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a b s t r a c t

Background: Viral respiratory infections have been associated with up to 80% of wheezing episodes and
asthma exacerbations. However, studies on the role of these viruses in asthmatic patients in the interval
between exacerbations are sparse. This study aimed to determine the presence of respiratory viruses,
without symptoms of infection, in the airways of young asthmatics as compared to healthy controls.
Material and Methods: Patients 10e35 years of age with stable asthma and a group of healthy controls
were analyzed regarding the presence of RNA from common respiratory viruses in nasopharyngeal as-
pirates by PCR. Self-reported asthma control and quality of life, fraction of exhaled nitric oxide (FeNO),
spirometry, and bronchial responsiveness to methacholine were recorded. Blood samples were collected
to assess IgE sensitisation and eosinophil cationic protein (ECP) levels.
Results: In 354 patients with asthma and 108 healthy controls, human rhinovirus (HRV) was the only
virus detected (4.5% of asthmatics vs. 0.9% of controls; p ¼ 0.08). HRVþ asthma patients had a higher
degree of aeroallergen IgE sensitisation (median 37.7 vs. 10.4 kUA/L, p ¼ 0.04), and a tendency for higher
levels of serum ECP (median 17.2 vs. 12.6 mg/L, p ¼ 0.07), as compared to their HRV� counterparts.
Conclusions: Absence of symptoms of respiratory tract infection notwithstanding, HRV seems to be more
prevalent in the airways of adolescents and young adults with asthma and a high degree of aeroallergen
IgE sensitisation than in controls. The presence of HRV seems also to be related to systemic eosinophilic
inflammation despite ongoing treatment with inhaled corticosteroids.

© 2016 Published by Elsevier Ltd.
1. Introduction

Viral respiratory infections have been associated with up to 80%
of wheezing episodes and asthma exacerbations in both children
and adults [1e3], and increased rates of hospital admissions for
asthma and higher detection rates of respiratory viruses have been
reported to coincide [4,5]. However, regarding the role of respira-
tory viruses in asthmatic patients during stable periods between
exacerbations, very little data is available. It has been speculated
that human rhinovirus (HRV) has the ability to cause persistent
cine, Infectious Diseases Unit,
6, Stockholm, Sweden.
infections in patients with asthma, but only a few small studies
have suggested a preponderance of respiratory viruses in non-
exacerbating asthmatic individuals compared to healthy controls
[6,7].

Viral load and clinical deterioration during acute HRV infections
have been shown to be related to reduced interferon response and
increased type 2-cytokine (interleukin (IL)-4, IL-5 and IL-13)
response in patients with asthma compared to non-asthmatic
controls [8,9]. Further, human airway epithelial cells produce the
proinflammatory molecule C-X-C motif chemokine 10 (CXCL10) in
relation to HRV infection [10], and this response appears to be
specific to viral-induced acute asthma [11]. Moreover, Th2 cyto-
kines increase the release of CXCL10 in the presence of rhinovirus
infection [12]. Thus, type-2 inflammation in the airways could
possibly facilitate viral replication over prolonged periods or, vice
versa, the infection could promote chronic airway inflammation.
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In the environment of type-2 inflammation in the airways,
inducible nitric oxide synthase is upregulated in the respiratory
epithelium and the fraction of exhaled nitric oxide (FeNO) is
consequently increased [13,14]. Furthermore, type-2 inflammation
is characterised by eosinophil recruitment and viral infections seem
to cause systemic activation of eosinophils, at least in subjects with
allergic asthma [15,16].

To further elucidate the possible role of persistent virus in-
fections, we have conducted a large cross-sectional study on young
patients with asthma (n ¼ 354) and matched controls (n ¼ 108)
(the MIDAS cohort) without symptoms of respiratory tract infec-
tion. To this end, the prevalence of HRV, respiratory syncytial virus
(RSV), influenza viruses A and B, and human coronavirus (hCoV), all
known to be associated with asthma exacerbations, was examined
in nasopharyngeal aspirates (NPAs), and asthmatics and controls
were compared. A secondary aim was to see if the presence of
respiratory viruses was related to biomarkers of type-2 inflam-
mation and/or allergic sensitisation.

