rate per 1000 invasive devise days was 3.5,
CVC-ABSI rate was 4.3 and CA-UTI rate was 13.6. In the same
study, it has been determined that the most common CVC-AB-
Sl agent was CNS and that of CA-UTI was E. coli, P. aeruginosa
and K. pneumoniae (17). In a study from a PICU in Egypt, it has
been concluded that CVC-ABSI rate per 1000 invasive device
days was 11.9, VAP rate was 31.7, and CA-UTI was 0, and the
most common isolated agents related to VAP were Klebsiella
spp., methicillin-resistant Staphylococcus aureus, followed by
P. aeruginosa (18). HAI has been reported as lower respiratory
tract infection in a multicenter study from our country, and the
most commonly isolated agents have been found as P. aerugi-
nosa, Acinetobacter spp. and Candida spp. Seventy-one percent
Carbapenem resistance has been detected in P. aeruginosa and
83% colistin resistance in Acinetobacter strains (16). In our PICU,
invasive device-associated HAI rates were found as 11.19 for
VAP, 0.73 for CVC-ABSI, 0.56 for CA-UTI per 1000 invasive device
days, and when compared to other studies, a distinctively low-
er values were found except for VAP. It has been reported in the
studies conducted that the most common agent in CA-UTI was
E. coli, followed by Klebsiella spp., Enterococcus spp., Proteus mi-
rabilis, P. aeruginosa, Candida spp. (19). In our 1 CA-UTI case, the
agent that was isolated was K. pneumoniae. We believe that the
reason for low rates of CVC-ABSI and CA-UTl is that we do not
have a high rate of catheter insertion and that we remove the
catheter at the shortest time possible.

The second most common HAI in pediatric and neonatal
intensive care units is ventilator-associated pneumonia. It con-
stitutes 7% to 32% of HAl and 10% of pediatric device-associat-
ed infections. There are some mechanisms recommended for
VAP development: its progress is considered to start with the
colonization of the upper respiratory tract to tracheal coloni-
zation, leading to tracheid and eventually to pneumonia. This
depends on the number, type and virulence of bacteria, on
mechanical factors and on natural host defenses like humoral
and cellular immunity, as well. Mechanical defenses like ciliary
movement and mucus secretion are deteriorated in intubated
patient, which acts as a reservoir for pathogens. It causes pro-
ton pump inhibitors that neutralizes stomach pH and is used
for stress ulcer prophylaxis, and histamine type 2 receptor an-
tagonists lead to upper gastrointestinal system colonization.
Aspiration risk increases in a patient lying on his/her back and
whose mental state is probably depressive (secondary two
sedation or disease) (20). Of our 21 patients developing VAP,
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eight had cerebral palsy, two had spinal muscular atrophy and
four had tracheostomy. Length of mechanical ventilator stay
for these patients was high. VAP rate in our unit was much
higher than that reported in the literature despite caring for
hand hygiene, routine mouth care, performing endotracheal
aspiration when needed, preferring oral intubation, following
asepsis rules for tracheostomy care, trying to shorten length
of mechanical aspiration, taking necessary isolation measures,
and training our staff. In this retrospective study, the differen-
tiation between tracheitis and VAP was not clearly made, and
growth in tracheal aspirate cultures may have been interpreted
in favor of surplus infection. It was surmised that not having
non-invasive respiratory support technology, high number of
patients with chronic diseases, and the fact that intubated pa-
tients are more frequently laid on their back may have raised
this ratio. Data were included into the study as are recorded on
the surveillance system.

As of the 1990s, infections caused by multi-resistant
gram-negative microorganisms have increased worldwide
and started to become a serious clinical problem (21). Simi-
larly, multi-resistant gram-negative bacteria stand out in our
study and are the most common reasons of HAls.

Active surveillance is performed in our hospital. However,
our primary limitation is the retrospective design of the study.
Other limitations include insufficiency of file content and the
fact that present deficiencies of the surveillance records were
detected during the study.

To conclude, along with the fact that every PICU has its own
rates, agents and infections, the common problem is multi-
drug resistant microorganisms. Preparing national guidelines
may contribute on this matter.

Ethics Committe Approval: This study approval was obtained from
Trakya University Faculty of Medicine Scientific Researches Ethics
Commitee (Decision no: 18/28, Date: 06.11.2019).

Informed Consent: Patient consent was obtained.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept- NAC; Design- NAC, RD; Supervision-
NAC; Resource- EDOC, NAC; Data Collection and/or Processing-
EDOC, RD; Analysis and/or Interpretation- NAC; Literature Search-
NAC, EDOC; Writing- EDOC, NAC; Critical Review- RD.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. Raymond J, Aujard Y. Nosocomial infections in pediatric patients: a Eu-
ropean, multicenter prospective study. European Study Group. Infect
Control Hosp Epidemiol 2000;21(4):260-3. [CrossRef]

2. Urrea M, Pons M, Serra M, Latorre C, Palomeque A. Prospective inci-
dence study of nosocomial infections in a pediatric intensive care unit.
Pediatr Infect Dis J 2003;22(6):490-3. [CrossRef]

20.

21.

