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Abstract

Objective: The purpose of this study is to evaluate the healthcare-associated infections (HCAIs) in the pediatric
intensive care unit (PICU) during a 4-year period.

Material and Methods: Pediatric patients between the age of 28 days and 18 years were included in the study.
The Center for Diseases Control 2008 criteria were used for the diagnosis of HCAI. During the 4-year period
(2010-2013), the number of children admitted to PICU was 1884, and the total bed-days were 15,082 days.
Results: During the 4-year period, 139 HCAI episodes occurred in 89 children. Of the admitted children, 4.7%
had at least one HCAI attack. We found that the HCAI rate and HCAI density were 7.3%, and 9.2 per 1000
patient-days, respectively. Within the two groups, all PICU patients and patients with an HCAI attack, the ages
were 75.69+71.24 (median: 48) and 36.85+48.78 (median: 17) months (p<0.001), respectively, and the length of
hospital stay was 8.00+16.84 (median: 3) and 109.49+119.98 (median: 75) days (p<0.001), respectively. The
percentage of females was 51% (960/1884) and 33% (46/139) (p=0.013) in all children admitted to PICU and
those with HCAI attacks, respectively. The duration from admission to HCAI was 61.33+81.51 (median: 36) days.
The most common principal accompanying diseases of the patients with HCAI attacks were neurological disease
(20.9%; 29/139), solid-tissue malignancy (14.4%; 20/139), heart disease (12.9%; 18/139), chronic pulmonary
disease (11.5%; 16/139), and chronic renal disease (8.6%; 12/139). The three most frequent HCAI types were
ventilator-associated pneumonia (VAP; 28%), bloodstream infections (22%; with 12% having catheter-related
bloodstream infections and 10% having bacteremia), and catheter-related urinary tract infections (15%). There
was meaningful culture positivity in 90 of the 139 HCAI episodes (64%).

Conclusion: Our PICU-HCAI rates are lower than those in the other studies in Turkey, and they are comparable
with other studies conducted in developed countries. Our HCAIs occurred in the patients with an average age of
3 years. The most frequent HCAIls were pneumonia (including VAP), bloodstream, and urinary tract infections,
and many of them were related to catheters. (J Pediatr Inf 2015, 9: 56-63)
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infections developing in the patients who
receive healthcare, Hls have also been
defined as healthcare-associated infections
(HCAI) (2). HCAIs generate a negative impact
on the quality of service in units offering mod-
ern healthcare and increase the financial bur-
den worldwide. If the infection has been
detected within 48 hours or later upon hospi-
talization, it is accepted as HCAI (3, 4).

Introduction

Hospital infections (HI) or nosocomial
infections are defined as diseases in the
patients without an active or incubation-period
infection on admission, local and/or systemic
diseases arising from hospital flora compris-
ing pathogenic microorganisms or toxins dur-
ing hospital stay (1). Because they are the
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However, there are also some published studies still
accepting the infections developing after 72 hours as
HCAIs (5, 6).

Although 5%-10% of hospitalized cases have
HCAIs in developed countries, this ratio is between 2
to 20 times more exceeding over 25%, in developing
countries (7). Despite the fact that intensive care units
have less than 10% of the beds in hospitals, more than
20% of HCAIs occur in intensive care units (8).
Infections and sepsis are responsible for 40% of non-
cardiac deaths in intensive care units (9).

In the USA, Europe, and some other countries the
rates of HCAIls in PICUs are between 6.1% and 23.5%,
while HCAI densities are 14.1-27.2/1000 patient-days
(9-11). There are only a few studies on HCAI incidence
in PICUs in Turkey (12-14) and are usually 1-year stud-
ies, in most of which HCAI density has not even been
reported; in some of them, the rates were given with
the sum of other wards. Moreover, in these studies, the
rates of HCAIls in PICUs varied between 3.5% and
32.7% (12-15). In Turkey, we found only one study that
reported HCAI densities in PICU, and the rate was
18.5/1000 patient-days (13).

The purpose of this descriptive study is to evalu-
ate the HCAI incidence and system and agent distri-
bution of the patients hospitalized in PICUs within
the framework of the assessment of the accompany-
ing diseases.

