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Hospitalization of Children With Influenza A(H1N1)
Virus in Israel During the 2009 Outbreak in Israel
A Multicenter Survey
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Amit Hess, MD; Orli Megged, MD; Imad Kassis, MD; Galia Gresario, MD; Eli Somekh, MD

Objectives: To describe the clinical characteristics of children hospitalized with 2009 influenza A(H1N1) infection
in Israel and the risk factors associated with this infection.
Design: Prospective collection of data on children hospitalized with 2009 influenza A(H1N1) infection.
Setting: Seven medical centers around Israel.
Patients: From July 12, 2009, to December 24, 2009,

all patients 18 years or younger hospitalized with acute
respiratory or acute unspecified febrile illness were
screened for 2009 influenza A(H1N1) virus by reverse
transcription–polymerase chain reaction.
Intervention: Prospective data collection for patients

with confirmed infection.
Main Outcome Measures: Clinical characteristics of
patients and hospitalization rates.

pediatric intensive care unit; 3 patients (0.6%) died. The
most frequent clinical presentations were pneumonia, influenza-like illness, wheezing exacerbation, and convulsions. Predisposing underlying illnesses were detected in
48.7% of patients. Patients with metabolic and neurologic disorders were at highest risk for severe complications (relative risk, 6.5 and 2.9, respectively). In addition, patients with cyanotic heart lesions and infants 3
months or younger who were born at 33 weeks’ gestation or earlier tended to require higher rates of mechanical ventilation. The hospitalization rate for 2009 influenza A(H1N1) was 0.7 per 1000 children. The mortality
rate was 3.6 per 1 000 000 children.
Conclusions: The severity variables for 2009 influenza
A(H1N1) were similar to the figures reported for seasonal influenza. Patients with underlying metabolic and
neurologic metabolic disorders and presumably patients with cyanotic heart lesions and infants born prematurely are at highest risk for severe complications following 2009 influenza A(H1N1) infection.

Results: The mean age of 478 patients studied was 6.1

years. Forty-two patients (8.8%) were admitted to the
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T

HE NEW STRAIN OF PAN demic influenza A(H1N1) virus that appeared in Mexico
in March 2009 caused extensive disease, especially in
young adults.1-3 Information on the clinical spectrum of illness and risk factors for

See also page 1076
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the end of this article.

development of severe disease in children
infected with 2009 influenza A(H1N1) is still
emerging for different phases of the virus
activity and from several geographic areas
of the world, where different ways of coping with the disease were used.4-7 Despite
previous investigations of 2009 influenza
A(H1N1) infection in children, the clinical
spectrum, severity, and risk factors had not
been fully elucidated.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 164 (NO. 11), NOV 2010
1015

In this multicenter study, we prospectively collected information about children hospitalized with 2009 influenza
A(H1N1) over a 5-month period before,
during, and after the peak activity period of
this virus in Israel. Data were collected from
individual patients rather than via a computerized database. This information was
used to determine the hospitalization rate
in pediatric populations and to characterize the clinical spectrum of 2009 influenza
A(H1N1) virus infection among hospitalized children in different age groups and
among specific groups of patients at risk.
METHODS

STUDY DESIGN
We prospectively collected clinical and epidemiologic data on patients 18 years or younger
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Figure 1. Number of admissions to 7 medical centers and to the pediatric
intensive care units (PICUs) for 2009 influenza A(H1N1) among the Israeli
pediatric population by 2009 calendar week.

hospitalized with laboratory-confirmed 2009 influenza A(H1N1)
infection in 7 medical centers representing different areas of
Israel from July 12, 2009, to December 24, 2009. Only centers
that routinely tested patients with suspected influenza (any patient admitted with acute respiratory or acute unspecified febrile illness) were included in the study. The test was a reverse
transcription–polymerase chain reaction assay performed at the
Israeli Ministry of Health reference virology laboratories.

HOSPITALIZATION RATES
To minimize underestimation of influenza-related admissions in
determining hospitalization rates, we used data from 3 medical
centers that had the highest percentages of 2009 influenza
A(H1N1) testing and cases per total number of hospitalizations.
Because these hospitals represent 15.2% of all annual pediatric
hospitalizations in the country, we multiplied the number of patients hospitalized with 2009 influenza A(H1N1) at these 3 centers by 6.6. The number of calculated influenza hospitalizations
in the country was then divided by the number of Israeli children in the different age groups. Information on the population
size of the different age groups of children in Israel, as well as the
number of hospitalizations at the various hospitals in the country, was obtained from the Israeli Statistical Bureau.
The mortality rate was determined based on official numbers provided by the Israeli Ministry of Health. To calculate the
mortality rate, we used the pediatric population in Israel as the
denominator.
Distribution comparisons between dichotomous variables
and continuous variables were performed using the 2 and
t tests, respectively. The study was approved by the ethics committee of Edith Wolfson Medical Center, Holon, Israel.
RESULTS

Data on 478 patients (267 male and 211 female) with laboratory-confirmed 2009 influenza A(H1N1) were collected. During the study period, which paralleled the activity of 2009 influenza A(H1N1) virus in Israel, more
than 98% of influenza virus isolates in Israel were of this
strain.

