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Background: Although known as common causes of upper res-
piratory infections, rhinoviruses, enteroviruses, and corona-
viruses are poorly studied as inducers of wheezing in infants,
and their possible role in the development of childhood asthma
has not been investigated.
Objective: The purposes of this study were to assess the occur-
rence of RV, enterovirus, and coronavirus infections in wheez-
ing infants and to evaluate the association of these viral find-
ings with early school-age asthma.
Methods: In 1999, outcome in relation to asthma was studied
in 82 of 100 initially recruited children who had been hospital-
ized for wheezing in infancy during the period 1992-1993. In
2000, etiologic viral studies regarding the index episode of
wheezing were supplemented by rhinovirus, enterovirus, and
coronavirus detection by RT-PCR from frozen nasopharyngeal
aspirates in 81 of the children for whom adequate samples
were available. Of these children, 66 had participated in the
follow-up in 1999.
Results: Rhinoviruses were identified in 27 (33%) of the 81
children, enteroviruses in 10 (12%), and coronaviruses in
none. Rhinoviruses were present as single viral findings in 22
(81%) of the 27 rhinovirus-positive cases, and rhinovirus infec-
tions were associated with the presence of atopic dermatitis in
infancy. Enteroviruses were commonly encountered in mixed
infections and had no association with atopy. As single viral
findings, rhinoviruses were associated with the development of
asthma (P = .047; odds ratio, 4.14; 95% CI, 1.02-16.77 versus
rhinovirus-negative cases [by logistic regression adjusted for
age, sex, and atopic dermatitis on entry)].
Conclusion: Our results present rhinoviruses as important
inducers of wheezing even in infancy. The association with
atopy and subsequent asthma calls for reevaluation of the role
of rhinoviruses in the development of asthma. (J Allergy Clin
Immunol 2003;111:66-71.)

Key words: Asthma, atopy, coronavirus, polymerase chain reac-
tion, enterovirus, rhinovirus, wheezing

Respiratory syncytial virus (RSV) has been consid-
ered to be the most common virus inducing wheezing in
infants. Rhinoviruses (RVs) and coronaviruses, in con-
trast, are well-known causes of upper respiratory infec-
tions at all ages. There is increasing evidence that RVs
also cause lower respiratory infections in young chil-
dren,1,2 and they might precipitate wheezing symp-
toms.3-5 In older children, RVs appear to be the most
important viruses in producing exacerbations of asthma.6

Likewise, there is recent evidence that enteroviruses
might be more common than expected in respiratory
infections.7

Viral isolation, antibody assays, and antigen detection
tests are available for common respiratory viruses such as
RSV.8 For RVs, in contrast, isolation has thus far been the
only available diagnostic method. There are more than100
currently known serotypes, a fact that has hampered the
development of antigen and antibody assays.9 The recent
development of PCR for RVs and enteroviruses10 and for
coronaviruses11 has allowed reevaluation of the role of
these viruses in respiratory infections of young children.

We have prospectively followed a group of children
hospitalized for wheezing in infancy. In this selected
cohort, earlier viral studies revealed a negative associa-
tion of RSV with asthma, RSV having been an uncom-
mon viral finding in infants developing asthma later in
childhood.12,13 To supply the earlier antibody and anti-
gen findings on respiratory viruses, RT-PCR was per-
formed to detect RVs, enteroviruses, and coronaviruses
in frozen nasopharyngeal aspirate (NPA) specimens
obtained during the index episode of wheezing.

The aims of the present study were to assess the occur-
rence of RV, enterovirus, and coronavirus infections in
wheezing infants and to evaluate the association of these
viral findings with early school-age asthma.

METHODS

As described in detail earlier,14 100 children aged 1 to 23 months
were admitted to the hospital because of respiratory infection-relat-
ed wheezing during a period of 18 months in 1992 and 1993. Each
of 82 of these children—61 boys and 21 girls—attended a study

Rhinovirus-induced wheezing in
infancy—the first sign of childhood
asthma?

