
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Pediatrics and Neonatology (2020) 61, 406e413
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http: / /www.pediatr -neonatol .com
Original Article
Characterization of children younger than
5 Years of age with severe community-
acquired alveolar pneumonia (CAAP)
requiring Pediatric Intensive Care Unit
(PICU) admission

Yael Feinstein a,c, David Greenberg b,c,*, Shalom Ben-Shimol b,c,
Maya Mimran c, Ron Dagan b,c, Noga Givon-Lavi b,c
a Pediatric Intensive Care Unit, Soroka University Medical Center, Beer-Sheva, Israel
b Pediatric Infectious Disease Unit, Soroka University Medical Center, Beer-Sheva, Israel
c The Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, Israel
Received Apr 24, 2019; received in revised form Feb 10, 2020; accepted Mar 18, 2020
Available online 10 April 2020
Key Words
community-acquired
alveolar
pneumonia;

pediatric intensive
care unit;

pneumonia
Abbreviations: CAAP, Community-acq
pitalized at the PICU; ED, Emergency D
Children with CAAP hospitalized in a g
WHO, World Health Organization; RS
neutrophils count.
* Corresponding author. The Pediatri

fax: þ972 8 6232334.
E-mail addresses: yael_feinstein@

maya114@gmail.com (M. Mimran), rda

https://doi.org/10.1016/j.pedneo.202
1875-9572/Copyright ª 2020, Taiwan P
NC-ND license (http://creativecommo
Background: The purpose of this study was to determine factors characterizing children
admitted to the Pediatric Intensive Care Unit (PICU) with community-acquired alveolar pneu-
monia (CAAP) to help clinicians assess disease severity upon initial assessment in the emer-
gency department.
Methods: We prospectively collected demographic, clinical, and laboratory data of children
<5 years with radiologically confirmed CAAP referred to the Soroka University Medical Center
during 2001e2011. Three groups of children were compared: 1) those hospitalized in the PICU
(PICU-CAAP); 2) those treated in the emergency department and discharged (ED-CAAP); and 3)
those hospitalized in a pediatric ward (Hosp-CAAP).
Results: Of 9722 CAAP episodes, 367 (3.8%) were PICU-CAAP, 5552 (57.1%) Hosp-CAAP and 3803
(39.1%) ED-CAAP. In a univariate analysis, respiratory syncytial virus (RSV) was detected more
uired alveolar pneumonia; PICU, Pediatric Intensive Care Unit; PICU-CAAP, Children with CAAP hos-
epartment; ED-CAAP, Children with CAAP treated in the ED and subsequently discharged; Hosp-CAAP,
eneral pediatric ward; OR, Odds ratio; CI, Confidence interval; CAP, Community-acquired pneumonia;
V, Respiratory syncytial virus; CRP, C-reactive protein; WBC, White blood counts; ANC, Absolute
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commonly among PICU-CAAP than in Hosp-CAAP (P Z 0.02) and ED-CAAP patients (P < 0.001).
In a multivariate analysis, several factors were associated with PICU hospitalization versus ED-
CAAP and Hosp-CAAP: Younger age (ORs: 1.04, [95%CI: 1.02e1.05] and 0.97 [0.96e0.98],
respectively); prematurity (ORs: 2.16 [1.28e3.64] and 1.61 [1.15e2.26], respectively), lower
O2 saturation (ORs: 1.32 [1.25e1.41] and 0.94[0.92e0.96]), higher respiratory rate (ORs:
1.06 [1.04e1.07] and 1.00 [1e1.01], respectively).
Conclusion: Children admitted to PICU were younger, had more respiratory syncytial virus
(RSV) detection, were premature, had lower O2 saturation, and had a higher respiratory rate
than those admitted to the general ward or those visiting the emergency department and sub-
sequently discharged.
Copyright ª 2020, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Community-acquired pneumonia (CAP) is a major cause of
morbidity and mortality in children worldwide.1,2 Etiology
of pneumonia differs by age group, and viral infections are
considered to be most prevalent among children <5 years
old.2,3 The diagnosis of pneumonia is based on clinical
evaluation and laboratory tests, which include chest radi-
ography. Obtaining blood cultures and complete blood
count is recommended in cases in which bacterial infection
is suspected.1 However, in most cases, the etiology of
bacterial CAP cannot be established with certainty since
the lung tissue is not cultured for ethical reasons.4