The distribution of hospitalizations according to 2009
calendar week is shown in Figure 1. The mean age of
patients studied was 6.1 years (age range, 0.03-18 years),
and the mean hospitalization duration was 3.9 days (range,
1-50 days) (Table 1). The mean interval from onset of
symptoms to hospitalization was 2.9 days (median, 2 days;
range, 0-21days).
Forty-two patients (8.8%) were admitted to the pediatric intensive care unit (PICU), and 15 (3.1%) required
mechanical ventilation. The PICU admission rate was higher
after the week beginning November 13 compared with earlier weeks (15.5% vs 6.8% of all patients hospitalized with
2009 influenza A[H1N1], P=.02) (Figure 1).
Three patients in our series died. According to the Israeli Ministry of Health registry, 9 patients 18 years and
younger infected with 2009 influenza A(H1N1) had died
in Israel since the beginning of the outbreak; all of them
had severe underlying medical conditions.
HOSPITALIZATION AND MORTALITY RATES
The hospitalization rate for patients in the Israeli population 18 years or younger was 0.7 per 1000 (Table 1). The
rates for the different age groups are given in Figure 2.
The mortality rate in Israel was 3.6 per 1 million children.
CLINICAL MANIFESTATIONS BY AGE GROUP
The most common clinical syndrome was pneumonia,
affecting 172 patients (36.0%), and 134 patients (28.0%)
who had no evidence of pneumonia on their chest radiographs were discharged with the diagnosis of influenzalike illness or upper respiratory tract infection (ILI/
URI) symptoms. These results are summarized in Table 1.
Patients initially seen with pneumonia tended to be
younger and had higher rates of predisposing respiratory system illnesses and of tachypnea and hypoxemia
compared with patients admitted with ILI/URI symptoms. In addition, patients with pneumonia had higher
white blood cell counts, absolute neutrophil counts, and
C-reactive protein levels, as well as longer mean (SD) intervals from onset of symptoms to hospitalization (3.7
[2.9] vs 2.6 [2.9] days, P⬍.001) and to initiation of oseltamivir phosphate treatment (4.7 [8.0] vs 2.5 [2.6] days,
P=.002) (Table 2).
Forty-two patients (8.8%), most with asthma, were hospitalized for exacerbation of their underlying respiratory
illness, and 41 patients (8.6%) had seizures, mostly febrile. Thirty-one patients were admitted with a nonspecific febrile illness, and 29 patients had predominant gastrointestinal tract symptoms. Central nervous system
involvement affected 5 patients, including meningococcal meningitis (1 patient), aseptic meningitis (1 patient),
encephalitis (1 patient), and encephalopathy (2 patients). Two patients were diagnosed as having Kawasaki
disease in temporal association with 2009 influenza
A(H1N1) infection.
LABORATORY MARKERS
Mild elevation in liver enzymes (aspartate aminotransferase or alanine aminotransferase level ⬎60 U/L) was
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Table 1. Clinical Characteristics and Hospital Discharge Diagnoses of Patients by Age Group

Variable
Age, mean (SD), y
Rate per 1000
Hospitalizations
PICU admissions
Mechanical ventilation
Predisposing illness, No. (%)
Any
Respiratory
Neurologic
Cardiovascular
Oncologic
Metabolic
Renal
Endocrine
Hematologic
ⱖ2
Initial symptom, No. (%)
Fever
Cough
Tachypnea
Diarrhea
Abdominal pain
Sore throat
Headache
Clinical syndrome, No. (%)
Pneumonia
ILI/URI symptoms
Wheezing exacerbation
Seizure
Fever
Gastrointestinal
Syncope
Bronchiolitis
Stridor
Interval from onset of symptoms to hospitalization, mean (SD), d
Hospitalization duration, mean (SD), d
PICU admissions, No. (%)
Mechanical ventilation, No. (%)
Laboratory test values, mean (SD)
White blood cell count, /µL
Absolute neutrophil count, /µL
Lymphocyte count, /µL
Hemoglobin, g/dL
Platelet count, /µL
C-reactive protein, U/L
Alkaline phosphatase, µ/L
Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
Antiviral treatment, No. (%)
Interval from clinical presentation to antiviral treatment, mean (SD), d
Treatment, No. (%)
Antibiotics
Bronchodilators
Systemic corticosteroids
Inhaled corticosteroids
Immunoglobulins

⬍3 mo
(n = 30)

3-23 mo
(n = 126)

24-59 mo
(n = 97)

5-18 y
(n = 225)

Total
(N =478)

0.12 (0.05)

1.07 (0.43)

3.10 (0.84)

10.94 (3.80)

6.06 (5.36)

3.20
0.25
0.125

1.15
0.07
0.013

6 (20.0) a
3 (10.0)
0
2 (6.7)
0
0
0
0
0
0
26 (86.7)
20 (66.7)
13 (43.3)
3 (10.0)
NA
NA
NA

0.74
0.04
0.015

0.72
0.04
0.014

49 (38.9) a
29 (23.0)
11 (8.7)
7 (5.6)
1 (0.8)
2 (1.6)
1 (0.8)
1 (0.8)
2 (1.6)
6 (4.8)