Material and Methods

The Department of Pediatrics of the Medical School
at Uludag University provides critical healthcare ser-
vices for the patients, in addition to Bursa, in provinces
such as Balikesir, Kutahya, Canakkale, and Yalova in
the south Marmara region. According to the 2014
national census data, it was reported that all the
abovementioned provinces had approximately a total
population of 5,200,000 and 1,400,000 (age group, <18
years), and the Bursa province had a population of
2,787,000, of whom 380,000 were children at the age
of <18 years (16).

Patients are admitted to the PICU on the basis of
age, i.e., from 28 days to 18 years. The PICU officially
has a total of 10-bed capacity with four of them being
isolated, single rooms. However, the existing capacity
is sometimes exceeded by extra beds for patients with
high risk because of other hospitals lacking PICU
beds. In this study, the relevant data of the patients
hospitalized in the PICU between January 01, 2010

and December 31, 2013 was retrospectively investi-
gated. The approval of the Ethics Committee of Uludag
University Faculty of Medicine was received for this
study (November 05, 2013; No: 2013-18/13).

The information relevant to the study, such as
admittance/discharge, was obtained as follows: the
information regarding the clinical monitoring periods of
the patients was obtained from the daily follow-up
notes and the consultation notes of the Department of
Pediatric Infectious Diseases and the Information
Processing Secretariat of the Department of Pediatrics.
The 4-year hospital-stay period of all the patients was
evaluated with regard to their ages at the time of hos-
pitalization, gender, total hospital stay, prediagnosis
upon hospitalization (major primary disease), the pres-
ence of community-based infection during hospitaliza-
tion, clinical and laboratory data, risk factors, and
prognosis. During this period, admitted patients who
were evaluated for HCAI diagnosis with regard to the
clinical or laboratory observations and for the presence
or absence of culture reproduction were included into
the study. In the study, the Center for Diseases Control
(CDC; 2008) criteria were used for the diagnosis of
HCAI (17).

The BACTEC Peds Plus/F (BD, Sparks, MD) cul-
ture bottles were used for the blood samples. Tracheal
aspirate fluid (TAF) samples were plated onto the 5%
sheep blood agar and eosin—methylene blue (EMB)
agar plates. Identification of >10% colonies (CFU/mI) in
TAF cultures was regarded as positive. Automatized
Phoenix culture system was used to identify the micro-
organism and establish antibiotic sensitivity. Culture
sites and culture type were also evaluated. The clini-
cal, radiological, and laboratory data of patients sus-
pected of or diagnosed with HCAI was taken from the
routine, daily recorded data by a specialist in pediatric
infections. All these recorded data were clinically and
microbiologically evaluated in daily routine clinic visits
by the Department of Pediatric Infectious Diseases
and by the Pediatric Hospital Infection Control
Committee within the framework of active surveillance
on a weekly basis. In this study, only HCAI infection
prevalence and system-based distribution characteris-
tics were evaluated.

Statistical analysis

For the statistical analysis, Number Cruncher
Statistical System (NCSS) 2007 and Power Analysis
and Sample Size (PASS) 2008 Statistical Software
(Utah, United States) programs were used. While
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Table 1. Some characteristics of HCAls detected in the PICUs in 4 years

n=139 Min-Max (Median) Mean*SD
Age (month) 1-221 (17) 36.85+48.78
Length of hospital stay (day) 7-600 (75) 109.49+119.98
Length of hospitalization, when diagnosed with HCAI (day) 2-526 (36) 61.33+81.51
n %
Gender
Female 46 33.1
Male 93 66.9
Underlying Disease
Neurological disease 29 20.9
Solid-organ malignancy 20 14.4
Cardiac disease 18 12.9
Chronic lung disease 16 11.5
Renal failure 12 8.6
Metabolic disease 12 8.6
Genetic disorder 10 7.2
Immunodeficiency 8 5.8
Liver failure 4 29
Prematurity complication 3 2.2
Urogenital system disease 2 1.4
Collagen tissue disease 2 1.4
Hematological malignancy 1 0.7
No underlying disease 2 1.4
Presence of community-based infection during hospitalization 46/139 33.1
HCAI with culture positivity 90/139 64.7

working with the data obtained in the study, in addition
to descriptive statistical methods (mean, standard
deviation, median, frequency, ratio, minimum and
maximum), Pearson’s chi-square test, and Mann-
Whitney U-test were used for the comparison of quan-
titative and continuous data. In this study, real p values
were used, and significance was accepted at p<0.05.