Furthermore, it is well established that pneumonia is
frequently a result of mixed infections involving combina-
tions of viruses and bacteria.3,5e9 Due to the lack of diag-
nostic criteria of CAP in children, the World Health
Organization (WHO) has developed standardized radiolog-
ical definitions for pneumonia defined as alveolar CAP
(CAAP), which is often considered a bacterial disease, in
many cases caused by Streptococcus pneumoniae.4 This
definition has been used in epidemiological and vaccine
trials1 and is used in the current study.

Determining the severity of pneumonia and which chil-
dren are most predisposed to severe disease is challenging.
Most studies that evaluate risk factors of mortality due to
pneumonia are from developing countries with limited re-
sources forpreventionand therapeuticmeasures. Youngage,
the presence of certain underlying medical conditions, as
well as dyspnea, hypoxemia, and lower hemoglobin con-
centrations, were reported to be associated with mortality.
Neither specific pathogens nor laboratory data seem to
correlate with mortality.10e13 A study from Paraguay used an
adult severity score (PIRO scale) for pneumonia in children
which accurately predicted the probability of mortality in
children who presented to the hospital with CAP.14

A handful of studies have developed or modified other
severity scores such as the Respiratory Index of Severity in
Children (RISC)10 and the modified Wood’s clinical asthma
score for pneumonia.15 In addition, several guidelines also
include recommendations and severity parameters, some of
which are used to predict admission to the Pediatric
Intensive Care Unit (PICU).16,17 In the US, respiratory rate,
temperature, altered mental status, heart rate, age, and
PaO2/FiO2 ratio were the most important individual pre-
dictors of severity.18 However, there are still no universally
accepted severity scores for pneumonia in children, and
similar scores have neither been validated nor developed
for children in the developed world, where advanced
monitoring and therapeutic modalities are available in the
Pediatric Intensive Care Unit (PICU) setting.

The purpose of our study was to characterize the de-
mographics as well as clinical and laboratory parameters
associated with alveolar CAP admission to the PICU of
children <5 years old to identify factors which might be
useful in developing a severity score to determine which
alveolar CAP patients should be hospitalized in the PICU.
The WHO definition for radiologically-confirmed CAAP al-
lows comparisons of clinical and epidemiological charac-
teristics among patients, enabling its use as a study
endpoint.4,12,19 We hypothesized that children admitted to
the PICU have distinct characteristics when compared to
children admitted to general pediatric wards or those
treated in the pediatric Emergency Department (ED).
2. Patients and methods
2.1. Setting

The study was conducted at the Soroka University Medical
Center in southern Israel. It is the only hospital in the Negev
district of southern Israel for the entire population of a
region of 630,700 people, of which 74,400 are children
under five years old.20 Over 95% of the children living in the
region are served by the Soroka University Medical Center,
enabling population-based studies. The population in the
region is composed of two ethnic groups: the Jewish pop-
ulation, generally comparable to a Western population, and
the Bedouin population, in transition from semi-nomadism
to settlement, generally comparable to a low socioeco-
nomic status population. In 2011, 36,200 children under five
years old were Bedouins, and 35,800 were Jewish. Social
contacts between these groups are limited, especially be-
tween children. Hospitalization rates for respiratory in-
fectious diseases and especially for CAAP are higher among
the Bedouin population.19,21,22
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This study was approved by the institutional and national
Ethics Committees and was performed in accordance with
the Human Experimentation Guidelines of the Israeli Min-
istry of Health.

2.2. Study design

This was a prospective cohort study in children younger
than five years old with CAAP referred to the Emergency
Department at the Soroka University Medical Center in
southern Israel from November 2001 through December
2011.

