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Abstract. New therapies have been introduced for the
prophylaxis and treatment of respiratory syncytial
virus (RSV) infection in recent years. The aim of the
study was to determine the epidemiological and clin-
ical characteristics of infants hospitalized with bron-
chiolitis in our area. All patients under 1 year of age
admitted with acute bronchiolitis during four con-
secutive RSV seasons from February 1, 1997 to June
30, 2000 were enrolled in the study. The records of
patients admitted during the first season were re-
viewed retrospectively while the rest were followed
prospectively. A total of 636 infants with bronchiolitis
were admitted and RSV infection was documented in
61% of those tested. Admission to intensive care unit
(ICU) was required for 6.2% of them and was more
common in premature infants (26%) (p < 0.001).
Case fatality rate was 0.7% (overall 0.3%). RSV

bronchiolitis accounted for about 12% of all infant
admissions during the 5 months of the yearly out-
break. Patients with documented RSV infection had a
more severe illness with a higher ICU admission rate
(6 vs. 1%, p ¼ 0.008) and longer duration of hospi-
talization (mean 6.3 vs. 5.3 days, p < 0.001) com-
pared to those who tested negative. Although none of
the patients had a positive blood culture on admission
a considerable number of them (210/636, 33%) were
treated with antibiotics. RSV infection has a signifi-
cant impact on infant morbidity in our settings which
is more serious among those born prematurely. Doc-
umentation of RSV infection may be a marker of
more severe illness in infants hospitalized with bron-
chiolitis. Antibiotic use has to be restricted since the
occurrence of a serious bacteraemic illness on admis-
sion is a very rare event.
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Introduction

Respiratory syncytial virus (RSV) is the leading cause
of lower respiratory tract infection in infants world-
wide. Infection by this virus most commonly mani-
fests as acute bronchiolitis but it may also cause
laryngotracheobronchitis and pneumonia [1]. New
approaches have been introduced in recent years for
the prevention and treatment of RSV infections
mainly targeting infants at high risk for the devel-
opment of severe illness such as those born prema-
turely, infants with chronic lung disease and other
underlying conditions [2, 3]. Although research ef-
forts for vaccine development have progressed slowly
an RSV vaccine may become available in the future.
The association of RSV infection with airway hyper-
reactivity has been discussed over several decades,
but is unresolved and requires continuing investiga-
tion [4]. For all these reasons there is increased
interest lately in RSV epidemiology. In each com-
munity, the epidemiological impact of these infec-

tions has to be determined prior to the imple-
mentation of novel and costly therapies. This
knowledge will contribute to the rationalization of
antibiotic use in the management of infants with
bronchiolitis.
Previous studies on RSV epidemiology from

southern European and Mediterranean countries [5–
8] have noted that the incidence of infection, age
distribution and seasonality are similar to that re-
corded in northern and Central Europe [9–11] or the
US [12, 13]. However, the impact of this infection has
been thoroughly examined in only a few studies [7, 9,
14] and significant differences in disease severity have
been found between different countries [14, 15] and
even between different cities or populations within
the same country [7]. In addition, considerable vari-
ation in the management of patients with bronchio-
litis has been demonstrated between different
European countries [16]. The aim of this study was to
examine the frequency, clinical characteristics, se-
verity and impact of RSV infection on infants under
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1 year of age hospitalized with bronchiolitis in the
Athens area. The rate of serious bacteraemic illness
and the use of antibiotics in these infants was also
evaluated.

