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Abstract
Objectives: Respiratory syncytial virus (RSV) infections are a
leading cause of hospital admissions in small children. A
substantial proportion of these patients require medical and
nursing care, which can only be provided in intermediate
(IMC) or intensive care units (ICU). This article reports on all
children aged < 3 years who required admission to IMC and/or
ICU between October 1, 2001 and September 30, 2005 in
Switzerland.
Patients and Methods: We prospectively collected data on
all children aged < 3 years who were admitted to an IMC or
ICU for an RSV-related illness. Using a detailed question-
naire, we collected information on risk factors, therapy
requirements, length of stay in the IMC/ICU and hospital,
and outcome.
Results: Of the 577 cases reported during the study period,
90 were excluded because the patients did not fulfill the
inclusion criteria; data were incomplete in another 25 cases
(5%). Therefore, a total of 462 verified cases were eligible
for analysis. At the time of hospital admission, only 31
patients (11%) were older than 12 months. Since RSV
infection was not the main reason for IMC/ICU admission in
52% of these patients, we chose to exclude this subgroup
from further analyses. Among the 431 infants aged
< 12 months, the majority (77%) were former near term or
full term (NT/FT) infants with a gestational age C 35 weeks
without additional risk factors who were hospitalized at a
median age of 1.5 months. Gestational age (GA) < 32
weeks, moderate to severe bronchopulmonary dysplasia
(BPD), and congenital heart disease (CHD) were all associ-
ated with a significant risk increase for IMC/ICU admission
(relative risk 14, 56, and 10, for GA £ 32 weeks, BPD, and
CHD, respectively). Compared with NT/FT infants, high-risk
infants were hospitalized at an older age (except for infants
with CHD), required more invasive and longer respiratory
support, and had longer stays in the IMC/ICU and hospital.
Conclusions: In Switzerland, RSV infections lead to the
IMC/ICU admission of approximately 1%–2% of each annual
birth cohort. Although prematurity, BPD, and CHD are
significant risk factors, non-pharmacological preventive
strategies should not be restricted to these high-risk

patients but also target young NT/FT infants since they
constitute 77% of infants requiring IMC/ICU admission.

Abbreviations: BPD: Bronchopulmonary dysplasia; CHD:
Congenital heart disease; CMV: Conventional mechan-
ical ventilation; CPAP: Continuous positive airway
pressure; GA: Gestational age; HFOV: High-frequency
oscillatory ventilation; IMC: Intermediate care unit; ICU:
Intensive care unit; MNDS: Minimal neonatal data set;
RSV: Respiratory syncytial virus
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Introduction
Respiratory syncytial virus (RSV) infection remains the
most important etiology of lower respiratory tract infec-
tion in young children. It has been estimated that in the
USA, RSV accounts for 125,000 hospitalizations and 450
deaths every year [1]. Virtually all infants are infected by
2 years of age. Immunity, unfortunately, is not durable,
and re-infections are common throughout life. Although
subsequent infections are nearly always mild, such
patients can infect others who are at high risk for severe
RSV disease, such as premature infants, infants with
bronchopulmonary dysplasia (BPD), infants with hemo-
dynamically significant congenital heart disease (CHD),
or immunocompromised individuals.

There is no curative treatment for RSV lower respi-
ratory tract infection at the present time, and commonly
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employed symptomatic treatment modalities (i.e., inhaled
b2-agonists, inhaled racemic epinephrine, inhaled and
systemic corticosteroids) are of very limited, if any, value
[2–9]. The provision of supplemental oxygen, frequent
suctioning, adequate nutrition, and hydration remain the
mainstay of RSV treatment [10]. Although only a
minority of hospitalized infants with RSV disease will
require admission to an intermediate care (IMC) or
intensive care unit (ICU) for more advanced respiratory
support, these patients consume a large portion of IMC/
ICU resources during RSV epidemics.