56 (57.7)
29 (29.9)
10 (10.3)
5 (5.2)
6 (6.2)
3 (3.1)
3 (3.1)
1 (1.0)
1 (1.0)
8 (8.2)

122 (54.2)
64 (28.4)
20 (8.9)
16 (7.1)
13 (5.8)
6 (2.7)
7 (3.1)
6 (2.7)
4 (1.8)
17 (7.6)

233 (48.7)
125 (26.2)
41 (8.6)
30 (6.3)
20 (4.2)
11 (2.3)
11 (2.3)
8 (1.7)
7 (1.5)
31 (6.5)

116 (92.1)
107 (84.9)
52 (41.3)
27 (21.4) b
NA
1 (0.8)
1 (0.8)

89 (91.8)
78 (80.4)
37 (38.1)
5 (5.2)
10 (10.3)
2 (2.1)
2 (2.1)

222 (98.7)
181 (80.4)
76 (33.8)
28 (12.4)
43 (19.1) a
49 (21.8) a
48 (21.3) a

453 (94.8)
386 (80.8)
178 (37.2)
63 (13.2)
53 (11.1)
52 (10.9)
51 (10.7)

46 (47.4) c
27 (27.8)
9 (9.3)
7 (7.2)
4 (4.1)
2 (2.1)
1 (1.0)
0
3 (3.1)
3.52 (3.51)
4.36 (4.60)
10 (10.3)
5 (5.2)

69 (30.7)
79 (35.1) b
20 (8.9)
18 (8.0)
9 (4.0)
18 (8.0)
11 (4.9) d
0
5 (2.2)
2.68 (2.77)
3.75 (5.06)
23 (10.2)
7 (3.1)

172 (36.0)
134 (28.0)
42 (8.8)
41 (8.6)
31 (6.5)
29 (6.1)
12 (2.5)
11 (2.3)
11 (2.3)
2.93 (2.91)
3.86 (4.40)
42 (8.8)
15 (3.1)

11 590 (7200)
7870 (5840)
2650 (2020)
11.53 (1.70)
294 (123)
55.7 (67.3)
135.8 (60.1)
47.8 (37.3)
40.2 (60.3)
86 (88.7)
4.91 (10.60)

9010 (6300)
6940 (4990)
1400 (2100)
12.36 (1.60)
238 (139)
50.2 (90.4)
145.8 (69.3)
49.2 (106.6)
62.9 (184.3)
196 (87.4)
2.95 (2.74)

10 760 (8200)
7210 (6100)
2460 (2700)
11.92 (1.60)
261 (141)
46.0 (76.0)
153.3 (87.9)
55.0 (78.9)
50.2 (132.6)
413 (87.1)
3.59 (5.76)

3 (10.0)
5 (16.7)
1 (3.3)
1 (3.3)
13 (43.3) a
1 (3.3)
0
3 (10.0) e
3 (10.0) e
0.90 (0.79) a
4.24 (3.63)
4 (13.3)
2 (6.7)

54 (42.9)
23 (18.3)
12 (9.5)
15 (11.9)
5 (4.0)
8 (6.3)
0
8 (6.3)
0
3.38 (2.72)
3.62 (2.80)
5 (4.0) f
1 (0.8) g

8580 (4040)
3490 (2650)
3620 (2390)
11.60 (2.05)
388 (148)
22.1 (44.2)
208.0 (180.0)
132.8 (223.3)
64.5 (57.6)
22 (73.3)
1.88 (1.60) a

13 650 (11 100)
8020 (7930)
3960 (3300)
11.54 (1.30)
320 (132)
39.5 (66.8)
174.9 (117.3)
64.7 (57.9)
33.3 (32.7)
109 (86.5)
4.16 (4.97)

10 (33.3)
5 (16.7)
3 (10.0)
1 (3.3)
0

0.63
0.03
0.009

69 (54.8)
41 (32.5)
22 (17.5)
13 (10.3)
0

48 (49.5)
21 (21.6)
11 (11.3)
9 (9.3)
0

88 (39.1)
43 (19.1)
28 (12.4)
16 (7.1)
5 (2.2)

215 (45.0)
110 (23.0)
64 (13.4)
39 (8.2)
5 (1.0)

Abbreviations: ILI/URI, influenza-like illness or upper respiratory tract infection; NA, not available; PICU, pediatric intensive care unit.
SI conversion factors: To convert alanine aminotransferase, alkaline phosphatase, and aspartate aminotransferase levels to microkatals per liter, multiply by
0.0167; C-reactive protein level to nanomoles per liter, multiply by 9.524; hemoglobin level to grams per liter, multiply by 10.0; lymphocyte count to ⫻109/L,
multiply by 0.001; platelet count to ⫻109/L, multiply by 1.0; and white blood cell count to ⫻109/L, multiply by 0.001.
a P ⬍ .001 vs other age groups.
b P = .001 vs other age groups.
c P = .009 vs other age groups.
d P = .002 vs other age groups.
e P = .02 vs other age groups.
f P = .03 vs other age groups.
g P = .05 vs other age groups.
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Table 2. Comparison of Patients Initially Seen With
Pneumonia vs Influenza-Like Illness or Upper Respiratory
Tract Infection (ILI/URI) Symptoms