2. Materials and methods

2.1. Study population

The study was based on the MIDAS cohort, and more details on
the methods have been published elsewhere [17e19]. A total of 411
patients between 10 and 35 years of age with physician-diagnosed
asthma as reported in their medical records, as well as daily
treatment with inhaled corticosteroids (ICS) and/or oral
leukotriene-receptor antagonists (LTRA) during at least three
months the year before the examination were included in the
study. All subjects were interviewed, examined, and sampled while
in a stable state of asthma (i e no exacerbation within the past two
weeks) and having refrained from taking any asthma or allergy
medication for 24 h before the study. A total of 122 healthy subjects
without any diagnosis of respiratory disease, randomly chosen
from the Uppsala population register (Sweden), were sex- and age-
matched with the asthma patients and participated as controls. All
subjects were told that they should have been free from symptoms
of respiratory tract infections (cough, sore throat, runny nose,
sneezing, nasal congestion, pink eyes or fever) for at least two
weeks on the day of examination. The subject inclusion/exclusion
flow chart is shown in Fig. 1.
Fig. 1. Flow chart of inclusion in the study. Patients who did not volunteer to undergo
sampling of nasopharyngeal aspirate (NPA) or had symptoms of respiratory tract in-
fections during the two weeks preceding sampling were excluded from final analysis.
2.2. Asthma control and quality of life

All subjects with asthma filled in the Asthma Control Test (ACT)
and the Juniper Mini Asthma-related Quality of Life Questionnaire
(mAQLQ) in order to assess the degree of asthma control and
asthma-related quality of life, respectively.
2.3. Respiratory measurements

Dynamic spirometry was performed using a MasterScope
spirometer (Erich Jager, Wurzburg, Germany) and the methacho-
line challenge test was performed using the Aerosol Provocation
System (Viasys Healthcare GmbH, Hoechberg, Germany). Exhaled
NO was measured according to ATS/ERS recommendations [20]
using a chemiluminescence analyser (NIOX Flex; Aerocrine AB,
Solna, Sweden).
2.4. Collection of nasopharyngeal aspirates, nucleic acid extraction
and real-time PCR methods

NPAs were collected as previously described and stored
at�80 �C [21]. Total viral nucleic acids were extractedwith QIAamp
MinElute Virus Spin Kit (QIAGEN, USA) according to the manufac-
turer's protocol with 200 mL of NPA eluted into 50 mL of extract.
Real-time PCR assays for detection of HRV (including species A, B,
and C), hCoV (OC43, 229E, HKU1, and NL63), influenza A and B, and
RSV were performed on an ABI 7500 Real-Time PCR System
(Applied Biosystems) [22], and both plasmids and viral RNA were
used as positive controls.
2.5. Blood analyses

Venous blood samples were drawn for blood cell counts, and for
preparation of serum and plasma (EDTA) samples that were stored
at �80 �C. For serum, blood was allowed to clot for 60 min at 22 �C.
Blood leukocyte counts were determined using routine methods
(Cell-Dyn Sapphire, Abbott, IL, USA) at the Department of Clinical
Chemistry, Uppsala University Hospital. Measurements of IgE an-
tibodies against a mix of aeroallergens (Phadiatop; cat, dog, horse,
Dermatophagoides pteronyssinus, Dermatophagoides farinae, Clado-
sporium herbarum, birch, timothy grass, and mugwort) and food
allergens (fx5; egg white, milk, cod fish, wheat, peanut, and soy-
bean) were performed, and subjects were identified as atopic if
Phadiatop or fx5 was �0.35 kUA/L. IgE antibodies, total IgE and
serum eosinophil cationic protein (S-ECP) were measured using
ImmunoCAP System (Thermo Fisher Scientific, Uppsala, Sweden).
C-X-C motif chemokine 10 (CXCL10, or IP-10) was measured with a
sandwich ELISA (R&D Systems, Minneapolis, MN, USA). CXCL10
measurements were performed in all HRVþ asthmatics (n¼ 16) and
in 17 HRV� asthmatics that were matched for sex, age and atopy:
females 43.8% vs 47.1% (p ¼ 0.85), age 23.4 ± 6.8 (mean ± SD) vs
24 ± 6.4 years (p ¼ 0.81), and atopy 87.5% vs 88.2% (p ¼ 0.95).
2.6. Statistical analyses

Chi-square test was used to compare proportions. Non-
parametric statistics were used in the whole study due to the low
number of cases of HRVþ subjects. The Mann-Whitney U test was
used to compare medians of continuous variables. A multiple lo-
gistic regression model was created to confirm the effect of risk
factors for HRV positivity after adjustment for confounding factors.
STATA IC 12.1 (StataCorp LP, College Station, Texas, USA) was used
for statistical analyses.