Active immunization against RSV is currently not
available. The intravenous administration of polyclonal
anti-RSV antibodies (RSV-IGIV, RespiGam�, MedIm-
mune, Gaithersburg, MD) [11, 12] and the intramuscular
administration of monoclonal anti-RSV antibodies (pali-
vizumab; Synagis�, MedImmune) [13, 14] have both been
shown to be effective in reducing RSV-related hospital-
ization rates in high-risk groups. Unfortunately, the costs
of these drugs are very high. Recently, various national
expert committees have published recommendations for
the use of palivizumab (Synagis�) in high-risk patients
[15–25]. While these experts agree that palivizumab is
effective, their assessment of the cost-effectiveness of this
intervention varies substantially. In Switzerland, an expert
committee has recommended that palivizumab prophy-
laxis should be restricted to infants < 12 months of age
with severe BPD and infants with CHD and additional
risk factors (cyanotic CHD, pulmonary hypertension,
congestive heart failure) [24].

We have collected data on all children under 3 years
of age with severe RSV infection who required IMC/ICU
admission over a 4-year period in Switzerland. We were
particularly interested in IMC/ICU admission rates and
outcomes in children from high-risk groups who could
potentially benefit from palivizumab prophylaxis. Two
participating pediatric centers serving approximately 20%
of the Swiss pediatric population (the Children’s Hospitals
of Lucerne and Bern) concurrently collected data on all
RSV-related hospital admissions involving patients under
3 years of age in order to obtain nation-wide estimates of
hospital resource utilization during RSV epidemics.

Patients and Methods
Case Definition

All infants and children aged < 3 years who required IMC/ICU
admission because of an RSV infection were included. No uni-
form IMC/ICU admission criteria could be used because, apart
from illness severity, availability of resources (manpower, mon-
itoring equipment) on the regular wards plays an important role
in deciding on patient transfers to the IMC/ICU. RSV infection
was defined as an acute respiratory illness characterized by one
or several of the following clinical symptoms: rhinorrhea, tach-
ypnea, wheezing, oxygen requirement and/or apnea associated
with the detection of RSV antigen (direct immunofluorescent
assay or EIA), or a positive PCR result in a nasopharyngeal swab
or aspirate. Although there were no predefined criteria for RSV

testing, most participating hospitals have a policy that requires
RSV testing for all young patients admitted with respiratory
symptoms for infection control purposes.

Data Collection
Data collection extended over a period of 4 years, from October
1, 2001 until September 30, 2005. RSV-related ICU/IMC
admissions were prospectively reported to the Swiss Pediatric
Surveillance Unit (SPSU) by all 39 Swiss pediatric hospitals on a
monthly basis. This instrument is comparable to surveillance
units in several other countries (http://www.inopsu.com).

Reported cases were validated with a detailed questionnaire
and included information on date of birth, gestational age (GA),
birth weight, co-morbidities (i.e., BPD defined as a requirement
for supplemental oxygen at 36 weeks postmenstrual age [26],
CHD), date of hospital admission/discharge, date of IMC/ICU
admission/discharge, date of first positive RSV test, whether or
not the patient received palivizumab (Synagis�) prior to hospi-
talization, main reason for IMC/ICU admission (bronchiolitis:
rhinorrhea, tachypnea, wheezing, oxygen requirement; RSV-
associated apnea; not related to RSV infection), respiratory sup-
port required (supplemental oxygen, continuous positive airway
pressure [CPAP], conventional mechanical ventilation [CMV],
high-frequency oscillatory ventilation [HFOV], including the
duration for each mode of respiratory support], and death
(including cause of death and whether an autopsy was performed).

At the Children’s Hospitals of Lucerne and Bern, data on all
RSV-related hospitalizations (i.e., including those patients hos-
pitalized on regular wards) were also prospectively recorded
during the same time period in order to estimate the proportion
of each annual birth cohort requiring hospitalization for RSV
infection and to calculate the proportion of hospitalized RSV
patients who require IMC/ICU care. On average, 20% (14,480
live births/year) of each annual Swiss birth cohort (approxi-
mately 72,400 live births/year) are served by these two hospitals.

Ethics approval was granted by the ethics committee of the
institution of the principal investigator (TMB) and extended to
all participating pediatric centers in accordance with SPSU
guidelines.