Results

There were 1884 patients admitted to our PICU
between January 01, 2010 and December 31, 2013. Of
them, 24.4% (459/1884) patients were admitted in
2010; 26.1% (491/1884), in 2011; 26.4% (497/1884),
in 2012; and 32.2% (437/1884), in 2013. Fifty-one per-
cent (960/1884) of the patients were females. The
mean patient age was 75.69%171.24 (median: 48)
months, and the average length of hospital stay was
8.00+16.84 (1-365 days; median: 3) days. Presence of

community-acquired infection was detected in 41.5%
(781/1884) of the patients before hospitalization (Table 1).

Of 1884 hospitalized patients, there were 139 HCAI
episodes in 89 patients. For a total of 139 HCAIs in the
PICU, the average age was 36.85+48.78 months
(1-221 months; median: 17 months) and the mean
length of hospital stay was 109.49+119.98 days (7—600
days; median: 75 days). The average length of hospital
stay from the day of admission to the day of HCAI
attack were 61.33181.51 days (1-526 days; median:
36 days). Female to male ratio of the HCAIs was 1:2
(46:93; Table 1).

In the patient group with HCAI attacks, the average
age was significantly lower, the length of hospital stay
was longer, and the male gender ratio was higher than
all PICU patients. The mean age was 75.69+71.24
(median: 48) months and 36.85+48.78 (median: 17)
months (p<0.001), the average length of hospital stay
was 8.00+£16.84 (median: 3) days and 109.49+119.98
(median: 75) days (p<0.001), and the percentage of
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females was 51% (960/1884) and 33% (46/139)
(p=0.013) in all children admitted to PICU and in chil-
dren with HCAI attacks, respectively (Table 1).

In 33.1% (46/139) of the HCAI-diagnosed cases, a
community-acquired infection was also present before
their hospitalizations. During admission, the patients
with HCAIs had the diagnoses of accompanying pri-
mary diseases as follows: 20.9% (29/139) had neuro-
logical disease; 14.4% (20/139), solid-organ malig-
nancy; 12.9% (18/139), cardiac disease; 11.5%
(16/139), chronic lung disease; and 8.6% (12/139),
chronic renal failure (Table 1).

The distribution of 139 HCAIs is illustrated in Table
2; accordingly, the most prevalent systems were as fol-
lows: 31.9% pneumonia (28.3% ventilator-associated
pneumonia (VAP), 3.6% pneumonia), 23% (32/139)
bloodstream infections (BSls) (12.2% catheter-related
bloodstream infections CR-BSls, 10.8% bacteremia),
and 20.8% (29/139) urinary tract infections (UTlIs)
(15.8% catheter-related urinary tract infections
(CR-UTls), 5% symptomatic UTIs).

Annual and total HCAI data of a 4-year period in
PICU was evaluated (Table 3). In 2010, HCAI devel-
oped in 22 of 459 (4.8%) hospitalized PICU patients
(6.1% HCAI rate and 6.9/1000 patient-days HCAI den-
sity); in 2011, 18 of 491 (3.7%) hospitalized patients
(6.1% HCAI rate and 7.8/1000 patient-days HCAI den-
sity); in 2012, 22 of 497 (4.4%) hospitalized patients
(8.8% HCAI rate and 11.9/1000 patient-days HCAI
density); in 2013, 27 of 437 (6.2%) hospitalized
patients (8.4% HCAI rate and 10.6/1000 patient-days
HCAI density). In the 4-year period, HCAI developed in
89 of 1884 (4.7%) hospitalized PICU patients (7.38%
HCAI rate and 9.2/1000 patient-days HCAI density).