Fig. 2. (A) Proportion (%) of examined asthmatics (hatched bars) and healthy controls
(open bars) according to season. The distribution was different between groups
(p ¼ 0.023, Chi-square test). (B) Frequency of HRV positivity in asthmatics (hatched
bars) and controls (open bar) according to season.
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2.7. Ethics

The Regional Ethics Committee in Uppsala approved the study
(reg no 2009/349). All the subjects and, if appropriate, their legal
guardians gave their written informed consent.

3. Results

3.1. Study population

Subject characteristics are presented in Table 1. Patients with
asthma differed from healthy controls with regard to lung function,
levels of biomarkers and IgE sensitisation. A slightly larger pro-
portion of asthmatics was recruited during the summer (June-
eAugust) compared to controls (Fig. 2A). The proportion of
asthmatics recruited during the common cold seasons (March-May
and September-November) was lower than that for controls but
this difference was not significant (59% vs 65%, p ¼ 0.31). A smaller
proportion of asthmatics reported cigarette smoking compared to
controls (Fig. 3).

3.2. Prevalence of respiratory viruses

HCoV, RSV, and influenza A and B were not found in any subject.
However, HRV was found in a total of 17 subjects with uneven
distribution between the groups (16 asthmatics and one healthy
control) (Fig. 3). This resulted in a prevalence of 4.5% in subjects
with asthma and 0.9% in controls (OR 5.1, p ¼ 0.08). Furthermore,
the presence of HRV was unevenly distributed by season. Thirteen
out of 17 HRVþ subjects (76.5%) were sampled in March-May and
September-November (Fig. 2B).

3.3. Basal characteristics in HRVþ vs HRV� patients with asthma

There was no difference with regard to sex and BMI between
HRVþ (n ¼ 16) and HRV� (n ¼ 338) asthmatics (Table 2). However,
HRVþ patients tended to be older (23.4 vs 20.4 years, p ¼ 0.09) and
to smoke more (12.5 vs 3.6%, p ¼ 0.07) than those who were HRV�.
No difference with regard to lung function, bronchial responsive-
ness, use of anti-inflammatory asthma medication, asthma control,
or asthma-related quality of life could be detected between these
two groups of asthmatics (Table 2).
Table 1
Characteristics of study subjects presented as % or median (IQR).

Asthma (n ¼ 354) Controls (n ¼ 108) p value

Female 52.0 54.6 0.63
Age (years) 20 (15, 26) 20 (15, 26) 0.85
BMI (kg/m2) 22.0 (19.8, 24.6) 21.5 (20.1, 24.6) 0.50
ICS 82.8 e NA
LTRA 18.0 e NA
FEV1% 91 (83, 101) 96 (87, 106) 0.007
PD20 MCh (mg) 0.27 (0.07, 1.81) 1.27 (0.43, 7.2) <0.001
FeNO (ppb) 15 (8.8, 27) 12 (8.3, 17) 0.003
Eosinophils (109/L) 0.2 (0.1, 0.3) 0.1 (0.05, 0.2) <0.001
Neutrophils (109/L) 3.1 (2.4, 4) 3 (2.4, 3.9) 0.98
Monocytes (109/L) 0.5 (0.4, 0.5) 0.4 (0.4, 0.6) 0.97
S-ECP (mg/L) 9.0 (6.0, 12.7) 12.7 (7.9, 21.4) <0.001
Atopy 80.1 33.3 <0.001
Total IgE (kU/L) 152.3 (46.6, 420.4) 31.8 (12.1, 76.1) <0.001
Aeroallergen IgE (kU/L) 11 (0.90, 36) 0.07 (0.04, 0.95) <0.001
Food IgE (kU/L) 0.14 (0.07, 0.74) 0.06 (0.04, 0.09) <0.001

NOTE. P values less than 0.05 in bold. Abbreviations: ICS, inhaled corticosteroids;
NA, not applicable; LTRA, leukotriene-receptor antagonists; PD20, provocative dose
causing a 20% fall in FEV1; MCh, methacholine challenge; FeNO, fraction of exhaled
nitric oxide; S-ECP, eosinophil cationic protein.