All children <5 years visiting the Soroka University
Medical Center ED with radiologically-proven CAAP were
included. Children hospitalized in the PICU (PICU-CAAP)
were compared with two groups: 1) children treated in the
ED and subsequently discharged (ED-CAAP); and 2) children
who were hospitalized in the general pediatric wards (Hosp-
CAAP). If a patient was in multiple departments throughout
their stay at the hospital, they were counted in the study as
the most severe status. For example, if a child was in the
ward and also the PICU, they were counted in the study as
PICU-CAAP. A child was hospitalized in the PICU based on
the following criteria: 1) need for immediate mechanical
ventilation support; and 2) clinical signs and laboratory
tests (i.e., blood gas), demonstrating that the child
required strict monitoring.

Children diagnosed as having CAAP �48 h from hospital
admission were excluded since our aim was to study
community-acquired episodes only.

For the purpose of the current study, we defined a case
as: 1) The child was younger than five years of age; 2) The
child was a resident of the Negev region of southern Israel;
3) A chest radiograph was obtained within 48 h of ED
arrival; 4) Alveolar pneumonia was radiologically demon-
strated, according to the WHO definitions.2

A new episode was defined as radiologically confirmed
alveolar pneumonia, which occurred >28 days following a
previous pneumonia episode.

2.3. Chest radiograph analysis

Chest radiographs and analyses were performed as
described elsewhere.5 Chest radiographs and blood cultures
are protocol for all children admitted to the hospital with
respiratory symptoms. All chest radiographs were collected
daily and were evaluated separately by two pediatric in-
fectious disease specialists who read all chest radiographs
independently. Further analysis was performed by an in-
dependent pediatric radiologist who was unaware of the
clinical data and pediatricians’ analysis, as described pre-
viously. The presence of radiologically diagnosed CAAP was
confirmed upon agreement of at least one of the study
pediatric infectious disease specialists and the study pedi-
atric radiologist. All readers were trained to use the WHO
pneumonia criteria.

2.4. Bacteriology

Blood cultures were routinely obtained from febrile chil-
dren in the ER or upon hospitalization. A blood sample for
blood culture is protocol for all children admitted to the
hospital with respiratory symptoms. Blood cultures were
processed at the Clinical Microbiology Laboratory of the
Soroka University Medical Center solely, as previously
described.22,23

2.5. Virology

Nasopharyngeal wash specimens were obtained upon hos-
pital admission, all year round during working hours but not
during weekends and holidays. Only one specimen from
each patient was included. Specimens were processed from
culture or by polymerase chain reaction (PCR) diagnosis as
described elsewhere.24 Respiratory viruses tested were:
RSV, influenza A and B, human meta-pneumovirus, para-
influenza 1, 2, and 3 viruses, adenovirus, coronavirus, and
enteroviruses. Rhinoviruses were tested only in some of the
patients, based on polymerase chain reaction (PCR). The
following respiratory viruses were included in the analyses:
RSV, influenza A and B, human meta-pneumovirus, and
para-influenza 1, 2, and 3 viruses.

2.6. Data collection

Detailed demographic, clinical, and laboratory data were
collected from medical files, and any missing details were
obtained from questionnaires given to parents. Variables
studied included age, gender, ethnic origin, number of
siblings, parental age and education, history of wheezing
episodes or asthma diagnosis, history of acute otitis media
and tympanocentesis, antibiotic treatment in the prece-
dent period, previous hospitalizations, underlying medical
conditions, symptoms before ED arrival, symptoms and
signs upon arrival to the ED, and presence of pleural effu-
sion in chest radiograph. Laboratory tests included com-
plete blood count, serum electrolytes, urea and creatinine
concentrations; C-reactive protein (CRP) concentrations;
and viral detections in nasal wash and blood culture results.

2.7. Statistics

Data were recorded using Access Microsoft office software.
Statistical analysis was conducted using SPSS 20.0 software.