Discussion

HCAI is a global problem threatening patient safety
that is prevalent both in developed and developing
countries. In an article published by the WHO in 2002
regarding the prevention of healthcare infections that
includes 55 hospitals in Europe, East Mediterranean,
Southeast Asia, and West Pacific, it was reported that
HCAI developed in 8.7% of the hospitalized patients
(18). In 2011, in an HCAIl-oriented study involving
11,000 randomly selected children in the United States
of America, HCAI was found in 4% of the patients (19).
In a multi-centered study involving European countries
(France, Greece, ltaly, Sweden, Holland, Slovenia,
Switzerland, and the United Kingdom), it was found

Table 2. Distribution of 139 HCAIs detected in the PICU during
a 4-year period

n %
Ventilator-related pneumonia 39 28.3
Catheter-related urinary infection 22 15.8
Catheter-related bloodstream infection 17 12.2
Bacteremia 15 10.8
Clinic sepsis 13 9.4
Symptomatic urinary infection 7 5.0
Conjunctivitis 6 4.3
Pneumonia 5 3.6
Skin infection (subcutaneous abscess) 5 3.6
Gastroenteritis 4 2.9
Meningitis 3 2.2
Peritonitis 2 1.4
Asymptomatic bacteriuria 1 0.7
Total 139 100

that HCAI developed in 2.5% of the patients, with the
highest HCAI rate of 23.5% in PICUs and the lowest
HCAI rate of 1% in the general pediatric clinics (20).

It is important to be careful while comparing differ-
ent HCAIl-associated rates with each other. For exam-
ple, the HCAIl-developed patient rate (the number of
patients who developed HCAIl/the number of hospital-
ized patientsx100) is different from the HCAI rate (the
number of HCAIs/the number of hospitalized
patientsx100), and both are different from HCAI den-
sity (the number of HCAIs/the number of patient-
daysx1000). To compare the different studies/or hospi-
tals with regard to HCAIs, only the same infection rate
should be used. For example, in our study, we found
that 4.7% of PICU patients developed HCAI, and HCAI
rate was 7.38%. Although they are different HCAI rates
of the same study, if one mistakenly compares these
two rates, the differences can be significantly different
at p=0.001.

In a 5-year national study conducted in the United
States between 1992 and 1997, it was found that HCAI
rate in PICUs was 6.1% and HCAI density was
14.1/1000 patient-days (9). Similarly, in another multi-
centered point surveillance study in the USA, it was
revealed that HCAI rate of PICUs was 14.9% and
12.2% (21). In a study conducted in Lithuania, a devel-
oping country, it was reported that PICU-HCAI rate was
13.6% and HCAI density was 24.5/1000 patient-days
(10). The patients included in that study were investi-
gated in four groups (17%, from 1 month to 1 year;
37%, 1-5 years; 21%, 6-12 years; and 24%, >12
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Table 3. Annual distribution of HCAI data, HCAI rates, and HCAI density in the PICU

HCAI
Official Total HCAI HCAI- density®
Total PICU bed Total Mean Patients attacks developed |HCAI |(per 1000
hospitalized| bed |occupancy|patient- hospitaliza- | diagnosed| HCAI per patient rate* | hospital-
patients | number | rate' (%) | days | tion days | with HCAI [number| patient? rate® (%) (%) | days)
2010 459 10 110 4019 8.8 22 28 | 1.27 (22/28) | 4.8 (22/459) | 6.1 6.9
2011 491 10 105 3843 7.8 18 30 |1.66(30/18) | 3.7 (18/491) | 6.1 7.8
2012 497 10 102 3742 75 22 44 | 2.00 (44/20) | 4.4 (22/497) | 8.8 1.7
2013 437 10 95.2 3478 8.0 27 37 |1.37(37/27) | 6.2 (27/437) | 8.4 10.6
Total 1884 10 103.3 15082 8.0 89 139 |1.56 (139/89) |4.7 (89/1884) | 7.38 9.21

': Annual occupancy rate was calculated based on the following formula: bed occupancy rate=(number of hospitalized daysx100)/(365xpatient bed number). The
occupancy rate was more than 100% stemmed from the fact that extra beds were added when the patient density was very high.

2: Number of HCAI attacks per HCAI-developed patient (more than one HCAI may develop in a patient)

3: The rate of HCAI-developing patients to all the patients hospitalized in the PICU

4: HCAI rate was calculated based on the following formula: (HCAls number/number of hospitalized patients)x100.

5: HCAI density was calculated based on the following formula: (number of HCAls/total patient-days)x1000.