Statistics
Statistical analyses were performed using SPSS ver. 16.0 (SPSS,
Chicago, IL). Proportions were compared using contingency ta-
bles. Non-normally distributed continuous variables were com-
pared using non-parametric tests (Mann-Whitney U-test).
Confidence intervals (95% CI) were calculated for relative risks
(RR). A p-value of < 0.05 was considered to be statistically
significant.

Results
The response rate to the monthly SPSU inquiries was
100%. Of the 577 cases of RSV reported during the study
period, 90 were excluded because the patients did not
fulfill the inclusion criteria (never admitted to IMC/ICU:
63 cases; patient > 3 years of age: eight cases; duplicate
reporting: 19 cases). Questionnaires were not returned
or incomplete in 25 (5%) of the remaining 487 cases.
Ultimately, a total of 462 verified cases could be analyzed
in detail. Of these, 431 (89%) of the patients were
< 12 months old, and 31 (11%) were between 12 and
36 months old at the time of hospital admission (Figure 1).
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Children aged between 12 and 36 Months at the
Time of IMC/ICU Admission (n = 31)

Patients ages between 12 and 36 months at the time of
IMC/ICU admission constituted a heterogeneous group,
and in more than half of them (16 cases) RSV infection
was not the main reason for IMC/ICU admission. We
therefore chose to exclude this group from further
detailed analysis.

Three patients in this group died (case fatality rate
9.7%): a 22-month-old child with CHD (hypertrophic
obstructive cardiomyopathy, atrial septal defect) and
probable mitochondriopathy with CNS involvement died
following a redirection of care; a 14-month-old child died
from multiorgan failure secondary to bacterial sepsis; a
13-month-old child died from respiratory failure while on
immunosuppressive therapy for a rare immune enterop-
athy. This patient had not received palivizumab.

Infants aged < 12 months at the Time of IMC/ICU
Admission (n = 431)

The study covered four RSV seasons: two seasons with a
low peak incidence (2001/2002: 64 cases; 2003/2004: 72

cases) and two seasons with a high peak incidence
(2002/2003: 152 cases; 2004/2005: 143 cases), confirming
previous observations of a 2-year periodicity of RSV
epidemiology in Switzerland [27]. This was evident for
both RSV-related hospital admissions in Lucerne and
Bern (Figure 2a) and RSV-related IMC/ICU admissions
in the entire country (Figure 2b).

The majority of these patients (77%, n = 333) were
near term (NT) or full term (FT) infants (defined as in-
fants with a GA C 35 0/7 weeks) without additional risk
factors. Among the 98 patients with a GA < 35 weeks
(23%), there were 39, 40, and 19 preterm infants with a
GA of < 28 weeks, 28–31 weeks, and 32–34 weeks,
respectively.

Main Reason for IMC/ICU Admission
In the majority of patients, the main reason for IMC/
ICU admission was bronchiolitis regardless of GA.
Apnea was more commonly indicated as the main rea-
son for IMC/ICU admission in former premature infants
with a GA < 35 weeks than in NT/FT infants (18/98
[20%] vs 36/333 [11%]; odds ratio [OR] 1.86, 95% CI
1.00–3.44). This was also true for those with CHD
compared to all others (OR 2.35, 95% CI 1.00–5.49), but
not for patients with BPD (OR 1.43, 95% CI 0.47–4.34).

Cases
reported to the SPSU

n = 577

Cases
correctly reported to the SPSU

n = 487

Excluded because
patients were never in IMC/ICU

n = 63

Excluded because
of duplicate reporting

n = 19

Incomplete
questionnaires

n = 25

Cases
available for detailed analysis

n = 462

Cases
< 12 months

n = 431

Cases
≥ 12 months

n = 31

Excluded because
patients were older than 3 years

n = 8

Figure 1. Patients recruited with the help of the Swiss Pediatric
Surveillance Unit (SPSU) over the 4-year-study period (October 1,
2001 to September 30, 2005).
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Figure 2. Respiratory syncytial virus (RSV)-related admissions of
infants aged < 12 months (at the time of admission) to hospital and
intermediate care/intensive care units (IMC/ICU). A 2-year
periodicity of RSV epidemiology in Switzerland is evident for both
hospital admissions (A; Children’s Hospital of Lucerne and Children’s
Hospital of Bern) and IMC/ICU admissions (B; Switzerland).
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Table 1 summarizes patient demographics, risk factors,
age on admission, and the main reason for IMC/ICU
admission.

