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Abstract

Riitta Turunen

The first wheezing episode in small children: virus etiology, clinical characteristics 
and one-year outcome

University of Turku, Faculty of Medicine, Pediatrics and Virology, 
University of Turku Doctoral Programme of Clinical Investigation, 
Turku University Hospital, Pediatrics and Adolescent Medicine
Annales Universitatis Turkuensis, Medica-Odontologica, Turku, Finland 2016

Background: Early wheezing induced by rhinovirus infection has been recognized as an 
important risk factor for recurrent wheezing and asthma. Different rhinovirus species 
may also vary in their pathogenicity to cause severe illness. Oral corticosteroid has been 
shown to decrease the risk for recurrent wheezing episodes after the early rhinovirus 
induced wheezing. However, limited data exist on the first wheezing episode induced by 
rhinovirus.

Aims and methods: The aim of this thesis was to study the virus etiology of the first 
wheezing episode in small children by using PCR methods, as well as to specify the role 
of rhinoviruses in wheezing. Rhinovirus species were analyzed using sequencing and their 
association with atopic characteristics in small children was studied. The one-year virus 
surveillance was conducted focusing on rhinoviruses. The efficacy of oral corticosteroid, 
prednisolone, on short- and long-term outcomes was investigated using randomized 
controlled trial conducted in children of 3-23 months of age. 

Results: Rhinovirus infection was found in 76% of children aged 3-23 months experiencing 
their first wheezing episode. Rhinovirus induced first wheezing episode was positively 
associated with atopic characteristics and prolonged cough. Of the rhinovirus species, 
rhinovirus C (58%) was the most common, followed by rhinovirus A (21%) and B (1.2%). 
Atopic characteristics and illness severity factors were more common with rhinovirus A 
and C than with other respiratory infections. Children with rhinovirus A or C infection had 
an increased risk for recurrent wheezing episodes and the initiation of regular controller 
medication for asthma symptoms. Children with high rhinovirus load benefitted from 
prednisolone in long- and short-term outcomes. 

Conclusions: Rhinovirus is a common pathogen in causing the first wheezing episodes in 
3 -23 months old children. In wheezing children, the most important rhinovirus species 
are A and C. These species are associated with a high recurrence rate. Prednisolone might 
be effective in a subgroup of first-time wheezing children with a high rhinovirus load.

Keywords: children, clinical diagnosis, infection, oral corticosteroid, polymerase chain 
reaction, prednisolone, rhinovirus, rhinovirus species, sequencing, wheezing
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Tiivistelmä

Riitta Turunen

Pikkulasten ensimmäinen akuutti uloshengitysvaikeus: virusetiologia, kliininen 
taudinkuva ja yhden vuoden seuranta

Turun Yliopisto, Lääketieteellinen tiedekunta, Lastentautioppi ja Virusoppi, Turun 
yliopiston kliininen tohtoriohjelma (TKT), 
Turun yliopistollinen keskussairaala, Turku, Suomi
Annales Universitatis Turkuensis, Medica-Odontologica, Turku, Suomi 2016

Tausta: Varhainen rinoviruksen aiheuttama akuutti uloshengitysvaikeus on merkittävä ris-
kitekijä toistuville uloshengitysvaikeuksille ja astmalle. Eri rinovirusgenotyypit voivat myös 
vaikuttaa taudin vaikeusasteeseen. Suun kautta otetun kortikosteroidin on osoitettu vä-
hentävän riskiä uloshengitysvaikeuksien toistuvuudelle rinoviruksen aiheuttaman kohtauk-
sen jälkeen. Ensimmäistä akuuttia uloshengitysvaikeutta on kuitenkin tutkittu vielä vähän.

Tavoitteet ja menetelmät: Väitöskirjatutkimuksessa tutkittiin ensimmäisen akuutin 
uloshengitysvaikeuden virusetiologiaa pienillä lapsilla ja rinoviruksen merkitystä akuutis-
sa kohtauksessa. Rinoviruksen genotyypit analysoitiin sekvensoimalla ja niiden yhteyttä 
atooppisiin piirteisiin analysoitiin. Virusetiologia tutkittiin vuoden seurannassa keskittyen 
erityisesti rinovirusinfektioiden toistuvuuteen. Prednisolonin teho lyhyen ja pitkän aikavä-
lin tuloksiin analysoitiin käyttäen randomisoitua kontrolloitua tutkimusta 3-23 kuukauden 
ikäisillä lapsilla.

Tulokset: Rinovirus löytyi 76 %:lta ensimmäistä infektioon liittyvää uloshengitysvaikeutta 
sairastavalta lapselta, jotka olivat iältään 3-23 kuukautta. Rinoviruksen aiheuttama ensim-
mäinen akuutti uloshengitysvaikeus oli yhteydessä atooppisiin piirteisiin ja pitkittyneeseen 
yskään. Yleisimmin löytyi rinovirus C ryhmän viruksia (58%), toiseksi yleisimmin A ryhmän 
viruksia (21%) ja kolmanneksi rinovirus B ryhmän viruksia (1.2%). Atooppiset piirteet 
ja vaikeampi taudinkuva olivat yhteydessä rinovirus A ja C aiheuttamaan infektioon. Niillä 
lapsilla, joilla ensimmäisen uloshengitysvaikeusepisodin aiheuttajana oli rinovirus A tai C, 
olin enemmän uusitumisia kuin muilla lapsilla, joilla aihettajana oli joku muu virus. Lapset, 
joilla rinoviruksen määrä hengitystie-eritteessä oli suuri, hyötyivät prednisolonista.

Johtopäätökset: Rinovirus on merkittävä patogeeni ensimmäisessä akuutissa uloshen-
gitysvaikeudessa 3 – 23 kuukauden ikäisillä lapsilla. Näillä lapsilla yleisimmät rinoviruksen 
genotyypit ovat A ja C, jotka ovat yhteydessä myös riskiin kohtauksien toistumiselle. Pred-
nisolonista hyötyvät lapset, joilla viruksen määrä on suuri ensimmäisessä akuutissa ulos-
hengitysvaikeuskohtauksessa. 

Avainsanat: kliininen diagnoosi, kortikosteroidi, lapset, polymeraasi ketju reaktio, pred-
nisolone, rinovirus, rinovirus genotyyppi, sekvensointi, tulehdus, uloshengitysvaikeus
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Abbreviations

AdV	 adenovirus

ANOVA	 one-way analysis of variance

BLAST 	 Basic Local Alignment Search Tool

BP	 base pair

CDHR3	 cadherin-related family member 3 

cDNA	 complementary DNA

CI	 confidence interval

CV	 coronavirus

EIA 	 enzyme immune assay

EV	 enteroviruses

Flu 	 influenza virus

HBoV	 human bocavirus 1

HR	 Hazard ratio

ICS	 inhaled corticosteroid

IFN	 interferon

Ig	 immunoglobulin

IL	 interleukin

IP-10	 interferon-gamma inducible protein 10

IQR	 interquartile range

MDA	 melanoma differentiation-associated gene 

MIP-1α	 macrophage inflammatory protein 1α

MPV	 metapneumovirus

NCR	 non-coding region

NPA	 nasopharyngeal aspirate 

OR	 odds ratio

PBS	 phosphate-buffered saline

PCR	 polymerase chain reaction

PIV	 parainfluenza virus

RANTES	 Regulated on Activation, Normal T Cell Expressed and Secreted

RCT 	 randomized controlled trial

RIG-1	 retinoic acid inducible gene 1 
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RSV	 respiratory syncytial virus

RT	 reverse transcriptase

RV	 rhinovirus

RV-A	 rhinovirus A

RV-B	 rhinovirus B

RV-C 	 rhinovirus C

SD	 standard deviation

TLR3	 Toll-like receptor 3

TLR7/8	 Toll-like receptor 7/8

VP	 viral protein
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1.	 Introduction

Early wheezing episodes are very common in small children and in approximately 95% of 
the cases the cause is a virus infection (Jackson et al. 2008, Marguet et al. 2009, Table 
1). Up to half of the children in general suffer from wheezing illnesses before school-age 
(Martinez et al. 1995). Of them, 30-40% of children will develop recurrent wheezing 
(Kurukulaaratchy et al. 2003, Matricardi et al. 2010). The prevalence of asthma is 
approximately 7-9% among children younger than 16 years of age (von Hertzen et al. 
2006, Lai et al. 2009, Global Asthma Network 2012). There are no efficient ways to predict 
the development of childhood asthma, however, the recognized traditional risk factors 
such as atopic characterisrics (aeroallergen sensitization, increased blood eosionophil 
count, or atopic eczema), parental asthma or factors related to parental atopy may help 
to predict the development of asthma. 

Virus infections, especially caused by rhinovirus (RV) and respiratory syncytial virus (RSV) 
infections, are recognized as early risk factors for recurrent wheezing. Virus-induced 
wheezing typically occurs earlier than the development of allergen sensitizations (Jackson 
et al. 2008, Wu et al. 2011, Kusel et al. 2012, Nissen et al. 2013). An early wheezing 
episode induced by RV has been notified to be an important risk factor for recurrent 
wheezing (Lemanske et al. 2005, Kusel et al. 2007, Jackson et al. 2008, Lukkarinen et al. 
2013). It has been associated with atopic characteristics and poor lung function which 
further increases the risk for recurrencies (Malmström et al. 2006, Guilbert et al. 2011, 
Jackson et al. 2012). The predisposing factors of RV-induced wheezing have been shown 
to be low interferon (IFN) responses, pre-existing airway inflammation, and damage in 
bronchial epithelium and genetics (Jakiela et al. 2008, Baraldo et al. 2012, Carroll et al. 
2012, Calıskan et al. 2013, Contoli et al. 2015, Bochkov et al. 2015). Also, RV species 
might have an effect on the severity of the infections and wheezing illnesses, since RV-A 
and RV-C have been known to cause illnesses more severe than RV-B (Miller et al. 2009, 
Arden et al. 2010, Bizzintino et al. 2011). However, data concerning the first wheezing 
episode are still rather limited. Understanding the different early life risk factors of atopic 
and non-atopic asthma of later childhood, could provide a novel approach into early 
intervention strategies for asthma prevention (Gern et al. 2010). 

This study was launched in order to determine the aspect of the first wheezing episode in 
small children in the development of recurrent wheezing focusing on RV etiology. The aim 
was to study the virus etiology of the first wheezing episode in order to better understand 
the role of viruses, RV in particular, in early wheezing and how they are related to atopic 
characteristics and illness severity. Moreover, the prevalence and characteristics of different 
RV genotypes were assessed. The virus etiology and the occurrence of RV reinfection was 
also investigated during a 12-month follow-up period after the first wheezing episode. How 
RV-A and RV-C induced first wheezing episodes were linked to recurrent wheezing was 
also investigated. In addition to affore mentioned, the short- and long-term efficacy of oral 
corticosteroid, prednisolone, in RV-induced first wheezing episode was evaluated.
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2.	 Review of the literature

2.1.	 Definitions of bronchiolitis, wheezing and asthma

Bronchiolitis is an acute respiratory illness of small bronchioles and an inflammation of 
the surrounding tissue that affects infants and young children and is caused by a virus 
infection. It is a clinical diagnosis based on typical characteristics and clinical findings. 
Bronchiolitis is characterized by rhinitis, dry wheezy cough, tachypnea, low-grade fever, 
hyperinflation, chest retraction, and widespread crackles and wheezing (Smyth et al. 
2006). Typical pulmonary findings on auscultation include inspiratory crackles and/or 
a high-pitched expiratory wheeze (Jartti et al. 2009). Bronchiolitis begins with upper 
respiratory infection, which develops into breathing difficulty approximately in 3-5 days. 
The cause of bronchiolitis in up to 80% of the cases is RSV (Henrickson et al. 2004, Marguet 
et al. 2009, Hall et al. 2009, Hall et al. 2013, Meissner et al. 2016). Other common viruses 
causing bronchiolitis are metapneumovirus (MPV), influenza viruses (Flu), parainfluenza 
viruses (PIV), RV and adenoviruses (AdV) (Boivin et al. 2003, Korppi et al. 2004, Williams 
et al. 2004, Mansbach et al. 2012). 

Infants who develop bronchiolitis severe enough to require hospitalization are at increased 
risk of developing recurrent wheezing or childhood asthma (Singh et al. 2006). Signs of 
a severe illness are dehydration, cyanosis, recurrent apnea periods and eating problems 
(Smyth et al. 2006, Scottish Intercollegiate Guidelines Network 2006). Small children 
may also suffer from breathing insufficiency, electrolyte disruption, secondary bacterial 
infections and heart and circulation problems (Smyth et al. 2006, Scottish Intercollegiate 
Guidelines Network 2006). The typical length of illness is 2 weeks. The risk factors for 
bronchiolitis include young age, prematurity (gestational age < 28 weeks), chronic 
pulmonary disease, for example bronchopulmonary dysplasia, congenital heart disease, 
immunodeficiences, or muscular disease and early exposure to tobacco smoke (Scottish 
Intercollegiate Guidelines Network 2006, Ralston et al. 2014, Meissner et al. 2016). 

The definitions of bronchiolitis vary around the world. In USA, bronchiolitis is defined as 
an expiratory breathing difficulty caused by a virus infection in children less than 2 years 
of age (Ralston et al. 2014). In Europe, bronchiolitis is defined as an illness which typically 
manifests in <12 months old children and it is the first expiratory breathing difficulty 
caused by a virus infection (Scottish Intercollegiate Guidelines Network 2014, Smyth et 
al. 2006, Ralston et al. 2014). Typically, bronchiolitis is the most prevalent in children less 
than12 months of age (Meissner et al. 2016, Sigurs et al. 2005, Wu et al. 2008, Jartti et 
al. 2009). 

Wheezing is a descriptive term. It is defined as a whistling sound during expirium with acute 
respiratory breathing difficulty (National Asthma Education and Prevention Program 
(NAEPP) guidelines 2007, Brand et al. 2008, Scottish Intercollegiate Guidelines Network 
2014, Ralston et al. 2014). The international terminology, however, varies in many ways. 
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The terms used include: acute wheezing, obstructive bronchitis, recurrent wheezing, pre-
asthma, viral wheeze and wheezy bronchitis have been used. The line between obstructive 
bronchitis and asthma is sliding. The diagnosis of wheezing can be set if the illness does 
not fulfill the diagnosis of bronchiolitis or asthma and there is a transient smooth muscle 
contraction in the airways. Majority of the children without allergic sensitization will have 
a relinquishing tendency, which is caused by the tightness of small bronchioles during 
virus infection (Jackson et al. 2008). Wheezing illness is typical in toddlers. From 30% to 
50% of children have at least one wheezing episode before school age, but many children 
outgrow their disease (Martinez et al. 1995, Bisgaard et al. 2007). RV-induced wheezing 
has been separated as an own entity. It has also been recognized as a strong predictor 
of childhood asthma (Gern et al. 2009, Rubner et al. 2016). Data on the role of the first 
wheezing episode, especially caused by RV infection in young children less than two years 
of age, are still limited.

Most children, especially infants and children in pre-school, have episodes of wheezing, 
cough and difficulty of breathing without persisting symptoms (Martinez et al. 1995, 
Kurukulaaratchy et al. 2003, Lau et al. 2003). They will stop having recurrent lung 
symptoms by school age. Only a minority of children who wheeze in early life due to 
viral infections will go on to develop persistent wheezing and futher asthma (Martinez 
et al. 1995, Kurukulaaratchy et al. 2003, Matricardi et al. 2010, Ducharme et al. 2014). 
The ones who do, are usually sensitized to allergens, for example pollen and animal dust, 
which are both significant risk factors for asthma (NAEPP guidelines 2007, Chang et al. 
2013, Scottish Intercollegiate Guidelines Network 2014, Rubner et al. 2016). They may 
also have low lung function, high airway resistence and genetic variants in the 17q21 
locus of GSDMB and ORMDL3 genes (Brussee et al. 2004, Lowe et al. 2005, Guilbert et 
al. 2011, Caliskan et al. 2013). Furthermore, persistent wheezing has been associated 
with eczema, maternal asthma and blood eosinophilia (Midulla et al. 2012, Carroll et al. 
2012, Lukkarinen et al. 2013). Children with recurrent wheezing most likely avail from 
therapeutic interventions (Bisgaard et al. 1999, 

Scottish Intercollegiate Guidelines Network 2014). Inhaled corticosteroids are consistently 
the most used treatment among these children (NAEPP guidelines 2007). The diagnosis 
of asthma is based on the characteristics of symptoms and signs (Scottish Intercollegiate 
Guidelines Network 2014).

