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Abstract

BACKGROUND: Hospital-acquired (nosocomial) infection is a common serious health problem worldwide,
especially in pediatric intensive care units and is associated with high mortality and morbidity, prolonged hospital
stays and high cost.

AIM: To determine the types of organisms involved in hospital-acquired an infection in two pediatric intensive care
units during the one-year study and its anti-microbial susceptibility.

MATERIAL AND METHODS: This study was carried out in the pediatric intensive care units (PICU) of Ain Shams
& Cairo Universities, where 86 pediatric patients were recruited. Their age ranged from 1 month to 156 months
with mean 20.7 + 25.8 months. Male to female ratio was 37:29. Four samples were collected from each child for
culture and sensitivity: blood, endotracheal aspirate, urine and skin swab.

RESULTS: The most common microorganism was staphylococcus while Gram-negative bacteria were the
commonest group. Amikacin and imipenem are the most sensitive antibiotics. Risk estimate for different risk
factors among studied patients revealed no significance.

CONCLUSION: Staphylococcus was the commonest micro-organism while Gram-negative infections were the
commonest group among PICU with a predominance of Acinetobacter and Klebsiella. Respiratory infections were
the most common, followed by blood-borne infection. Risk factors for mortality were not significant.
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Introduction

Hospital-acquired (nosocomial) infection is a
common serious health problem worldwide especially
in pediatric intensive care units and is associated with
high mortality and morbidity, prolonged hospital stays
and high cost [1], [2].

As regard hospital-acquired infections in
pediatric intensive care, few data are available from a
developing country where the majority of studies were
done in adults and developed countries. The risk
factors for these infections that common to vulnerable
pediatric patients include age, primary disease, and
intensive procedures commonly used in pediatric
intensive care units [3], [4], [5].

The incidence of HAI ranged from 3% to 37%,
where it is higher in developing countries than in
developed countries. Pathogens and antibiotic
sensitivity patterns vary significantly among countries
and institutions and vary within an institution over
years [6], [7], [8], [9], 10], [11], [12], [13], [14], [15],
[16]. This study aimed to report the prevalence of
hospital-acquired infection in the pediatric intensive
care units, risk factors, and its anti-microbial
susceptibility.

Subjects and Methods

This study was carried out in the pediatric ICU
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of Ain Shams & Cairo Universities over one-year
periods (2014-2015), where 86 pediatric patients were
recruited but 20 patients were excluded for insufficient
data (15.6% of total PICU admission). The pediatric
ICU of Cairo University is 10 beds while that of Ain
Shams University is 14 beds. Their age ranged from 1
month to 156 months with mean 20.7 £ 25.8 months.
Male to female ratio was 37:29. The following
variables were analysed including age, sex,
underlying disease, mechanical ventilation, invasive
manoeuvres, a period of hospital stays, outcome,
infection screening including CBC, CRP, cultures
(blood, endotracheal, urine, skin swab), liver and
kidney functions, and anti-microbial therapy. Patients
admitted less than 24 hours in PICU were excluded
were hospital-acquired infection is considered after 48
hours of admission to ICU [17].

The study was approved by the Ethical
Committee of the National Research Centre. Written
consent was taken from the parents of the studied
patients.

Four samples (Blood, throat swab or
endotracheal aspirate, urine samples, skin swabs)
were obtained for microbiological assay. The samples
were collected in a sterile container and sent to the
lab for assessment and study as follows:

1. Blood -culture technique: All of the
phlebotomies were performed with peripheral sticks,
and the blood samples were drawn by a clinician by
the bedside after cleansing the skin with 70%
isopropy! alcohol and applying 10% povidone-iodine
for 1 min. The blood samples were inoculated at a
volume of 1 to 5 ml into BACTEC Peds Plus/F and
were placed in the BACTEC 9050 blood culture
instrument. Anaerobic blood cultures were not
prepared. All study bottles were incubated for 7 days.
Whenever there was a sign of microbial growth, the
detection time was documented. The bottles that had
a positive signal were smeared and stained with Gram
stain. Subcultures on blood. Mac Conkey and
chocolate agar plates were done. Subcultures were
incubated at 35°C for a duration of 48 h. Instrument-
negative bottles were Gram stained and subcultured
at the end of the 7-day protocol to confirm negativity.
False-positive cultures were defined as those that
were indicated by the instrument to be positive but
had revealed no microorganisms by Gram staining
and subculture. All isolates were considered to be
clinically significant.

2. Throat swabs and endotracheal aspirate: A
Gram stain was performed on all swabs and aspirates
for the identification of bacteria and measurement of
the white blood cell count. White cells were counted
from 20 high power fields, and the average was taken.
All samples were plated immediately onto blood,
chocolate, and Mac Conkey agars.