Analyses of Risk Factors (Prematurity, BPD, CHD)
Based on data from the Swiss Minimal Neonatal Data-
set (MNDS) [28] and data on the incidence of CHD in
Switzerland [29], we were able to calculate both IMC/
ICU admission rates and RR for patients with a
GA < 32 weeks, 28–31 weeks, < 28 weeks, and those
with BPD or CHD, respectively, and compare these
with the general population for RSV-related IMC/ICU
admission (Table 2). The RR associated with these co-
morbidities were calculated based on an IMC/ICU
admission rate of 0.14% for the general population. As
expected, BPD represented the condition associated
with the greatest risk for IMC/ICU admission in the first
year of life (RR 55.6, 95% CI 37.5–82.5), followed by
prematurity < 32 weeks (RR 13.7, 95% CI 10.4–17.9)
and CHD (RR 9.9, 95% CI 7.6–13.9). Interestingly,
however, prematurity < 28 weeks was not associated

with greater risks than prematurity of 28–31 weeks of
gestation (Table 2).

Therapy Requirements and Length of Stay
Overall, nearly 90% of all infants required supplemental
oxygen while in IMC/ICU care. As expected, a substantial
proportion of infants was supported with CPAP (25%)
and CMV (17%), whereas HFOV was only used in 3% of
patients. A GA < 32 weeks and BPD were associated
with a more frequent use of non-invasive respiratory
support (CPAP) (39% and 38%, respectively) and HFOV
(12% and 13%, respectively).

For all 431 infants included in this study, the median
length of stay (LOS) in an IMC/ICU was 5 days, and the
median overall LOS was 9 days. Prematurity with a
GA < 35 weeks, BPD, and CHD were each significantly
associated with a longer LOS in the ICU/IMC and overall
LOS, respectively (Table 3). On average, during the study
period, severe RSV infections in infants < 12 months old
were responsible for 826 IMC/ICU days and 1,233 overall
hospital days annually in Switzerland.

Table 1
Details of children aged < 12 months at the time of IMC/ICU admission (n = 431).

All infants
(n = 431)

Gestational age (weeks)

‡ 35
(n = 333)

32–34
(n = 39)

28–31
(n = 40)

< 28
(n = 19)

BPD
(n = 24)

CHD
(n = 34)

Median birth weight in grams (range) 3,180
(515–4,960)

3,370
(1,480–4,960)

2,070
(1,050–2,690)

1,480
(655–2,290)

820
(515–1,120)

900
(515–2,820)

2,530
(655–4,960)

Median age in months (range) 2 (0.5–12) 1.5 (0.5–12) 2 (0.5–12) 2 (0.5–12) 5 a (2–12) 5 (0.5–12) 2 (1–9)
Bronchopulmonary dysplasia (BPD), n (%) 24 (6) 2 (< 1) 1 (3) 5 (13) 16 (84) 24 (100) 4 (12)
Congenital heart disease (CHD), n (%) 34 (8) 21 (< 1) 2 (5) 9 (23) 2 (11) 4 (17) 34 (100)
Main reason for IMC/ICU admission

Bronchiolitis, n (%) 367 (85) 389 (87) 32 (82) 31 (78) 15 (79) 19 (79) 24 (71)
Apnea, n (%) 54 (13) 36 (11) b 6 (15) 8 (20) 4 (21) 4 (17) 8 (21) c

Other, n (%) 10 (2) 8 (2) 1 (2) 1 (2) 0 1(4) 2 (6)

IMC/ICU: Intermediate care/intensive care unit; a p < 0.0001 gestational age (GA) < 28 weeks vs GA C 28 weeks; b Odds ratio (OR) 1.86 (95%
CI 1.00–3.44) for GA < 35 weeks vs GA C 35 weeks; c OR 2.35 (95% CI 1.00–5.49) for CHD vs non-CHD

Table 2
RSV IMC/ICU admission rates and relative risks associated with different gestational age categories and pre-existing co-morbidities
(BPD, CHD) for infants aged 12 months or less and living in Switzerland (data given for the entire 4-year study period).