For comparison between the three groups, contingency
table analysis measuring the association among study
groups was conducted using Pearson c2 tests or Fisher’s
exact test. To estimate risks such as demographic, clinical,
and laboratory features groups, odds ratios (ORs) and 95%
confidence interval (CI) were calculated. P values and OR
were controlled for age, ethnicity, and antibiotic treatment
during the last month before enrolment. Logistic regression
models were used to evaluate potential risk factors, co-
variate, and confounders. Variables implicated in the
literature and those that were statistically significant at the
level of P < 0.1 in the univariate analyses were included in
the multivariate logistic regression models (age, ethnicity,
gender underlying diseases, prematurity, lower body tem-
perature at admission, lower Saturation at admission, and
higher respiratory rate at admission). Odds ratios and 95%
CIs were calculated to estimate risks of PICU-CAAP cases



Table 1 Demographic characteristics of children <5 years: PICU-CAAP vs. Hosp-CAAP or ED-CAAP.

PICU-CAAP,
n Z 367a

Hosp-CAAP,
n Z 5,552a

P valueb ED-CAAP,
n Z 3,803a

P valuec

Age (months) (mean � SD) 10.7 � 13.6 18.6 � 15.8 < 0.001 25.4 � 14.8 < 0.001

Ethnicity eBedouin n (%) 295 (80) 3838 (69) < 0.001 1738 (46) < 0.001

Gender e Male n (%) 191 (52) 3023 (54) 0.370 2190 (58) 0.040

Maternal age (years) (mean � SD) 29.0 � 6.4 29.6 � 6.0 0.085 30.3 � 5.8 0.001

Breastfeeding (months) (mean � SD) 6.5 � 6.4 7.1 � 6.0 0.390 7.5 � 5.8 0.150
Number of individuals sleeping in the

same room (mean � SD)
3.6 � 1.3 3.3 � 2.1 0.019 2.7 � 1.2 < 0.001

Number of siblings (mean � SD) 3.1 � 2.4 3.0 � 2.4 0.630 2.4 � 2.2 < 0.001

PICU-CAAP, children with Community Acquired Alveolar Pneumonia hospitalized at the Pediatric Intensive Care Unit; Hosp-CAAP, chil-
dren with Community Acquired Alveolar Pneumonia hospitalized in a general pediatric ward; ED-CAAP, children visiting the Emergency
Department and being subsequently discharged, SD, standard deviation.
Bold signifies statistical significance was defined as P<0.05.

a Total number of patients. There are missing values in some parameters.
b P-value comparing PICU-CAAP vs. Hosp-CAAP.
c P-value comparing PICU-CAAP vs. ED-CAAP.
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and children included in the ED-CAAP and Hosp-CAAP
groups.
3. Results

Overall, 9722 CAAP episodes were recorded during the
study period: 367 (3.8%) episodes required admission to the
PICU (PICU-CAAP), 5552 (57.1%) were admitted to the
general pediatric wards (Hosp-CAAP), and 3803 (39.1%)
were treated in the pediatric ED and discharged home for
further ambulatory treatment (ED-CAAP).

Children admitted to the PICU were significantly
younger, included a higher proportion of Bedouin children,
and lived in more crowded houses compared with the other
two groups (Table 1). No differences were found among the
groups with regard to gender, history of breastfeeding, and
smoking in their household.
Figure 1 Medical history of children <5 years of age with PICU-C
antibiotics, Dx- Diagnosis. * P-values comparing PICU-CAAP vs. Hos
Children in the PICU-CAAP group had a significantly
higher proportion of underlying medical conditions, such as
congenital heart diseases and chronic lung disease, and
lower proportions of asthma and wheezing, history of CAP,
and use of antibiotics during the month prior to the CAAP
episode (Fig. 1).

Compared with hosp-CAAP and ED-CAAP patients, PICU-
CAAP patients had significantly lower temperatures, less
cough, and they were reported to have less abdominal pain
before admission (Table 2). Upon admission, the PICU-CAAP
group had significantly lower oxygen saturations and higher
respiratory rates (Table 2). No other statistically significant
differences were found with regard to signs and symptoms.

With regard to laboratory findings, PICU-CAAP children
had lower mean white blood counts (WBC) (14.7 � 9 vs.
16.6 � 8.6 and 21.1 � 8.7 cells � 103/mm3) and lower mean
absolute neutrophils count (ANC) (8.3 � 6.8 vs. 10.8 � 7.6
AAP, vs. Hosp.-CAAP and ED-CAAP. FTT- Failure to thrive, Abx-
p-CAAP or ED-CAAP were statistically significant; P � 0.001.