Anne Kotaniemi-Syrjänen, MD,a Raija Vainionpää, PhD,b Tiina M. Reijonen, MD,a

Matti Waris, PhD,b Kaj Korhonen, MD,a and Matti Korppi, MDa Kuopio and Turku, Finland

From athe Department of Pediatrics, Kuopio University and University Hos-
pital, and bthe Department of Virology, University of Turku.

Supported by the Foundation for Pediatric Research, Kuopio University Hos-
pital (EVO grant, code 440054), and C.G. Sundell’s Foundation.

Presented in part at the 19th Annual Meeting of the European Society for
Pediatric Infectious Diseases, Istanbul, Turkey, March 26-28, 2001.

Received for publication April 28, 2002; revised September 21, 2002; accept-
ed for publication October 8, 2002.

Reprint requests: Anne Kotaniemi-Syrjänen, MD, Department of Pediatrics,
Kuopio University Hospital, PO Box 1777, FIN-70211 Kuopio, Finland.

© 2003 Mosby, Inc. All rights reserved.
0091-6749/2003 $30.00 + 0
doi:10.1067/mai.2003.33

Abbreviations used
NPA: Nasopharyngeal aspirate

OR: Odds ratio
RSV: Respiratory syncytial virus

RV: Rhinovirus



J ALLERGY CLIN IMMUNOL

VOLUME 111, NUMBER 1

Kotaniemi-Syrjänen et al 67

A
st

hm
a,

 r
hi

ni
tis

,
ot

he
r 

re
sp

ir
at

or
y

di
se

as
es

visit approximately 6 years later (median, 6.3 years; range, 5.3-7.2
years), at a median age of 7.2 years (range, 5.6-8.8 years). 

On admission, NPAs were taken by suctioning a mucus speci-
men through the nostrils with a disposable extractor.14 Direct detec-
tion of viral antigens by time-resolved fluoroimmunoassay was
available for all of the following: RSV; parainfluenza viruses type
1, 2, and 3; influenza A and B viruses; and adenoviruses.14 A part
of each NPA specimen was frozen for use in later studies.14 Com-
plement fixation serology was studied in paired sera taken 6 weeks
apart for the same 7 respiratory viruses.14

In addition, blood eosinophil counts and total serum IgE were
measured.14 The medical histories of the children, including infor-
mation on the presence of atopic dermatitis and the data on earlier
episodes of wheezing, were obtained in parental interviews.14

In 1999, each of the children was studied clinically, the exercise
challenge test was performed,15 and the parents were interviewed for
the child’s medical history through use of a structured questionnaire.
The medical records of our university hospital were available, and the
cards of regional hospitals and public health care centers were
checked in case the child had been treated in one of them. The pres-
ence of asthma was defined according to the following criteria: the
child (1) had ongoing continuous maintenance medication for asthma
at the study visit or (2) had had asthma-suggestive symptoms (repeat-
ed parent-reported episodes of wheezing [≥2 episodes] and/or pro-
longed cough [≥4 weeks] apart from infection during the preceding
12 months), and the exercise challenge test was positive.15,16 Eighty-
two children attended the follow-up visit in 1999, as seen in Fig 1.
Frozen NPA specimens, taken in 1992-1993 and stored at –40°C,
were available for 81 children for RV, enterovirus, and coronavirus
studies in 2000. In all, there were 66 children for whom both adequate
follow-up data and frozen NPA specimens were available.

An RT-PCR assay was used for direct detection of RVs and
enteroviruses in NPA samples, as described recently in more
detail.10 In brief: Before the PCR test, the nucleic acids from the
samples were isolated by means of a High Pure Viral Nucleic Acid
Kit (catalog no. 1 858 874, Roche), used according to the manufac-
turer’s instructions. The primers were from the conserved region of
the RV and enterovirus genomes (a biotinylated positive-sense
primer with map-position 454-473; a negative-sense primer with
map-position 548-568). The PCR products were detected by