Gestational age categories and
pre-existing co-morbidities

Population at risk RSV IMC/ICU admission

n Rate (%) Relative risk 95% CI

All infants 289,597 a 431 0.1 1.0
Gestational age £ 32 weeks 2,896 b 59 2.0 13.7 10.4–17.9
Gestational age 28–31 weeks 2,172 b 40 1.8 12.4 c 9.0–17.1
Gestational age < 28 weeks 724 b 19 2.6 17.6 c 11.2–27.6

BPD 290 b 24 8.3 55.6 37.5–82.5
CHD 2,317 b 34 1.5 9.9 7.0–13.9

RSV: Respiratory syncytial virus; a Data provided by the Swiss Federal Office for Statistics; b Estimates based on incidences for GA 28–31 weeks
of 0.75%, GA < 28 weeks of 0.25%, BPD of 0.1%, and CHD of 0.8%, respectively (data sources Swiss Minimal Neonatal Dataset and [24]);
c Relative risk for gestational age < 28 vs 28–31 weeks 1.43 (95% CI 0.83–2.44), p = 0.254
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Infants with Passive Immunization
In the entire cohort of infants admitted to IMC/ICU for
RSV-related illness, nine had received passive immuni-
zation with palivizumab. The incubation period of RSV is
2–8 days. In two patients, the first dose of palivizumab
was given too late (1 day prior to hospital admission). In
another two patients, palivizumab was given more than
30 days after the previous dose, thus exceeding the rec-
ommended dosing interval. Therefore, five of the nine
patients who had received passive immunization with
palivizumab can be considered to be true prophylaxis
failures.

Fatal Cases
Two patients who were < 12 months of age at the time of
IMC/ICU admission died during their hospital stay (case
fatality rate 0.5%). Both had significant co-morbidities.
The first patient was a 10-month-old former extremely
premature infant (GA 25 1/7 weeks, birth weight 515 g)
with severe BPD who had received prophylaxis with two
doses of palivizumab, with the last dose having been
administered 30 days prior to IMC/ICU admission. The
second patient was an 8-month-old former term infant
with epidermolysis bullosa, tracheobronchomalacia, and
profound hypoxic–ischemic encephalopathy following
cardiac arrest and resuscitation, eventually leading to a
redirection of care. This patient had not been immunized
with palivizumab.

Extrapolated Nation-wide Estimates of RSV-related
Hospital Admissions

Based on the local data collected at the Children’s Hos-
pitals of Lucerne and Bern for infants < 12 months of age,
we extrapolated that during the study period 1.36% of the
annual birth cohort in Switzerland required hospital
admission for RSV infection, i.e., an estimated 1,000
admissions per year. Assuming an IMC/ICU admission

rate of 10.8% for infants hospitalized for RSV infection
(the average annual IMC/ICU admission rate observed in
Lucerne and Bern), 421 admissions would be expected
over the 4-year period, which is close to the 431 cases
recorded in our study (Figure 3). This finding suggests
that case catchment was excellent. Finally, using these
nation-wide estimates, we calculated that infants with
RSV infections (including those who required IMC/ICU
admission) consumed more than 4,800 hospital days in
Switzerland annually during the study period, with more
than approximately 17% of these days spent on ICU/IMC
wards. The vast majority of hospital resources were used
for the management of RSV infections in infants without
identifiable risk factors.

Discussion
Using the SPSU, we were able to prospectively study
severe RSV infections leading to IMC/ICU admission in
a cohort of 462 infants and children aged < 3 years over a
4-year period in Switzerland.

We chose to focus our analyses on the 431 infants with
severe RSV infections who were < 12 months old at the

Table 3
Total hospital and IMC/ICU length of stay (LOS) due to RSV
infection in children < 12 months of age and utilization of
hospital resources.