Rate per 1000

2.5

Pneumonia
(n = 172)

ILI/URI
Symptoms
(n = 134) P Value

2.0

Variable

1.5

Age, mean (SD), y
5.26 (4.87) 7.75 (5.78)
Predisposing illness, No. (%)
Any
84 (48.8)
72 (53.7)
Respiratory
58 (33.7)
31 (23.1)
Interval from onset of symptoms
3.73 (2.86) 2.56 (2.90)
to hospitalization,
mean (SD), d
Initial symptom, No. (%)
Fever
163 (94.8) 127 (94.8)
Cough
148 (86.0) 114 (85.1)
Vomiting
50 (29.1)
50 (37.3)
Abdominal pain
16 (9.3)
22 (16.4)
Diarrhea
21 (12.2)
17 (12.7)
Tachypnea
92 (53.5)
29 (21.6)
Hypoxemia
71 (41.3)
15 (11.2)
Hospitalization duration,
4.58 (5.90) 3.17 (2.90)
mean (SD), d
PICU admissions, No. (%)
23 (13.4)
6 (4.5)
Mechanical ventilation, No. (%)
11 (6.4)
1 (0.7)
Laboratory test values, mean (SD)
White blood cell count, /µL
12 680 (7710) 9230 (7610)
Absolute neutrophil
8980 (6570) 6020 (5030)
count, /µL
Lymphocyte count, /µL
2480 (2150) 2360 (2900)
Hemoglobin, g/dL
11.80 (1.61) 12.06 (1.86)
Platelet count, /µL
306 (163) 236 (91)
C-reactive protein, mg/L
56.1 (71.6) 29.8 (41.3)
Aspartate
43.8 (30.5) 51.1 (77.2)
aminotransferase, U/L
Alanine
29.4 (32.1) 39.9 (74.0)
aminotransferase, U/L
0
Bacteremia, No. (%)
4 (2.3) a
Interval from clinical presentation 4.73 (7.99) 2.53 (2.61)
to antiviral treatment,
mean (SD), d
Treatment, No. (%)
Antivirals
162 (94.2) 110 (82.1)
Antibiotics
135 (78.5)
31 (23.1)
Bronchodilators
56 (32.6)
18 (13.4)
Inhaled corticosteroids
15 (8.7)
8 (6.0)
Systemic corticosteroids
28 (16.3)
8 (6.0)

1.0
0.5
0.0

< 3 mo

3-23 mo

24-59 mo

5-18 y

Total

Age Group

Figure 2. Rates of hospitalization, admission to the pediatric intensive care
unit (PICU), and mechanical ventilation for 2009 influenza A(H1N1) among
the Israeli pediatric population by age group.

found in 30 of 363 patients (8.3%) in whom these
tests were performed (Table 1) (to convert aspartate
aminotransferase and alanine aminotransferase levels
to microkatals per liter, multiply by 0.0167). The
mean (SD) aspartate aminotransferase and alanine
aminotransferase levels in these patients were 140
(128) and 110 (93) U/L, respectively, with no variability among various age groups.
UNDERLYING MEDICAL CONDITIONS
Two hundred forty-five patients (51.3%) had no known
predisposing medical conditions (Table 3). Patients
younger than 2 years were less likely to have underlying
medical conditions than older patients (35.3% vs 55.3%,
P⬍.001) (Table 1).
One hundred twenty-five patients (26.2%) had underlying respiratory system diseases; 108 of them had
asthma or recurrent wheezing. Forty-one patients (8.6%)
had preexisting neurologic illnesses.
Thirty patients had underlying cardiovascular illnesses. Among these, 8 patients with cyanotic heart lesions were more likely than the rest of the patients to require mechanical ventilation (relative risk [RR], 9; 95%
confidence interval [CI], 2.4-25.3; P ⬍.001).
Twenty patients (4.2%) had neoplastic diseases. They
were most likely to be seen initially with fever alone, and
5 of them had fever and neutropenia at the time of influenza infection diagnosis. Eleven patients each (2.3%)
had metabolic or renal predisposing illnesses.

⬍.001
.30
.04
⬍.001

.60
.90
.10
.06
.90
⬍.001
⬍.001
.007
.008
.01
⬍.001
⬍.001
.73
.20
⬍.001
.009
.54
.47
.08
.002

.001
⬍.001
⬍.001
.40
.005

Abbreviation: PICU, pediatric intensive care unit.
SI conversion factors: To convert alkaline phosphatase and aspartate
aminotransferase levels to microkatals per liter, multiply by 0.0167;
C-reactive protein level to nanomoles per liter, multiply by 9.524; hemoglobin
level to grams per liter, multiply by 10.0; lymphocyte count to ⫻109/L,
multiply by 0.001; platelet count to ⫻109/L, multiply by 1.0; and white blood
cell count to ⫻109/L, multiply by 0.001.
a Two patients with Streptococcus pneumoniae and 2 patients with
Pseudomonas aeruginosa.