Table 4. HCAI rates and densities in PICUs in various studies

PICU HCAI rate (%) HCAI density (per 1000 patient-days) Reference
Europe 23.5% 20
USA (NNIS) 6.1% 14.1/1000 patient-days 9
USA (point surveillance) 12.2%-14.9% 21
Lithuania 13.6% 24.5/1000 patient-days 10
Peru 19.5% 22
Brazil 22.1% 27.2/1000 patient-days 11
Turkey, UHESA, 59 15.4/1000 patient-days (the sum of CR-BSlIs, 14
hospitals, 2013 CR-UTls, and VIPs)

Turkey, Bursa, 2007 16.3% 18.5/1000 patient-days 13
Turkey, Bursa, 2010-2014 7.3% 9.2/1000 patient-days The present study

years), and the highest HCAI rate was in the age group
of 6—12 years (16.2% HCAI rate and 31.2/1000 patient-
days HCAI density); however, no significant statistical
result was obtained among the age groups with regard
to HCAI development (10). In a study conducted in
Peru, it was reported that PICU-HCAI rate was 19.5%,
and 56% of the patients detected with HCAI were <1
year old (22). In a Brazilian study, it was reported that
HCAI rate was 22.1% and HCAI density was 27.2/1000
patient-days (11). Unfortunately, we could find only a
few studies about HCAI rates in PICUs (12-15).
Regarding only the PICU-HCAI studies conducted in
Turkey, the following results were obtained: in the
study conducted in the PICU of izmir Tepecik Training
and Research Hospital, during a 1-year period (during
the year 2010), 61 of 186 (32.7%) patients admitted to
PICU developed HCAI; however, HCAI rates and HCAI
density were not calculated (12). In that study, the age
of PICU patients with HCAIs (33 months) was lower
than other PICU patients without HCAI (12). In addi-

tion, other PICU studies revealed that younger age (<1
or 2 years of age) is a risk factor for HCAIs (12, 13,
23-25). In another study conducted in the PICU at the
Erciyes Medical Faculty over a 1-year period (2004—
2005), 74 of 282 (26.2%) patients admitted to PICU
developed HCAI; however, HCAI rates and HCAI den-
sity were also not calculated (15). In a study conducted
in the PICU of Medical Faculty at Uludag University
over a 1-year period (in 2007), PICU-HCAI rate and
HCAI density were 16.3% and 18.5/1000 patient-days
(18). According to the Turkish National Nosocomial
Infection Surveillance Network Report in 2013 (Ulusal
Hastane Enfeksiyonlari Sirveyans Agi Raporu,
UHESA) of 59 PICUs in different cities, the HCAI den-
sity was reported as approximately 15.4/1000 patient-
days (only the sum of CR-BSIs, CR-UTls, and VAPs)
(14). The HCAI data obtained from the studies con-
ducted worldwide and in Turkey are illustrated in Table
4. When our results are compared with the values
given above, it is clearly seen that our HCAI-developed
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Table 5. Three most prevalent HCAI types in PICUs in various studies

PICU HCAI types Reference
Europe Pneumonia, 53%; bacteremia, 20%; UTI, 15% 20

USA BSI, 30%; pneumonia, 20.5%; UTI, 15% 9
Lithuania Pneumonia, 34%; other LRTIs, 25%; BSI, 9% 10

Peru BSI, 58%; VIR 32%; UTI, 10% 22
Turkey, lzmir BSI, 73%; VIR 15%; UTI, 12% 12
Turkey, Bursa BSI, 29%; pneumonia, 24%; UTI, 12% 13
Turkey, UHESA, 59 hospitals, 2013* BSls, CR-UTI, and VIP 14

Turkey, Bursa, 2010-2014 VAR 28%; BSI, 23%; UTI, 20.8% The present study

*: percentages not mentioned

regard to HCAIs should be done only in case of the same infection rate.