Grohskopf LA, Sinkowitz-Cochran RL, Garrett DO, Sohn AH, Levine
GL, Siegel JD, et al. A national point-prevalence survey of pediatric
intensive care unit-acquired infections in the United States. J Pediatr
2002;140(4):432-8. [CrossRef]

Somer A, Keser Emiroglu M. Hastane enfeksiyonlari. In: Somer A, Sal-
man N, Yalgin I. Cocuk Enfeksiyon Hastaliklar. 3. Baski, istanbul: istan-
bul Tip Kitapevi, 2018:307-17. [CrossRef]

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition
of health care associated infection and criteria for specific types of in-
fections in the acute care setting. Am J Infect Cont 2008;36(5):309-32.
[CrossRef]

Pittet D, Allegranzi B, Storr J, Nejad SB, Dziekan G, Leotsakos A, et al.
Infection control as a major World Health Organization priority for de-
veloping countries. J Hospital Infect 2008;68(4):285-92. [CrossRef]

Blot S. Limiting the attributable mortality of nosocomial infection
and multidrug resistance in intensive care units. Clin Microbiol Infect
2008;14(1):5-13. [CrossRef]

Hacimustafaoglu M. Pediatride hastane kaynakli enfeksiyonlardan ko-
runma. Giincel Pediatri 2005,3(3):95-9. [CrossRef]

Lakshmi K, Jayashree M, Singhi S, Ray P. Study of nosocomial primary
bloodstream infections in a pediatric intensive care unit. J Tropical Pe-
diatr 2007;53(2):87-92. [CrossRef]

Abramczyk ML, Carvalho WB, Carvalho ES, Medeiros EA. Nosocomial
infection in a pediatric intensive care unit in a developing country. Bra-
zilian J Infect Dis 2003;7(6):375-80. [CrossRef]

El-Nawawy AA, Abd El-Fattah MM, Abd El-Raouf Metwally H, El Din
Barakat SS, Abdel Rehim Hassan I. One year study of bacterial and fun-
gal nosocomial infections among patients in pediatric intensive care
unit (PICU) in Alexandria. J Tropical Pediatr 2006,52(3):185-91. [Cros-
sRef]

Miihlemann K, Franzini C, Aebi C, Berger C, Nadal D, Stéhelin J, et al.
Prevalence of nosocomial infections in Swiss children’s hospitals. Infect
Cont Hospital Epidemiol 2004,;25(9):765-71. [CrossRef]

Anil AB, Anil M, Onal Ozdemir N, Bayram N, Sahbudak Bal Z, Kése E, et
al. Cocuk yogun bakim (nitesinde hastane enfeksiyonu risk faktorleri.
Pediatr Emerg Intens Care Med 2014;1:9-16. [CrossRef]

Maras H, Somer A, Siit¢li M, Acar M, Salman N. Bir tiniversite hastane-
sinde pediyatrik saghk bakimi ile iliskili enfeksiyon siirveyansi: Alti aylk
prospektif izlem. Cocuk Derg 2015;15(2):65-73. [CrossRef]

Hacimustafaoglu M, Celebi S, Tuncer E, Ozkaya G, Cakir D, Bozdemir
SE. Cocuk klinigi ve ¢ocuk yogun bakim (nitesi hastane enfeksiyonlari
sikhigi. Gocuk Enfeksiyon Derg 2009;1(3):112-7. [CrossRef]

Kepenekli E, Soysal A, Yalindag-Ozturk N, Ozgur O, Ozcan I, Devrim |,
et al. Healthcare-associated infections in pediatric intensive care units
in Turkey: A national point-prevalence survey. Japanese J Infect Dis
2015;68(5):381-6. [CrossRef]

Hatachi T, Tachibana K, Takeuchi M. Incidences and influences of de-
vice-associated healthcare-associated infections in a pediatric inten-
sive care unit in Japan: A retrospective surveillance study. J Intens Care
2015;3(1):44. [CrossRef]

Rasslan O, Seliem ZS, Ghazi IA, El Sabour MA, El Kholy AA, Sadeq FM,
et al. Device-associated infection rates in adult and pediatric inten-
sive care units of hospitals in Egypt. International Nosocomial In-
fection Control Consortium (INICC) findings. J Infect Public Health
2012;5(6):394-402. [CrossRef]

Nicolle LE. Catheter associated urinary tract infections. Antimicrob Re-
sist Infect Control 2014;3:23. [CrossRef]

Kohbodi GA, Rajasurya V, Noor A. Ventilator-associated Pneumonia. In:
StatPearls. Treasure Island (FL): StatPearls Publishing, 2020. [CrossRef]
Hsu AJ, Tamma PD. Treatment of multidrug-resistant Gram-negative
infections in children. Clin Infect Dis 2014;58(10):1439-48. [CrossRef]


https://doi.org/10.1086/501755
https://doi.org/10.1097/01.inf.0000069758.00079.d3
https://doi.org/10.1067/mpd.2002.122499
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1016/j.jhin.2007.12.013
https://doi.org/10.1093/tropej/fml073
https://doi.org/10.1093/tropej/fmi091
https://doi.org/10.1086/502474
https://doi.org/10.5505/cayb.2014.76486
https://doi.org/10.7883/yoken.jjid.2014.385
https://doi.org/10.1186/s40560-015-0111-6
https://doi.org/10.1016/j.jiph.2012.07.002
https://doi.org/10.1186/2047-2994-3-23
https://doi.org/10.1093/cid/ciu069