INFANTS YOUNGER THAN 3 MONTHS

CHEST RADIOGRAPHS

The most frequent initial clinical syndrome (43.3%) affecting 30 infants younger than 3 months was fever without source (Table 1). Apnea was the initial symptom in 2
patients. Four of 30 infants (13.3%) were born prematurely at 33 weeks’ gestation or earlier. Four infants (all but
1 were born prematurely) required PICU admission; 2 of
them (both were premature, and 1 also had cyanotic heart
lesions) required mechanical ventilation. None of them died.

Chest radiographic data were available in 374 patients.
Radiographs were interpreted by radiologists; 166 (44.4%)
were normal. The most frequent radiographic diagnosis
was pneumonia (41.2%), which was lobar in 27.3% and
showed diffuse infiltrates in 13.9%. Thirteen patients had
pleural effusion.
Patients having a diffuse pattern on chest radiographs had a more severe course of influenza, with higher
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Table 3. Primary Underlying Medical Conditions of Hospitalized Patients With 2009 Influenza A(H1N1) a

Variable

No
Underlying
Illness
(n=245)

Recurrent
Wheezing
(n=108)

Age, mean (SD), y
5.39 (5.38) 7.36 (4.96)
Initial symptom, No. (%)
Fever
238 (97.1)
99 (91.7)
Cough
196 (80.0)
94 (87.0)
Tachypnea
75 (30.6)
64 (59.3)
Hypoxemia
37 (15.1)
46 (42.6)
Clinical syndrome, No. (%)
Pneumonia
82 (33.5)
39 (36.1)
ILI/URI symptoms
68 (27.8)
31 (28.7)
Seizure
28 (11.4)
4 (3.7)
b
25 (10.2)
0
Fever
Gastrointestinal
20 (8.2)
2 (1.9)
Wheezing exacerbation
5 (2.0)
32 (29.6)
Interval from onset of symptoms
3.2 (2.9)
3.0 (2.8)
to hospitalization, mean (SD), d
Hospitalization duration,
3.4 (4.2)
3.2 (2.3)
mean (SD), d
Mechanical ventilation, No. (%)
3 (1.2)
2 (1.9)
Laboratory test values, mean (SD)
White blood cell count, /µL
1130 (820) 1080 (1130)
Absolute neutrophil
7.2 (6.2)
8.0 (7.8)
count, /µL
Lymphocyte count, /µL
2800 (2800) 2000 (3500)
Hemoglobin, g/dL
11.90 (1.46) 12.30 (1.16)
Platelet count, /µL
293 (146)
258 (101)
C-reactive protein, mg/L
47.6 (79.5) 53.8 (93.6)
Interval from clinical presentation 3.54 (3.01) 3.31 (2.83)
to antiviral treatment,
mean (SD), d
Treatment, No. (%)
Antivirals
200 (81.6)
96 (88.9)
Antibiotics
100 (40.8)
50 (46.3)
Bronchodilators
36 (14.7)
56 (51.9)
Systemic corticosteroids
18 (7.3)
38 (35.2)
Inhaled corticosteroids
13 (5.3)
17 (15.7)

P
Value

Cardiovascular
Condition
P
(n=30)
Value
.08

Neurologic
Disorder
(n=41)

P
Value

Metabolic
Disorder
(n=11)

P
Value

Oncologic
Disease
(n=20)

P
Value

6.63 (5.34)

.17

6.86 (5.45)

.40

8.18 (5.37)

.03

.004

7.45 (6.11)

.02
.11
⬍.001
⬍.001

26 (86.7)
21 (70.0)
15 (50.0)
13 (43.3)

.006
.20
.03
⬍.001

39 (95.1)
34 (82.9)
12 (29.3)
13 (31.7)

.50
.07
.80
.01

9 (81.8)
11 (100.0)
4 (36.4)
3 (27.3)

.007
.10
.70
.30

20 (100.0)
14 (70.0)
5 (25.0)
5 (25.0)

.60
.92
.02
.07
.02
⬍.001
.73

10 (33.3)
11 (36.7)
1 (3.3)
4 (13.3)
2 (6.7)
3 (10.0)
1.8 (1.8)

.97
.30
.20
.60
.08
⬍.001
.001

15 (36.6)
13 (31.7)
9 (22.0)
2 (4.9)
2 (4.9)
5 (12.2)
2.2 (1.8)

.70
.30
.07
.30
.52
.001
.01

3 (27.3)
6 (54.5)
0
0
2 (18.2)
0
2.4 (2.2)

.70
.05
.20
.30
.20
.60
.30

6 (30.0)
8 (40.0)
0
9 (45.0)
0
0
2.6 (5.5)

.70
.30
.10
⬍.001
.20
.50
.70

.72

4.7 (4.0)

.11

4.9 (7.0)

.19

9.8 (12.1)

.11

6.4 (6.1)

.05

.60

3 (10.0)

.88
.14

990 (520)
6.3 (4.2)

.11
.38
.08
.70
.90

1900 (1900)
12.90 (2.30)
257 (158)
21.4 (34.7)
2.40 (1.8)

28 (93.3)
11 (36.7)
3 (10.0)
2 (6.7)
2 (6.7)

.09
.30
⬍.001
⬍.001
.001

.002
.25
.56

4 (9.8)

.001

3 (27.3)

⬍.001

950 (420)
6.9 (3.9)