Methods

Patient enrollment

Patients under 1 year of age who were admitted to
the Second Department of Pediatrics of the Univer-
sity of Athens at the P. and A. Kyriakou Children’s
Hospital with the diagnosis of bronchiolitis were en-
rolled in the study. The study lasted from February 1,
1997 to June 30, 2000 and included four consecutive
RSV seasons. The records of patients admitted bet-
ween February 1, 1997 to December 31, 1997 were
retrospectively reviewed while patients hospitalized
during the following three RSV seasons were fol-
lowed prospectively. The study was initiated in Feb-
ruary 1997 when a rapid laboratory diagnostic
procedure for RSV infections became available. Pa-
tients admitted with the diagnosis of bronchiolitis
were included in the study if they had at least three of
the following: tachypnea (>50 respirations/min), use
of accessory respiratory muscles, prolonged expira-
tion or wheezing, diffuse crackling rales and hyper-
inflation with or without peribronchial thickening,
atelectasis or infiltrates in case a chest-X-ray was
obtained. Only patients with first episode of bron-
chiolitis were included. In each case a standardized
form was filled with data extracted from each pa-
tient’s chart.
A blood and a urine culture was obtained from

every patient who had fever (P38 �C, axillary) or ill
appearance and whenever clinical deterioration was
noted or treatment with antibiotics was initiated. A
lumbar puncture was also performed in patients who
appeared septic. Bacteraemia was defined by the
isolation of a microorganism not considered to be a
contaminant from a patient’s blood culture. The
BacT/Alert� PF and SN blood culture bottles were
used with the BacT/Alert�microbial detection system
(Organon Technika Corporation, USA).
Discharge diagnoses were reviewed for all infants

under 1 year of age admitted to our pediatric De-
partment during the months of the yearly outbreak
between January and May each of the four study
years. The proportion of infants admitted with the
diagnosis of bronchiolitis was thus estimated.
The study was approved by the Hospital’s Ethics

Committee. Parents of patients were informed and
written consent was obtained during the prospective
part of the study in order to collect a nasopharyngeal
aspirate from each infant.
The P. and A. Kyriakou Children’s Hospital is one

of the two largest tertiary care centers in the Athens
area with about 23,000 admissions each year of which

4000 are admitted to our Department. The hospital
admits patients on alternate days with the Aghia
Sophia Children’s Hospital and the two centers carry
the main burden of acute care provided to pediatric
patients in the area. According to data provided by
the National Statistical Service the 1998 midyear es-
timate of the city population was about 3.5 million
inhabitants. Athens is located in central Greece with
geographic longitude 23�45¢ and latitude 37�54¢.

Diagnosis of RSV infection

A nasopharyngeal wash was obtained from each pa-
tient within 48 hours of admission. An 8 Fr size
catheter (Vygon, France) was introduced through
each nostril into the nasopharynx. The catheter was
attached to a trap connected to electrical suction.
Two milliliters of normal saline were instilled in each
nostril and the suctioned mucus was collected into the
trap. The specimen was kept at 4 �C for no longer
than 48 hours and was tested for the presence of RSV
antigen. RSV antigen was detected in exfoliated re-
spiratory cells by direct immunofluorescence accord-
ing to manufacturer’s instructions (Monofluo Screen
RSV, Sanofi Diagnostics, Pasteur).

Statistics

Subjects were divided into two groups based on their
RSV status. RSV positive infants were compared to
those who tested negative according to their demo-
graphics, clinical and radiological characteristics.
Continuous variables were compared by the Mann–
Whitney test and categorical variables with the v2 or
Fisher’s exact test. A two tailed p value <0.05 was
considered significant. Odds ratios with 95% confi-
dence intervals (CI) were calculated.

Results

RSV infection in hospitalized infants with bronchiolitis

A total of 636 patients were enrolled during the study
period. Of them 473 were examined for RSV antigen
and 291(61.5%) were positive. The proportions of
patients with documented RSV infection during the
four RSV seasons examined (from January to May of
each year) were 84.6% (1997), 59.5% (1998), 56.7%
(1999) and 63.3% (2000) respectively.

Age and sex of the patients

Males were more commonly affected than females and
the male to female ratio was 1.8 for both the RSV
positive and negative patients. As shown in Figure 1
most (75%) of all patients with bronchiolitis were less
than 6 months old. Of the infants with RSV infection
51% were under 3 months and 83% under 6 months
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of age compared with 39 and 68% of the RSV nega-
tive patients, respectively. Most cases of RSV bron-
chiolitis occurred in the second month while most of
the RSV negative cases were noted in the third month
of life. Median age of patients with RSV infection
(2.8 months) was younger than that of the RSV neg-
ative ones (4.5 months) (p < 0.001, Table 1).