Table 2 Clinical variables of children <5 years: PICU- CAAP vs. Hosp-CAAP or ED-CAAP.

PICU-CAAP
n Z 367a

Hosp-CAAP
n Z 5,552a

P valueb ED-CAAP
n Z 3,803a

P valuec

Max temperature �C (mean � SD) 37.8 � 1.8 38.8 � 1.1 < 0.001 39.4 � 1.0 < 0.001

Abdominal pain in prior day n (%) 10 (6) 415 (12) 0.013 608 (23) < 0.001

O2 saturation % (mean � SD) 88.7 � 7.5 92.2 � 4.8 < 0.001 95.9 � 2.4 < 0.001

Wheezing n (%) 9 (13) 319 (28.8) 0.005 93 (11.1) 0.615
Respiratory rate (mean � SD) 59.0 � 19.5 54.6 � 15.4 < 0.001 43.0 � 11.4 < 0.001

Pleural effusion n (%) 13 (3.5) 95 (2) 0.011 23 (0.6) < 0.001

Days of hospitalization n (%) 15.1 � 24.5 3.0 � 3.7 < 0.001 NR
Mortality n (%) 15 (4) 10 (0.2) < 0.001 1 (0) < 0.001

PICU-CAAP, children with Community Acquired Alveolar Pneumonia hospitalized at the Pediatric Intensive Care Unit; Hosp-CAAP, chil-
dren with Community Acquired Alveolar Pneumonia hospitalized in a general pediatric ward; ED-CAAP, children visiting the Emergency
Department and being subsequently discharged, SD, standard deviation; NR, not relevant.
Bold signifies statistical significance was defined as P<0.05.

a Total number of patients. There are missing values in some parameters.
b P-value comparing PICU-CAAP vs Hosp-CAAP.
c P-value comparing PICU-CAAP vs ED-CAAP.
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vs.14.8 � 8 cells � 103/mm,3 respectively). Serum urea,
sodium, and hemoglobin concentrations were higher in the
PICU-CAAP. No clinically significant differences between
the groups with regard to levels of CRP, hemoglobin, or
thrombocytes were noted (Table 3). All-cause and S.
pneumoniae bacteremia were more common in the PICU-
CAAP children compared to the Hosp-CAAP and the ED-
CAAP (Table 3).

Nasopharyngeal washes were obtained in 2764 episodes
(28.4% of the study population), with 188 (51.2%) samples in
the PICU-CAAP, 2164 (40.8%) in the Hosp-CAAP and 412
(10.8%) in the ED-CAAP. A respiratory virus was detected in
61.2% of the specimens obtained from children in the PICU-
CAAP, 59.0% in the Hosp-CAAP, and in only 26.0% in the ED-
CAAP. Overall, respiratory viruses were detected signifi-
cantly more often in nasopharyngeal PICU-CAAP (61.2%)
than ED-CAAP (24.3%). Respiratory syncytial virus (RSV) was
detected significantly more often in the nasopharyngeal
Table 3 Laboratory tests of children < 5 Y: PICU- CAAP vs. Hos

PICU-CAA
n Z 367a

CRP (mg/dL) (mean � SD) 4.7 � 4.4
WBC (x103/mm3) (mean � SD) 14.7 � 9.
ANC (x103/mm3) (mean � SD) 8.3 � 6.8
Hemoglobin concentrations (mg%) (mean � SD) 11.2 � 2.
Serum sodium concentrations (mEq/L) (mean � SD) 135.7 � 6
Serum creatinine (mg%) (mean � SD) 0.39 � 0.
Serum Urea concentration (mg%) (mean � SD) 30.9 � 35
All cause Bacteremia n (%) 52 (14)
Pneumococcus bacteremia n (%) 11 (3)

PICU-CAAP, children with Community Acquired Alveolar Pneumonia h
dren with Community Acquired Alveolar Pneumonia hospitalized in a
Department and being subsequently discharged, SD, standard deviati
Bold signifies statistical significance was defined as P<0.05.

a Total number of patients. There are missing values in some param
b P-value comparing PICU-CAAP vs Hosp-CAAP.
c P-value comparing PICU-CAAP vs ED-CAPSD-standard deviation.
washes of patients in the PICU-CAAP (50.0%) compared with
41.4% in the Hosp-CAAP and only in 8.9% in the ED-CAAP.
Regarding other viruses, human metapneumovirus (HMPV)
was significantly less prevalent in the PICU-CAAP (1.0% vs.
5.6% in the Hosp-CAAP and 6.7% in the ED-CAAP), whereas
parainfluenza was detected in 7.0% of the PICU-CAAP vs.
4.3% in the Hosp-CAAP and 1.9% in the ED-CAAP, although
the differences were not statistically significant.