.03
.53

850 (310)
5.2 (2.8)

.02
.05

.05
.60
.29
.02
⬍.01

1770 (1480)
12.00 (1.67)
253 (140)
55.6 (84.7)
2.75 (1.67)

.02
.34
.12
.72
.02

2500 (1500)
11.90 (1.60)
271 (150)
30.2 (29.6)
2.50 (1.84)

.56
.37
.34
.12
.11

.10
.70
.50
.90
.80

39 (95.1)
17 (41.5)
8 (19.5)
1 (2.4)
5 (12.2)

.03
.90
.40
.20
.09

11 (100.0)
8 (72.7)
1 (9.1)
0
1 (9.1)

.10
.04
.60
.30
.60

.40
.30
.60
.02

0
550 (680)
3.7 (5.5)

.62
.001
.02

1300 (1500)
.003
10.50 (1.30) ⬍.001
184 (138)
.003
44.9 (91.2)
.95
1.30 (1.30) ⬍.001

19 (95.0)
16 (80.0)
2 (10.0)
0
0

.10
.001
.60
.20
.30

Abbreviation: ILI/URI, influenza-like illness or upper respiratory tract infection.
SI conversion factors: To convert C-reactive protein level to nanomoles per liter, multiply by 9.524; hemoglobin level to grams per liter, multiply by 10.0;
lymphocyte count to ⫻109/L, multiply by 0.001; platelet count to ⫻109/L, multiply by 1.0; and white blood cell count to ⫻109/L, multiply by 0.001.
a P values are vs patients with no underlying medical conditions.
b As the primary initial symptom.

rates of PICU admission compared with patients having
an alveolar pattern (RR, 3.1; 95% CI, 1.4-6.5, P =.003).
These results are summarized in Table 4.

teremias and 2 empyemas caused by Streptococcus pneumoniae, 1 empyema and 1 case of tracheitis caused by
Staphylococcus aureus, and 1 case of Neisseria meningitidis meningitis and bacteremia.

PATIENTS ADMITTED TO THE PICU
Patients admitted to the PICU had higher rates of underlying medical conditions compared with patients admitted to the ward (64.3% vs 47.2%, P = .04). These results are summarized in Table 4.
The 2 main underlying conditions associated with PICU
admission were metabolic (RR, 6.5; 95% CI, 1.9-21.7;
P=.01) and neurologic (2.9; 1.3-6.6; P=.02) disorders. No
significant differences were noted in laboratory markers between patients admitted to the PICU compared with patients admitted to the wards, nor were there differences between these groups in the intervals from onset of symptoms
to initiation of oseltamivir treatment.
SECONDARY BACTERIAL INFECTIONS
Ten patients had confirmed bacterial infections. These
included 3 Pseudomonas aeruginosa bacteremias, 2 bac-

OSELTAMIVIR TREATMENT
There were no differences between patients treated with
oseltamivir within 48 hours from the onset of influenza
symptoms and those treated later. Both groups had similar hospitalization durations, PICU admissions, and rates
of underlying medical conditions.
MORTALITY
Nine children from different age groups (including 3 patients in our series) died with evidence of 2009 influenza A(H1N1) virus infection during the outbreak in Israel. All had serious underlying illnesses. Fatal cases in
our series included 2 patients with inherited metabolic
disorder and 1 patient with leukemia.
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COMMENT

Table 4. Comparison of Patients Admitted to the Pediatric
Intensive Care Unit (PICU) vs Pediatric Wards

Variable

PICU
(n=42)

Pediatric
Ward
(n=436)