Seasonal distribution

The RSV season started in December each year and
lasted until May. Most cases occurred between Jan-
uary andMarch with the peak in February (Figure 2).

Figure 1. Age distribution of the 636 patients under 1 year
of age admitted with the diagnosis of bronchiolitis.

Table 1. Comparison of clinical and radiological characteristics of hospitalized infants with acute bronchiolitis who were
examined for RSV antigen

Characteristic RSV positivea

N = 291

RSV negativea

N = 182

p-Value Odds ratio

(95% CI)

Male/female ratio 1.8 1.8
Age (months), median 2.8 4.5 <0.001 (0.477–1.517)b

PrematuresO 36 weeks 12 10.5 NS

Hypoxemia
O2sat< 95% 64 (n = 157) 52 (n = 95) 0.046 1.690 (1.01–2.84)

Tachypnea (P50/min) 75.5 69.5 NS

Retractions 71 65 NS
Crackles 75 63 0.042 1.761 (1.13–2.74)
Fever (P38 �C, axillary) 30 25.5 NS

Infants aged< 3 months 26 24 NS
Infants agedP 3 months 38 23.5 0.042 1.994 (1.16–3.43)

Chest-X-ray findings
Abnormal 91 87 NS

Hyperinflation 67 49 <0.001 2.135 (1.40–3.25)
Atelectasis 25 9.5 <0.001 3.173 (1.70–5.91)
Interstitial infiltrates 15 30 0.012 0.543 (0.34–0.88)

Consolidation 13 13.5 NS
Received antibiotics 39 31 NS
Parenterally 20 13 NS

Otitis media 16 13 NS
Abnormal chest-X-ray 11 12 NS
Possible sepsis 10 4 0.028 2.407 (1.07–5.39)

Received corticosteroids 36 22.5 0.002 1.941 (1.27–2.96)
Received b-agonists 55 52 NS
(Third and fourth year only) (n = 185) (n = 131)
Admitted to ICU 6.2 1 0.008 5.934 (1.36–25.89)

Mechanical ventilation 3.2 0 0.015 1.646 (1.53–1.77)
Hospitalization (days), Mean (SD) 6.3 (4.3) 5.3 (4.6) <0.001 (0.191–1.817)b

CI – confidence interval.
a All expressed in percentages except for the male to female ratio, the median age and the median duration of hospitalization.
bNumbers in parentheses indicate the 95% CI of the difference between means.

Figure 2. Seasonal distribution of the bronchiolitis cases
admitted during three concecutive RSV seasons between

February 1, 1997 and June 30, 2000.
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Year to year variations may be observed as in the first
year of the study when the peak of bronchiolitis cases
was noted in March and many cases continued to
occur until May. The seasonal distribution of RSV
positive and negative cases was similar.

Prematurity/underlying illness

A total of 61/636 (9.6%) of all patients with bron-
chiolitis were premature infants born at a gestational
ageO 36 weeks. Fifteen of them were born at
36 weeks gestation, 38 at 32–35 weeks, seven at 28–
31 weeks and one at 26 weeks, respectively. The rate
of prematurity was 12% for the RSV positive and
8.3% for the RSV negative patients (p ¼ 0.612). Of
those not tested for RSV infection 4.3% were pre-
mature infants. Only 12/636 (1.9%) of all patients had
an underlying illness such as congenital heart disease
(8), neurological disorder (1), tracheoesophageal fis-
tula (2) and left lung hypoplasia (1). According to
data provided by the National Statistical Service the
rate of prematurity (O36 weeks) in Greece during
1998 among the 100,894 births was 4.14%.