agarose gel electrophoresis and ethidium bromide staining. The
results were confirmed in a liquid-phase hybridization assay
through use of the oligonucleotide probes, a maximum difference
between RVs (a samarium-labeled probe with map-position 528-
544) and enteroviruses (an europium-labeled probe with map posi-
tion 534-549) being used to differentiate the RV and enterovirus
amplicons. The probes could be detected simultaneously by time-
resolved fluorometry.17,18 The sensitivity and specificity of the RT-
PCR and hybridization methods have been validated against proto-
type (American Type Culture Collection) RVs and enteroviruses. In
a study by Lönnrot et al,10 the 30 most common enterovirus
serotypes (obtained from American Type Culture Collection)
among 64 known human serotypes were tested; each gave a positive
signal by RT-PCR. Nine known RV serotypes (obtained from Amer-
ican Type Culture Collection), among 101 known serotypes, and 20
clinical isolates of unknown serotypes were tested, and the RT-PCR
assay amplified all tested RVs. All but 1 amplicon gave a positive
signal in the subsequent hybridization assay.

The NPA samples were also tested for sequences of human coro-
navirus strains 229E and OC43 by an RT-PCR assay similar to that
for RVs and enteroviruses.7 The primers and probes were modified
either from the primers and nucleotide sequences described earli-
er11,19 or from those available in GenBank. 

The data were analyzed through use of SPSS/PC+ 9.0 software
(SPSS Inc). Statistical significance of the differences between the
groups was assessed with the χ2 test for proportions supplemented
by odds ratios (ORs) for positive test results. The Fisher exact test
was used when the expected frequency for any cell was <5. Logis-
tic regression analysis was used to calculate the adjusted ORs and
related 95% CIs. Two-tailed tests were used in all analyses. P val-
ues less than .05 were considered statistically significant.

The study was approved by the Research Ethics Committee of
Kuopio University Hospital. Informed written consent was obtained
from the parents of the children.

RESULTS

RVs were identified in 27 (33%) of the 81 specimens
analyzed (Table I). Twenty-five (93%) of the RV-positive
children were 6 months of age or older (P = .003 versus
children <6 months of age; Fig 2). RV infections were
most common in the 12- to-17-months age group, being
present in 65% of the children at that age. Enterovirus
infection was found in 10 children, with no significant

FIG 1. Subgroups of the children in the present study. The term
frozen samples refers to frozen NPA specimens obtained during
the index episode of wheezing in infancy. PCR tests were per-
formed to identify RVs, enteroviruses, and coronaviruses in these
NPAs. 

FIG 2. RV and RSV findings in 81 infants hospitalized for wheez-
ing, presented in 4 age groups. The viral findings have been clas-
sified into 3 categories: RSV-positive, RV-positive, and other/no
viral findings. In 1 case (in the 1-to-5-months age group), both
RSV and RV were identified; in the bar graph, that case is includ-
ed in the RV-positive group.
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age dependence; coronavirus infection was found in none
of the children. Of the 81 children, RSV infection had
been diagnosed in 21, most (67%) of whom were less
than 6 months of age (Fig 2). Parainfluenza viruses had
been identified in 11 children (type 3 in 9 cases) and ade-
noviruses in 4 children.

In most (81%) of the 27 cases with RV identified there
were no other viral findings. In 5 cases there were con-
comitant viral identifications: adenovirus in 3 children (1
had parainfluenza virus also), RSV in 1 child, and
enterovirus in 1 child. Enterovirus infections were mixed
in 5 cases (50%), 4 with RSV and 1 with RV. In all, 1 or
more viruses were detected in 59 (73%) of the 81 chil-
dren with adequate frozen NPA samples available.

The 1992-1993 recruitment period occurred between 2
RSV infection epidemics: the peak incidence of RSV
infections appeared at the beginning of 1992, represent-
ing an ongoing winter epidemic started at the end of
1991, and this was followed by a minor spring epidemic
in 1993. In contrast, the peak incidence of RV infections
occurred at the end of 1992, between the major and
minor RSV epidemics.