P
Value

Age, mean (SD), y
6.90 (5.71)
5.98 (5.32)
.31
Predisposing illness, No. (%)
Any
27 (64.3)
206 (47.2)
.04
Respiratory
9 (21.4)
116 (26.6)
.50
Neurologic
8 (19.0)
33 (7.6)
.02
Cardiovascular
6 (14.3)
25 (5.7)
.03
Oncologic
3 (7.1)
17 (3.9)
.35
Metabolic
4 (9.5)
7 (1.6)
.01
Renal
0
11 (2.5)
.30
Endocrine
1 (2.4)
7 (1.6)
.70
Hematologic
1 (2.4)
6 (1.4)
.60
Other immunodeficiency states,
0
12 (2.8)
.61
congenital or acquired
ⱖ2
5 (11.9)
26 (6.0)
.30
Clinical syndrome, No. (%)
Pneumonia
23 (54.8)
149 (34.2)
.008
ILI/URI symptoms
6 (14.3)
128 (29.4)
.04
Wheezing exacerbation
3 (7.1)
39 (8.9)
.70
Seizure
5 (11.9)
36 (8.3)
.40
0
31 (7.1)
.30
Fever a
Gastrointestinal
2 (4.8)
27 (6.2)
.30
Syncope
0
12 (2.8)
.30
Bronchiolitis
2 (4.8)
9 (2.1)
.30
Stridor
1 (2.4)
10 (2.3)
.97
Meningitis or encephalitis
2 (4.8)
3 (0.7)
.01
2.02 (2.50)
3.01 (2.90)
.02
Interval from onset of symptoms
to hospitalization, mean (SD), d
Hospitalization duration,
11.1 (10.4)
3.2 (2.5) ⬍.001
mean (SD), d
Initial symptom, No. (%)
Tachypnea
26 (61.9)
152 (34.9)
.001
Hypoxemia
24 (57.1)
95 (21.8) ⬍.001
Laboratory test values, mean (SD)
White blood cell count, /µL
12 880 (11 100) 10 550 (7800) .20
Absolute neutrophil
8650 (7500)
7060 (5900) .94
count, /µL
Lymphocyte count, /µL
2970 (4600)
2400 (2400) .49
Hemoglobin, g/dL
11.90 (2.20)
11.92 (1.50)
.30
Platelet count, /µL
310 (225)
280 (129)
.15
C-reactive protein, mg/L
57.7 (95.0)
45.1 (73.5)
.55
Aspartate
93.6 (187.4)
47.4 (57.1)
.22
aminotransferase, U/L
Alanine
118.5 (290.0)
35.4 (51.1)
.20
aminotransferase, U/L
Bacteremia, No. (%)
3 (7.1)
3 (0.7) ⬍.001
Chest radiograph findings, No. (%)
Lobar pneumonia
9 (21.4)
93 (21.3)
.96
Pleural effusion
4 (9.5)
9 (2.1)
.005
Perihilar thickening
0
34 (7.8)
.06
Hyperinflation
1 (2.4)
15 (3.4)
.70
Diffuse infiltrate
14 (33.3)
38 (8.7) ⬍.001
Interval from clinical presentation
3.13 (2.88)
3.64 (6.00)
.35
to antiviral treatment,
mean (SD), d
Treatment, No. (%)
Antivirals
40 (95.2)
373 (85.6)
.07
Antibiotics
28 (66.7)
187 (42.9)
.003
Bronchodilators
8 (19.0)
102 (23.4)
.50
Systemic corticosteroids
5 (11.9)
59 (13.5)
.80
Inhaled corticosteroids
1 (2.4)
38 (8.7)
.003
Immunoglobulins
3 (7.1)
2 (0.5) ⬍.001

Abbreviation: ILI/URI, influenza-like illness or upper respiratory tract
infection.
SI conversion factors: To convert alanine aminotransferase and aspartate
aminotransferase levels to microkatals per liter, multiply by 0.0167;
C-reactive protein level to nanomoles per liter, multiply by 9.524; hemoglobin
level to grams per liter, multiply by 10.0; lymphocyte count to ⫻109/L,
multiply by 0.001; platelet count to ⫻109/L, multiply by 1.0; and white blood
cell count to ⫻109/L, multiply by 0.001.
a As the primary initial symptom.