Asthma is a chronic disorder characterized by underlying inflammation in the airways, 
airflow obstruction, bronchial hyperresponsiveness and increased mucus secretion that 
causes repetitive breathing difficulties, recurrent wheezing and cough (NAEPP guidelines 
2007, Scottish Intercollegiate Guidelines Network 2014, Global Initiative for Asthma 
2015). The episodes are characterized by squashing of the airways, which is either 
recovered by itself or with the help of medication. The chronic inflammation sensitizes 
airways to many environmental stimuluses. Atopy is the strongest identifiable risk factor 
for developing asthma (Sly et al. 2008, Jackson et al. 2008, Simpson et al. 2010, Jackson 
et al. 2012, Stoltz et al. 2013). A raised specific immunoglobulin E (IgE) to wheat, egg, 
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and inhalant allergens such as house dust mite and cat dander predict also later childhood 
asthma (Sears et al. 1989, Kotaniemi-Syrjänen et al. 2003). Since lung function tests are 
difficult to perform in small children, is the diagnosis of asthma in small children based 
on symptoms (NAEPP guidelines 2007, Scottish Intercollegiate Guidelines Network 2014, 
Global Initiative for Asthma 2015). National Heart, Lung and Blood Institute has published 
diagnostic criteria for the initiation of regular controller medication (most often inhaled 
corticosteroids) among children younger than 4 years of age. These criteria also 
contribute to asthma inception in children with susceptible genetic background. Although 
> 90% of asthma exacerbations in children are linked to virus infections, it is important to 
also recognize the predisposing factors of asthma, most importantly undertreated airway 
inflammation and sensitization to allergens (Global Initiative for Asthma 2015, NAEPP 
guidelines 2007, Scottish Intercollegiate Guidelines Network 2014).

2.2.	 Epidemiology

A third of children suffer from wheezing illnesses during respiratory infections before the 
age of three (Rhodes et al. 2001, Taussig et al. 2003, Matricardi et al. 2008). The most 
common reason for hospitalization in small children is bronchiolitis. Approximately 2-3% 
of all infants under the age of 1 year (most of them aged <6 months) are admitted to 
hospital due to bronchiolitis (Smyth et al. 2006, Hall et al. 2009). The most common 
pathogen causing bronchiolitis is RSV, especially in children < 6 months of age (Hall et al. 
2009). In children 6-12 months of age, RSV and RV are the two most common pathogens 
(Kotaniemi-Syrjänen et al. 2003, Jartti et al. 2009, Midulla et al. 2010). In Finland, 
according to the epidemiologic surveillance and response unit of National Institute for 
Health and Welfare large and small RSV epidemics have occurred in alternate years 
beginning in November-December (National Institute for Health and Welfare 2016). 

Of the wheezing children, approximately 30-40% develop recurrent wheezing before 
school-age (Martinez et al. 1995, Kurukulaaratchy et al. 2003, Matricardi et al. 2008). About 
50% of them are also sensitized to inhaled allergens before school age (Kurukulaaratchy 
et al. 2003, Illi et al. 2006). Viral etiologies have been reported approximately in 95% of 
the wheezing illnesses (Jackson et al. 2008, Marguet et al. 2009, Table 1). Recent studies 
have also shown that RV-induced wheezing before school-age is a strong predictor (e.g. 
Odds ratio (OR) 9.8 with 95% confidence interval (CI) 4.3, 22 in high risk cohort) of 
recurrent wheezing before school age (Lemanske et al. 2005, Kusel et al. 2007, Jackson 
et al. 2008, Lukkarinen et al. 2013). 

Asthma is the most common chronic disease in children. Overall, the prevalence of 
childhood asthma is 11.7% in 6–7-year age group and 14.1% in 13-14-year age group 
(Mallol et al 2013). According to International Study of Asthma and Allergies in Childhood 
(ISAAC), in USA the prevalence of childhood asthma is approximately 14% in 6–7-year 
age group and 22% in 13-14-year age group n USA (Asher et al. 2006). In Finland, the 
overall prevalence of childhood asthma is 7-9% (Lai et al. 2009, Asthma: Current Care 
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Guidelines 2012). Childhood asthma is more common among boys than girls (9.3% vs 
3.8%) (Hugg et al. 2008). 

2.3.	 The virus etiology of wheezing

As mentioned earlier, of the wheezing episodes up to 95% are triggered by viral respiratory 
infections during the first three years of life (Jartti et al. 2004, Sears et al. 2007, Jackson 
et al. 2008, Jartti et al. 2009, Marguet et al. 2009, Busse et al. 2010, Forno et al. 2012). RV 
and RSV are the most frequent and important triggers of wheezing illnesses (Kotaniemi-
Syrjänen et al. 2003, Jartti et al. 2004, Fujitsuka et al. 2011, Mansbach et al. 2012, Midulla 
et al. 2010). In recent years though, human bocavirus (HboV) has also been found to be 
an important pathogen causing respiratory infections and wheezing (Söderlund-Venermo 
et al. 2009). The other important respiratory viruses are MPV, PIV, Flu, AdV, coronavirus 
(CV) and certain enterovirus types (EV). Nowadays, the association between virus 
infections and wheezing illness is clear (Meissner et al. 2016, Gern et al. 2015). 

Table 1. Virus etiology of the first wheezing episode in hospitalized children aged under 3 years.

1st author, 
publication year N Age 

(mo) Atopy
Virus etiology (%)

RV RSV EV HboV MPV PIV Flu AdV CV >1 
virus

>2 
viruses

Bosis, 2008 85 0-12 - 4.7 74 1.2 1.2 2.5 1.2 8.2 3.5 7.1 89 18
Marguet, 2009 209 1-12 +† 27 64 4.3 – 7.7 1.9 <1 – <1 95 23
Jartti, 2009 166 3-35 + 31 47 17 23 7 6 2 5 3 93 30
Antunes, 2010 253 0-24 - 3.2 67 – 4.2 <1 8.3 2.8 10 – 78 13
Nascimento, 2010 77 0-24 +* 34 64 21 16 12 7.8 3.9 – 2.6 94 44
Calvo, 2010 370 0-24 - 17 53 1.4 3.5 11 3.2 1.4 7.6 1.1 74 21
Midulla, 2010 182 0-12 +* 8.8 41 – 12 1.7 1.7 0.7 – 0.7 57 15
Pientong, 2011 170 1-24 +* – 65 – – 3.5 – 17 – – 85 –
Flores, 2011 143 0-24 +† – 52 – – – 6.3 4.2 1.4 – 64 –
Ricart, 2012 484 0-12 + 19 43 2.2 18 3.9 4.9 3.4 7.8 3.4 85 46
N, number of patients; Mo, months; RV, rhinovirus; RSV, respiratory syncytial virus; EV, enteroviruses; MPV, 
metapneumovirus; HboV, human bocavirus 1; PIV, parainfluenzavirus; Flu, influenzavirus; AdV, adenovirus; 
CV, coronavirus. Atopy, + defined, - not defined, *family history of atopy only defined, †Personal atopy and 
family history of atopy defined. PCR was used as a method in all references. Immunofluorecent assay was 
used in articles from Antunes et al, Marguet et al, and Flores et al. Immunochromatography was used in the 
article from Ricart et al. All articles which did not include viral etiology of the first wheeze and age <36 months 
were excluded. All of the studies used bronchiolitis and wheezing for the first time as inclusion criteria except 
articles from Bosis et al and Jartti et al, which used only wheezing as an inclusion criterion. 

2.3.1.	Rhinovirus

Rhinoviruses are small, single-stranded, positive sense RNA viruses with a 7200 base pair 
(bp) genome. They belong to the Enterovirus genus in the Picornaviridae family. They 
are heterogeneous genetically and antigenetically. The first RV was discovered in 1953, 
and by 1987 RVs were classified into 100 distinct serotypes based on their antigenic 
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crossreactivity in neutralization tests (Hamparian et al. 1987). Further, full-length and 
partial genome sequencing of prototype strains and clinical isolates showed that RVs 
cluster genetically into two groups namely rhinovirus A (RV-A) and rhinovirus B (RV-
B) (Horsnell et al. 1995, Savolainen et al. 2002, Savolainen et al. 2002, Ledford et al. 
2004). For entering cells, RV-A and RV-B exploit either intercellular adhesion molecule 1 
(ICAM-1) or low-density lipoprotein receptor (LDLR) (Andries et al. 1990, Uncapher et 
al. 1991). Later, the improvement of polymerase chain reaction (PCR) method led to the 
discovery of a third RV species, rhinovirus C (RV-C) (Palmenberg et al. 2009, Simmonds 
et al. 2010, McIntyre et al. 2013). RV-C does not grow in conventional cell culture, which 
has most probably postponed its discovery until recently (Lee et al. 2007, Lau et al. 
2007, McErlean et al. 2007). Bochkov et al showed proliferation of RV-C isolates in organ 
culture of nasal epithelial cells predicting unique cell attachment cite for RV-C (Bochkov 
et al. 2011). Recently, it was also discovered that expression of human cadherin-related 
family member 3 (CDHR3) enables RV-C binding and replication in cells (Bochkov et al. 
2015). To date, altogether more than 160 RV types have been identified (Simmonds et al. 
2010, McIntyre et al. 2013, Bochkov et al. 2014).

RV has an icosahedral structure, which contains 60 structural proteins named VP1, 
VP2, VP3 and VP4 forming a viral capsid that encases the RNA genome. VP1 works as 
the site of attachment to cell surface receptors. The remaining nonstructural proteins 
are involved in viral genome replication and assembly. Of proteins, VP1, VP2 and VP3 
account for the antigenic diversity of the virus, whereas VP4 attaches the RNA core to 
the capsid. RV-A, RV-B and RV-C have a similar genomic organization. The classification 
is based on the sequence divergence (Simmonds et al. 2010, Bochkov et al. 2012, 
McIntyre et al. 2013). 

A large number of distinct RV strains circulate throughout the year (Rollinger et al. 2011, 
van der Zalm et al. 2011). Higher prevalence of RV infections has been described from 
September to November and from April to May (Rollinger et al. 2011). RV-A and RV-C are 
the principal virus types circulating among individuals which makes them more common 
than RV-B (Miller et al. 2009, Marcone et al. 2014). RV-A and RV-C typically peak during 
different seasons, which suggests that they might interfere each other’s ability to cause 
a disease or that there is cross-protection from a previous infection (Lau et al. 2009, 
Miller et al. 2013). RV diagnosis relies almost entirely on PCR-based tests because of the 
challenges of viral culture, and the limited availability of the serological and the antigen 
detection tests (Kieninger et al. 2012, Jartti et al. 2013). 

Since their discovery, RVs have been known to be the most common viruses causing 
the common cold (Andrewes et al. 1953). RVs were thought to replicate best at 33°C 
and 35°C being consistent with their role as upper airway pathogens (Stott et al. 
1972). Later, it has also been discovered that RVs frequently infect also lower airways 
thus causing infants and young children to suffer from lower respiratory infections and 
precipitating wheezing symptoms (Gern et al. 1997, Papadopoulos et al. 2000, Miller et 
al. 2007). Although lung parenchyma is at 37°C, airways are cooler and therefore the 
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temperature in medium and large-sized airways is optimal for RV replication (Gern et al. 
1997, Papadopoulos et al. 2000). RV-C seems to replicate equally well at 33 °C and 37 
°C (Ashraf et al. 2013). To support the ability to infect both upper and lower airways, RV 
has been detected in sputum and bronchial biopsy specimens of the upper airway and in 
lower airway biopsies from infants with recurrent wheezing after experimental inoculation 
(Gern et al. 1997, Papadopoulos et al. 2000, Malcolm et al. 2001, Mosser et al. 2005, 
Malmström et al. 2006). 

RV infections can cover a broad range of infections all the way from asymptomatic 
condition to a severe disease leading to hospitalization. To endorse the role in severe 
lower respiratory tract infections, RV has been found to cause symptomatic respiratory 
infections in 23 – 41% in children (Blomqvist et al. 2002, van Benten et al. 2003, Fry et al. 
2011, Marcone et al. 2013, Marcone et al. 2014). On the contrary, RV has beenfrequently 
been detected in 8 – 40% of the children’s asymptomatic infections as well (Rakes et 
al. 1999, Nokso-Koivisto et al. 2002, van Benten et al. 2003, Jartti et al. 2004, Singleton 
et al. 2010, Iwane et al. 2011). Moreover, RV has been found to be the most common 
pathogen causing wheezing among >12 months old children, whereas among children 
<12 months of age the most common pathogen is RSV (Jartti et al. 2004, Mansbach et 
al. 2008, Jartti et al. 2009, Midulla et al 2010). The prevalence of RV in the first wheezing 
episode has been shown to vary from 5% to 34% (Table 1). When the number of previous 
wheezing episodes has not been specified, the prevalence of RV infections in connection 
to wheezing has varied between 7% - 81% (Table 2). Besides the common cold and 
wheezing, RVs have been found to play a critical role in exacerbations of asthma and other 
lung disease, as well as bronchiolitis and pneumonia. 

RV has been found in bronchial biopsies of infants with recurrent respiratory symptoms 
(Malmström et al 2006). RV-induced wheezing episode is an increased risk factor for 
developing asthma and when asthma has been established, RV infections are, in children 
especially, the most common cause of acute exacerbations, especially in children 
(Jackson et al 2008, Arden et al 2010, Bizzintino et al 2011). RV-A and RV-C are the most 
common RV species in acute asthma, wheezing and lower airway illnesses (Arden et al. 
2010, Bizzintino et al. 2011, Miller et al. 2011, Lee et al. 2012, Martin et al. 2015, Fawkner-
Corbett et al. 2016, Müller et al. 2015). 

The severity of infections caused by different RV species has become of interest lately. 
RV-A and RV-C infections are more likely than RV-B infections to lead to moderate-to-
severe respiratory illnesses (Lee et al. 2012, Miller et al. 2009). RV-B has also been 
found to be associated with a lower cellular cytotoxicity and cytokine production when 
compared to RV-A or RV-C, thus indicating a less severe illness (Nakagome et al. 2014). 
Additionally, some studies have reported results signifying that RV-C are in fact more likely 
to lead to severe illness, even to hospitalization, than RV-A or RV-B infections (Linder 
et al. 2013, Cox et al. 2013). The mechanism underlying the enhanced severity of RV-C 
infection remains still unclear. 
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2.3.2.	Respiratory syncytial virus

Respiratory syncytial virus is an enveloped, negative stranded, non-segmented RNA virus, 
which belongs to the Pneumovirinae subfamily in the Paramyxoviridae family. RSV has 
two antigenic groups, RSV A and RSV B. RSV genome includes 10 genes, encoding seven 
structural and four non-structural proteins (Le Souef et al. 2009). Two viral glycoproteins, 
designated as G (large glycoprotein) and F (fusion glycoprotein), are involved in virus-host 
cell attachment and cell fusion. RSV uses Annexin II as a receptor on airway epithelial cells 
and CX3CR1 receptors for G-protein on leucocytes and immune-effector cells (Malhotra et 
al. 2003). The epidemics of RSV are seasonal. The peak epidemic occurs typically from late 
autumn or winter to early spring in the northern hemisphere (Lanari et al. 2002, Medici et 
al. 2006, Hall et al. 2009, Jackson et al. 2010). Furthermore, RSV infections are universal in 
infancy but large and small RSV epidemics occur in alternate years.

Today, RSV diagnosis mainly relies on PCR based tests, although antigen detection and 
virus cultivation are also used in clinical laboratories. Yet, the interpretation of positive 
PCR test results may be complicated due to the high sensitivity of the test, as very small 
amounts of virus RNA may not prove causality of the symptoms (Jansen et al 2010). 
On the other hand, there are case-control studies performed among asymptomatic and 
symptomatic young children that have concluded that a positive RSV PCR test result is 
almost always clinically relevant (Kumar et al. 2008, Jansen et al. 2011). RSV replicates in 
epithelial cells lining the upper airways and bronchioles, as well as in type I pneumocytes. 
RSV infection causes airway obstruction in lower airways by inducing epithelial cell 
necrosis, inflammation and mucus hypersecretion (Habibi et al. 2012). 