Among the baseline characteristics in the 82 children
followed to school age, an earlier episode of wheezing (1
separate physician-diagnosed wheezing episode that had
occurred before the index hospitalization; OR, 4.29; 95%
CI, 1.02-17.99), atopic dermatitis (OR, 4.11; 95% CI,
1.42-11.84), a total serum IgE level of ≥60 kU/L (OR,
3.41; 95% CI, 1.03-11.33), and a blood eosinophil count
of ≥0.45 × 109/L (OR, 7.02; 95% CI, 2.26-21.79) were in
age- and sex-adjusted analyses significantly predictive of
asthma. In this selected group of wheezing children,
RSV identification was negatively associated with later

childhood asthma (OR, 0.23; 95% CI, 0.06-0.93), again
independently of age and sex. The same baseline charac-
teristics were predictive of asthma in the 66 children with
NPA samples available for RV and enterovirus studies
(data not shown). Therefore, these characteristics are
evaluated in further analyses on RVs and enteroviruses
(Table II).

As seen in Table II, RV findings were significantly
associated with the presence of atopic dermatitis in infan-
cy, independently of age and sex. In contrast, no associa-
tions were found between RV infections and elevated
total serum IgE, blood eosinophilia, or history of an ear-
lier episode of wheezing. Enterovirus identifications had
no dependence on age, sex, or any of the other afore-
mentioned factors (Table II).

Of the 66 children with frozen NPAs and follow-up
data available, RVs were identified in 25 (38%) and
enteroviruses in 9 (14%). Asthma was considered to be
present in 27 (41%) of the 66 children at early school age
(Table III). Asthma was present in 15 (60%) of the RV-
positive cases and in 2 (22%) of the enterovirus-positive
cases (Table IV). As single viral identifications (n = 20),
RVs were associated with early school-age asthma, inde-
pendently of age, sex, and atopic dermatitis on entry into
the study. When the mixed RV infections (n = 5) were
included in the analyses, the risk for asthma remained
increased (OR, 2.29) but the statistical significance was
lost. In contrast, enteroviruses had no association with
later asthma. In all, RVs were identified in frozen NPAs in
more than one half (56%) of the later asthmatics. The fig-
ure varied from 25% to 75% in the 4 different age groups,
from the youngest to the oldest group, respectively.

DISCUSSION

This study shows that RVs are commonly encountered
in young children needing hospitalization for wheezing.
From the age of 6 months onward, RVs were the most
prevalent of the respiratory viruses identified, whereas
under the age of 6 months the most common viral find-
ing—as was to be expected—was RSV. We also found
that the infants with atopic dermatitis were especially
likely to wheeze during RV infection. Interestingly, hos-
pitalization for RV-induced wheezing in infancy was sig-
nificantly associated with school-age asthma: the risk for
asthma was more than 4-fold that for other wheezing
children with no RVs identified, even when age, sex, and
the presence of atopic dermatitis in infancy were includ-
ed as confounding factors in the analyses.

Hospitalization for wheezing in infancy is a well-
known risk factor for later asthma.13 In accord with earli-
er findings considering the same study cohort,12,13 RSV
infection was found to be associated with a relatively low
risk of later childhood asthma among young children hos-
pitalized for wheezing. However, when the later occur-
rence of asthma among RSV-positive children (15%) is
compared with the prevalence of asthma (4%) among
nonselected school-aged children of our area,16 the risk
for asthma is increased among RSV-positive children as

TABLE I. Viral identifications in 81 children under the
age of 2 years who were hospitalized for wheezing

Viral identifications*† No. of subjects (%) (n = 81)

Single identification 47 (58)
RV 22 (27)
Enterovirus 5 (6)
Coronavirus 0 (0)
Other respiratory viruses 20‡ (25)

Multiple identifications 12 (15)
RV and enterovirus 1 (1)
RV and other respiratory viruses 4§ (5)
Enterovirus and other respiratory viruses 4� (5)
Other combination of respiratory viruses 3¶ (4)

No viral identifications 22 (27)

RV, Rhinovirus; NPA, nasopharyngeal aspirate; RSV, respiratory syncytial
virus.
*PCR was used to detect RV, enterovirus, and coronavirus in frozen NPA
specimens.
†Antigen and antibody assays were performed to detect other respiratory
viruses, including RSV, parainfluenza, and adenoviruses.14

‡RSV in 13 cases, parainfluenza 3 virus in 5 cases, and parainfluenza 2
virus in 2 cases.
§RSV in 1 case, adenovirus in 2 cases, and adenovirus and parainfluenza 3
virus in 1 case.
�RSV in all 4 cases.
¶RSV and parainfluenza 3 virus in 2 cases; RSV and parainfluenza 3 virus
and adenovirus in 1 case.
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well. However, the RSV-associated risk for later asthma
was not as high as that in a controlled study by Sigurs et
al,20 in which the risk was increased up to 12-fold.