Abbreviations: UHESA: Turkish National Nosocomial Infection Surveillance Network Report (Ulusal Hastane Enfeksiyonlari Strveyans Agi Raporu); UTI:
urinary tract infection; BSI: blood stream infection; VAP: ventilator associated pneumonia

It is important not to compare the different HCAI rates with each other. For example, the HCAI-developed patient rate (the number of patients that
developed HCAIl/the number of hospitalized patientsx100) is different from HCAI rate (the number of HCAls/the number of hospitalized patientsx100),
and both are different from HCAI density (the number of HCAls/the number of patient-daysx1000). Comparison of the different studies/or hospitals with

patient rate (4.7%), HCAI rate (7.38%), and HCAI den-
sity (9.2/1000 patient-days) are lower than the studies
in Turkey and similar to or lower than the values of
developed countries. Regarding the evaluation of
these results, the rate of hospitalized severe/critical
patients is important; however, no data came out of
those studies, thereby enabling such an evaluation. It
is possible to say that all the 10 beds in our PICU are
in line with the criteria of 3 degree PICU. Our hospital
and PICU are certified at both national and interna-
tional levels by The Ministry of Health of Turkey and
Joint Committee International. While the highest HCAI
rate was in the 6—12-year group in the Lithuanian study
(10), and more than half of the cases in the Peru study
(22) were patients at an age of <1 year, the average age
in our HCAI attack was 36 months. However, given the
fact that the average age of all the patients was over 5
years, it is possible to say that our HCAIs relatively
occurred in younger patients, and it is compatible that
the HCAI rates are usually higher in lower age groups.
In a European-wide study, it was reported that the
most prevalent HCAIs in the PICUs were pneumonia,
53%; bacteremia, 20% (62% of them were catheter-
related bacteremia); and urinary system infection, 15%
(20). In the same study, the prevalence of LRTI in the
PICUs in comparison with other clinics was signifi-
cantly higher, and bacteremia was mainly related to the
central venous catheter (20). It was reported in another
study conducted in PICUs in the USA that BSls and
pneumonia were responsible for approximately half of
the HCAIs; of the HCAIls detected, 30% were BSls,
20% were pneumonia, and 15% were UTI; all three
major infection types were closely related to catheter

use (9). In a multi-centered study of PICUs in Lithuania,
it was revealed that the most prevalent HCAI types
were pneumonia (34%), other LRTIs (25%), and BSI
(9%) (10). In a Peruvian study, the most prevalent
HCAI types were 57.8% of BSI (77.5% of them were
catheter-related BSI), 31.8% of VAR and 10.6% of UTI
(66.7% of them were catheter-related UTI) (22). In a
study conducted in the PICU of izmir Tepecik TRH
investigating the HCAIs detected, it was reported that
BSI was 73.2% (20% of them were catheter-related
BSI), VIP was 14.6%, and UTI was 12.2% (12). In a
2007study in Bursa involving pediatric clinics and
PICUs, the most prevalent HCAIls were as follows: BSI
of 29%, pneumonia of 24.2%, and UTI and peritonitis
in equal rates of 12%, respectively (13). According to
the Turkish National Nosocomial Infection Surveillance
Network Report (Ulusal Hastane Enfeksiyonlari
Sirveyans Agi Raporu, UHESA, 2013), the most three
prevalent HCAI types are BSls, CR-UTI, and VIP (14).
The most prevalent types of HCAIs reported in various
PICUs are illustrated in Table 5. The most prevalent
HCAIs found in our study were as follows: 31.9%,
pneumonia (28.3%, VIP; 3.6%, pneumonia); 23%,
BSls (12% CR-BSIs; approximately 11%, bacteremia);
20.8% UTls (15.8%, CR-UTlIs; 5%, symptomatic UTlIs).
Eighty-nine percent of the pneumonias were ventilator-
related pneumonia, 53% of BSls were catheter-related
BSI, and 73% of UTls were catheter-related UTI. The
results of our study are usually compatible with those of
the studies conducted worldwide as well as in Turkey.
In different studies, male gender tendency were
generally reported without significant (12, 13, 26). In
our study, a significant male dominancy was observed
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in patients with HCAI in comparison with all PICU
patients (67% to 49%, respectively, p=0.001).

Conclusion

It was revealed in this study that the HCAls in our PICU
operating with full occupancy were lower than those report-
ed in various studies in Turkey and comparable with those
of the developed countries. The HCAIls were mainly seen
at the age of 3 years. The most prevalent systems were
established as pneumonia (including VAP), BSls, and UTls,
and majority of these were catheter or device related.
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