Clinical characteristics

Fever (P38 �C, axillary) was noted in about one-
third of the patients (174/636, 27%). Of all infants
with fever 56 were younger than 3 months
(< 1 month, 10; 1 to < 2 months, 16; P 2 to
< 3 months, 14). There was no significant difference
in the rate of fever between RSV positive (30%) and
negative patients (25%). InfantsP 3 months of age
with RSV infection were more likely to be febrile
compared to younger ones (p ¼ 0.042, Table 1).
The rate of hypoxemia, tachypnea, retractions and

crackling on admission of the RSV positive and
negative patients is shown in Table 1. Infants who
tested positive for RSV were more likely to have
hypoxemia (64 vs. 52%, p ¼ 0.046) and crackling
rales (75 vs. 63%, p ¼ 0.046).

Radiological findings

A chest radiograph was obtained in 241/291(83%)
RSV positive and 149/182 (82%) RSV negative pa-
tients. The radiograph was abnormal in the majority
of both the RSV positive and RSV negative patients.
Hyperinflation and atelectasis were found more fre-
quently in infants with documented RSV infection
compared to those who tested negative. Consolida-
tion was noted at an equal rate and interstitial infil-
trates were less common in the RSV positive patients
(Table 1).

Severity of illness and complications

Overall 21/636 (3%) patients were admitted to the
intensive care unit (ICU) and 10/636 (1.5%) required

mechanical ventilation. Twenty of the 21 infants ad-
mitted to ICU were tested for RSV infection and 18
were positive. The rate of ICU admission was sig-
nificantly higher for the RSV positive patients (18/
291, 6.2%) compared to those who tested negative (2/
182, 1%, p ¼ 0.008, Table 1). Nine RSV positive
patients were intubated for 1–18 days and two of
them died. Assisted ventilation was required for 9/291
(3.2%) of infants with documented RSV infection
while none of the 182 negative infants was intubated
(p ¼ 0.015, Table 1).
Seven of the 18 RSV positive infants who required

admission to ICU were premature infants born at 28–
35 weeks and two at 36 weeks gestation. Five of these
nine patients required mechanical ventilation. The
rate of ICU admission for the RSV positive infants
born at a gestational age O 36 weeks was 26% (9/35)
while that of the infants >36 weeks was 3.5% (9/256,
p < 0.001). Only three ICU admitted infants had an
underlying illness.
Of all the 636 patients with bronchiolitis studied

during the four RSV seasons there were two deaths
from respiratory failure both in RSV positive infants
born prematurely at 32 and 34 weeks, respectively.
The overall case fatality rate (CFR) was 0.3% and it
was 0.7% for the RSV positive patients. The CFR for
RSV positive infants with gestational age O 36 weeks
was 2/35 (5.7%).
Mean duration of hospitalization of the RSV in-

fected patients was longer (6.3 vs. 5.3 days,
p < 0.001) also indicating that the former had a more
severe illness (Table 1).

Frequency of bacteraemic illness and use of antibiotics

Of the 636 infants admitted with acute bronchiolitis
(174 febrile) none had a positive blood culture on
admission. Five patients subsequently acquired bac-
teraemia during their period of stay in hospital.
Staphylococcus aureus was isolated in blood cultures
from two full term infants, who were <2 weeks old,
on days 6 and 15 following their admission. The RSV
status of these patients was not known. One week
later the first patient developed septic arthritis of the
shoulder. Another two RSV positive, 35 week pre-
mature infants, 28 and 30 days old respectively, were
admitted to ICU where they developed Klebsiella
pneumoniae sepsis. A fifth RSV positive full term in-
fant who was also admitted to ICU at 25 days of age
and was intubated developed Stenotrophomonas
maltophilia sepsis. Urinary tract infection was docu-
mented in six RSV infected (2%) and two RSV neg-
ative (1%) infants.
Antibiotics were administered to 39% of the RSV

positive infants and to 31% of the negative ones
(Table 1). About half of the patients in each group
received them parenterally. Common reasons for
administration of antibiotics to RSV positive infants
included acute otitis media (AOM) (16%) followed

58



by possible bacterial pneumonia (11%) and possible
sepsis (10%). Infants with RSV infection received
antibiotics more frequently for possible sepsis com-
pared to those who tested negative (Table 1).