Enteroviruses were as common as parainfluenza virus-
es in the wheezing infants. Similar proportions—5% to
10%—have been suggested in earlier studies of respirato-
ry infections in wheezing children.3-5 No association was
found, however, between enteroviruses and atopy or later
asthma. There is 1 previous study stressing the role of
coronaviruses in lower respiratory tract infections in chil-
dren.21 In accord with findings by Rakes et al,5 we were
not able to identify any coronavirus positive cases. RVs are
considered the most common causative agents in upper
respiratory infections at all ages.22 There is evidence that
RVs might also cause lower respiratory infections in
young children.1 The figure in the present study (33%) is
close to that published by Juvén et al2 for pneumonia in
children. In asymptomatic children with no preceding or
concurrent respiratory symptoms, RVs have been detected
in 12% to 13% of the NPAs by RT-PCR.23,24 Those detec-
tion rates are clearly lower than the RV detection rate in
wheezing children in the present study.

Johnston et al6 found that in 9- to 11-year old children
RVs were the most common viruses to trigger exacerba-
tions of asthma. However, previous reports on RV-induced
wheezing in infancy are few.3-5 Our findings stressing the
role of RVs in young children hospitalized for wheezing
and the association between RV-induced wheezing and
atopy are in accord with findings in earlier studies.4,5 The
new, heretofore unpublished finding of clinical importance

is our observation of substantially increased risk of asthma
after RV-induced wheezing in early childhood.

It is not fully established how RVs trigger wheezing in
susceptible people, but several mechanisms have been
proposed.25 Respiratory epithelial cells are the host cells
for RV replication, and the ability of RVs to infect respi-
ratory airway epithelium seems to depend on the density
of viral receptors on the cell membrane.25 Most (90%) of
the RV serotypes use intercellular adhesion molecule 1
receptor,26 which is highly expressed in bronchial epithe-

TABLE II. Baseline characteristics on entry to the study in the 81 children

No. of subjects (%)

Baseline characteristics* All children (n = 81) RV-positive† (n = 27) Enterovirus-positive‡ (n = 10)

Earlier episode of wheezing 11 (14) 5 (19) 0 (0)
Atopic dermatitis 25 (31) 14 (52)§ 3 (30)
Total serum IgE of ≥60 kU/L� 16 (21) 8 (30) 3 (30)
Blood eosinophil count of ≥0.45 × 109/L¶ 28 (36) 14 (54) 4 (40)

Analyses were performed by logistic regression, with adjustment for age and sex. RV, Rhinovirus.
*Only the characteristics significantly predicting asthma in the 82 children followed to school age are presented.
†Multiple viral findings in 5 cases (1 with enterovirus).
‡Multiple viral findings in 5 cases (1 with RV).
§P = .013 versus RV-negative children.
�Sample obtained for 76 children; 27 of them were RV-positive, 10 of them enterovirus-positive.
¶Sample obtained for 78 children; 26 of them were RV-positive, 10 of them enterovirus-positive.

TABLE III. Criteria for the presence of asthma at early school age

Asthma: no. of subjects (%)

Maintenance medication* (n = 24) No maintenance medication (n = 3) Asthma not present (n = 39)

Exercise challenge test +† 6 (25) 3 (100) 2‡ (5)
Wheezing§ 17 (71) 1 (33) 2� (5)
Cough¶ 3 (13) 2 (67) 8� (21)

*Continuous inhaled anti-inflammatory medication for asthma at the study visit.
†A 15% or greater fall in FEV1 and/or auscultable wheezing after free running for 8 minutes.
‡Neither of the children reported wheezing or prolonged cough.
§At least 2 episodes of wheezing (with or without prolonged cough) during the preceding 12 months.
�Exercise challenge test was positive in none of the symptomatic children.
¶Prolonged (≥4 weeks) cough apart from infection during the preceding 12 months; no wheezing reported.