Fig. 3. Prevalence of HRV positivity and current cigarette smoking in healthy controls
(open bars) and patients with asthma (hatched bars). Statistical analyses by Chi-square
test.
3.4. Biomarkers, blood leukocyte counts and IgE sensitisation in
HRVþ vs HRV� patients with asthma

HRVþ patients with asthma had higher FeNO compared to their
HRV� counterparts, but this did not reach significance (17.2 vs
14.4 ppb, p ¼ 0.15; Table 3). Further, S-ECP showed a statistical
trend towards elevated levels in HRVþ subjects (17.2 vs 12.6 mg/L,
p ¼ 0.07), whereas blood eosinophil count did not differ between
groups (Tables 3 and 4). There was also a trend towards statistical



Table 2
Patient characteristics, current cigarette smoking, lung function, medication use,
asthma control (ACQ) and quality of life (mAQLQ) scores in HRVþ vs HRV� patients
with asthma. Presented as %, mean ± SD or median (IQR)].

HRV� (n ¼ 338) HRVþ (n ¼ 16) p value

Female 52.4 43.8 0.50
Age (years) 20.4 ± 7.0 23.4 ± 6.8 0.09
BMI (kg/m2) 22.6 ± 4.4 22.4 ± 2.9 0.85
Current smoking 3.6 12.5 0.07
FEV1% 96 (87, 106) 91 (83, 101) 0.99
PD20 MCh (mg) 0.27 (0.07, 1.81) 0.26 (0.05, 3.01) 0.95
ICS (mg daily)a 320 (200, 400) 400 (320, 640) 0.20
LTRA 18.3 12.5 0.55
ACT 21 (19, 23) 20.5 (18.5, 23) 0.92
mAQLQ 6.0 (5.3, 6.5) 6.1 (4.9, 6.5) 0.82

NOTE. P values less than 0.10 in italic. Abbreviations: HRV, human rhinovirus; PD20,
provocative dose causing a 20% fall in FEV1; MCh, methacholine challenge; ICS,
inhaled corticosteroids; LTRA, leukotriene-receptor antagonists; mAQLQ, Juniper
Mini Asthma-related Quality of Life Questionnaire.

a Budesonide equivalents.

Table 3
Levels of biomarkers and IgE sensitisation in HRVþ vs HRV� patients with asthma.
Presented as % or median (IQR).

HRV� (n ¼ 338) HRVþ (n ¼ 16) p value

FeNO (ppb) 14.4 (8.7e26.7) 17.2 (12.3e34.5) 0.15
S-ECP (mg/L) 12.6 (7.8, 21.1) 17.2 (12.0, 25.4) 0.07
Atopy (%)a 79.7 87.5 0.45
Total IgE (kU/L) 151.3 (44.9, 401.1) 206.8 (58.1, 544.9) 0.47
Aeroallergen IgE (kUA/L) 10.4 (0.71, 33.5) 37.7 (8.3, 69.8) 0.04
Food IgE (kUA/L) 0.13 (0.07, 0.70) 0.18 (0.06, 2.52) 0.96

NOTE. P values less than 0.10 in italic, p values less than 0.05 in bold. Abbreviations:
HRV, human rhinovirus; FeNO, fraction of exhaled nitric oxide; S-ECP, eosinophil
cationic protein.

a Food or aeroallergen IgE� 0.35 kUA/L.

Table 4
Blood leukocyte counts (109/L) in HRVþ vs HRV� asthmatics [median (IQR)].

HRV� (n ¼ 338) HRVþ (n ¼ 16) p value

Total leukocytes 6.1 (5.2, 7.1) 6.9 (5.3, 8.3) 0.18
Eosinophils 0.3 (0.1, 0.4) 0.2 (0.1, 0.3) 0.70
Neutrophils 3.1 (2.4, 4.0) 4.0 (2.6, 4.7) 0.09
Basophils 0.05 (0.05, 0.05) 0.05 (0.05, 0.05) 0.98
Lymphocytes 2.1 (1.8, 2.6) 2.1 (1.7, 2.4) 0.76
Monocytes 0.5 (0.4, 0.5) 0.5 (0.5, 0.6) 0.06