Gestational age categories and
pre-existing co-morbidities

n Median LOS in days
(interquartile range)

Overall ICU/IMC

All infants with severe RSV
infection

431 9 (6–13) 5 (3–10)

Gestational age C 35 weeks 333 8 (6–13) a 5 (3–8) a

Gestational age < 35 weeks 98 11 (6–19) 8 (4–13)
Gestational age < 32 weeks 59 11 (7–23) 8 (4–15)
Gestational age < 28 weeks 19 11 (7–15) 10 (3–15)

BPD 24 11 (7–32) 10 (4–26)
CHD 34 15 (9–27) b 8 (4–14)
a p < 0.001 for gestational age C 35 weeks vs < 35 weeks; b p <
0.0001 for CHD vs all non-CHD

All RSV cases admitted to 
the Children's Hospital of 

Lucerne
n = 314

(1.20% of birth cohort)

RSV cases admitted to 
the IMC/ICUs at the 

Children's Hospital of 
Lucerne

n = 33
(10.5% of hospitalized 

cases)

RSV cases admitted to 
the IMC/ICUs at the 

Children's Hospital of 
Berne
n = 52

(11.0% of hospitalized 
cases)

Live births
in the catchment area of
the Children's Hospital

of Lucerne
n = 26,064 (9% of CH)

Live births
in the catchment area of
the Children's Hospital

of Berne
n = 31,856 (11% of CH)

All RSV cases admitted to 
the Children's Hospital of 

Berne
n = 472

(1.48% of birth cohort)

Live births
in Switzerland

n = 289,597

Extrapolated number of 
RSV-related hospital 

admissions in Switzerland
n = 3898

Four-year-study period
October 1, 2001 to September 30, 2005

Extrapolated number of 
RSV cases admitted to 

IMC/ICUs in Switzerland
n = 421

Reported number of 
RSV cases admitted to 

IMC/ICUs in Switzerland
n = 431

SPSU study

1.36% of birth cohort

10.8% of hospitalized cases

Figure 3. Extrapolation of RSV-related hospital admissions and RSV-
related IMC/ICU admissions of infants < 12 months of age in
Switzerland (CH) based on local data from the Children’s Hospitals of
Lucerne and Berne and a comparison with observed IMC/ICU
admissions reported to the Swiss Pediatric Surveillance Unit (SPSU)
during the 4-year-study period.
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time of IMC/ICU admission. We calculated that, on
average, 1.36% of every annual birth cohort are admitted
because of RSV infections in Switzerland. Similar RSV-
related hospitalization rates in infants have recently been
reported from the UK (1.1%–1.9%) [30–31], The Neth-
erlands (0.9%–1.1%) [32], and the USA (1.7%) [33]. Our
calculated IMC/ICU admission rate of 10.8% is compa-
rable to the single-center experience from the Driscoll
Children’s Hospital in Texas reported by Purcell et al.
[34]. From 1991 to 2002, between 6.1% and 11.2% of
patients admitted to this institution with severe RSV
disease required ICU admission.

Although prematurity, BPD, and CHD were associ-
ated with significantly increased RSV hospitalization and
IMC/ICU admission risks (Table 2), 77% of the patients
admitted to IMC/ICU were former NT or FT infants
without any identifiable risk factor other than young age
at the time of RSV infection (median age on admission
1.5 months). In 2003, the Israeli RSV Monitoring Group
reported their observation that 84% of patients with RSV
bronchiolitis admitted to 11 ICU in Israel during the 2000/
2001 RSV season were born at term and did not have
BPD [35]. López Guinea et al. [36] from Spain have de-
scribed an age of < 6 weeks as the most common risk
factor (45%) for ICU admission due to bronchiolitis, with
the vast majority of cases (74%) being caused by RSV
infection. Using logistic regression analysis, the Osserva-
torio RSV Study Group identified three predictors of se-
vere RSV-induced lower respiratory tract infection over
four consecutive epidemics (2000–2004) in Italy [37]:
chronological age < 3 months at the beginning of the
RSV season (adjusted OR 8.46, 95% CI 3.09–23.19), birth
weight < 1,500 g (adjusted OR 7.70, 95% CI 1.29–45.91),
and birth order C second child (adjusted OR 1.92, 95% CI
1.21–3.06). Finally, there is a growing body of evidence
that genetic polymorphisms, particularly in genes involved
in innate immunity, play an important role in RSV sus-
ceptibility and illness severity [38].