3. Urine samples: Routine urine cultures were
done by plating the specimens on blood agar and
MacConkey's agar using calibrated loops for the

semiquantitative method. Colony counts of 10°or
10° CFU/mL were used to define probable infection
[18], [19].

4. Skin swabs: Dry sterile cotton-tip swab was
rubbed on the skin, collected in a sterile container and
sent to the lab. All samples were plated immediately
onto blood, chocolate, and Mac Conkey agars.

Identification of isolated bacteria: The isolated
microorganisms  were identified by standard
microbiological techniques, including Gram staining,
colony characteristics, and biochemical properties.
[20], [21]. gram-negative bacilli, which are oxidase
negative, were identified using API 20 E (biomerieux)

and APl (20 NE) kit for identification of non-
fermenters.
Antimicrobial susceptibility testing (AST):

Kirby performed AST — Bauer disc diffusion method
according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [22]. All isolates were
tested by the standard disk diffusion method against
B-lactam and non-B-lactam agents, including
ampicillin, amoxicillin-clavulanic, piperacillin, third-
generation cephalosporins (cefoperazone -
sulbactam, cefepime), carbapenems (Imipenem),
amikacin, gentamicin, ciprofloxacin and the results
were also interpreted based on the CLSI guidelines.
All antimicrobial disks used for susceptibility testing
were obtained from BD BBL Sensi-Disc (Becton
Dickinson, Sparks, Maryland, USA).

Statistical analysis

Standard computer program SPSS for
Windows, release 13.0 (SPSS Inc, Tulsa, USA) (23)
was used for data entry and analysis. All qualitative
variables were expressed as count and per cent. Chi-
square (xz) test was used to compare the frequency of
gualitative variables among the different groups.
Continuous variables were evaluated using the Mann-
Whitney test. Risk analysis was calculated as odds
ratio and confidence intervals. For all tests, a

probability (p) less than 0.05 was considered
significant.
Results

Table one shows clinical laboratory

descriptive data. The prevalence of HAIs in this study
was 15.6% of PICUs admission. Thirty-one patients
(47%) were suffering from anaemia (Hb less than
10gm/dl). Leucocytosis (711.000) was present in 45
patients (68%), while leucopenia (}4000) was in 4
patients (6%). Twenty-one patients (32%) were
suffering from thrombocytopenia (platelets less than
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150.000). Renal impairment occurred in 4 patients
(6%). SGOT and SGPT were elevated in 12 (18%)
and 15 (23%) patients respectively. CRP was positive
in all patients.

Table 1: Descriptive data of patients under study

Table 4: Seasonal variation of infectious organisms in studied
patients

Season No of patients  Blood culture +ve Endobronchial Urine culture  Skin culture +ve

culture +ve +ve
Spring 16 2 5 4 3
Summer 15 5 6 0 5
Autumn 11 1 4 1 2
Winter 24 8 7 3 1
Total 66 16 22 8 11

Characteristic PICU patients
Age (months) 20.7+258
Sex (M/F) 37/29

Hb (gm/l) 9.94 +1.65
WBCs (x1000) 13.28 £5.85
Platelets (x1000) 241.4 +143.18
Urea (mg/dl) 27.3+245
Creatinine (mg/dl) 0.5+0.69
SGOT (mg/dl) 135.64 + 524.68
SGPT (mg/dl) 95.52 +329.3
CRP Positive for all patients
Period of PICU stay 15.2+13.94

Risk estimate for infection as a risk factor for
death revealed that it is not as regard type of
organism, nosocomial infections, and pneumonia
(Table 5).

Table 5: Risk estimate for infections among studied patients

The prevalence rate of nosocomial infection
was 24% among blood cultures, 33% among
endobronchial cultures, 12% among urine cultures,
and 16.5% among skin cultures (Table 2).

Table 2: Culture results among studied patients

Infections Survival N (%) Non-Survival N Fisher’s exact test p-
(%) value

Staph Negative 34 (81%) 8 18 (75%) 6 0.755 NS
Positive (19%) (25%)

Klebsiella Negative 34 (81%) 8 22 (91.7%) 2 0.306 NS
Positive (19%) (8.3%)

Nosocomial Negative 18 (42.9%) 24 8 (33.3%) 16 0.601 NS

infection Positive (57.1) (66.7%)

Pneumonia and Negative 24 (57.1%) 18 11 (54.2%) 13 0.448 NS

Sepsis Positive (42.9%) (45.8%)

Culture/Organism Blood Endobronchial Urine Skin Total
No % No % No % No % No infection %
No growth 5076 44 67 58 88 55 83.5
Gram +ve cocci
Staph 8 12 3 45 00 4 6 15
Strept 00 1 15 115 00 26.3
Gram -ve bacilli 235
Klebsiella 2 3 8 12 115 115
Acinetobacter 46 4 6 46 2 3 1221
E. coli 1 15 2 3 00 00 14 24.6
Yersinia 00 1 15 00 00 353
Serratia 0 0 115 00 23 117
Enterobacter 1 15 115 00 2 3 353
Candida 00 00 2 3 00 47
Mixed 00 1 15 00 00 235
117
Total 66 100 66 100 66 100 66 100

The most common microorganism group was
Gram-negative bacteria. The commonest micro-
organisms isolated from infected patients were
Staphylococcus aureus, Acinetobacter, and Klebsiella;
each caused about a fifth of the infections with
positive microbiological results (Table 3). According to
cultural sensitivity, amikacin and imipenem are the
most sensitive antibiotics whatever the type of the
organism (Table 3).