In multivariate analysis, the following factors were
considered risk factors for PICU hospitalization vs. ED-
CAAP: younger age, Bedouin ethnicity, prematurity, lower
body temperature, lower O2 saturation and higher respira-
tory rate (Table 4). The following factors were associated
as risk factors for PICU hospitalization vs. hospitalization in
the ward: Bedouin ethnicity, and prematurity. Younger age,
lower body temperature, and lower oxygen saturation were
risk factors for being hospitalized in the ward vs. in the
PICU.
p-CAAP or ED-CAAP.

P Hosp-CAAP n Z 5,552a ED-CAAP n Z 3,803a

P valueb P valuec

16.1 � 10.1 < 0.001 11.6 � 18.0 < 0.001

0 16.6 � 8.6 < 0.001 21.1 � 8.7 < 0.001

10.8 � 7.6 < 0.001 14.8 � 8.0 < 0.001

1 11 � 1.4 0.054 10.9 � 1.2 0.010

.4 135.1 � 5.3 0.060 134.4 � 2.5 < 0.001

53 0.39 � 3.7 0.982 0.31 � 0.1 0.005

.6 20.9 � 10.3 < 0.001 20.4 � 7.7 < 0.001

98 (2) < 0.001 45 (1) < 0.001

44 (1) < 0.001 32 (1) < 0.001

ospitalized at the Pediatric Intensive Care Unit; Hosp-CAAP, chil-
general pediatric ward; ED-CAAP, children visiting the Emergency
on.

eters.



Table 4 Independent risk factors for PICU-CAAP in children < 5Y (multi-regression analysis): comparison with ED-CAAP and
Hosp-CAAP.

Risk Factor PICU-CAAP vs. ED-CAAP
OR (95% C.I.)

PICU-CAAP vs. Hosp-CAAP
OR (95% C.I.)

Younger Age (increment per month) 1.04 (1.02e1.05) 0.97 (0.96e0.98)
Ethnicity- Bedouin 2.67 (1.72e4.16) 1.33 (0.94e1.89)
Prematurity 2.16 (1.28e3.64) 1.61 (1.15e2.26)
Lower body temperature at admission

(increment per 1 �C)
2.36 (1.96e2.28) 0.59 (0.53e0.67)

Lower Saturation at admission
(increment per 1%)

1.32 (1.25e1.41) 0.94 (0.92e0.96)

Higher respiratory rate at admission
(increment per each breath per minute)

1.06 (1.04e1.07) 1.00 (1e1.01)

PICU-CAAP: children with community acquired alveolar pneumonia hospitalized at the Pediatric Intensive Care Unit; ED-CAAP, children
with community acquired alveolar pneumonia visiting the emergency department and being subsequently discharged; HOSP-CAAP,
children with community acquired alveolar pneumonia hospitalized in a general pediatric ward.
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4. Discussion

The objective of the present study was to determine the
unique clinical and laboratory characteristics of children
<5 years old associated with CAAP admission to the PICU.
Demographically, these children were younger and more
frequently Bedouin, lived in a crowded environment, and
more frequently had specific medical conditions compared
to Hosp-CAAP and ED-CAAP patients. Clinically, they pre-
sented with signs and symptoms suggestive of viral infec-
tion and co-infection with laboratory tests showing a
weaker inflammatory response (as expressed by low pe-
ripheral WBC, ANC, and lower CRP concentrations).25 RSV
and bacteremia, mainly due to S. pneumoniae, were
detected more frequently in the PICU group compared to
the ED and pediatric ward groups.