Use of corticosteroids and beta agonists

Beta agonists were administered to almost all patients
during the first two seasons but there was an effort to
restrict their use during the second half of the study.
During this last part b-agonists were given to 102/185
(55%) patients with RSV infection and to 68/131
(52%) of the negative ones. Corticosteroids were
administered to 105/291 (36%) of the RSV infected
patients and to 41/141 (22.3%) of those who tested
negative (p < 0.001).

Impact of RSV bronchiolitis on infant morbidity

Bronchiolitis accounted for 19% and RSV bron-
chiolitis for 12% of all infant (<1 year of age) ad-
missions during the 5 months of the yearly RSV
outbreak from January to May during the three study
years in our pediatric department.

Discussion

Infants with acute bronchiolitis may be sent to one of
two major pediatric hospitals for inpatient care
within the Athens area. Infants admitted to the P.
and A. Kyriakou Children’s Hospital therefore,
provide a profile of the burden of RSV infection in
the source population of infants experiencing their
first RSV infection. Sixty percent of cases of bron-
chiolitis admitted to hospital were shown to have
laboratory proven evidence of RSV infection. The
higher rate of RSV infection in the first season (1997)
may be attributed to the selective testing for RSV
infection of more seriously affected infants during
this retrospective part. Previous studies have de-
monstrated this virus as the main causative agent of
bronchiolitis [1, 5–22] and it has been found to ac-
count for 40–90% of the cases [23].
In this geographical region, the first RSV cases are

admitted to hospital in December with the highest
prevalence rates in February and March. In this
study, the epidemics lasted 5 months with the last few
cases appearing in May. A similar seasonal distribu-
tion during the cold months of the year was observed
in other countries with temperate climates [1, 6–14].
In tropical climates annual outbreaks occur during
the rainy season [19–22]. It is interesting that the RSV
negative bronchiolitis has a similar seasonal distri-
bution. Many of these cases may represent RSV in-
fection that was not detected because the test was
performed late in the course of the illness or the viral
load was lower. Other viruses such as parainfluenza
or influenza may have caused some of them but the

fact that their temporal distribution exactly coincided
each year with that of RSV disease indicates that an
appreciable number of the negative cases must have
also been caused by this virus. A newly discovered
human metapneumovirus has recently been shown to
cause bronchiolitis in infants and its exact role re-
mains to be investigated [24].
The sensitivity and specificity of immunofluores-

cence for the diagnosis of RSV infection when com-
pared to viral culture has been in the range of
70–90% [10, 23, 25–27]. Detection of RSV antigen in
the nasopharynx of infants hospitalized with bron-
chiolitis may be a marker of more severe disease
compared to those who test negative. Infants who
tested positive were more likely to have hypoxemia,
the rate of ICU admission among them was higher,
requirement for assisted ventilation was more fre-
quent and duration of hospitalization longer. In a
recent study, a centrifugation enhanced cellular im-
munofluorescence assay was used for multiple viral
pathogens in addition to RSV EIA. The presence of
other viruses was documented in a small proportion
of the RSV negative patients (21%) [28]. RSV posi-
tive patients had a higher respiratory rate on admis-
sion and were more likely to receive supplemental
oxygen [28]. These findings may truly mean that RSV
bronchiolitis is a more severe illness compared to that
caused by other viruses. Alternatively, infants with a
negative RSV rapid antigen test may still be infected
by this virus but carry a lower viral load or they may
be more efficient in controlling the infection resulting
in a less severe illness. It has been shown that the
sensitivity of antigen detection is affected by the viral
load in adult patients [29]. Simultaneous examination
of a large number of patients for RSV and other
respiratory viruses and comparison of the severity of
lower respiratory tract illness produced in the two
groups may provide an answer. In addition, long term
follow-up of the RSV positive and negative patients
and comparison of the rate of future wheezing and
atopy may also be of interest.
The CFR of RSV bronchiolitis (0.7%) was low and

comparable to that reported from other developed
countries [5, 10], however, the proportion of high risk
patients in our patient population was small. Higher
CFRs up to 7% have been reported from developing
countries, although the disease burden in them is
under study [30]. Low CFRs (O3.5%) have been re-
ported in recent years from developed countries even
among patients who belong to high-risk groups [31].
Although a large number of infants were admitted