TABLE IV. Viruses associated with wheezing in infancy
and the presence of asthma at early school age

Asthma at early school age:

no. of subjects (%)

Viral identifications Present (n = 27) Not present (n = 39)

Single identification 18 (67) 24 (62)
RV 14 (52)* 6 (15)
Enterovirus 0 (0) 5 (13)
RSV/other respiratory 1 (4)/3 (11) 9 (23)/4 (10)

viruses
Multiple identifications 2† (7) 8‡ (21)
No viral identifications 7 (26) 7 (18)

RV, Rhinovirus; RSV, respiratory syncytial virus.
*P = .047; OR, 4.14; 95% CI, 1.02-16.77 versus RV-negative cases, as
determined by logistic regression with adjustment for age, sex, and atopic
dermatitis on entry into the study.
†RV and enterovirus in 1 case; enterovirus and RSV in 1 case.
‡Includes RV in 4 cases and enterovirus in 2 cases.
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lial cells, especially during asthmatic airway inflamma-
tion.27 Consequently, high expression of intercellular
adhesion molecule 1 in bronchial epithelial cells would
render asthmatic persons more susceptible to lower air-
way RV infections.25 In addition, in vitro and in vivo
studies indicate that RV infection promotes secretion of
several cytokines, such as IL-6, IL-8, IL-11, and GM-
CSF from epithelial cells.28-30 IL-11 might have direct
effects on bronchial hyperresponsiveness,29 and the other
cytokines have profound effects on inflammatory cells
that can potentiate asthma.25

The present study has 2 main strengths. First, it was
prospective, the follow-up time being long (6 years on
average) and the attendance (despite the length of the fol-
low-up time) good (>80%). At the follow-up visits at
early school age the children were 7 years old, on aver-
age, and at that age, the continuing symptoms can be
considered to be asthma rather than transient wheezing.31

Second, the viral studies were extensive; 7 conventional
respiratory viruses had been studied on each child’s entry
into the study in infancy,14 and the findings were later
supplemented by RV, enterovirus, and coronavirus stud-
ies. RT-PCR, used in the present study, has been shown
to be more sensitive than conventional virus isolation for
RVs and enteroviruses.9,10 Liquid-phase hybridization
assay, done after RT-PCR, further increases the sensitiv-
ity and specificity.10 In comparison with virus isolation
from clinical respiratory samples, the sensitivity of PCR
has been excellent (98%).9 Inasmuch as RVs were rarely
involved in mixed viral infections, it was possible to
study their specific effect on outcomes in the children.

The present study has 2 shortcomings. Viral PCR was
studied approximately 6 years after the acute episode, and
therefore good-quality frozen NPA specimens obtained on
entry into the study were available for only 80% of the
children. Thus the risk analyses for the later outcome at
early school age had to be restricted to those 66 cases with
both NPA specimens and adequate follow-up data avail-
able. In addition, we did not have a control group with no
history of early childhood wheezing. Nevertheless, there
was a recent Finnish study on RV, enterovirus, and coron-
avirus findings by RT-PCR in asymptomatic children24

that showed the viral detection rate by RT-PCR to be low
(5%) when no preceding, concurrent, or following respira-
tory symptoms were reported. In the present study, the
viral detection rate by RT-PCR in wheezing children was
greater than 8-fold (44% in all). In case of RVs, the detec-
tion rate in wheezing children was approximately 3-fold.
Consequently, we consider RVs to be important infective
agents that are able to induce wheezing in susceptible chil-
dren. In addition, the prevalence of school-age asthma has
been carefully studied in our area in recent years, the cri-
teria for asthma being with minor modifications similar to
the criteria used in the present study; the prevalence in
those studies has been stable (4% to 4.5%).16,32 Thus, RV-
induced wheezing in infancy was associated with multi-
plied occurrence of asthma (up to 70%) in later childhood.