Previous studies8,9 that assessed the burden of seasonal influenza in hospitalized children used epidemiologic models based on cumulative data rather than data collected from
individual patients. In the present study, patients admitted for acute respiratory or acute unspecified febrile illness
were routinely monitored for 2009 influenza A(H1N1) virus. Therefore, we had the opportunity to estimate directly
the burden and clinical characteristics of this influenza.
Our series included 478 patients with laboratoryconfirmed 2009 influenza A(H1N1) infection, representing the largest series published to date involving children hospitalized with this infection. According to our
results, the hospitalization rate for 2009 influenza
A(H1N1) infection in Israeli patients 18 years or younger
was 0.7 per 1000. Forty-two of our patients (8.8%) were
admitted to the PICU. The mortality associated with this
infection in Israel was 3.6 per 1 million children, and it
was evenly distributed among the different age groups.
All fatal cases involved patients with severe underlying
illnesses.
The highest rates of hospitalization (3.2 per 1000),
PICU admission, and mechanical ventilation were detected in infants younger than 3 months. The rate of prematurity (ⱕ33 weeks’ gestation) was higher in this group
of children (13.3%) compared with that among the newborn population in Israel (1.8%).
From our results, it seems that the morbidity and mortality associated with the 2009 influenza A(H1N1) in the
pediatric population in Israel was milder than that perceived from earlier studies.1-7 Because data about the burden of seasonal influenza in Israeli children are unavailable, we were unable to compare the burden of 2009
influenza A(H1N1) with that caused by seasonal strains.
However, our study showed that the hospitalization rates
and the severity and mortality of the 2009 influenza
A(H1N1) virus in Israeli children were similar to figures reported on seasonal influenza in the United States.8-11
The mortality and frequency of required mechanical
ventilation in our series were much lower than those in
a series from Argentina6 that reported increased severity
and mortality of 2009 influenza A(H1N1) infection compared with seasonal influenza in children. Our results differ for several reasons. The patients in Argentina had different opportunities to access health care facilities, and
the median time from onset of symptoms to any medical consultation (outpatient or inpatient) was 4 days, while
in our series the median interval from symptom onset
to hospitalization was 2 days. Therefore, our results may
more closely represent the consequences of 2009 influenza A(H1N1) infection in a population with better access to medical care. Our results are closer to the rates
reported in an Australian study12 for hospitalization, PICU
admission, and mortality associated with 2009 pandemic influenza. However, the Australian study was based
on cumulative data and did not focus on a pediatric population. Our results on severity of illness are also similar
to a those of a recently published Canadian study,7 although this series was small (including 58 children from
a single medical center). It is possible that the coordi-
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nated efforts of the Israeli National Health System abated
the severity of the epidemic and resulted in consequences similar to those of seasonal influenza.
Our results also differ from findings of a study by the
Centers for Disease Control and Prevention4 that reported on 272 patients (including 45% children) who were
hospitalized during the early phase of the outbreak; 25%
of the hospitalized patients were admitted to the intensive care unit; 7% died. This study included only selected hospitalizations and may not have been representative of the total group of hospitalized children.
In contrast to some earlier studies,3,4,6 we collected data
during almost the entire influenza season in Israel. This
might be important because reporting data from only part
of the outbreak may skew the findings. The severity of
cases might differ in various stages of the outbreak, possibly due to synergistic coinfection with other microorganisms circulating simultaneously. This phenomenon
was shown in our study by the fact that the rates of patient admission to the PICU were higher toward the end
of the influenza outbreak compared with the earlier phase.
The main clinical presentation in our series was pneumonia, followed by ILI/URI symptoms, asthma exacerbation, febrile seizures, and predominant gastrointestinal tract involvement. No specific pattern on chest
radiographs was typical for influenza-associated pneumonia; however, patients with a diffuse pattern on chest
radiographs had a more severe course, with higher rates
of PICU admission compared with patients having an alveolar pattern on chest radiographs.
One of the main clinical features differentiating patients admitted with pneumonia vs ILI/URI symptoms was
the interval from onset of symptoms to hospitalization.
In patients admitted with pneumonia, this interval was
significantly longer, and they received oseltamivir later
in the course of illness. We cannot rule out that oseltamivir treatment among patients with ILI/URI symptoms who
were hospitalized early in the course of influenza infection might have prevented the development of pneumonia. However, late initiation of oseltamivir treatment (⬎48
hours after onset of symptoms) was unassociated with
other variables of illness severity, such as PICU admission or hospitalization duration, among our cohort of patients. Our study was not designed to assess the role of
oseltamivir treatment in influenza A(H1N1) infection, and
the lack of effect of early oseltamivir treatment on the
PICU admission rate could be due to the fact that most
of the patients were admitted directly to the PICU before they had a chance to receive oseltamivir.
About 49% of our patients had 1 or more underlying
medical conditions predisposing them to complicated influenza. Children younger than 2 years had a significantly lower rate of underlying illnesses compared with
older patients and are at risk for hospitalization even without preexisting underlying illnesses.
Similar to other investigations of seasonal influenza,13 asthma was a major risk factor for hospitalization in our series. About 23% of our patients had preexisting recurrent wheezing disorder compared with 7% to
11% in the general pediatric population in Israel.14,15
The 2 main underlying conditions predisposing for
PICU admission were metabolic and neurologic disor-

ders. Our findings are in agreement with results of recent studies16,17 and of earlier studies18,19 suggesting that
children with neurodevelopmental illness are at greatest risk for 2009 influenza A(H1N1) mortality and for
seasonal influenza complications. The susceptibility of
patients with inherited metabolic disorders to influenza
complications and mortality in our study was more prominent than that reported in the literature.20 Our study is
also the first to describe higher rates of severe disease
among patients with cyanotic heart lesions and possibly
among infants born prematurely.
Ten of our patients (2.1%) had evidence of invasive
secondary bacterial infections. The rate of bacterial superinfection in our series was low. We cannot rule out
that some of the pneumonia cases, especially those with
lobar infiltrates, represented secondary bacterial infections, as it is almost impossible to detect a bacterial origin of pneumonia in pediatric patients without invasive
procedures.
Our study had several limitations. The primary one
is possible underestimation of hospitalization rates due
to lack of inclusion of patients hospitalized with influenza but not tested for the disease, particularly those without respiratory symptoms. However, because the study
team collected the data prospectively, it is reasonable to
conclude that most patients were adequately monitored
for 2009 influenza A(H1N1) virus. In addition, we calculated the hospitalization rate based on figures reported from 3 hospitals with the highest rates of testing
per total number of hospitalized patients.
The indications for hospitalization may have been more
liberal in Israel, and this admission policy may have “diluted” the percentage of severe cases and resulted in an
artificially lower admission rate to the PICU. However,
the rates of mechanical ventilation and mortality, which
are the 2 most reliable markers of severity of illness, were
much lower in our series than in the Argentinean study.3
Our rates were probably accurate because virtually every severe acute infectious disease case in Israel occurring during the 2009 outbreak was monitored for influenza infection. In addition, availability of vaccine for 2009
influenza A(H1N1) did not affect the results of this study
because the vaccine was introduced late in the outbreak
and few children in Israel were vaccinated during the study
period.
In conclusion, our study showed that the severity and
mortality of 2009 influenza A(H1N1) in Israel were milder
than those described in earlier publications and were similar to the figures reported in the literature on seasonal
influenza. Children with underlying metabolic and neurologic disorders represent the group at highest risk for
severe complications following 2009 influenza A(H1N1)
infection. Our results also suggest that children with cyanotic heart lesions and infants born prematurely are 2
additional populations at significant risk for a complicated hospital course following infection with 2009 influenza A(H1N1) virus.
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