Data from developed countries regarding the charac-
teristics of children hospitalized in PICU because of CAAP
are scarce. Other than the PIRO scale,14 no severity scores
have been developed and validated in the developed world.
Araya et al. showed that the use of the PIRO scale was
accurate in predicting mortality in children with CAP. Var-
iables associated with mortality were the presence of
apyrexia, tachypnea, leukopenia, pleural effusion, renal
injury, acidosis, hypotension, and change in conscious-
ness.14 Established clinical guidelines,16,17 recommend
hospitalization of children younger than six months old or
children with underlying medical conditions. More specif-
ically, indications for PICU hospitalization are impending
respiratory failure or children who are hemodynamically
compromised, such as those with signs of septicemia. In the
present study also, younger age and underlying medical
conditions (e.g., congenital heart defects, chronic lung
disease, and prematurity) and signs of respiratory distress
and tachypnea characterized children with CAAP who were
hospitalized in the PICU. This is possibly related to the
predisposition of younger children, mainly those who were
born prematurely, to acquire a more severe disease. In
addition, Bedouin children were more often admitted to
the PICU. This is most likely directly related to the lower
socioeconomic status typical of this population and not
directly associated with ethnicity or genetics.
In the developing world, other factors associated with
mortality in pneumonia were age, weight for age, lack of
exclusive breastfeeding, lower maternal education, and
overcrowding.11e13 In a meta-analysis designed to evaluate
risk factors for death from acute lower respiratory infection
in children in low and middle-income countries, a few
factors were associated with mortality, such as age <2
months, diagnosis of Pneumocystis carinii, chronic under-
lying diseases, presence of HIV/AIDS, severe malnutrition
and socio-economic and environmental factors.11e13,26 As in
those studies, in the present study, younger age and over-
crowding were significantly associated with PICU hospital-
ization, which might indicate the severity of disease, while
breastfeeding showed no such association.

Signs of inflammation, such as CRP, WBC, and ANC, were
lower in PICU patients compared with the other two groups.
These signs of inflammation are more characteristic of viral
rather than bacterial phenotype.8,27,28 Viral detection and
bacteremia were also more frequent in PICU patients. The
suggestion that the presence of bacterial-viral co-infection
results in more severe diseases than that caused by either
pathogen alone has already been raised in previous publi-
cations.29,30 Brealey et al. also demonstrated that detec-
tion of S. pneumoniae was significantly more frequent
during RSV infections compared to other respiratory viruses
and that co-detection of both pathogens (RSV and S.
pneumoniae) was associated with higher clinical disease
severity scores. Co-infection of viral and bacterial etiol-
ogies in community-acquired pneumonia is more common
at younger ages (mainly before two years).3,15 This may
explain our findings of viral detection alongside radio-
graphic and bacteriological evidence of bacterial infection.

The present study has several limitations. First,
although, nasal pharyngeal aspirate is a procedure that is
general protocol in the pediatric department for all chil-
dren, viral samples were not taken from all patients
(especially those who were admitted on weekends or holi-
days) and usually not from those discharged from the ED.
However, since the study included relatively large numbers
of CAAP episodes where nasal washes were obtained, the
results can still be valid. Second, the study included data
mainly from the pre-pneumococcal conjugated vaccine era
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and only the first year after the 7-valent pneumococcal
conjugate vaccine was included in the national immuniza-
tion program. Thus, similar studies should be repeated
after PCV implementation.31 Another limitation was that
the bacteriological survey was limited to isolates from
blood. However, this limitation is not unique to this study
and is also inherent as a limitation in other studies. Even
though numbers of positive isolates were relatively low (an
underestimation), higher bacteremia and pneumococcal
events were still found to be higher in PICU-CAAP children
when compared to the other groups.

In conclusion, children admitted to PICU were younger,
had more respiratory syncytial virus (RSV) detection, were
premature, had lower O2 saturation, and had higher respi-
ratory rate than those admitted to the general ward or
those visiting the emergency department and subsequently
discharged. Identification of these unique characteristics
may help clinicians to determine the severity of disease
during an initial assessment of a patient and may be useful
in the development of a severity score.
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