In conclusion, the development of PCR methods for
RVs, enteroviruses, and coronaviruses has allowed us to

reevaluate the role of these viruses in wheezing children.
Our results present RVs as important inducers of wheez-
ing even in children under the age of 2 years. RV-induced
wheezing leading to hospitalization seems to predict the
development of asthma. The association with atopy sug-
gests that there is active asthmalike bronchial inflamma-
tion in children wheezing during RV infection. Thus, our
results call for reevaluation of the role of RV in the devel-
opment of asthma.

REFERENCES

1. Kellner G, Popow-Kraupp T, Kundi M, Binder C, Kunz C. Clinical man-
ifestations of respiratory tract infections due to respiratory syncytial virus
and rhinoviruses in hospitalized children. Acta Paediatr Scand
1989;78:390-4.

2. Juvén T, Mertsola J, Waris M, Leinonen M, Meurman O, Roivainen M,
et al. Etiology of community-acquired pneumonia in 254 hospitalized
children. Pediatr Infect Dis J 2000;19:293-8.

3. Duff AL, Pomeranz ES, Gelber LE, Price GW, Farris H, Hayden FG, et
al. Risk factors for acute wheezing in infants and children: viruses, pas-
sive smoke, and IgE antibodies to inhalant allergens. Pediatrics
1993;92:535-40.

4. Johnston SL, Xie P, Johnson W. Comparison of standard virology and
PCR in diagnosis of rhinovirus and respiratory syncytial virus infections
in nasal aspirates from children hospitalized with wheezing illness and
bronchiolitis [abstract]. Am J Respir Crit Care Med 1996;153:A503.

5. Rakes GP, Arruda E, Ingram JM, Hoover GE, Zambrano JC, Hayden FG,
et al. Rhinovirus and respiratory syncytial virus in wheezing children
requiring emergency care. Am J Respir Crit Care Med 1999;159:785-90.

6. Johnston SL, Pattemore PK, Sanderson G, Smith S, Lampe F, Josephs L,
et al. Community study of role of viral infections in exacerbations of
asthma in 9-11 year old children. BMJ 1995;310:1225-9.

7. Ruohola A, Heikkinen T, Waris M, Puhakka T, Ruuskanen O. Intranasal
fluticasone propionate does not prevent acute otitis media during viral
upper respiratory infection in children. J Allergy Clin Immunol
2000;106:467-71.

8. McIntosh K, Halonen P, Ruuskanen O. Report of a workshop on respira-
tory viral infections: epidemiology, diagnosis, treatment and prevention.
Clin Infect Dis 1993;16:151-64.

9. Hyypiä T, Puhakka T, Ruuskanen O, Mäkelä M, Arola A, Arstila P. Mo-
lecular diagnosis of human rhinovirus infections: comparison with virus
isolation. J Clin Microbiol 1998;36:2081-3.

10. Lönnrot M, Sjöroos M, Salminen K, Maaronen M, Hyypiä T, Hyöty H.
Diagnosis of enterovirus and rhinovirus infections by RT-PCR and time-
resolved fluorometry with lanthanide chelate labeled probes. J Med Virol
1999;59:378-84.

11. Myint S, Johnston S, Sanderson G, Simpson H. Evaluation of nested
polymerase chain methods for the detection of human coronaviruses
229E and OC43. Mol Cell Probes 1994;8:357-64.

12. Reijonen TM, Korppi M. One-year follow-up of young children hospi-
talized for wheezing: the influence of early anti-inflammatory therapy
and risk factors for subsequent wheezing and asthma. Pediatr Pulmonol
1998;26:113-9.

13. Reijonen TM, Kotaniemi-Syrjänen A, Korhonen K, Korppi M. Predictors
of asthma three years after hospital admission for wheezing in infancy.
Pediatrics 2000;106:1406-12.

14. Reijonen TM, Korppi M, Kleemola M, Savolainen K, Kuikka L,
Mononen I, et al. Nasopharyngeal eosinophil cationic protein in bronchi-
olitis: relation to viral findings and subsequent wheezing. Pediatr Pul-
monol 1997;24:35-41.

15. Carlsen KH. Exercise-induced asthma in children and adolescents and its
relationship to sports. In: Naspitz CK, Szefler SJ, Tinkelman DG, Warn-
er JO, editors. Textbook of pediatric asthma: an international perspective.
London: Martin Dunitz; 2001. p. 211-22.