Respiratory syncytial virus is the most common pathogen causing severe lower 
respiratory tract illnesses leading to hospitalization during infancy, especially during the 
first 6 months of life (Mansbach et al. 2012). RSV infections are the most common 
cause of bronchiolitis during the first year of life (Hall et al. 2009). In addition, RSV 
has been detected in up to 85% of the wheezing in children (Table 2) (Mak et al. 
2011). Moreover, it has been prevalent in 41% - 74% of the first wheezing episodes 
(Table 1). Also, the RSV-induced wheezing episodes have been associated with the 
development of recurrent wheezing episodes and asthma in early childhood (Stein 
et al. 1999, Sigurs et al. 2005, Wu et al. 2008, Sigurs et al. 2010, Korppi et al. 2004, 
Hyvärinen et al. 2005). However, no link between allergic sensitization and RSV-induced 
lower respiratory infection has been found as has been found in RV associated wheezing 
episodes (Stein et al. 1999, Henderson et al. 2005). The association between recurrent 
wheezing and RSV infection is the strongest in children with severe RSV illnesses leading 
to hospitalization (Carroll et al. 2009). 

Primary RSV infection is mainly symptomatic, but the disease severity varies (Carroll 
et al. 2009, Mansbach et al 2012). Only subset of children develops severe disease 
(Malhotra et al. 2003, Medici et al. 2006, Kumar et al. 2008, Jansen et al. 2011, 
Jackson et al. 2010). In addition to the severity of different RSV seasons, a number 
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of host-related characteristics, for example prematurity, low birth weight, male sex, 
day care attendance, the number of siblings living in child’s household and tobacco 
exposure, may affect the disease severity, (Simoes et al. 2003). Furthermore, infants 
hospitalized for RSV-induced lower respiratory tract infection tend to be younger 
than those hospitalized for another respiratory virus infection (Rossi et al. 2007). 
The severity of RSV infection in young infants may be explained by the incomplete 
development of the respiratory system, small airway diameters, and the immaturity 
of the immune system for which reason the first RSV infections tends to be the most 
severe one (Murphy et al. 1986, Yamazaki et al. 1994, Delgado et al. 2009). The natural 
differences in the innate immune response has also shown to predispose children 
for severe RSV infection rather than the infection adjusting immune responses in 
childhood (Juntti et al. 2009). 

2.3.3.	Human bocavirus

Human bocavirus was discovered in 2005 in the respiratory secretions of children with 
respiratory infection (Allander et al. 2005). HBoV belongs to the Parvovirinae subfamily of 
the Parvoviridae family (Allander et al. 2005). The first new pathogen was named HBoV1, 
and later three additional types were discovered and named as HBoV2-4 (Arthur et al. 2009, 
Kapoor et al. 2009). HBoV is a single-stranded, 5200 nucleotides long DNA virus with a 
negative-polarity. HBoV genome contains three open reading frames between 5’ and 3’ 
terminus: first two encode NS1 and NP1 (nonstructural proteins) and the third the capsid 
proteins VP1 and VP2. The capsid proteins bind to surface cell receptors, transport the 
genome into the nucleus and are targets of immune response (Luo et al. 2013, Chiu et 
al. 2014, Deng et al. 2014). The infections of HBoV occur throughout the year, with peak 
epidemics appearing during winter and spring (Bastien et al. 2006, Esposito et al. 2008).

The diagnosis of HBoV is based on serology and virus detection by PCR (Söderlund-
Venermo et al. 2009, Kantola et al. 2011). For the diagnosis of primary infection, it has 
been suggested that at least two markers must be present: positive IgM, seroconversion 
or a four-fold increase of IgG titer, low IgG avidity and medium-high viral load in serum 
sample by PCR (Söderlund-Venermo et al. 2009, Kantola et al. 2011). For diagnosis of an 
acute HBoV infection, it is necessary to analyze either respiratory or stool samples as well 
as serum samples (Söderlund-Venermo et al. 2009, Don et al. 2010, Hedman et al. 2010, 
Kantola et al. 2008). As DNA virus, detection of virus in respiratory sample alone is not 
diagnostic enough of acute infections, and hence the blood sample is needed to confirm 
the acute infection (Kantola et al. 2008, Söderlund-Venermo et al. 2009, Don Pediatr et 
al 2010, Hedman et al. 2010). 

HBoV1 causes mainly upper and lower respiratory tract infection and pneumonia as 
primary infections whereas other HBoV species are found from stool samples causing 
gastroenteritis (Söderlund-Venermo et al. 2009, Don et al. 2010, Anders et al. 2015, 
Berry et al. 2015, Alam et al. 2015). The prevalence of HBoV in children’s respiratory tract 
infections has ranged from 1.5% - 27% (Bosis et al. 2008, Söderlund-Venermo et al. 2009, 
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Jartti et al. 2012). HBoV has also been recognized as a common pathogen for wheezing 
causing up to 25% of infections in children (Table 1, Table 2) (Deng et al. 2012, Meriluoto 
et al. 2012). Moreover, HBoV can also be detected from nasopharyngeal aspirates (NPA) 
of asymptomatic patients (Jartti et al. 2012). In up 44% of respiratory samples from 
asymptomatic individuals, high viral load of HboV1 has been detected (Longtin et al. 
2008, Blessing et al. 2009, Martin et al. 2010). 

2.3.4.	Other respiratory viruses

Enteroviruses
Enteroviruses belong to Picornaviridae family and are small, non-enveloped, positive-
stranded RNA viruses. Human EVs were originally classified as polioviruses (3 different 
serotypes), coxsacie A- and B-viruses, echoviruses and enteroviruses. Currently they are 
classified to EV species A-D according to their genetic relatedness. A total of 116 different 
EV types have been discovered (Knowles et al. 2012). EVs are common pathogens 
circulating world-wide and the incidence is highest during summer and in autumn 
(Byington et al. 1999, Lee et al. 2006). Currently, PCR is the most sensitive method of 
detecting EVs from clinical samples (Vuorinen et al. 2003, Rittichier et al. 2005, Benschop 
et al. 2008). EVs are transmitted through the fecal-oral and transplacental routes as well 
as by respiratory droplets (Bendig et al. 2003, Konstantinidou et al. 2007).

Enteroviruses cause both upper and lower respiratory infections and gastrointestinal 
symptoms, as well as infections of central nervous system, paralysis, hand-foot-and-
mouth disease, myocarditis, herpangina and rashes (Singer et al. 1980, Sawyer et al. 
2002, de Crom et al. 2012, Tapparel et al. 2013). EVs have also been found to cause 
bronchiolitis (8-12%), acute expiratory wheezing (25%) and asthma exacerbations 
(16%) (Andreoletti et al. 2000, Thumerelle et al. 2003, Jartti et al. 2004, Jacques et 
al. 2008). When it comes to the first wheezing episode, EV has been present in 1.2% - 
21% of the respiratory samples of the first time wheezing children (Table 1). Recently, 
it has been suggested that in susceptible individuals, enterovirus infection together 
with specific genetic host factors can trigger an insulin dependent type I diabetes in 
susceptible individuals (Tauriainen et al. 2011, Oikarinen et al. 2012, Holm-Hansen et 
al. 2016). 

Human metapneumovirus
MPV is a single-stranded negative-sense RNA virus, belonging to the family of 
Paramyxoviridae in the subfamily Pneumovirinae, genus Pneumovirus (van den Hoogen 
et al. 2001). Virus has two major antigenic groups (A and B) and four minor subgroups 
(A1, A2, B1 and B2) (Feuillet et al. 2012). MPV has been detected on all continents and 
outbreaks occur most commonly during winter and spring months (Choi et al. 2006). 
One study has reported that seasonality of MPV and RSV infections overlaps (Chan et 
al. 2007). MPV is transmitted by airborne droplets causing a respiratory infection (Kahn 
et al. 2006). PCR is most commonly used for MPV detection, because the cell culture 
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techniques are laborious and the virus grows slowly (Maertzdorf et al. 2004, Kuypers et 
al. 2005). 

MPV has been found to be a common pathogen in respiratory tract infection in infants 
and children (Jartti et al. 2002, van den Hoogen et al. 2003, Boivin et al. 2003, Freymouth 
et al. 2003, Mullins et al. 2004, Chano et al. 2005, Wiliams et al. 2005). The most common 
diagnosis of hospitalized children with MPV infection are bronchiolitis, wheezing, and 
pneumonia (García-García et al. 2006, Jartti et al. 2002, Williams et al. 2005). In wheezing 
illnesses, MPV has been detected in 1% - 31% (Camps et al 2008, Antunes et al. 2010, 
Table 1, Table 2) Upper respiratory infections, such as coryza, conjunctivitis, pharyngitis, 
and otitis media also occur in connection to MPV (Williams et al. 2006). Asymptomatic 
infections of MPV seem to be uncommon (Williams et al. 2004). 

Coronavirus
CVs are part of the Coronaviridae family. Altogether 4 different CVs are known: 229E and 
OC43 are alfa CVs and HKU1 and NL63 are beta CVs (Fouchier et al. 2004, van der Hoek 
et al. 2004, Woo et al. 2005, Esper et al. 2005,). CVs are single-stranded, enveloped RNA 
viruses. They have four structural proteins: spike, envelope, membrane and nucleocapsid 
proteins. CVs can be found worldwide, epidemics peaking mainly in winter (Chiu et al. 2005, 
Sloots et al. 2006, Gerna et al. 2006, Esposito et al. 2006). CVs are recognized as viruses 
most often responsible for upper and mild respiratory tract infections, for example common 
cold and tonsillitis (Esper et al. 2005, Fouchier et al. 2004). They have also been detected 
in connection to wheezing, bronchiolitis and pneumonia (Jartti et al. 2004, van Elden et al. 
2004, Woo et al. 2005, Talbot et al. 2009). CVs have been found in 1% - 13% of children 
with early wheezing episodes (Marguet et al. 2009, Bisgaard et al. 2010, Table 1, Table 2).

Influenza viruses
Influenza viruses are negative-stranded, enveloped RNA viruses belonging to 
Orthomyxoviridae family. They are classified in influenza A, B and C viruses. Influenza A 
viruses are further subtyped based on the antigeninicity of hemagglutinin (HA) and 
neuraminidase (NA) glycoproteins located on the external layer of the virus. Influenza A 
is causing the majority of the seasonal epidemics as well asbeing able to cause pandemics. 
Compared to Influenza A and B, influenza C has minor relevance, is studied less, and is 
causing only small epidemics with mild symptoms, although, in children it has been shown to 
have similar clinical presentation as influenza A and B (Matsuzaki et al. 2006). The genome 
of influenza A and B viruses includes 8 negative-stranded RNA segments. The role of each 
segment is to code one or two proteins with the total of 10 and 11 different proteins in 
influenza A and B viruses. The proteins act as structural proteins or they have different 
roles in viral replication. Influenza infections cause a substantial number of hospitalizations 
each year (Yu et al. 2014, Heikkinen et al. 2016). Nowadays, the diagnosis of influenza 
infections is based on reverse transcriptase (RT) – PCR and/or antigen detection. However, 
the antigen tests have poorer sensitivity than (RT) – PCR and viral culture (Weinberg et al. 
2004). Before, the golden standard for diagnosis was viral culture.
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Non-complicated influenza infection is characterized by respiratory symptoms, for example 
cough, rhinitis, pharyngitis, fever, myalgia, and headache (Cox et al. 1999, Heinonen et 
al. 2012). Fever has been shown to be the most common symptom (Silvennoinen et al. 
2009). The degree of fever correlates positively with the viral load, as well as, nasal and 
plasma IL-6 levels (Kaiser et al. 2001). In wheezing illnesses, the prevalence of influenza 
virus infection has varied between 2 – 17% (Pientong et al. 2011, Calvo et al. 2010, Table 
1, Table 2). The most typical complications of an influenza infection are pneumonia, 
acute otitis media, and laryngitis; however, the complications outside of the respiratory 
symptoms are rare (Winther et al. 2010, Ruuskanen et al. 2011, Kuiken and Taubenberger 
et al. 2008, Peltola et al. 2002). 

Parainfluenzaviruses
PIVs belong to the Paramyxoviridea family, Paramyxovirinae subfamily, genus Rubulavirus. 
They are enveloped, single-stranded, negative-sense RNA viruses and classified into 
subtypes 1 – 4 (Hall et al. 2001). The PIV4 is further divided into A and B subtypes on the 
basis of their antigenic differences (Canchola et al. 1964). Seasonalities of different PIVs 
differ. PIV 1 typically occurs every 2 years, peaking in the autumn. PIV 3 causes infections 
annually in spring-summer time. Seasonality of parainfluenza type 2 is somewhat erratic. 
Seasonality of PIV4 infections is difficult to define, because these infections are only 
seldom diagnosed (Hall et al. 2001). The fastest and most sensitive ways for PIV diagnosis 
are antigen tests and PCR methods (Aquilar et al. 2000, Kuypers et al. 2006). The most 
common illnesses caused by PIV infection are upper respiratory tract infections, lower 
respiratory tract infections, pneumonia, and bronchiolitis. The PIVs have been detected in 
1-30% of children with bronchiolitis, in 28% of children with pneumonia, 15% of children 
with upper respiratory tract infection and up to 14% in early wheezing (Kotaniemi-
Syrjänen et al. 2003, Weinberger et al. 2012, Nascimento et al. 2010). 

Adenoviruses
AdVs are non-enveloped, double-stranded linear DNA viruses that belong to the 
Adenoviridae family, Mastadenovirus genus. There are known at least 68 known virus 
types which are classified into seven species (A-G) according to their biophysical, 
biochemical and genetic characteristics (Harrach et al. 2011). The species correlate with 
antigenecity, epidemiologic characteristics, clinical manifestations of infection, and also 
correlate to some antivirals like cidofovir and ganciclovir (Morfin et al. 2009, Lion et al. 
2014,). There is no peak season for AdV infections, for they occur evenly worldwide 
year-round. Earlier studies have frequently shown that recombination can occur between 
the members of the same species and different AdV species (Lukashev et al. 2008). This 
means that certain new types of AdVs may have different pathogenicity than old types as 
well as strong potential towards causing epidemic outbreaks. AdV plays an important role 
in upper and lower respiratory tract infections. In early wheezing episodes, AdV has been 
present from 1% to 29% of children (CAmara et al. 2004, Chung et al. 2008). In a recent 
study AdV was shown to most commonly cause recurrent wheezing which occures in 
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52% of the children < 14 years with an AdV-induced respiratory tract disease (Calvo et al. 
2015). Most common illnesses caused by AdV infections are tonsillitis and bronchitis (Lin 
et al. 2015). Besides respiratory tract infections, AdVs type 40 and 41 typically viruses 
cause gastroenteritis through fecal-oral route (Khoshdel et al. 2015). 

2.3.5.	Coinfections

The development of molecular diagnostic techniques has improved the identification of 
different pathogens and led to the detection of more than one pathogen in a sample. In 
the first wheezing episode, virus coinfections have been shown to occur in 13 – 46 % of the 
cases (Table 1, Jartti et al. 2009, Nascimento et al. 2009). However, one study has found 
as high as 51% coinfection rate among wheezing children aged <24 months (Miron et al. 
2010). In children with lower respiratory tract infection, coinfections with two or more 
viruses have been found in 45% of the children (Cebey-Lopez et al. 2015). Earlier studies 
have shown that virus coinfections are especially common in children aged 12-24 months, 
which might be explained by a slower viral clearance after the primary infection due to an 
immature immune system (van der Zalm et al. 2009, Huijskens et al. 2012, Cebey-Lopez et 
al. 2015). By using PCR, as many as four different respiratory viruses have been detected 
simultaneously in one sample. This makes the clinical interpretation of the results difficult, 
since the presence of the viral nucleic acids in the sample may be originated from an on-
going, past or up-coming infection (Brand et al. 2012). On the other hand, as recently 
has been shown to happen between HBoV and RV, the virus–virus cross talk may also 
modulate the immune responses of the viruses (Lukkarinen et al. 2014). In addition, the 
viral interference has also been observed between RV and RSV (Wisdom et al. 2009).