NOTE. Abbreviations: HRV, human rhinovirus. P values less than 0.10 in italic.
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significance for increased neutrophil (4.0 vs 3.1109/L, p ¼ 0.09) and
monocyte (0.5 vs 0.5, p ¼ 0.06) absolute counts in HRVþ asthmatics
(Table 4). When analysing the differential cell count (percentage of
total leukocyte count), all comparisons were non-significant
(p > 0.10). Interestingly, HRVþ asthmatics were characterised by a
more than 3-fold greater degree of IgE sensitisation against aero-
allergens compared to HRV� patients (37.7 vs 10.4 kU/L, p ¼ 0.04;
Table 3). These results were confirmedwhen only atopic asthmatics
(n ¼ 281) were included in the analysis: 49.5 (IQR 13.5e79.5) kU/L
in HRVþ (n ¼ 14) vs 16.9 (IQR 5.1e45.5) kU/L in HRV� subjects
(n ¼ 267; p ¼ 0.04). The degree of IgE sensitisation against food
allergens and total IgE did not differ between groups (Table 3).
HRVþ (n ¼ 16) and matched HRV� (n ¼ 17) patients with asthma
had similar plasma levels of CXCL10 (mg/L): 140.3 (108.0, 178.7) vs
126.9 (94.5, 179.0), p ¼ 0.90.

In a multiple logistic regression model including all subjects
with asthma, the association between the degree of aeroallergen
IgE sensitisation and HRV positivity was consistent (p ¼ 0.03) after
adjustment for age, sex, height, weight, FEV1% and current smoking.
Higher age (p ¼ 0.01) was also a significant determinant in this
model. A similar analysis in subjects with atopic asthma yielded
similar results with the degree of IgE sensitisation against aero-
allergens (p ¼ 0.04), higher age (p ¼ 0.01) and male sex (p ¼ 0.03)
being significant.

4. Discussion

In this cross-sectional study we detected a higher frequency of
HRV in the upper respiratory tract of young subjects with asthma
without ongoing or recent symptoms of respiratory tract infections,
as compared to healthy controls. In contrast, RSV, influenza A and B,
and HCoV RNA were not detected in any of the subjects. HRVþ

asthmatic subjects were characterised by a higher degree of aero-
allergen IgE sensitisation and higher levels of S-ECP than HRV�

subjects, whereas blood eosinophils, FeNO, CXCL10, asthma control
and asthma-related quality of life did not differ.

This study assessed the prevalence of common respiratory tract
viruses in a large number of asymptomatic asthmatic patients that
were collected year-round and compared with age- and sex-
matched healthy controls. Although the prevalence of HRV was
higher in the asthmatic patients in our study the difference only
showed a trend towards statistical significance. However, a slightly
larger proportion of the asthmatic subjects were examined outside
the common cold season, which may have reduced the chance of
finding HRV in asthmatics relative to controls. Furthermore, the
difference in HRV prevalence between the groups was seen in spite
of the fact that a significantly larger proportion of control subjects
than asthmatics were smokers, a factor that may increase suscep-
tibility to HRV infections [23,24]. Accordingly, there was a trend
towards higher prevalence of smokers in HRVþ asthmatics versus
HRV� asthmatics in our study. Cigarette smoke has been shown to
down-regulate bronchial epithelial release of antiviral proteins, for
example CXCL10, in response to rhinovirus infection [25,26], via the
inhibition of multiple transcriptional pathways linked to innate
immune responses [27]. Wos and colleagues have previously
demonstrated that HRV can be detected in the lower respiratory
tract of asthmatic patientsmore frequently than in healthy controls,
in the absence of recent asthma exacerbations or signs of common
cold [7]. However, the asthmatic subjects in their study had un-
dergone bronchoscopy on clinical indications, and were thus not
representative of a general asthma population. A small study in
schoolchildren during symptom-free periods indicated greater
prevalence of HRV in asthmatics compared to control children, but
a statistical comparison between groups was not presented and
time of the year for sampling was not described [6]. In contrast, a
recent relatively large study showed similar prevalence of HRV in
children with stable asthma and healthy controls [28].

In the Nordic countries, symptomatic HRV infections occur year-
round with peaks in the spring and fall [29]. In line with this, 77% of
our asymptomatic HRV infections were detected in March-May and
September-November. This indicates that we may have detected
sub-acute infections rather than shedding from persistent in-
fections. Our cross-sectional study design prevent analysis of the
presence of chronic HRV infection and shedding among asthmatics,
but one could speculate that if true, the prevalence of detectable
HRV should have been higher as well as more evenly distributed
over seasons. Furthermore, Jartti et al. recently showed that infants
with prolonged or recurrent respiratory illnesses most often had a
series of infections rather than a persistent infectionwith one virus
strain [30]. However, given that HRV has been detected in
consecutive samples in longitudinal studies [31e33], the short-
term persistence (slower clearance) of rhinovirus is also possible.