each season the course of RSV infection was mild
since about 6% of the RSV positive infants were
admitted to the ICU and only 3% required me-
chanical ventilation. Much higher rates of intubation
have been reported from other industrialized coun-
tries [31].
RSV positive, premature infants were more likely

to be admitted to the ICU compared to those born at
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term and about half of the patients admitted there
were premature infants O36 weeks. Case fatality was
high in this group of patients but their total number
was too small for firm conclusions to be drawn.
The risk of a serious bacteraemic illness in infants

with bronchiolitis was found in this study to be very
low. None of the 636 infants of which 174 were febrile
was found to have a bacteremic illness on admission.
All five patients with a positive blood culture had a
nosocomial infection. They were young infants less
than 30 days old and two of them were premature.
However, about 39% of the RSV infected infants
received antibiotics. Similar and even higher rates of
antibiotic use have been reported in previous studies
from academic institutions in Europe, US and Can-
ada [17, 32, 33]. The most common reason for their
administration was acute otitis media which was di-
agnosed in 16% of the cases. Other reasons included
possible sepsis and an infiltrate in the chest radio-
graph. Acute otitis media is known to accompany
RSV bronchiolitis in up to 67% of the cases and it
was recently shown that in addition to RSV, bacteria
are commonly found in the middle ear fluid obtained
by tympanocentesis in these patients [34]. However,
the diagnosis must be relied on stringent criteria [35]
and antibiotic use avoided in cases of otitis media
with effusion. Antibiotic use may be restricted in
previously healthy infants with bronchiolitis, even in
those younger than 2–3 months of age, with docu-
mented RSV infection if they do not appear ill and
fulfill the low-risk criteria [36] despite the finding of
an abnormal chest radiograph unless the latter is
strongly suggestive of bacterial pneumonia.
Bronchiolitis was the single most common cause

for admission of infants to the hospital during the
three RSV seasons examined and accounted for
about 20% of all admissions of patients less than
1 year of age. RSV was the cause in about 60% of the
cases and the impact of this infection would have
been even higher if patients with croup or pneumonia
and older children or those with recurrent episodes of
wheezing were included.
It is concluded that the impact of annual RSV

epidemics in the Athens conurbation is similar to that
described in other western industrialized cities. Gle-
zen et al. estimated that approximately two-thirds of
all infants are infected with RSV during the first year
of life, and almost all have been infected by the time
they are 2 years old [37]. A Canadian based study
estimated that the annual cost of RSV-associated
illness was $18 million [38]. The largest component of
direct expenditure (62%) was for inpatient care for
the estimated 0.7% of all children in the study who
were ill enough to require hospital admission. As
expected, premature infants tended suffer higher
levels of morbidity but accounted for a small pro-
portion of bronchiolitis patients. A cost-benefit
analysis will be required to assess the value of insti-
tuting prophylaxis with palivizumab (Synagis) to this

high-risk group. The introduction of a safe and ef-
fective RSV vaccine will have a dramatic beneficial
effect on the public health of infants and others vul-
nerable to this infection.

Acknowledgements

We thank Dr Heraklis Dellagrammatikas, Director
of the Neonatal Intensive Care Unit and Dr John
Papadatos, Director of the Pediatric Intensive Care
Unit, for sharing their patients with us.

References

1. Hall CB. Respiratory syncytial virus. In: Feigin RD,
Cherry JD (eds), Textbook of Pediatric Infectious
Diseases. 4th ed. Philadelphia: WB Saunders, 1997;

2084–2111.
2. American Academy of Pediatrics, Committee on In-
fectious Diseases. Reassessment of the indications for

ribavirin therapy in respiratory syncytial virus. Pedi-
atrics 1996; 97: 137–140.