Table 3: Antibiotic Sensitivity Among Studied Patients

Risk estimate for other different risk factors
among studied patients including age, a period of
stay, invasive technigues revealed no significance
where P value for age, a period of stay estimated by
Mann-Whitney test were 0.7 and 0.19 respectively.
Risk estimate for the other risk factors and invasive
technique revealed no significance P-value < 0.05
(Table 6). By dividing the patients into two groups;
group 1: pneumonia and septicemia (31 patients),
group 2: others (35 patients); risk estimate for different
risk factors using Odds ratio revealed no significance
as regard anaemia, thrombocytopenia, renal
impairment, and invasive techniques including CVP,
urinary catheter, and mechanical ventilation (Table 6).

Table 6: Risk estimate for other risk factors including labs and
invasive techniques among studied patients as a whole and in
both groups

Risk Factors All patients (66) Group 1 (31) Group 2 (35)

Odds 95% CI Odds ratio 95% CI Odds ratio 95% CI

ratio
Anemia 2.059 0.743-5.703 3.536 0.78-16.032 1.167 0.277-4.913
Thrombocytopenia 15 0.518-4.345 0.471 0.095-2.337 4.56 0.975-21.322
Renal impairment 5.857 0.574-59.808 0.379 0.238-0.604 23 0.130-40.545
CvpP 1.667 0.599-4.641 1.018 0.235-4.407 2.45 0.562-10.68
Urinary Catheter 1.273 0.462-3.503 0.429 0.099-1.857 3.733 0.788-17.684
Mechanical 8.726 0.4698-162.064

ventilation

Organism/Antibioti  Staph ~ Strep  Kleb  Acinet- E.coli Serratia Yersenia Entero Candida
c No:15 No:2 No:12 obacter No:3 No: 3 No: 1 No: 4 No: 2
No: 14

Amoxaclav 0 0 0 3 0 0 0 0 0
Amikacin 11 0 6 6 0 0 1 3 0
Imipenam 9 0 2 6 0 1 1 3 0
Cephalosporin 1 0 1 1 0 1 0 1 0
Ciprofloxacillin 3 1 5 3 0 1 0 2 0
Gentamycin 1 0 1 1 0 0 1 0 0
Piperacillin 0 1 0 0 1 0 0 0 0
Tobramycin 1 0 4 2 1 0 0 1 0
Vancomycin 3 0 0 0 0 0 0 0 0

As regards the common invasive procedure
used among our patients, mechanical ventilation was
used for 91% of patients (60 patients of them 24 died),
a central venous catheter for 6% (4 patients), and
nasogastric tube for 53% (35 patients). The mortality
rate was 36% (24 patients). Considering seasonal
variation, winter was the commonest season for
infection (Table 4).

ClI = Confidence Interval; CVP = Central Venous Line.

Discussion

Infection control and proper anti-microbial
therapy in PICUs is a challenge for medical staffs
working in it. This study was carried out in two
pediatric intensive care units in Egypt to report the
prevalence of HAls. The prevalence of HAIs in this
study was 15.6% of PICUs admission. The prevalence
of HAls varies in different PICUs from country to
country, from institution to institution, and from season
to season in the same institution according to age,
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underlying disease, and other risk factors. The
prevalence in other studies ranged from 3% to 27%
where it is higher in developing countries than
developed countries [6], [7], [9], [10], [11], [12], [13],
[14], [15], [16]. A Turkish study in 50 PICUs to assess
a national point-prevalence survey of PICUs HAls
reported the overall HAI rate as 37% [8].

The rate in our study is different from other
studies wherein American study in 35 PICUs; the HAI
rate was 11.9% [24]. A prevalence rate of HAI from 17
European PICUs was 23.6% [25]; while in a Spanish
PICU study, the rate was 29.8% [26]. The incidence in
developing countries was over 20% [27]. The
prevalence was not high in our study compared to
another Egyptian study done by El-Nawawy and his
colleagues [6] because this study was conducted in
two university hospitals with improved infection control
programs.