In the study by Soto-Quiros and co-workers, 13% of
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schoolchildren with stable asthma were HRVþ [28]. Inclusion was
primarily done during the common cold season, whereas we
recruited year-round, which could explain the higher HRV preva-
lence compared to our study. The frequency of HRV infections is
rather high in pre-school children, but decreases with age [34].
Parents of young children, however, seem to catch their colds pri-
marily at home, and a hiatus in the decrease of HRV frequency has
been observed in the age interval 20e29 years [35], coinciding with
the time when people commonly establish a family. This could
possibly explain why we found the median age of the HRV� asth-
matic patients to be 19 years, whereas for the HRVþ patients it was
26 years. The lack of detectable viral RNA from RSV, influenza A and
B, and hCoV is consistent with two other studies on asymptomatic
asthmatic individuals [6,28], and our data further support the
unique relationship between asthma and susceptibility to HRV
infections.

The HRVþ asthma patients showed a higher degree of IgE
sensitisation against aeroallergens compared to HRV� asthmatics,
whereas HRV positivity was not related to food allergen sensitisa-
tion. This would be in line with the previously shown relationship
between the susceptibility to HRV infections and local increases in
type 2 cytokines [8] but not to atopy per se [36]. Exhaled NO signals
local type-2 cytokine activity in the airways, and mean FeNO was
increased in HRVþ asthmatics but this did not reach significance.
However, it must be noted that most of the asthmatics in our study
used inhaled corticosteroids, and FeNO is most often rapidly
reduced by this treatment [37], whereas restoration of viral host
defence may be a slower process. Exhaled NO is also increased by
HRV infections, but the increase is seen only for a few days after
acute infection and should thus not have influenced our results
[38,39].

Our study also showed that serum levels of ECP tended to be
elevated in HRVþ asthmatics, whereas B-Eos count was not. Instead,
a trend towards increased numbers of blood neutrophils and
monocytes was seen in HRVþ subjects. Previous studies have
shown increased neutrophil counts in induced sputum by virus
infections in both asthmatics and controls [40]. Jarjour et al. have
shown an increase in B-Eos differential count acutely after HRV
inoculation in patients with atopic asthma [41]. Further, Wos et al.
have presented increased B-Eos count in atopic asthmatics with
asymptomatic HRV positivity in the lower airways [7]. One study
showed increased S-ECP acutely after HRV exposure in patients
with atopic asthma and high IgE concentrations [42]. Elevated S-
ECP, but not B-Eos count, have been associated with acute virus-
induced exacerbations in children [43,44]. This indicates that S-
ECP may be a more sensitive marker of HRV-induced systemic
eosinophilic activation than B-Eos count. Plasma levels of CXCL10
have previously been shown to be increased in acute asthma,
presumably related to HRV infections, whereas CXCL10 was not
elevated in stable asthma [43]. We could not detect any increase in
plasma CXCL10 levels in the asymptomatic HRVþ asthmatics in our
study, indicating a low rate of virus replication in these subjects.

A limitation of the study may be that we did not perform any
follow-up examinations. Thus, our data do not allow us to deter-
mine whether the increased prevalence of subclinical HRV in-
fections in asthmatics relates to increased frequency of acute
infections or a slower elimination of virus after an acute infection.
Further, self-reporting of symptoms increases the risk of bias and
we may have sampled individuals during the incubation phase of
an acute HRV infection. However, the incubation time is very short
for HRV, shorter than for other respiratory viruses, suggesting that
this risk should be low [45]. Another potential limitation is that we
did not diagnose which HRV species the patients were infected
with, but regarding HRV positivity and its effect on levels of FeNO, a
recent report showed no differences between HRV species [28].
Also, the cross-sectional study did not allow for prospectively
assessing upcoming asthma exacerbations.

In conclusion, HRV, but not RSV, influenza A/B or hCoV, was
detected in the airways of asthmatics that had been free from
symptoms of infection for at least two weeks. The prevalence of
HRV tended to be increased in adolescents and young adults with
asthma compared to age-matched controls. The presence of HRV in
asthmatics was significantly associated with the degree of IgE
sensitisation against aeroallergens and weakly to S-ECP levels. Our
data suggest that HRV infections are more common, and/or cleared
at a slower rate, in asthmatics with signs of high degree of type-2-
driven disease compared to healthy controls, and the difference
seems to be related to presence of systemic eosinophilic inflam-
mation despite inhaled corticosteroid treatment.
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