3. American Academy of Pediatrics, Committee on In-
fectious Diseases and Committee on Fetus and New-

born. Prevention of respiratory syncytial virus
infections: Indications for the use of palivizumab and
update on the use of RSV-IVIG Pediatrics 1998; 102:

1211–1215.
4. Kattan M. Epidemiologic evidence of increased airway
reactivity in children with a history of bronchiolitis. J

Pediatr 1999; 135: S8–S13.
5. Lina B, Valette M, Foray S, et al. Surveillance of
community acquired viral infections due to respiratory
viruses in Rhone Alpes (France) during winter 1994 to

1995. J Clin Mcrobiol 1996; 34: 3007–3011.
6. Mlinaric-Galinovic G, Ugrcic I, Bozicov J. Respiratory
syncytial virus infections in SR Croatia, Yugoslavia.

Pediatr Pulmonol 1987; 3: 304–308.
7. Dagan R, Landau D, Haikin H, Tal A. Hospitalization
of Jewish and Bedouin infants in Southern Israel for

bronchiolitis caused by respiratory syncytial virus.
Pediatr Infect Dis J 1993; 12: 381–386.

8. Tellez A, Perez-Brena P, Fernandez-Patino MV, Leon

P, Anda P, Najera R. Acute respiratory disease in
Spain: Seven years of experience. Rev Infect Dis 1990;
12: 745–753.

9. Clarke SKR, Gardner PS, Poole PM, Simpson H, O’H

Tobin J. Respiratory syncytial virus infection: Admis-
sions to hospital in industrial, urban and rural areas.
Report to the Medical Research Council Subcommittee

on Respiratory Syncytial Virus Vaccines. Br Med J
1978; 2: 796–798.

10. Weigl JAI, Puppe W, Grondhal B, Schmitt HJ. Epi-

demiological investigation of nine respiratory patho-
gens in hospitalized children in Germany using
multiplex reverse-transcriptase polymerase chain reac-

tion. Eur J Clin Microbiol Infect Dis 2000; 19: 336–343.
11. Popow-Kraupp T, Kunz C, Huber E. Respiratory virus

infection in hospitalized children in Austria 1979–1982.
Diagnosis by immunofluorescence. Infection 1984; 12:

185–189.

60



12. Kim HW, Arrobio JO, Brandt CD, et al. Epidemiology
of Respiratory Syncytial Virus Infection in Washington

DC. Importance of the virus in different respiratory
disease syndromes and temporal distribution of infec-
tion. Am J Epidemiol 1973; 98: 216–255.

13. Mufson MA, Levine HD, Wasil RE, et al. Epidemiol-

ogy of respiratory syncytial virus infection among in-
fants and children in Chicago. Am J Epidemiol 1973;
98: 88–95.

14. Kristensen K, Dahm T, Frederiksen PS, et al. Epi-
demiology of respiratory syncytial virus infection re-
quiring hospitalization in East Denmark. Pediatr Infect

Dis 1998; 11: 996–1000.
15. Brandenburg AH, Jeannet PY, Steensen-Moll HA,

et al. Local variabiltiy in respiratory syncytial virus

disease severity. Arch Dis Child 1997; 77: 410–414.
16. Behrendt CE, Decker MD, Burch DJ, Watson PH for

the International study group. International variation
in the management of infants hospitalized with respi-

ratory virus infection. Eur J Pediatr 1998; 157: 215–220.
17. Gardner PS. How etiologic, pathologic and clinical

diagnoses can be made in a correlated fashion. Pediatr

Res 1977; 11: 254–261.
18. Roosevelt G, Sheehan K, Grupp-Phelan J, Tanz RR,

Listernick R. Dexamethasone in bronchiolitis: A ran-

domized controlled trial. Lancet 1996; 348: 292–295.
19. Avendano LF, Larranaga C, Palomino M, et al.

Community-and hospital-acquired respiratory syncy-
tial virus infections in Chile. Pediatr Infect Dis J 1991;

10: 564–568.
20. Weber MW, Dackour R, Usen S, et al. The clinical

spectrum of respiratory syncytial virus disease in The

Gambia. Pediatr Infect Dis J 1998; 17: 224–230.
21. Johnson A-WBR, Aderele WI, Osinusi K, et al. Acute

bronchiolitis in tropical Africa: A hospital-based per-

spective in Ibadan, Nigeria. Pediatr Pulmonol 1996; 22:
236–247.