Some viruses occur more ofte than others in coinfections. RSV and RV have been found 
frequently in coinfections in wheezing and there is evidence that coinfection with RV 
and RSV can lead to particularly severe illness (Papadopoulos et al. 2002, Marguet et al. 
2009, Garcia-Garcia et al. 2006). Recently found HBoV has also commonly been detected 
in coinfections. Even up to 88% of the HBoV positive samples have been coinfections 
with another virus (Brieu et al. 2008, Allander et al. 2007, Schildgen et al. 2008). This 
might be due to a prolonged shedding without being the causative agent of primary 
infection. It has been suggested that RV coinfection may increase the risk of recurrent 
wheezing, however, RV infection alone is the most significant risk factor for recurrent 
wheezing (Jackson et al. 2008, Jartti et al. 2008). The impact of coinfections on illness 
severity is varying. There are studies that have shown coinfections to be associated 
with severity of wheezing illness and respiratory tract infection (Papadopoulos et al. 
2002, Lemanske et al. 2005, Cilla et al. 2008, Esposito et al. 2008). Yoshida et al have 
shown that virus coinfections also increase the risk for lower respiratory tract infection 
(Yoshida et al. 2013). One earlier study has shown that risk for hospitalization is also 
increased (Kouni et al. 2012). On the contrary, few recent studies have shown that 
coinfections are associated with children having a lower respiratory infection (Aberle 
et al. 2005, Mansbach et al. 2008, Brand et al. 2012). 
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Table 2. Virus etiology of acute wheezing or wheezing/bronchiolitis in children aged less than 3 years. 

1st author,
publication year N Age 

(mo) Atopy
Virus etiology (%)

RV RSV EV HBoV MPV PIV Flu AdV CV ≥1 
virus

≥2 
viruses

Rakes, 1999 22 0-24 - 50 83 5.5 - - - - - - 81 -
Papadopoulos, 
2002 118 0-18 - 21 53 - - - 2.5 2.5 7.6 2.5 73 14

Kotaniemi-
Syrjänen, 2003 81 1-23 - 33 26 12 - - 14 - 6.2 - 73 15

Heymann, 2004 79 0-36 -† 33 46 1.3 - - 13 19 7.6 5.0 84 29
Camara, 2004 74 0-24 +† 20 39 - - - - - 29 4.1 61 6.8
Bouschambert-
Duchamp, 2005 94 0-24 -* 31 51 3 9 - 4.5 1.5 - - 72 33

Kusel, 2007 236 0-12 +† 69 46 16 - 1.4 - 8.1 4.1 2.7 69 2.7
Jackson, 2008 442 0-36 +† 48 21 2 - 7 12 4 4 5 90 11
Camps, 2008 74 0-12 -* 81 28 - 9.5 31 - 2.7 2.7 1.4 81 15
Chung, 2008 308 0-24 - - 36 5.8 12 6.2 1.3 <1 <1 63 2.6
Jaques, 2008 192 0-36 - 24 31 9 4 12 2 6 1.5 - 72 5.2
Helminen, 2008 139 0-6 - 6.5 70 - 1.4 - - 4.3 <1 - 87 4.3
Bisgaard, 2010 481 0-36 - - 17 3.7 8.3 8.1 6.4 1 13 65 18
Miron, 2010 465 0-24 - 28 76 - 5.4 6.7 - 2.8 2 - 91 51
Laham, 2010 98 0-24 -* 19 66 - - - - - - - 84 16
Smuts, 2011 163 0-24 - 56 - - 4.9 3.7 - - - 2 66 9.2
Fujitsuka, 2011 115 0-36 - 43 53 - <1 - <1 - - - 86 18
Brand, 2011 142 0-24 +† 30 73 7.0 6.3 4.2 4.2 4.9 9.2 5.6 56 41
Kim, 2015 70 0-24 - 17 56 - - 20 11 5.7 1.4 2.9 100 13
N, number of patients; Mo, months; RV, rhinovirus; RSV, respiratory syncytial virus; EV, enterovirus; MPV, 
metapenumovirus; HBoV, human bocavirus; PIV, parainfluenzavirus; Flu, influenzavirus; AdV, adenovirus; CV, 
coronavirus. Atopy, + defined, - not defined, *family history of atopy only defined, †Personal atopy and family 
history of atopy defined. Search terms ”wheeze”, ”wheezing” or ”bronchiolitis” and virus. Search criteria: 
bronchiolitis or wheezing, major studies were included, the amount of wheezing episode was not specified. 
Limits published in English, from year 1993 (Hits 1696). 

2.4.	 Pathogenesis of rhinovirus

RV-A and RV-B replicate mostly in airway epithelial cells, however, the replication of RV 
RV-A and RV-B has also been found tot ake place in the middle ear and sinuses (Arruda et 
al. 1995, Bochkov et al. 2011). However, RV-C replication in sinus tissue has been limited 
to the epithelium but RV-C has been able to grow in cultures of epithelial cells isolated 
from airway tissue that have been re-differentiated under air-liquid interface conditions 
(Hao et al. 2012, Ashraf et al. 2013, Bochkov et al. 2011). In contrast to the majority 
of respiratory viruses, the exposure of airway epithelial cells to RV normally induces a 
virus-specific cytopathic effect rather than a cytotoxic effect which increases levels of 
interleukins (IL) (Papadopoulos et al. 2000). 

RV deposits nasal or conjunctiva mucosa and is transported to posterior nasopharynx 
by mucociliary action of epithelial cells (Harris 1996). When RV is attached to the cell 
surface receptors (ICAM-I, LDLR, CDHR3), it is internalized into an endosome. The 
subsequent drop in pH causes the virus’s positive-sense strand of RNA to uncoat. Virus 
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RNA is then released to the cytoplasm which leads to the translation of viral proteins. The 
replication of viral RNA forms negative-sense complementary strands that allow for the 
transcription of mRNA-like positive strands and an assembly of new viral particles. The new 
virus particles are released through epithelial cell lysis for which reason the viral particles 
shed into the neighboring cells (Jacobs et al. 2013). Uncoated viral RNA is recognized by 
toll-like receptor 3 (TLR3) and toll-like receptor 7/8 (TLR7/8). RV infection enhances the 
expression of TLR3, which increases the IL-8 production (Figure 1) (Hewson et al. 2005). 
At the same time, the activation of TLR3 leads to the induction of a retinoic acid inducible 
gene 1 protein (RIG-I) and a melanoma differentiation-associated gene 5 (MDA-5) which 
upregulate the innate IFN responses to the RV infection as well as increase the production 
of T cell and neutrophil cytokines, including the regulated, normal T cell expressed, 
and secreted (RANTES) (Slater et al. 2010, Triantafilou et al. 2011). RIG-I and MDA-5 
recognize the newly synthetized viral RNA in the cytoplasm. The double-stranded RNA 
produced during viral replication activates TLR3 on the endosomal membrane, which 
ultimately induces the nuclear factor κB (NF-κB). The sum result of the activation of the 
RNA sensing proteins is the production of IFNs and other effector molecules with antiviral 
properties as defense mechanism towards infection (Papadopoulos et al. 2004). 
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Figure 1. Pathogenesis of rhinovirus infections. RV RNA is recognized by Toll-like receptor (TLR)-
3 in airway epithelial cells. This upregulates the retinoic acid-inducible gene (RIG-I), melanoma-
associated gene (MDA)-5 and other pattern recognition receptors. Following infection induces the 
production of a variety of cytokines and chemokines. These recruit and activate inflammatory and 
immune-effector cells. Basophils, T- and B-cells, NK cells eosinophils, dendritic cells, neutrophils, 
monocytes and macrophages. IL, interleukin; IFN, interferon; MIP, macrophage inflammatory 
protein; TNF, tumour necrosis factor; GM-CSF, granulocyte-macrophage colony-stimulating 
factor; RANTES, regulated on activation normal T-cells expressed and secreted (Modified from 
Rossi et al. 2013).
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RV-infected epithelial cells secrete a variety of acute phase cytokines (TNF-α, IL-6), 
chemokines (IL-8, RANTES, macrophage inflammatory protein 1α (MIP-1α), and 
interferon-gamma induced protein 10 (IP-10)) and growth factors. These initiate the 
respiratory tract inflammatory response, and recruit and activate cellular inflammatory 
responses to infection presenting with clinical symptoms (Figure 1) (Nurani et al. 2003, 
Gern et al. 2003, Korpi-Steiner et al. 2006, Proud et al. 2008, Lau et al. 2008, Wang et 
al. 2009). The production of growth factors in epithelial cells infected by RV supports 
the role of RV in airway remodeling which is typical for asthma (Leigh et al. 2008). 
Furthermore, RV has developed a mechanism in order to inhibit antiviral responses by 
cleaving proteins such as RIG-I and IPS-1, which are involved in virus recognition pathways 
(Barral et al. 2009, Drahos et al. 2009). However, the specific mechanism is still unclear 
whether RVs act directly in the pathogenesis of asthma by triggering the destroying 
inflammatory responses or if they act as a catalyst in stimulating the disease in the 
genetically predisposed individuals. 

2.5.	 The risk factors for recurrent wheezing and asthma

It has been stated that half of the infants hospitalized for wheezing go on to develop 
recurrent wheezing. This has led to a speculation that early viral respiratory illnesses 
promote asthma (Piippo-Savolainen et al. 2007, Gern et al. 2010), which is a reasonable 
hypothesis because lungs and immune system are developing and vulnerable during 
infancy (Gern et al. 2005). Several studies have shown that RV-induced wheezing, family 
history of asthma or allergy, allergic sensitization, decreased IFN responses and genetic 
predisposition are risk factors for recurrent wheezing and asthma. Early-life aeroallergen 
sensitization and viral wheezing illnesses are independent and synergistic risk factors for 
asthma inception. 

2.5.1.	Virus etiology

RV-induced wheezing has been concluded to be a risk factor for recurrent wheezing and 
subsequent asthma (Kotaniemi-Syrjänen et al. 2003, Hyvärinen et al. 2005, Matricardi et 
al. 2008, Kusel et al. 2012, Midulla et al. 2012, Jackson et al. 2008, Jackson et al. 2012, 
Lukkarinen et al. 2013). In a high-risk cohort study an RV-induced wheezing episode 
was markedly associated with increased incidence of wheezing at the age of three years 
(OR 10, 95% CI 4.7, 23) (Lemanske et al. 2005). In this same outpatient cohort, infants 
with moderate-to-severe RV-induced wheezing were 3 times more likely to experience 
wheezing during the third year when compared to infants who suffered from RSV-induced 
wheezing (Lemanske et al. 2005). According to Childhood Origins of Asthma (COAST) 
high risk birth cohort study, RV-induced wheezing illness during the first three years of 
life was significantly associated with the development of asthma at age 6 (OR 9.8, 95% CI 
4.3, 22) (Jackson et al. 2008). Australian birth cohort study of outpatient children has 
shown that wheezing caused by either RSV or RV was associated with asthma at the age 
5 (Kusel et al. 2007). Interestingly though, this could only be seen in children who had 
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developed allergic sensitization by the age of 2 years. According to Tucson birth cohort 
study, children who experienced a RSV-induced lower respiratory tract infection during 
the first year of their life were 4- and 2- times more likely to have frequent wheezing at the 
age of 6 and 11 than infection caused by other respiratory viruses (Stein et al. 1999). A 
prospective controlled study from Sweden showed that RSV bronchiolitis was associated 
with asthma at the age of 7. However, the RV etiology was not investigated within this 
study (Sigurs et al. 2000). Also in hospitalized cohorts, RV seems to be an early sign 
of asthma in atopic asthma-prone children by inducing expiratory wheezing (Kotaniemi-
Syrjänen et al. 2003, Lehtinen et al. 2007, Lukkarinen et al. 2015). Even though RV has 
been demonstrated to be an important risk factor for recurrent wheezing, a recent high 
risk birth cohort, namely Copenhagen Prospective Studies of Asthma in Childhood2000 
(COPSAC2000), showed that the number of wheezing illnesses during the first year of life 
was associated with asthma development independent of virus etiology (Bønnelykke et 
al. 2015). 

RV-associated asthma risk has been explained by an increased susceptibility to lower 
airway RV infection in children with pronounced atopic characteristics (allergen specific 
IgE sensitization, blood eosinophilia, eczema, maternal atopic eczema, and increased IL-4, 
-5, and -13 responses in airway seceretions), damaged airway epithelium, decreased IFN 
α/β/γ/λ and IL-10 responses in airway secretions and genetic factors (Papadopoulos et al. 
2002, Wark et al. 2005, Contoli et al. 2006, Johston et al. 2007, Holt et al. 2012). Since 
aeroallergen sensitization develops slowly, it thereby decreases its value for asthma risk 
indices and calls for better early risk factors such as RV infections (Illi et al. 2006, Jackson 
et al. 2009, Jartti et al. 2009). RSV-bronchiolitis has also been shown to be a risk factor 
for childhood asthma (OR 2.5) (Henderson et al. 2005, Gern et al. 2009). However, 
wheezing caused by RV is a stronger predictor of recurrent wheezing and asthma than 
wheezing caused by RSV. COAST study showed that RSV was associated with increased 
risk of asthma at the age of 6 compared to non-RSV (OR 2.6, 95% CI 1.0, 6.3), and RV 
together with RSV (OR 10, 95% CI 4.5, 22.2) increased the risk (Jackson et al. 2008). An 
Australian study showed that RSV and RV coinfection during the first year of life was a risk 
factor for a recurrent wheezing at the age of 5 (Kusel et al. 2007). The risk for asthma is 
further increased by allergic sensitization (Kusel et al. 2007, Holt et al. 2011). 

2.5.2.	Atopic characteristics

Atopic illnesses in early life and viral triggers, especially RV, are true asthma risk factors 
and the interaction between allergic sensitization and virus infections is possibly involved 
(Illi et al. 2006, Matricardi et al. 2008, Holt et al. 2011, Durrani et al. 2012, Jackson et 
al. 2012, Jackson et al. 2016). Several studies have addressed that allergies and asthma 
may be associated with more-severe viral respiratory illnesses and impaired antiviral 
responses. It has been shown that children with atopic features are prone to develop 
additional wheezing episodes. Atopy is one of the strongest risk factors for developing 
childhood asthma after virus-induced wheezing episodes in infancy (OR 4.6) (Martinez et 
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al. 1995, Sly et al. 2008). Moreover, both food and aeroallergen sensitizations are major 
risk factors of asthma, and their early appearance serves as a feasible tool in predicting 
asthma in young wheezing children (Kusel et al. 2007, Nissen et al. 2013, Chiu et al. 2014, 
Lukkarinen et al. 2015). 

The COAST study has shown the causality of an early-life aeroallergen sensitization 
preceding an RV illness and asthma (Jackson et al. 2008, Jackson et al. 2012). The COAST 
study presented the synergistic effect of allergic inflammation and RV infection. The study 
showed that the children who has the greatest risk for asthma inception were those who 
had suffered from aeroallergen sensitization (OR 3.6) and RV-induced wheezing (OR 
2.8) during the first 3 years of their life (Jackson et al. 2008). There is also evidence that 
early life allergic sensitization has its strongest effect on recurrent wheezing and asthma if 
the process occurs during the first few years of the child’s life (Kusel et al. 2007, Sly et al. 
2008, Simpson et al. 2010, Stoltz et al. 2013). Children with RV infections both sensitized 
and exposed to aeroallergens are the most prone to have recurrent wheezing and asthma 
exacerbations (Heymann et al. 2004, Soto-Quiros et al. 2012). However, RV-induced 
wheezing does not increase the risk for subsequent allergic sensitization but the early 
appearance of both food and aeroallergen sensitization is high in asthma prone children 
(Kusel et al. 2007, Jackson et al. 2012, van der Gugten et al. 2013). Allergic inflammation 
in the airways lead to impaired barrier function, increased airway responsiveness and 
enhanced mucous production (Kloepfer et al. 2010). In relation to this, allergic asthma 
has been associated with deficient innate immune responses to RV (Figure 2) (Wark et 
al. 2005, Contoli et al. 2006, Durrani et al. 2012, Sykes et al. 2012, Baraldo et al. 2012).