In this study, the most common types of HAI
in PICU were respiratory followed by blood borne
infection, UTI, and skin. Similar to our study, many
studied revealed that the most common infection was
respiratory followed by blood [8], [13], [25], [28], [29],
[30], [31], [32], [33], [34], [35], [36], [37], [38], [39],
[40]. In other studies, the most frequent sites of
infection were bloodstream, lower respiratory tract, or
urinary tract [7], [9], [41], [42], [43], [44], [45]. Only one
study revealed that UTI was the commonest followed
by blood borne and lower respiratory tract infections
[39].

The most common microorganisms in this
study were Gram-negative bacteria. Although there
was a controversy between studies as to regard
causative organisms, many studies including this
study reported that gram-negative organisms were
more commonly isolated [5], [13], [39], [42], [44], [46].
The commonest micro-organisms isolated from our
infected patients were Staphylococcus aureus,
Acinetobacter, and Klebsiella. Many studies also
revealed that Staphylococcus aureus was the
commonest [5], [44], [46]. Lee et al., the study
revealed that Staphylococcus aureus was the most
common Gram-positive organism, while
Pseudomonas aeruginosa, Escherichia coli, and
Klebsiella pneumoniae were the commonest Gram-
negative organisms [39]. In Becerra et al., study,
Candida was the commonest bloodstream infection
[7]. In Atici study, the most common organisms were
Klebsiella spp. (19.4%), followed by Pseudomonas
aeruginosa (13.8%), and Acinetobacter baumanii
(12%) [9]. Vincent et al., study (2009) reported that S
aureus was the most common organism, followed by
Acinetobacter, and Klebsiella. Acinetobacter was
found in high incidence (24% of all infected patients)
[40]. One study found an increased incidence of gram-
positive organisms [47] while the Sepsis Occurrence
in Acutely Ill Patients (SOAP) study reported an equal
frequency of gram-positive and gram-negative
organisms [28]. In a study done by Vincent et al.,
2006 [28], Acinetobacter was involved in 9% of all

infected patients, which was similar to the rate
reported in EPIC study 1996 [48]. Similar to our study,
Acinetobacter was observed to be an increased
incidence in recent studies [40]. Alotaibi et al., the
study concluded that Klebsiella was the commonest
organism isolated from respiratory infection and UTI,
while Klebsiella and Candida were the most common
organisms that affect the bloodstream [14].

The hospital-acquired infection has
commonly been used to guide empirical antibiotic
treatment based on the different pathogens circulating
in the hospital environment. In our study, amikacin
and imipenem are the most sensitive antibiotics
whatever the type of the organism which is similar to
Mireya study [49].

The mortality rate in our study was 36%,
which is nearly the same as reported in developing
countries and higher than that reported in developed
counties. In developing counties, the mortality rate
ranged from 20 to 38% [3], [7], [44], [50] while in
developed countries it was 7.7 to 10% [25], [51].

In this study, we found that sepsis was not a
risk factor for death. Studying different risk factors for
mortality among the studied patients, including age, a
period of stay, type of organism, invasive techniques
including CVP, urinary catheter, and mechanical
ventilation revealed no significance. The risk factors
for HAI in PICU differ between studies according to
the method of comparison where some studies
compare between the patient in ICU and patients in
the pediatric ward, number of patients in the study that
use invasive devices. The limitation of this study was
a small number of patients. The viral infection is
underdiagnosis. Mireya et al., the study revealed that
age under 1 year, the severity of the disease, and
mechanical ventilation were significant risk factors
[49]. Rasslan et al., the study found that device
associated infection rates in PICU in Egypt was higher
than in developed countries and was considered as a
risk factor for HAI (52). Aktar et al., the study revealed
that only mechanical ventilation was found to be a risk
factor for mortality in multiple logistic regression
analysis [44]. Also, Maria et al., the study showed that
disease severity and candida infection were the main
risk factor for mortality [7]. Few studies showed that
type of organism is a risk factor as Ashkenazi et al.,
the study reported mortality rate of 60% in
Acinetobacter sp. bacteremia and 42% yeast
associated infection [53].

As regard seasonal variation, winter was the
commonest season for nosocomial infection in this
study. Few studies demonstrated the impact of
seasonal variation on different organisms. Caldeira et
al., [54] and Fortaleza et al., [55] studies revealed an
increased incidence of Gram-negative bacilli in warm
weather. This controversy may be referred to that
most of our patients were suffering from a respiratory
infection.

In conclusion, Staphylococcus was the
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commonest micro-organism while Gram-negative
infections were the commonest group among PICU
with a predominance of Acinetobacter and Klebsiella.
Respiratory infections were the most common,
followed by blood-borne infection. Risk factors for
mortality were not significant. The empirical antibiotic
choice was made according to culture and sensitivity.
Respiratory infections were the most common,
followed by blood-borne infection. Risk factors for
mortality were not significant. Infection control
programs are required repetitively and periodically for
proper choice of antibiotics and infection control.
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