16. Remes S, Korppi M, Remes K, Pekkanen J. Prevalence of asthma at
school age: a clinical population-based study in eastern Finland. Acta
Pediatr 1996;85:59-63.

17. Halonen P, Rocha E, Hierholzer J, Holloway B, Hyypiä T, Hurskainen P,



J ALLERGY CLIN IMMUNOL

VOLUME 111, NUMBER 1

Kotaniemi-Syrjänen et al 71

A
st

hm
a,

 r
hi

ni
tis

,
ot

he
r 

re
sp

ir
at

or
y

di
se

as
es

et al. Detection of enteroviruses and rhinoviruses in clinical specimens by
PCR and liquid-phase hybridization. J Clin Microbiol 1995;33:648-53.

18. Santti J, Hyypiä T, Halonen P. Comparison of PCR primer pairs in the
detection of human rhinoviruses in nasopharyngeal aspirates. J Virol
Methods 1997;66:139-47.

19. Kamahora T, Soe LH, Lai MM. Sequence analysis of nucleocapsid gene
and leader RNA of human coronavirus OC43. Virus Res 1989;12:1-9.

20. Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respiratory syncy-
tial virus bronchiolitis in infancy is an important risk factor for asthma
and allergy at age 7. Am J Respir Crit Care Med 2000;161:1501-7.

21. Isaacs D, Flowers D, Clarke JR, Valman HB, MacNaughton MR. Epi-
demiology of coronavirus respiratory infections. Arch Dis Child
1983;58:500-3.

22. Mäkelä MJ, Puhakka T, Ruuskanen O, Leinonen M, Saikku P, Kimpimä-
ki M, et al. Viruses and bacteria in the etiology of the common cold. J
Clin Microbiol 1998;36:539-42.

23. Johnston SL, Sanderson G, Pattemore PK, Smith S, Bardin PG, Bruce
CB, et al. Use of polymerase chain reaction for diagnosis of picornavirus
infection in subjects with and without respiratory symptoms. J Clin
Microbiol 1993;31:111-7.

24. Nokso-Koivisto J, Kinnari TJ, Lindahl P, Hovi T, Pitkäranta A. Human
picornavirus and coronavirus RNA in nasopharynx of children without
concurrent respiratory symptoms. J Med Virol 2002;66:417-20.

25. Gern JE, Busse WW. Association of rhinovirus infections with asthma.
Clin Microbiol Rev 1999;12:9-18. 

26. Staunton DE, Merluzzi VJ, Rothlein R, Barton R, Marlin SD, Springer
TA. A cell adhesion molecule, ICAM-1, is the major surface receptor for
rhinoviruses. Cell 1989;56:849-53.

27. Vignola AM, Campbell AM, Chanez P, Bousquet J, Paul-Lacoste P,
Michel F-B, et al. HLA-DR and ICAM-1 Expression on bronchial epithe-
lial cells in asthma and chronic bronchitis. Am Rev Respir Dis
1993;148:689-94.

28. Subauste MC, Jacoby DB, Richards SM, Proud D. Infection of a human
respiratory epithelial cell line with rhinovirus: induction of cytokine
release and modulation of susceptibility to infection by cytokine expo-
sure. J Clin Invest 1995;96:549-57.

29. Einarsson O, Geba GP, Zhu Z, Landry M, Elias JA. Interleukin-11: stim-
ulation in vivo and in vitro by respiratory viruses and induction of air-
ways hyperresponsiveness. J Clin Invest 1996;97:915-24.

30. Gern JE, Vrtis R, Grindle KA, Swenson C, Busse WW. Relationship of
upper and lower airway cytokines to outcome of experimental rhinovirus
infection. Am J Respir Crit Care Med 2000;162:2226-31.

31. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan
WJ, and the Group Health Medical Associates. Asthma and wheezing in
the first six years of life. N Engl J Med 1995;332:133-8.

32. Timonen KL, Pekkanen J, Korppi M, Vahteristo M, Salonen RO. Preva-
lence and characteristics of children with chronic respiratory symptoms
in eastern Finland. Eur Respir J 1995:8:1155-60.