As a mechanism for synergistic effect of allergic sensitization and virus infection, it has been 
proposed that allergens could damage the air epithelium and enhance the absorption of 
virus replication, thus increasing the susceptibility to inflammation which in turn may lead 
to a severe infection (Lopez-Souza et al. 2004, Jakiela et al. 2008, Lachowicz-Scroggins et 
al. 2010). Also, RV infection stimulates cytokines, for example TLR3 dependent secretion 
of thymic stromal lymphopoietin (TSLP), that enhance allergic inflammation (Kato et 
al. 2007). This leads to the counteraction of Th1 (IFN-γ and IL-10) and Th2 cytokines 
(IL-4, IL-5, IL-13), which may explain the tendency for RV infection in allergen sensitized 
children. Hence, the allergic sensitization upregulates Th2-type cytokines, which increases 
the expression of ICAM-1 favoring the RV infection (Figure 2) (Martinez et al. 1995, Sigurs 
et al. 2000). The RV infection then further embellishes the ICAM-1 expression amplifying 
the inflammatory response to allergens (Sethi et al. 1997, Papi et al. 1999). A vicious 
circle of events is thus created. It may modify the host antimicrobial defence and weaken 
the ability to fight against virus infections via immune alteration (Xatzipsalti et al. 2008). 
Moreover, RV infections and allergens have been found to enhance the airway epithelial cell 
production of IL-33, which also promotes type 2 airway inflammation and compresses the 
induction of Th1 cytokines (Message et al. 2008, Mehta et al. 2016). IL-33 polymorphism 
has been linked to the intermediate and late-onset wheezing and allergic sensitization 
(Savenije et al. 2014). There is also evidence that allergic sensitization directly impairs 
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antiviral responses, as virus-induced type I and III IFN (IFN-β and –λ) production from 
plasmacytoid dendritic cell from patients with allergic asthma is impaired by cross linking 
of the high affinity IgE receptor FceRI (Gill et al. 2010, Durrani et al. 2012). The impaired 
pDC IFN production may also lead to an enhanced Th2 inflammatory response in the 
airways (Huber et al. 2010, Pritchard et al. 2012). 

In addition to allergic sensitization, the presence of eosinophilic inflammation together with 
RV infection has been identified as a risk factor for acute wheezing episodes (Heymann 
et al. 2004, Soto-Quiros et al. 2012, Midulla et al. 2014). Midulla et al showed that blood 
eosinophilia together with RV infection associated with recurrent wheezing (Midulla et 
al. 2014). Furthermore, it has also been found to be associated with the persistence of 
asthma (Hyvärinen et al. 2010). Eczema is the earliest manifestation of atopic illness 
followed by food allergy, wheezing/asthma and allergic rhinitis. A meta-analysis of four 
birth cohorts and nine eczema cohorts have shown OR 2.1 for the risk of asthma after 
eczema (van der Hulst et al. 2007). It has been also shown that maternal atopic asthma 
is a risk factor for RV-induced but not for RSV-induced wheezing (Carroll et al. 2012).

Bronchial epithelial cell
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Figure 2. Factors contributing to the illness severity of RV infection in allergic subjects. BEC, 
bronchial epithelial cell; IL, interleukin; IFN, interferon (Modified from Rossi et al. 2013).

2.5.3.	Changes in immune responses

Impaired innate immune response of the asthmatic airway epithelium is a result of 
deficiencies in antiviral response of both epithelial and immune cells. Deficiencies in 
innate and adaptive immunity are likely to increase the risk of viral lower respiratory tract 
infection especially in children with high risk for asthma and allergies (Tulic et al. 2007). 
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RV infections have shown to stimulate TLR3- dependent secretion of thymic stromal 
lymphpoietin (TSLP), a cytokine that can enhance allergic inflammation (Figure 2). There 
is also evidence that RV replication is enhanced in mucus-secreting goblet cells, which 
are present in greater numbers in the airways of individuals with asthma than in healthy 
persons (Lachowicz-Scroggins et al. 2010). Furthermore, weak blood cell IFN responses 
at the time of birth has been demonstrated to be a risk factor for more severe respiratory 
illnesses, including wheezing i (Copenhaver et al. 2004, Gern et al. 2006). The decreased 
IFN expression is associated with airway inflammation caused by RV which leads to slow 
viral clearence, improved virus replication and more severe airway inflammation (Contoli 
et al. 2006, Busse et al. 2010).

Severe RV infections has been associated with low IFN-γ levels (Aberle et al. 2004). 
RV is endocytosed by epithelial cells and is recognized primarily by TLR3 in early 
infection and by RIG-I and MDA-5 in later infection following upregulation of pattern 
recognition receptors (PRR), and further increasing RV replication and reducing the 
induction of IFN-λ (Wang et al. 2009, Holgate et al. 2011). It has been shown that in 
connection to RV infection, asthmatic patients develop less INF-β and –λ than non-
asthmatic patients, which makes asthmatic patients more susceptible to infection 
facilitating viral replication as well as slower to clear the infection (Wark et al. 2005, 
Contoli et al. 2006). It has also been reported that RV has enhanced a deficient INF-λ 
production in asthmatic primary bronchial epithelial cells which brings forth the 
possibility of asthma being associated with a global defect in IFN production (Figure 
2) (Contoli et al. 2006, Wark et al. 2005). Baraldo et al showed that the production 
of IFN-λ and IFN-β is impaired in RV infections independent of atopic status or asthma 
(Baraldo et al. 2012). Furthermore, decreased IFN-α and IFN-β production has been 
shown to also in connection to RV-induced wheezing (Figure 2) (Sykes et al. 2012). It 
has also been demonstrated that Th1 responses (production of IFN-λ and IL-10) are 
associated with fewer respiratory symptoms, whereas Th2 responses, such as IL-4, IL-
5, and IL-13, are associated with an increase of respiratory symptoms in RV-induced 
lower respiratory illness (Message et al. 2008). This implicates that in connection to 
RV infection, Th2 immune responses are increased, whereas Th1 immune responses 
are decreased, thus shifting the balance of Th1/Th2 toward Th2. This in turn may lead 
to disrupted pulmonary functions, postnatal lung growth, and persistent asthma as 
the end result. 

The association between RV wheeze and pre-existing, partly atopy related, inflammation 
in the airways is also supported by the efficacy of prednisolone in the treatment of 
early wheezing (Lehtinen et al. 2007, Lukkarinen et al. 2013). In asthmatic patients, the 
epithelium is exhibited with cellular damage. Broken epithelial cell surface has also shown 
to associate with a higher level of RV replication than intact cell surfaces, which may have 
an effect on illness severity (Jakiela et al. 2008). One study discovered that RV infection 
reduced the self-repairing capacities of bronchial epithelial cells in culture models of 
epithelial damage (Bossios et al. 2005).
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2.5.4.	Genetics

An intriguing gene-environment interaction related to asthma inception and early life RV 
infection was recently defined. Namely, it was shown shown that variants in the 17q21 
locus of GSDMB and ORMDL3 genes are closely associated with RV-induced wheezing 
and subsequent asthma specifically in children who developed wheezing illnesses in 
connection to RV infections during early life (Caliskan et al. 2013). The effect of this 
genetic variant has been found to be larger in children exposed to environmental tobacco 
smoke suggesting gene-by-environment interaction (Bouzigon et al. 2008). Moreover, 
CDHR3 has been demonstrated to be a susceptible gene for wheezing illnesses and 
hospitalizations in children with asthma (Bonnelykke et al. 2014). As mentioned earlier, 
CDHR3 is also associated with increased RV-C binding and replication (Bochkov et al. 
2015). Furthermore, maternal asthma has been associated with RV caused wheezing 
(Carroll et al. 2012). 

2.5.5.	Exposure to smoking

Parental smoking has been associated with poorer lung function and an increased risk for 
asthma in asthmatic children (Cook et al. 1998, Spanier et al. 2006). Children suffering 
from wheezing have also been shown to have poorer lung function and modified bronchial 
inflammation when maternal smoking was present (Kalliola et al. 2013). Furthermore, 
cigarette smoke extract in the epithelial cells suppresses RV-induced expression of a 
substantial number of epithelial cells that plays a role in direct host antiviral defence as well 
as molecules involved in innate immune responses that contribute to antiviral immunity 
(Proud et al. 2012). 

2.5.6.	Lung function

Research has revealed that by school-age the lung function of children with persistent 
wheezing has diminished (Morgan et al. 2005). Studies on lung function identify preschool 
years as the critical window for intervention in order to prevent loss of function of the 
lung over time. Low lung function may work as a risk factor for wheezing. RV-induced 
wheezing is associated with deficient immune responses, which may lead to lower lung 
function by increasing bronchial responsiveness (Wark et al. 2005, Contoli et al. 2006, 
Malmström et al. 2006). It has been discovered that young wheezing children have an 
increased number of proinflammatory cells in bronchoalveolar lavage (BAL) (Krawiec et 
al. 2001). Another study showed by the age of 3, children with recurrent wheezing had 
developed a reticular basement membrane thickening and an eosinophilic inflammation, 
both common features of childhood asthma (Saglani et al. 2007). Illi et al have concluded 
that there is an association between reduced lung function and children with early allergic 
sensitization and allergen exposure (Illi et al. 2006). Children with RV-related wheezing 
before the age of three have been shown to more likely suffer from reduced lung function 
by school age than children whose wheeze is caused by RSV or any other virus (Guilbert 
et al. 2011). Earlier findings have suggested that children who have bronchiolitis and 
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subsequent wheezing illnesses are genetically predisposed to also have diminished lung 
function (Young et al. 1995, Turner et al. 2002). One study showed that the increased 
total lung resistance measured at the age of 2 months was associated with subsequent 
RV-induced wheezing (van der Zalm et al. 2011). 

2.6.	 Diagnosis of wheezing illnesses

2.6.1.	Clinical diagnosis

Wheezing is a clinical diagnosis based on symptoms and signs. It is based on the pulmonary 
auscultation findings. High-pitched whistling sound can be heard in expiration, and 
sometimes also in inspiration. The work of breathing is increased, and subcostal, intercostal 
and supraclavicular recessions may be seen (Lakhanpaul et al. 2009). In addition to lung 
auscultation, oxygen saturation is commonly used to predict the need for supplementary 
oxygen. Low oxygen saturation levels (<92%) predict a more severe disease and longer 
length of stay than high oxygen saturation levels (Pruikkonen et al. 2014). Fever may 
be present, but high fever (≥39 °C) is not common (Scottish Intercollegiate Guidelines 
Network 2014). Rhinorrhoea preexists the onset of other symptoms, for example 
tachypnea, cough, and respiratory distress (Fitzgerald et al. 2004, Rakshi et al. 1994). 
Dry cough and increased respiratory rate are typical in wheezing and might be the earliest 
symptoms. Chest radiography is needed if the course of disease is atypical, there is no 
response to treatment, or there is diagnostic uncertainty. 

The clinical history of the patient is important because a history of eczema and rhinitis as 
atopic conditions increases the probability of asthma. A raised specific immunoglobulin 
E (IgE) to wheat, egg, inhalent allergens such as house dust mite and cat dander predict 
later childhood asthma (Sears et al. 1989, Kotaniemi-Syrjänen et al. 2003). Positive skin 
prick tests and raised blood eosinophil count are related to the severity of current asthma 
and its persistence through childhood. Information concerning family history regarding 
atopy indicates the risk for recurrent wheezing. Maternal atopy is a strong risk factor for 
the onset of childhood asthma and recurrent wheezing (Martinez et al.1995, Rona et al. 
1997, Tariq et al. 1998, Rusconi et al. 1999). Abnormal lung function is always examined 
when the test can be performed, since abnormal lung function detected by spirometry or 
bronchial hyperresponsiveness, and an increased airway responsiveness during childhood 
are associated with recurrent wheezing (Toelle et al. 2004). 

2.6.2.	Laboratory tests and rhinovirus diagnostics

From blood samples, C-reactive protein, leukocyte level and blood gas analyses are not 
routine practice but may be measured for differential diagnosis and for prediction of illness 
severity in wheezing illnesses (Scottish Intercollegiate Guidelines Network 2006). Virus 
specific diagnosis is not routinely performed except the rapid RSV test which is used to 
allocate patients into cohorts in hospitals and guiding isolation during epidemic in Finland. 
However, depending on country, some clinics use full respiratory virus panel including RV, 
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RSV, Flu, PIV, MPV, Mycoplasma, AdV for children seen in emergency clinic or admitted 
to the ward. For studying the upper respiratory tract infections, nasopharyngeal swabs 
or aspirates are preferred (Tapiainen et al. 2016). The virus etiology is more thoroughly 
analyzed when the patient is severely ill and intensive care unit treatment is needed 
(Tapiainen et al. 2016). 

The first PCR-based assays able to detect RV in respiratory samples were reported in 
the late 1980s. The detection of virus genome without virus cultivation resulted into an 
the increase of the RV detection rate. The new method also enabled the identification 
of virus types and discovery of new virus types. Currently, PCR is the method of choice 
in diagnosing entero- and RVs. PCR primers designed for the conserved 5’ untranslated 
region of the virus genome enables the detection of virtually all entero- and rinovirus 
strains (Hyypiä et al. 1989, Torgersen et al. 1989, Gama et al. 1988, Lönnrot et al. 1999, 
Kares et al. 2004). 

Since the discovery of diagnostic picornavirus RT-PCR tests various applications have 
been published (Lönnrot et al. 1999, Volle et al. 2012, Kares et al. 2004). A common 
method for differentiating RVs and EVs is to use virus-spesific probes or primers 
(Kares et al. 2004, Tapparel et al. 2009, Lönnrot et al. 1999). Virus identification is 
also possible by for example melting curve analysis, sequencing or mass spectrometry 
(Österback et al. 2012, Piralla et al. 2009). Since it has been reported that higher RV 
loads correlate with symptomatic disease (Gerna et al. 2009, Utokaparch et al. 2011). 
Therefore, the use of quantitative RT-PCR assays may help in the interpretation of the 
clinical significance of the PCR positive results. However, the collection of samples 
and method used should be standardized. No commercial quantitative PCR assays are 
available at the moment. 

Currently, the sequencing of 5’ NCR is commonly used in RV diagnostics. However, a 
capsid protein sequence is needed in order to determine the genetic type of RV strains 
(Savolainen-Kopra et al. 2009, McIntyre et al. 2013). The 5’ NCR sequencing can be 
used used for typing rhinoviruses into species level (A, B and C) when the nucleotide 
homology achieves 96% (Miller and Mackay 2013). The nucleotide sequence identity 
should exceed 90% to identify the RV type from VP4/VP2 region of the genome and 87% 
when VP1 region is used (McIntyre et al. 2013). Several methods for RV typing from 5’ 
NCR have been developed and validated with RV prototypes and clinical isolates (Bochkov 
et al. 2014, Lee et al 2007, Peltola et al. 2008). However, the VP4/VP2 genome region is 
widely used for typing RVs in clinical specimens (Savolainen et al. 2002, Jin et al. 2009; 
Linsuwanon et al. 2009). VP1 genome is the formal way of determining the genetic type 
pf RV types and is also used for identifying and analyzing new RV-C (and other RV) types 
(McIntyre et al. 2013).

Cell culture has been the standard method for RV isolation (Bochkov et al. 2011). Fetal 
embryonic lung or human foreskin fibroblast cell lines and HeLa cell lines are most 
commonly used for culturing RVs. Inoculated cultures are maintained at a neutral pH 
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because RVs are acid sensitive (Laundry 2011). The optimal temperature for RV growth 
is 33°C – 34°C, although some strains also grow well at 37°C (Papadopoulos et al. 2000, 
Ashraf et al. 2013). RV-C types are unable to grow in standard cell lines used for virus 
cultivation due to the absence of the cellular receptor needed for virus internalization 
(Bochkov et al. 2011). 

The existence of over 160 RV types and the considerable antigen diversity between 
viruses have hampered the development of antigen dectection and serologic tests. 
Virus neutralization has been the method of choice for RVs. Complement fixation has 
low sensitivity (Blomqvist et al. 2002). Recently, cross-reactive VP1 and VP4 antigens 
between RVs have been successfully raised of serological tests for RVs (Katpally et al 
2009, Niespodziana et al. 2015). There are promising results in that the discrimination of 
infections caused by different RV groups could be done by different antibody reactivity 
against VP1 epitopes (Niespodziana et al. 2015). In practice, serological tests are used 
for seroepidemiological studies and they do not have a role in the diagnosis of acute RV 
infections. Currently, no antigen detection tests are available for clinical use. 