22. Bedoya VI, Abad V, Trujillo H. Frequency of respi-

ratory syncytial virus in hospitalized infants with lower
acute respiratory tract infection in Colombia. Pediatr
Infect Dis J 1996; 15: 1223–1224.

23. Hall CB. Respiratory syncytial virus: A continuing

culprit and conundrum. J Pediatr 1999; 135: S2–S7.
24. van den Hoogen BG, de Jong JC, Groen J, et al. A

newly discovered human pneumovirus isolated from

young children with respiratory tract disease. Nat Med
2001; 7: 719–724.

25. Takimoto S, Grandien M, Ishida MA, et al. Compar-

ison of enzyme linked immunosorbent assay, indirect
immunofluorescence assay and virus isolation for de-
tection of respiratory viruses in nasopharyngeal secre-
tions. J Clin Microbiol 1991; 29: 470–474.

26. Dominguez EA, Taber LH, Couch RB. Comparison
of rapid diagnostic techniques for respiratory syncy-
tial and influenza A virus respiratory infections in

young children. J Clin Microbiol 1993; 31: 2286–
2290.

27. Avila M, Salomon H, Carballal G, et al. Isolation and
identification of viral agents in Argentinian children
with acute lower respiratory tract infection. J Infect Dis
1990; 12: S974–S981.

28. Adcock PM, Stout GC, Hauck MA, Marshall GS.
Effect of rapid viral diagnosis on the management of
children hospitalized with lower respiratory tract in-

fection. Pediatr Infect Dis J 1997; 16: 842–846.
29. Englund J, Piedra PA, Jewell A, et al. Rapid diagnosis

of respiratory syncytial virus infections in immuno-

compromised adults. J Clin Microbiol 1996; 34: 1649–
1653.

30. Simoes EAF. Respiratory syncytial virus infection. The

Lancet 1999; 354: 847–852.
31. Navas L, Wang E, de Carvalho V, Robinson J and the

Pediatric Investigators Collaborative Network in Can-
ada. Improved outcome of respiratory syncytial virus

infection in a high risk hospitalized population of Ca-
nadian children. J Pediatr 1992; 121: 348–354.

32. Hall CB, Powell KR, Schnabel KC, et al. Risk of sec-

ondary bacterial infection in infants hospitalized with
respiratory syncytial viral infection. J Pediatr 1988;
113: 266–271.

33. Samson L, Cooke C, Mac Donald NE for PICNIC.
Analysis of antibiotic use and misuse in children hos-
pitalized with RSV infection (abstract). Pediatr Res
1996; 39: 111A.

34. Andrade MA, Hoberman A, Glustein J, et al. Acute
otitis media in children with bronchiolitis. Pediatrics
1998; 101: 617–619.

35. Dowell SF, Marcy SM, Phillips WR, et al. Otitis me-
dia-Principles of judicious use of antimicrobial agents.
Pediatrics 1998; 101: S165–S184.

36. Baraff LJ, Bass JW, Fleisher GR, et al. Practice
guidelines for the management of infants and children
0 to 36 months of age with fever without source. Pe-

diatrics 1993; 92: 1–12.
37. Glezen WP, Taber LH, Frank AL, Kasel JA. Risk of

primary infection and reinfection with respiratory
syncytial virus. Am J Dis Child 1986; 140: 543–546.

38. Langley JM, Wang EEL, Law BJ, et al. Economic
evaluation of respiratory syncytial virus infection in
Canadian children: Paediatric Investigators Collabo-

rative Network of Infections in Canada (PICNIC)
study. J Pediatr 1997; 131: 113–117.

Address for correspondence: Maria Tsolia, Second Depart-
ment of Pediatrics, School of Medicine, University of

Athens, P. and A. Kyriakou Children’s Hospital, 115 27
Athens Greece
Phone: +30-10-7793000; Fax: +30-10-7774383

E-mail: matsolia@ath.forthnet.gr

61