In 23% of the patients in our study, one or more risk
factors (prematurity, BPD, CHD) were described. Mod-
erate to severe BPD was associated with the highest RR
for hospital (Lucerne, Bern) and IMC/ICU (Switzerland)
admission (Table 2). The estimated RSV-related hospital
admission rate for these patients was 13.8%, which is
comparable to the hospitalization risk of infants with BPD
in the IMpact trial (12.8%) [13], and more than 50% of
these latter infants were also admitted to IMC/ICU.
Interestingly, however, the level of respiratory support of
BPD patients (CPAP 38%, CMV 25%, HFOV 13%) was
similar to that provided to very preterm infants (GA £
32 weeks) without BPD, and there was no difference in

the length of hospital stay. The observed case fatality rate
in our study (0.5%) was very close to that determined in
the German database for the inpatient management of
RSV-infected children (0.4%) [39]. One of the two pa-
tients who died was a high-risk preterm infant with

BPD who had received appropriate palivizumab prophy-
laxis.

In accordance with other published reports [35, 40],
our study suggests that palivizumab prophylaxis in high-
risk patients as defined by the American Academy of
Pediatrics (AAP) will only have a very modest impact on
overall RSV-related hospital and IMC/ICU admissions
and resource utilization. According to our estimates
combined with the 39% reduction in hospitalization rate
shown in the IMpact Study [13] (NNT 19), palivizumab
prophylaxis would not be cost effective in patients with
moderate to severe BPD (drug costs CHF 95,000–152,000
compared with direct costs of hospitalization of CHF
20,000). Others have come to similar conclusions [41–43].
In contrast, Nuijten et al. [44], using a more complex
model of cost-effectiveness analysis that includes long-
term downstream consequences (e.g., asthma, productivity
losses) and incorporates the effect of RSV on mortality,
concluded that palivizumab prophylaxis is cost effective in
high-risk patients.

Of 462 verified cases, only 31 patients (6.7%) were
older than 12 months at the time of IMC/ICU admission,
thereby confirming previous observations that RSV illness
severity is closely related to age [37, 45]. More than half of
these patients were admitted for reasons other than RSV
infection. Although three patients died in this group
(mortality rate 9.7%), only one death was directly related
to RSV lower respiratory tract infection in a patient on
immunosuppressive therapy. RSV is an important and
well-recognized cause of morbidity and mortality in
immunocompromised children and adults [46].

The main weakness of our study is the fact that no
uniform scoring system was used to determine illness
severity. Therefore, it is possible that there may have been
significant differences in IMC/ICU admission criteria be-
tween the participating centers. On the other hand, the
fact that most patients required supplemental oxygen,
25% required CPAP, and 20% were on mechanical ven-
tilation suggests that these patients were indeed a severely
ill subgroup of RSV-infected patients. In addition, even if
some patients were admitted to IMC/ICU for logistical
reasons, such as a shortage of regular ward beds or an
understaffing of regular wards, we believe that our study
adequately reflects IMC/ICU resource utilization due to
the RSV epidemics in Switzerland. Finally, it must be
taken into account that our nation-wide estimates of RSV-
related hospital admissions were extrapolated from the
experiences at the Children’s Hospitals of Lucerne and
Bern, which serve only 20% of the population. Therefore,
they can only be regarded as rough estimates, and actual
numbers may differ.

Conclusion
In Switzerland, RSV infections lead to the hospitalization
of approximately 1.36% of every annual birth cohort;
10.8% of these patients require IMC/ICU care during
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their hospital stay. Prematurity, BPD, and CHD are sig-
nificant risk factors that deserve special consideration.
However, non-pharmacological preventive strategies
(e.g., parental education about risks of RSV infection in
young infants, the promotion of frequent hand-washing,
avoidance of passive smoking, decreasing the exposure to
sick children) should not be restricted to high-risk groups
but also target young NT/FT infants since this group
constitutes 77% of infants requiring IMC/ICU admission
for RSV infection.
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