2.7.	 Treatment of wheezing and asthma

Acute virus induced wheezing is treated using bronchodilator (such as inhaled short-
acting β2 agonists) as needed for relieving the symptoms during the wheezing episodes 
(Global initiative for asthma 2015). If the bronchodilatator is not effective enough in the 
acute wheezing episodes, ipratropiumbromide can be used in acute wheezing episodes 
(Global initiative for asthma 2015). It is recommended to use supplementary oxygen if 
the oxygen saturation drops too low (≤92%) (Global initiative for asthma 2015, Asthma: 
Current Care Guidelines 2012, Scottish Intercollegiate Guidelines Network 2014). For 
intermittent asthma symptoms the bronchodilator treatment is the recommended course 
of action (Global initiative for asthma 2015).

Regular controller medication for childhood asthma is indicated to be initiated when a 
child has had >3 wheezing episodes lasting more than 1 day during the course of one last 
year (Asthma: Current Care Guidelines 2012, Global Initiative for Asthma 2015, NAEPP 
guidelines 2007). The criteria for initiation of regular controller medication are that 
wheezing episodes have affected sleep and a child has a positive asthma risk profile. A 
positive asthma risk profile consists of either one of the following: parental history of 
asthma, physician diagnosed atopic dermatitis, or evidence of sensitization to aeroallergens 
or 2 of the following: sensitization to foods, >4 percent blood eosinophilia, or wheezing 
apart from colds. Regular controller therapy for 3 months may be considered when a 
child requires bronchodilator treatment for more than 2 days per week or more than 
four weeks (Global Initiative for Asthma 2015, NAEPP guidelines 2007, Asthma: Current 
Care Guidelines 2012). Also therapy should be considered if a child has 2 exacerbations 
requiring oral corticosteroid treatment during last 6 months or a new severe wheezing 
episode in 4-6 weeks (Chang et al. 2013, NAEPP guidelines 2007).
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When a child is having persistent symptoms of asthma, the recommendation for the 
treatment is to use inhaled corticosteroid (ICS) or montelukast given orally or inhaled 
cromolyn as alternative medications (Global Initiative for Asthma 2015, NAEPP guidelines 
2007, Asthma: Current Care Guidelines 2012). A short course of systemic corticosteroid 
can be considered if the symptoms are severe or the patient has a history of previous 
severe exacerbations of asthma or wheezing (Global Initiative for Asthma 2015, NAEPP 
guidelines 2007, Asthma: Current Care Guidelines 2012). 

2.8.	 Prevention and treatment of RV induced wheezing

There is substantial evidence of the role of RVs role in early wheezing and asthma inception. 
Preventing RV infection and keeping an eye out early on in childhood for all the known risk 
factors of wheezing and asthma and are therefore important targets for clinical work and 
research. Understanding the host-pathogen interactions that determine the severity of 
respiratory illnesses and long-term sequel of respiratory illnesses, would be of great help 
in identifying the high-risk children and in designing new and effective treatments and 
preventive strategies (Gern et al. 2010). 

A recent study has shown that during the first 3 years of life the timing of sensitization 
to aeroallergens and RV-induced wheezing has a strong influence on asthma risk in 
adolescence (Rubner et al. 2016). Based on the clear associations between allergic 
sensitization, RV-induced wheezing and asthma inception and exacerbation, it is logical to 
focus interventions on the prevention of allergic sensitization and allergic inflammation. In 
USA, the use of Omalizumab, a monoclonal antibody directed at IgE, has had a significant 
benefit on the care of asthma symptoms by blocking IgE-mediated inflammation in patients 
who are sensitized and exposed to allergens and augmenting type I IFN response (Busse 
et al. 2011, Teach et al. 2015). This could be a potential approach to prevent asthma in 
high risk children. There is also a great interest in the role of early microbial exposures in 
the development of allergic sensitization, viral wheezing and asthma (Han et al. 2012). It 
has been suggested that early life microbial exposures, such as early life at farm and pet 
exposure, may decrease the risk for the development of allergic diseases (Ownby et al. 
2002, Remes et al. 2005, Ege et al. 2011). Analysis of gene markers can also be a potential 
mechanism for the prevention, since the 17q21 locus in genes GSDMB and ORMDL3 and 
CDHR3 gene are associated with RV-induced wheezing (Caliskan et al. 2013, Bonnelykke 
et al. 2014). Interestingly, a recent study reported that independent from virus etiology 
the high MIP-1α in the first wheezing episode may predict recurrent wheezing episodes in 
the first wheezing episode in children with virus infection (Sugai et al. 2016). 

Currently, there is no available therapeutics that could prevent or treat RV infection (Bardin 
et al. 2004, Gern et al. 2010). Because of the high number of different RV types, high 
rates of virus infections in early life, and relative immaturity of the infant immune system, 
the development of vaccine has remained challenging, albeit attempts in producing an 
effective vaccine are ongoing (McLean et al. 2012, Hansbro et al. 2008, Rosenthal et al. 
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2010, Bizzintino et al. 2011). Furthermore, recently discovered RV-C may have been the 
obstacle preventing the development vaccinations. Because of the correlation between 
RV-C and illness severity, it would seem important to aim toward RV-C in therapeutics 
(Miller et al. 2009). Also, it needs to be determined whether certain subtypes of RV are 
more asthmagenic than others, as the development of therapeutics needs to focus on 
those (Stone et al. 2015). Because of the challenges in vaccine development, specific 
antiviral drugs designed to inhibit RV attachment, entry to the cell, viral uncoating, and 
RVA and protein synthesis have been considered to be more effective in preventing RV 
infection than vaccination (Rollinger et al. 2011). Specific anti-RV neutralizing antibodies, 
anti-receptor antibodies, and soluble receptor molecules can prevent virus attachment. 
In theory, the prevention of RV to adhere the binding sites, ICAM1 and CDHR3, would be 
an effective way to stop RV infection (Charles et al. 2003, Fang et al. 2004). Pleconaril, a 
capsid binding protein, is one example which lead to decreased cold symptom scores and 
shortened duration of illness. The further development was stopped, however, because 
of the side effects and medication interactions (Hayden et al. 2003).

The efficacy of systemic corticosteroid in viral wheezing episodes has been conflicting 
when virus specific analyses are not carried out (Horowitz et al. 1994, Oommen et al. 2003, 
Csonka et al. 2003, Jartti et al. 2006, Jartti et al. 2007, Panickar et al. 2009). In RV specific 
study performed among children with RV-inuduced wheezing, the length of hospitalization 
was shorter in prednisolone group than in placebo group among children with RV-induced 
wheezing (Jartti et al. 2006). Furthermore, in a post-hoc study, prednisolone reduced 
the recurrent wheezing after RV-induced first wheezing episode (Lehtinen et al. 2007, 
Lukkarinen et al. 2013). The efficacy of prednisolone in RV affected children might be 
explained by the pre-existing, partly atopy related, inflammation in the airways and that 
prednisolone might downregulate this inflammation when administered early (Stellato 
et al. 2007, Holt et al. 2012, de Benedictis et al. 2012). An important mechanism of the 
drug might be its ability to decrease the transcription of many inflammatory genes and 
their transcription factors and to induce the expression of a number of anti-inflammatory 
genes (Stellato et al. 2007, de Benedictis et al. 2012). Furthermore, oral glucocorticoids 
suppress RV-induced up-regulation of its receptor ICAM-I in pulmonary mucosa (Papi et 
al. 2000). Short-term benefits of prednisolone have been varying (Alansari et al. 2013, 
Jartti et al. 2006, Plint et al. 2009, Bisgaard et al. 2006, Busse et al. 2011). However, the 
lack of rapid bed side test for RV is a challenge for clinical trials involving treatments for 
RV infection (Jartti et al. 2013). 
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3.	 Aims of the study

The specific aims for this study were:

1.	 To study the virus etiology of the first wheezing episode in children aged 3 – 23 
months and how the virus etiology is associated with clinical characteristics and 
illness severity (Study I)

2.	 To analyze underlying RV species and their clinical characteristics of children with 
the first wheezing episode (Study II)

3.	 To examine the clinical and virus surveillance after the first wheezing episode with 
special focus on RV-A and RV-C species (Study III)

4.	 To determine the short- and long-term efficacy of oral corticosteroid, prednisolone, 
in the first RV-induced wheezing episode in children aged 3 – 23 months (Study IV)
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4.	 Materials and methods

Details of the material and methods are presented in the original publications. 

4.1.	 Enrollment and intervention

All four studies were based on Vinku2 (vinku means wheeze in Finnish) prospective 
study for which the patients were consecutively recruited in Finland between June 2007 
and March 2010 from the outpatient clinic of the Department of Pediatrics (21%), or 
the Pediatric Infectious Diseases Ward in the Turku University Hospital (79%). The 
inclusion criteria were the age of 3-23 months, delivery at 36 gestational weeks or 
later, the first wheezing episode based on parental report and confirmed from medical 
records, and an informed consent from a parent or a guardian. The child was excluded 
from the study if a chronic illness other than atopy was present, a history of previous 
inhaled or systemic corticosteroid treatment, varicella contact in a patient without a 
previous varicella illness, the child’s caretaker had a poor understanding of Finnish and/
or there was a need for intensive care. Study physician/nurse or on-duty physician/nurse 
told the guardian about the study and gave a written information leaflet concerning the 
study. The study was commenced once the guardian had signed the informed consent 
form (Appendix 1). 

The study physician or on-duty physician clinically examined the study subject, and 
verified wheeze and breathing difficulty. Every new patient was examined between 8 am 
and 10 pm 7 days per week. Thereafter, the physician examined and recorded symptoms, 
medications, and the use of supplementary oxygen daily at the ward (Appendix 2). NPA 
sample was taken for virological analyses and blood was drawn at the study entry. A total 
of 125 children were eligible for the study. Of them, 12 declined and 2 were excluded 
from the analysis because of laryngomalasia and foreign body in the airways. Finally, 111 
children aged 3-23 months with first wheezing episode were included. 

To be eligible for Study IV, children had to have with RV infection and on-going signs 
of lower respiratory tract symptoms (cough, noisy breathing, or wheezing) at the time 
when PCR results were available. It was a randomized, placebo-controlled, double-blind 
trial that investigated the efficacy of the systemic corticosteroid treatment. A total of 74 
children were randomized for the study treatment. They received either oral prednisolone 
or a matching placebo. The first dose of the study drug was 2 mg/kg, followed by 2 mg/
kg per day in 2 divided doses for 3 days. Maximum dose was 60 mg per day. Prednisolone 
5 mg tablets were used. Hospital nurses independent of the study administered the drug 
while children were hospitalized. The randomly assigned drug was initiated immediately 
when the RV etiology was confirmed and the child fulfilled the study criteria. The oral 
prednisolone and placebo were both obtained from Leiras Takeda (Helsinki, Finland). 
The study physician arranged scheduled follow-up visit after 2 weeks, 2 months and 12 
months. A double blind randomized controlled trial (RCT) design was used for this study. 
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The study protocol was registered at ClinicalTrials.gov in August 2008 (ClinicalTrials.gov 
number NCT00731575).

4.2.	 Monitoring

The guardian was interviewed using a standardized health questionnaire including 
questions on the host and environmental risk factors for asthma (Appendix 1). The 
respiratory symptom score was calculated each day if the child stayed in a hospital. The 
respiratory symptom score was the sum of scores for the degree of dyspnea (0 non, 1 
mild, 2 moderate, 3 severe), type of breathing (0 normal, 1 use of stomach muscles, 2 
use of intercostal muscels, 3 nasal flaring), severity of auscultation findings on wheezing 
(0 none, 1 expiratory, 2 inspiratory and expiratory, 3 audible without a stethoscope) 
and assessment of expiratory : inspiratory time ratio (0 = 1:2; 1 = 1:1; 2 = 2:1; 3 = 3:1) 
(Appendix 2). After discharge, the guardian recorded daily respiratory symptoms (rhinitis, 
cough, expiratory breathing difficulty, noisy breathing, and nocturnal wakening because 
of breathing difficulties) and medication in a diary for two weeks. The symptom severity 
was assessed on a 4-graded scale for the next 2 weeks as well (Appendix 3). Patients were 
discharged from the hospital when the difficulty of breathing had subsidedd. 

Blood eosinophil counts, C-reactive protein and leukocyte levels, and serum levels of 
allergen specific IgE were analyzed from blood samples by routine diagnostic procedures 
at the Central Laboratory of Turku University Hospital. 

For Study III, follow-up visits were arranged at 2-weeks, 2-months and 12-months after 
the enrollment. The guardians were asked to fill out a symptom and medication diary 
for the first 2 months of the follow-up period. For the first two weeks they were asked 
to assess the symptom severity on a 4-graded scale and thereafter to fill in the dates 
of expiratory breathing difficulties, respiratory medications, and visits to health care 
providers (Appendix 3, Appendix 4). Blood samples were taken also at 12-months visit. 
Nasopharyngeal swab samples were also taken at each follow-up visit. During the follow-
up period the guardian was instructed to bring the child to the hospital each time the 
child had breathing difficulties. At these acute visits the study physician confirmed the 
diagnosis, filled out a symptom diary and an NPA sample was taken. 

4.3.	 Definitions

Wheezing was defined as an expiratory breathing difficulty with a high-pitch sound by 
auscultation during expiration. Atopy was defined as a positive IgE antibody result 
(≥0.35 kU/L) to any of the following allergens: codfish, cow’s milk, egg, peanut, soybean, 
wheat, cat, dog, horse, birch, mugwort, timothy grass, Cladosporium herbarum, and 
Dermatophagoides pteronyssinus (Phadiatop Combi®, Phadia, Uppsala, Sweden). 
Aeroallergen referred to apositive IgE antibodies to any of the last 8 allergens. Perennial 
aeroallergen sensitization was defined as a positive IgE antibody result to dog, cat, or 
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Dermatophagoides pteronyssinus. Birch, mugwort, timothy grass, and Cladosporium 
herbarum were considered as seasonal allergens. Atopic eczema was defined as a physician 
diagnosed eczema with typical symptoms including pruritus, typical morphology, and 
chronic type of illness and child being atopic. The term ‘atopic characteristics’ included 
specific sensitization as demonstrated by positive IgE antibody, eczema and/or blood 
eosinophil count ≥0.4 x 109/l. 

4.4.	 Sampling

The NPA sample was taken through a nostril with a disposable catheter connected to 
a mucus extractor. A nasopharyngeal swab (nylon flocked dry swab, 520CS01; Copan, 
Brescia, Italy) was dipped into the NPA, transported to the laboratory during the same 
day and stored at -70°C. For follow-ups, nasopharyngeal swab samples were collected 
using a sterile cotton swab which was placed into dry and sterile vials and transported at 
room temperature to the laboratory and stored at -70°C. Serum samples were collected 
at study entry, 2 weeks’ and 12 months follow-up visits and stored at -70°C. 

4.5.	 Laboratory analyses

Prior to the extraction of nucleic acids, 1 ml of phosphate-buffered saline was added to the 
nasopharyngeal swabs and mixed. For “in-house” RT-PCR detecting simultaneously RV, EV 
and RSV, nucleic acids were isolated using a commercial kit (High Pure Viral Nucleic Acid 
Kit, Roche Diagnostics, Mannheim, Germany) according to manufacturer’s instructions. 
For the other PCR analyses, 550 µl of naspharyngeal sample in phosphate-buffered saline 
(PBS) was added to lysis buffer and mixed. The nucleic acids were extracted from 550 µl 
to elution volume of 55 µl using or NucliSens EasyMag automated extractor (bioMèrieux, 
Boxtel, the Netherlands) according to the manufacturer’s instructions. The extracted 
nucleic acids were stored at -70°C. 

At study entry, NPAs were analyzed within 3 days for RV, EV and RSV. RT-PCR amplification 
was performed with picornavirus primers (4- and 3+) from the conserved 5’ NCR of 
the genome (Lönnrot et al. 1999). cDNA reaction was carried out in a mixture of 8,9 µl 
sterile water, 8 µl M-MLV RT 5X buffer (Promega), 8 µl 100mM dNTP (Fermentas), 0,1 
µl RNase-inhibitor (RiboLock™ 40u/µl, Fermentas), 0,1 µl RT-enzyme (RevertAid™ H 
Minus M-MuLV Reverse Transcriptase 200u/µl) and 4,9 µl reverse primer 4-. The cDNA 
reaction was performed with 30 µl of cDNA reaction mixture and 10 µl of RNA at 42 °C 
for 1 hour using Perkin Elmer Cetus DNA Thermal Cycler –machine.

PCR reaction mixture contained 4,5 µl sterile water, 1,5 µl of primers PR3+ and PR4-, 
and 12,5 µl of SybrGreen (Maxima™ SybrGreen qPCR Master Mix). ”In-house” PCR was 
performed with Rotor-Gene 6000 (Corbett Research) from 5 µl of cDNA and 20 µl of PCR 
reaction mixture. The amplification conditions were 95 °C 15 min, followed by 45 cycles 
at 95 °C for 15 min, 65 - 55 °C for 30s (touchdown 1°C/cycle for the first 10 cycles), and 
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72 °C for 40s (melt 72 - 95 °C, 0,5°C/s). RV1B was used as a positive control. Positive 
amplicons were identified as RV, EVs and RSV according to melting temperatures. 

A multiplex PCR (Seeplex RV12 ACE Detection; Seegene, Seoul, Korea) test was done 
for all nasopharyngeal samples. It was used for the detection of RV, RSV, PIV1-3, MPV, 
AdV, CV (229E, NL63, OC43, and HKU1), and influenza virus A and B according to 
manufacturer’s instructions. PCR products were analyzed by Screentape machine (Lab901 
ScreenTape®System).

HBoV was analyzed using PCR and serology. HBoV PCR was carried out at the Department 
of Virology in University of Turku (Allander et al. 2007). HBoV serology was analyzed 
from paired serum samples collected 2-3 weeks apart at the Haartman Institute, Helsinki, 
Finland as previously described (Söderlund-Venermo et al. 2009). All serum samples were 
analyzed for IgG and IgM antibodies against HBoV1 using enzyme immunoassay (EIA). 
Diagnostic criteria for acute HBoV1 infection were seroconversion or a >4-fold increase 
in virus specific IgG antibody levels in paired serum samples taken 2-3 weeks apart, and a 
positive IgM result. 

Quantitative RT-PCR
The RV viral load was analyzed from RNA of RV positive samples by a quantitative RT-PCR 
using known concentrations of RV-B14 plasmid. As a standard, the range of the assay 
was 101 – 105 viral genome copies / 5 µl. For quantitative RT-PCR, the same PCR reaction 
mixture and amplification conditions were used as in the “in-house” RT-PCR. The plasmid 
with known quantity was received from Glyn Stanway at the University of Colchester 
(Essex, United Kingdom). 

RV sequencing
RV genotypes were analyzed from the 5’ NCR and partial VP4/VP2 region of the genome 
using primers shown in Table 3. The sequencing of 5’ NCR was performed as earlier 
described (Peltola et al. 2008). The reverse primer was the same as used in ”in-house” 
RT-PCR. The cDNA was produced as described above and the same PCR reaction mixture 
was used. 

Three sets of primers were used for sequencing VP4/VP2 region (Wisdom et al. 2009, 
Linsuwanon et al. 2009, Bochkov et al. 2014) (Table 3). The cDNA reaction mixture 
contained 5 µl of RNA, 4.0 µl of 5xBuffer, 4.0 µl of dNTP, 2.0 µl of primer, 0.1 µl of Rnasin 
inhibitor and RT enzyme and 4.8 µl of nuclease free water adding the total volume of 20 
µl. (Bochkov J Clin Microbiol 2014, Wisdom et al. 2009, Linsuwanon et al. 2009). In cDNA 
reaction, the primer used was 5’-AGGCCGGTGAAGGGDATNGTRAA-3’ when using primers 
from Bochkov et al in PCR (Bochkov et al. 2014). A random primer from Thermo Fisher 
Scientific was used for in cDNA reaction when using primers Linsuwanon and Wisdom et 
al (Linsuwanon et al. 2009, Wisdom et al. 2009). 
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The PCR reaction mixture consisted of 5 µl of cDNA, 12.5 microL of QuantiTect SYBR 
Green PCR mix (Qiagen, Venlo, Netherlands), 1.0 µl of each VP4/VP2 region specific 
primers (Table 3) and 5.5 µl of nuclease free water adjusted to final volume of 25 µl 
(Bochkov et al. 2014, Wisdom et al. 2009, Linsuwanon et al. 2009). Each round of RT-
PCR was carried out in a RotorGene 3000 instrument (Corbett Life Sciences, Sydney, 
Australia). PCR conditions for VP4/VP2 sequencing are listed in Table 4.

Table 3. Primers used for RV sequencing.

Primers Length (bp) Reference
5’ NCR
Forward primer U2+
5´- CAAGCACTTCTGTTTCCCC -3´ 397 Peltola et al. 2009

Reverse primer 4-
5’- GAAACACGGACACCCAAAGTA -3’ 
VP4/VP2
Forward primer OS
5’- CCGGCCCCTGAATGYGGCTAA -3’ 629 Wisdom et al. 2009

Reverse primer IAS
5’- TCWGGHARYTTCCAMCACCANCC -3’
Forward primer F587
5’- CTACTTTGGGTGTCCGTGTTTC -3’ 540 Linsuwanon et al. 2009

Reverse primer RV
5’- ATCHGGHARYTTCCAMCACCA -3’
Forward primer R848f
5’- ACTACTTTGGRTGTCCGTGT -3’ 330 Bochkov et al. 2014

Reverse primer VP2-C252-5r
5’- AGTGATTTGYTTIAGCCTATC -3’

Table 4. PCR conditions for VP4/VP2 region sequencing

Primers used PCR conditions

Bochkov et al. 2014
denaturation at 95°C for 10 min,
followed by 45 cycles at 95°C for 10 s; 50°C for 30 s and 72°C for 30 s and melt 
rising by 1°C from 72-92°C for 60 s for the first step and then for 5 s for next steps

Wisdom et al. 2009 
Linsuwanon et al. 2009

denaturation at 95°C for 10 min,
followed by 45 cycles at 95°C for 15 s; 55°C for 30 s and 72°C for 45 s melt rising by 
0.2°C from 72-95°C for 45 s for the first step and then for 5 s for next steps

For the purification of the products sequenced with VP4/VP2 regions primers, Exonuclease 
I (Thermo Fisher Scientific, Waltham, MA, USA) was used. The products of 5’ NCR were 
purified by the QIAquick PCR purification kit (Qiagen, Venlo, Netherlands). The sequencing 
of VP4/VP2 was performed at GATC Biotech AG, Konstanz, Germany and of 5’ NCR at 
the Turku Centre for Biotechnology’s sequencing services, Turku, Finland. The edition of 
sequences was carried out using FinchTV® (FinchTV 1.5.0, Geospiza, Inc. Seattle, WA, 
USA). The edited VP4/VP2 and 5’ NCR sequences were analyzed by multiple sequence 
alignment CLUSTALW2 method in SeaView editor (Qouy et al. 2010). Phylogenetic trees 
were constructed and visualized using the neighbor-joining method and Kimura’s two-
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parameter with 1000 bootstrapping method implemented in the MEGA5.5® version 5.0 
program (Tamura et al. 2011). RV species were assigned by comparing each RV strains 
with all of the available RV reference sequences encoding either VP4/VP2 region or 5’ 
NCR in Basic Local Alignment Search Tool (BLAST) program available in GenBank (http://
www.ncbi.nlm.gov/BLAST). 

The type was assigned by the ≥96% identity with the reference sequence when analyzed 
from 5’ NCR and ≥90% from VP4/VP2 region in BLAST (Miller and Mackay 2013). Pairwise 
method was used to determine the similarity between sequences, for which all the strains 
were aligned in BLAST. The sequence similarity of ≥98% identity was considered to 
represent the same type (Peltola et al. 2008). All consecutive strains during the follow-up 
period were further pairwise aligned in BLAST in order to determine their similarity. 

4.6.	 Outcomes, data analysis and statistical methods

Statistical power calculations were carried out for Study IV, but not for Studies I, II 
and III. Two-sided p-values less than 0.05 were considered statistically significant. Data 
were analyzed using JMP software (Version 8.0.2, SAS Institute, Gary, NC, USA) for 
Study I, SPSS software (Version 23, SPSS Inc, Chicago, Ill, USA) for Studies II and 
III, and SAS/STAT version 9.1.3 SP4 software for the SAS System for Windows (SAS 
Institute, Cary, NC) for Study IV. Basic statistics were analyzed using t-test or one-way 
ANOVA to compare the differences in means, Mann–Whitney U-test or Kruskall-Wallis 
test to compare the differences in medians, and Pearson’s chi-square test or Fischer’s 
exact test were used to compare the differences in proportions as appropriate. 
Moreover, in- and outpatients and atopic and non-atopic patients were compared with 
each other’s in Study I. Basics statistics included the information collected at the study 
entry from the guardian via a questionnaire covering on host and environmental risk 
factors for asthma. The information concerning daily symptoms and medication was 
also included. 

For Study I, univariate and multivariate logistic regression analyses were used to investigate 
the associations patient characteristics and virus etiology as well as the severity of 
infection and virus etiology. Illness severity variables included inpatient status (inpatient 
vs. outpatient), severity score (score ≥6 vs. <6), duration of hospitalization (≥24 h vs. 
<24 h), and total duration of wheezing (≥3 days vs. <3 days) and cough (≥14 days vs. <14 
days). Patient characteristics consisted of age, sex, atopic characteristics, sensitization to 
food, aeroallergen and perennial, total IgE level ≥45 kU/l, blood eosinophil count ≥ 0.4 9 
109/l, eczema, atopic eczema and history of parental rhinitis, asthma and smoking. Virus 
etiology contained RV, RSV, HBoV and coinfection. Multivariate analyses were adjusted for 
age and sex when relevant. Patients receiving prednisolon (n = 38) were excluded from 
the illness severity analyses at the time point of study drug initiation because prednisolon 
is associated with short-term outcomes of acute wheezing. Logistic regression results 
were expressed as OR and 95% CI. 
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For Study II the data were the same as for Study I. The children who had a RV infection and 
received prednisolone were censored from the analysis at the initiation of the drug. The 
type assignments based on 5’ NCR and VP4/VP2 region were merged and processed as 
equal. Normality of data distribution was tested using Kolmogorov-Smirnov test. Children 
infected with non-typeable RV species were excluded. The single RV-B was also omitted 
from the statistical analysis. Patient characteristics and illness severity were compared 
between RV-A, RV-C and non-RV (other virus than RV) infections using Pearson’s chi 
square test or Fischer exact test for categorical variables and one-way analysis of variance 
(ANOVA) and Kruskall-Wallis test for continuous variables. Comparisons between two 
groups were tested using Bonferroni corrections for skewed data and Tukey’s test for 
normal distributed data for continuous variables. 

In Study III, symptomatic infections included cough and rhinitis as symptoms. Parametric 
variables were expressed as mean and standard deviation (SD) and nonparametric 
variables as median and interquartile range (IQR). Univariate Cox regression analysis was 
used to analyze the risk factors, including viral etiology (RV-A, RV-C and non-RV), any 
sensitization, eczema, parental asthma, parental smoking, age and sex, for the primary 
outcomes. The three primary outcomes were time to a new physician-confirmed wheezing 
episode during one-year follow-up, time to a new RV-associated wheezing episode during 
follow-up and time to an initiation of regular controller medication. Non-typeable RV 
cases (17 of 84 RV infections) and the single RV-B case were excluded from the analyses. 
Of non-typeable RVs, 11 could not be typed because of low sensitivity of the primers used 
in sequencing reactions and six due to a poor quality of the amplicons. The multivariable 
Cox regression was carried out including the covariates (any sensitization) that were 
significantly (p < 0.05) associated with the primary outcomes in univariate Cox regression 
analysis. The modifying effect of RV-A or RV-C induced first wheezing episode at study 
entry on the effect of prednisolone was tested including the RV-A and RV-C infection 
as interaction effect on Cox regression model. Cox regression results were expressed as 
hazard ratios (HR) and 95% CIs.

In Study IV, the three primary outcomes were the occurrence of a new physician-
confirmed wheezing episode during the 2-month follow-up period, the number of 
physician confirmed wheezing episodes during the 12-month follow-up period and the 
initiation of regular controller medication for asthma symptoms during the latter follow-
up period. The time to a new physician-confirmed wheezing episode was extended up 
to the 12-month follow-up as an exploratory outcome. Both in Study III and Study IV, 
secondary outcomes were the occurrence and severity of respiratory symptoms (cough, 
expiratory breathing difficulty, noisy breathing, rhinitis, and nocturnal wakening for 
breathing difficulties) displayed on a 4-point scale, as well as medications and unscheduled 
doctor’s appointments recorded by the parents on a 2-week daily symptom diary.

The regular controller medication was initiated according to 2007 guidelines for initiating 
daily long-term control therapy for 0- to 4-year-old children. RV load was defined as the 
primary interaction analysis. It was used in order to investigate whether the effects of 
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prednisolone vs placebo on the 3 primary outcomes were dependent on the RV copy 
number. Baseline differences between groups were analyzed using Pearson’s chi-square 
test or Fischer’s exact test for categorical variables and for normally and non-normally 
distributed data 2-sample t-test and Wilcoxon rank sum tes were usedt. Cox regression 
analysis was used to analyze the difference between prednisolone and placebo groups in 
primary outcomes. Time to event was defined as the time from study entry to the time 
of occurrence of wheezing or the initiation of regular controller medication for asthma 
symptoms. Tin order to investigate the difference between the prednisolone group and 
placebo groups regarding the number of physician-confirmed wheezing episodes within 
12 months, Poisson regression analysis was used. The modifying effect of dichotomized 
RV load at study entry was studied including an RV load-group interaction effect in the 
Cox and Poisson models. No statistically significant differences in baseline characteristics 
were found between prednisolone and placebo groups so Cox and Poisson regression 
models did not include any covariates. 

4.7.	 Ethics

Written informed consent was obtained from the parents of the participating children. 
The study protocols were approved by the Ethics Committee of the Hospital District of 
Southwest Finland, Turku, Finland.



46	 Results	

5.	 Results

5.1.	 Study population and patient characteristics

For Studies I, II and III, there were 125 consecutive children that were eligible of which 12 
children were declined by parents and 2 children were excluded because of misdiagnoses. 
Hence, 111 children were enrolled and included in the analyses (Figure 3). Of those 111 
children, 21% were aged 3-5 months, 30% 6-11 months, and 50% 12-23 months. Of the 
children enrolled, 79% were hospitalized and 67% were male.

During the 12-month follow-up period, 96% (107/111) participated the 2-week follow-up 
visit, 95% (105/111) the 2-month follow-up visit and 83% (92/111) the 12-month follow-up 
visit. First recurrent wheezing episode was recorded in 65 of the children (Figure 3). Of the 
65 first recurrent wheezing episodes, 92% were seen by the study physician, and 8% were 
reviewed from the medical records. During the 12-months follow-up period, the regular 
controlled medication for asthma symptoms was initiated for 38% (35/92) of the children.

For Study IV, 61 inpatients and 18 outpatients with a RV infection were randomized using a 
separate list. All 79 patients were able to take at least half of the 3-day course of the study 
drug. During the 12-month follow-up period, 5 children from the prednisolone group and 
none from the placebo group dropped out yielding an analytic sample of 74 patients (80% 
inpatients and 20% outpatients). Of the 74 children, 15% were aged 3 to 5 months, 45% 
were 6-11 months and 55% were aged 12-23 months. Seventy-seven percent were male.

Figure 3. Simplified study flow chart for Studies I-III.
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At least one atopic characteristic was present in 56% (62/111) of the children (Table 5). 
Eczema was present in 29% (32/111) of the children, atopic eczema in 16% (17/108), 
allergen specific IgE sensitization in 23% (25/107), blood eosinophilia ≥0.4 x109/l 41% 
(45/107) and parental asthma in 20% (22/111) (Table 5). The median durations of 
symptoms before recruitment were: wheezing 1 day (IQR 1, 2), cough 3 days (IQR 
2, 5), rhinitis 3 days (IQR 2,6) and fever 1 day (IQR 0,2). Hospitalized patients had 
longer median duration of fever (1 [IQR 0, 2] vs 0 day 52 [respectively, 0, 2], p = 
0.012), lower median O2 saturation (97 % [95, 98] vs 98 % [97, 99], p = 53 0.012), 
higher median body temperature (37.5 °C [37.1, 38.0] vs 37.0 °C [37.0, 37.5], p = 
0.012) and higher mean respiratory frequency (51 breaths per minute [sd 13] vs 43 
breaths per minute [respectively, 10], p = 55 0.031) than outpatients. Atopic children 
were older (means [sd], 16 months [5.4] vs 11 months 56 [5.7], p = 0.0002) and had 
more often dermatitis (68% vs 32%, p = 0.0001) than the non-atopic 57 children. No 
other differences were found between in- and outpatients and atopic and non-atopic 
patients. The patient characteristics at study entry and during the visits are shown in 
Table 5.

Table 5. Simplified patient characteristics

Factor
At study entry N = 111
Age 12 (SD 6.0)
Male sex 74 (67%)
Any atopic characteristic 62 (56%)
Any sensitization (atopy) 25/108 (23%)
Food 24/108 (22%)
Aeroallergen 12/108 (11%)
Perennial 11/107 (10%)
Blood eosinophilia ≥0.4 x109/l 45/107 (41%)
Parental asthma 22 (20%)
Parental rhinitis 66 (59%)
Parental smoking 45 (41%)
At 2 weeks follow-up visit N = 107
Wheezing 7 (6.3%)
Rhinitis / cough 64 (60%)
At 2 months follow-up visit N = 105
Wheezing 8 (7.6%)
Rhinitis / cough 57 (54%)
At 12 months follow-up visit N = 92
Male sex 61 (67%)
Any atopic characteristic 50 (45%)
Any sensitization (atopy) 32 (29%)
Food 36 (32%)
Aeroallergen 16 (14%)
Perennial 16 (14%)
Blood eosinophilia 26 (23%)
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Of the 74 randomized children in Study IV, 30% had allergen specific IgE sensitization, 
38% had eczema, 21% has atopic eczema, and 23% had parental asthma. There were 
no differences between the two randomly assigned groups, prednisolone vand placebo. 
Neither was there any difference in the delay of prednisolone or placebo initiation at the 
study entry between the two treatment groups (prednisolone vs placebo: mean, 45 [SD 
22] vs 52 [SD 29] hours, p = 0.27).

5.2.	 Virus infections

At the first wheezing episode, one or more viruses were detected from NPA samples of 
all the children (111/111, 100%). A total number of positive PCR findings was 167 from 
111 NPA samples. One virus was found in 62% of the samples and two or more viruses in 
38%, of the samples. 

The most common pathogen was RV which was detected in 76% (84/111) of the samples, 
followed by RSV in 28% (31/111) and HBoV (PCR or serodiagnosis) in 18% (20/111) of 
the samples. Other respiratory viruses were detected less than 10% of samples (Table 
6). Furthermore, in single virus infection RV was detected in 72% of samples, followed 
by RSV in 16%. Other viruses were detected less than 10% of samples. Of the 42 virus 
coinfections, RV was detected in 81% of patients. All rhinovirus coinfections are shown 
in Table 7.

Table 6. Virus etiology of the first wheezing episode at study entry

Virus Total (N = 111)
Rhinovirus 84 (76%)
Rhinovirus-A 17/84 (20%)
Rhinovirus-B 1/84 (1.2%)
Rhinovirus-C 49/84 (58%)
Respiratory syncytial virus 31 (29%)
Human bocavirus 1 20 (18%)
Parainfluenzavirus 10 (9.0%)
Metapneumovirus 7 (6.3%)
Adenovirus 4 (3.6%)
Coronavirus 5 (4.5%)
Enterovirus 4 (3.6%)
Influenzavirus 2 (1.8%)
1 virus 69 (62%)
2 viruses 31 (28%)
3 viruses 9 (8.1%)
4 viruses 2 (1.8%)
>1 viruses/sample 111(100%)
>2 viruses/sample 42 (38%)
>3 viruses/sample 9 (8.1%)
>4 viruses/sample 2 (1.8%)
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Table 7. Rhinovirus coinfections (N = 34)
Coinfections with 2 viruses 24 (71%)

Rhinovirus+HBoV 10 (29%)
Rhinovirus+RSV 6 (18%)
Rhinovirus+MPV 3 (8.8%)
Rhinovirus+PIV 2 (5.9%)
Rhinovirus+CV 2 (5.9%)
Rhinovirus+EV 1 (2.9%)

Coinfections with 3 viruses 8 (24%)
Rhinovirus+RSV+EV 2 (5.9%)
Rhinovirus+RSV+HBoV 2 (5.9%)
Rhinovirus+RSV+Flu 1 (2.9%)
Rhinovirus+RSV+PIV 1 (2.9%)
Rhinovirus+MPV+PIV 1 (2.9%)
Rhinovirus+HBoV+CV 1 (2.9%)

Coinfections with 4 viruses 2 (5.9%)
Rhinovirus+AdV+HBoV+PIV 1 (2.9%)
Rhinovirus+AdV+EV+RSV 1 (2.9%)

Coinfections with RV species 23/34 (68%)
Coinfections with RV-A 7 (21%)

RV-A + HBoV 2 (29%)
RV-A + RSV 1 (14%)
RV-A + CV 1 (14%)
RV-A + MPV 1 (14%)
RV-A + PIV 1 (14%)
RV-A + RSV + HBoV 1 (14%)

Coinfections with RV-B 1 (2.9%)
RV-B + HBoV 1 (100%)

Coinfections with RV-C 15 (44%)
RV-C + HBoV 3 (20%)
RV-C + RSV 2 (13%)
RV-C + CV 1 (6.7%)
RV-C + EV 1 (6.7%)
RV-C + MPV 1 (6.7%)
RV-C + PIV 1 (6.7%)
RV-C + RSV + EV 2 (13%)
RV-C + RSV + Flu 1 (6.7%)
RV-C + HBoV + CV 1 (6.7%)
RV-C + MPV + PIV 1 (6.7%)
RV-C + RSV + EV+ AdV 1 (6.7%)

Adv, adenovirus; CV, coronavirus; EV, enterovirus; Flu, Influenza virus; HBoV, human bocavirus; MPV, 
metapneumovirus; PIV, parainfluenza virus; RV, rhinovirus; RSV, respiratory syncytial virus. 

During the follow-up period, full respiratory virus test sets were analyzed from samples from 
102 children at the 2-week visit, 101 children at the 2-month visit and 92 children at the 
12-month visit. Of the first recurrent wheezing episode, respiratory viruses were analyzed 
from 94% patients (61/65). A total of 231 PCR positive virus detections were found from 
258 follow-up samples. RV was the most common virus detected in 64% (148/231) of all 
virus detections during follow-up. RV occurred in 48% of all symptomatic infections and in 
31% of all asymptomatic infections. Of recurrent wheezing episodes, RV was detected from 
62% children with a new wheezing episode during follow-up. The second most common was 
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HBoVm detected in 19% of all infections, followed by RSV in 13%, respectively. Coinfections 
were detected in 28% of the children during the 12-month follow-up period. 

5.3.	 RV genotypes

In the first wheezing episode, RVs were successfully typed from 75% (63/84) of the samples 
using the 5’ NCR specific primers and from 40% (34/84) of the samples with VP4/VP2 primers. 
Altogether 58% (49/84) of the genotyped clinical isolates were identified as RV-C, 20% (17/84) 
as RV-A and 1.2% (1/84) as RV-B (Figure 4.). Other respiratory virus infections (non-RV) 
were present in 24% of the samples. A total of 67 clinical RV isolates represented 37 different 
genotypes of which 11 were identified as different A types, 1 B type and 24 different C types. 

Figure 4. The phylogenetic tree of partial 5’ non-coding region sequences of the rhinovirus clinical 
isolates and selected RV-A, RV-B, and RV-C reference types. Reference strains are identified by 
symbols (round, RV-A; square RV-B; quadrangle RV-C) and their GenBank accession number. This 
figure is printed with the permission of copyright holders (Turunen et al. 2016, Study II).
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Rhinovirus typing from both 5’ NCR and partial VP4/VP2 region was successful from 
44 % (23/50) of patients taken at the 2 weeks follow–up visit, from 77% (20/26) at 
the 2-month follow-up visit, from 61% (23/38) at the 12-month follow-up visit and 
from 83% (33/40) of the first recurrent wheezing episodes. Pairwise comparison 
of the sequences from 5’ NCR between consecutive samples taken at study entry, 2 
weeks, 2 months, 12 months time points and at the time of a new physician-confirmed 
wheezing episode revealed that up to 97 % (67/69) of the patients had RV infection 
caused by a different virus strain of the same or distinct type. The sequence similarity 
between consecutive samples was less than 98%. Interestingly, only 2 children had RV 
infection caused by the same RV strain at 2 weeks’ time point and at the study entry. 
Nevertheless, 36% (55/154) of patients were not successfully typed. RV-C dominated 
in the follow-up samples being detected in 29% of the samples. The second most 
common virus strainwas RV-A in 9.4% of samples and RV-B was rare in 1.7% of the 
samples. RV occurred simultaneously with another virus in 38% of the samples taken at 
the study entry. Of coinfections 44% were afflicted with RV-C, 21% with RV-A and 1.2 
% with RV-B. 

5.4.	 Signs and symptoms of RV-induced first wheezing episode

Children with RV infection at the study entry were associated with higher age (OR 
1.1, 95% CI 1.0, 1.2), any atopic illness (OR 4.0, 95% CI 1.5, 12), blood eosinophil 
count ≥0.4 x 109/l (OR 11, 95% CI 2.9, 72), eczema (OR 4.2, 95% CI 1.3, 19), and 
atopic eczema (OR 6.1, 95% CI 1.1, 110). Children with RV induced first wheezing at 
study entry associated positively with parental smoking (OR 3.4, 95% CI 1.2, 10) and 
parental allergic rhinitis (OR 2.5, 95% CI 1.0, 6.5). Children with RSV infections were 
negatively associated with age (OR 0.90, 95% CI 0.83, 0.97), male sex (OR 0.33, 95% 
CI 0.14, 0.79), eczema (OR 0.23, 95% CI 0.050, 0.73), blood eosinophil count ≥0.4 x 
109/l (OR 0.27, 95% CI 0.068, 0.63), and parental smoking (OR 0.38, 95% CI 0.14, 1.0). 
HBoV was associated with older age (OR 1.1, 95% CI 1.0, 1.2). Virus coinfections were 
associated with maternal allergic rhinitis (OR 2.3, 95% CI 1.0, 5.2). Of illness severity 
characteristics, RV was associated with prolonged cough (OR 3.5, 95% CI 1.2, 11), 
whereas RSV was associated positively with inpatient status (OR 9.5, 95% CI 2.2, 68) 
and longer duration of hospitalization (OR 2.8, 95% CI 1.1, 7.3). Virus coinfections 
independent of the virus etiology was associated with prolonged wheezing (OR 8.7, 
95% CI 1.5, 160). 

Children with RV-A and RV-C induced wheezing were older than children with non-RV 
induced wheezing (p = 0.014). Atopic characteristics were also differentially distributed 
between the children with RV-A, RV-C and non-RV infections (p = 0.001) (Figure 5). The 
most differentially distributed was food allergen sensitization (p = 0.029): RV-A 47%, 
RV-C 23% and non-RV 12%. Parental allergic rhinitis (p = 0.019), maternal allergic rhinitis 
(p = 0.032 and paternal smoking (p = 0.032) were also more common in children with 
RV-A and RV-C induced wheezing than in children with non-RV induced wheezing. 
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Illness severity was defined by the time of cough, wheezing and rhinitis before 
recruitment for the study, measured blood eosinophil count, vital functions and use of 
medication or supplemental oxygen at the ward. Children with RV-A and RV-C induced 
wheezing were associated with illness severity factors whereas children with non-RV 
induced wheezing were not. The blood eosinophil count was significantly higher in 
children with RV-A and RV-C infection than in children with non-RV (p < 0.001) (Figure 
5). Indicating a rapid onset of illness, RV-A and RV-C infected children experienced 
significantly shorter time of wheezing and duration of fever before the recruitment 
than non-RV (p = 0.040). Children with RV-A (94%) and RV-C induced wheezing 
(87%) required the use of bronchodilatators more often than those infected with non-
RV (94%, 87% and 63%, respectively ; p=0.012).	
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Figure 5. The association between blood eosinophilia, atopic characteristics, eczema, the use of 
bronchodilator at the ward and RV-A, RV-C and non-RV. P-value less than 5 indicates statistically 
significant result. Pearson’s chi-square test or Fischer exact test were used to analyze the differences 
in proportions. One case with RV-B was excluded from the analysis. RV, rhinovirus.

5.5.	 Clinical characteristics during the 12-months follow-up after the first 
wheezing episode

At the 2-week follow-up visit, 6.3% (7/107) of the children had wheezing, 29% (32/107) 
had rhinitis, and 35% (39/107) had cough, respectively (Table 5). At the 2-month follow-
up visit, 7.6% (8/105) of the children had wheezing, 44% (46/105) had rhinitis and 38% 
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(40/105) had cough, respectively. At the 12-month follow-up visit, 45% (50/92) of the 
children had any atopic characteristics, 23% (26/90) had blood eosinophilia, 14% (16/92) 
had aeroallergen sensitization, 32% (36/92) had food sensitization, 14% (16/92) had 
perennial sensitization, and 29% (32/92) were sensitized to any of the common allergens, 
respectively (Table 5). 

5.6.	 Outcome of RV-A and RV-C induced first wheezing in 12-months 
follow-up

The time to a new recurrent wheezing episode was shorter for children with RV-A (HR 
3.9 [95% CI1.7, 9.0], p = 0.009) and RV-C (HR 3.9 [95% CI 1.9, 7.9], p = 0.001) induced 
wheezing episode than for children with non-RV induced wheezing. Also, children with 
RV-A (HR 4.5 [95% CI 1.4, 14], p = 0.001) or an RV-C (HR 5.0 [95% CI 1.9, 13], p 
< 0.001) infection had a greater risk for a new RV-induced relapse than those with a 
non-RV infection. Furthermore, the time to the initiation of regular controller medication 
was shorter among children who experienced either RV-A (HR 4.7 [95% CI 1.6, 14], p 
= 0.004) or RV-C (HR 3.2 [95% 1.2, 8.5], p = 0.017) induced first wheezing episode 
than among children with a non-RV induced first wheezing episode. During the 2-month 
follow-up, children with RV-C infections visited doctors because of an expiratory breathing 
difficulty more often in comparison to children with RV-A and non-RV (65 %, 24% and 
12%, respectively ; p = 0.001).

At the first wheezing episode, any sensitization was a risk factor for the initiation of regular 
controller medication (HR 2.7 [95% CI 1.4, 5.1], p = 0.003). No other significant risk 
factors were found either for the occurrence of a new recurrent wheezing episode or a new 
RV-induced wheezing episode. When adjusted to any sensitization, children with RV-A (HR 
3.9 [95% CI 0.3, 11], p = 0.012) and RV-C (HR 2.8 [95% CI 1.0, 7.3], p = 0.041) induced 
first time wheezing had a greater risk for the initiation of regular controller medication in 
shorter time than children with non-RV induced wheezing. The risk was not increased for 
primary outcomes between children with RV-C induced first wheezing episode and RV-A 
induced first wheezing episode (all p > 0.3) during the 12-months follow-up.

5.7.	 The efficacy of prednisolone after RV-induced first wheezing episode

Overall, there was no difference between prednisolone and placebo groups for the 3 
primary outcomes: occurrence of a new physician-confirmed wheezing episode within 2 
months (HR 0.7, 95% CI 0.3 – 1.4, p = 0.30), the number of physician confirmed wheezing 
episodes within 12 months (RR 0.9 [95% CI 0.6, 1.2], p = 0.43) and the initiation of regular 
controller medication for asthma symptoms within 12 months (HR 0.8 [95% CI 0.4, 1.7], 
p = 0.63) (Figure 6). There was neither significant difference between prednisolone and 
placebo groups and children with RV-A or RV-C associated wheezing episode (p = 0.46). 
RV-A or RV-C induced first wheezing episode did not modify the effect of randomly 
assigned prednisolone treatment on the primary outcomes. Children with RV-C infection 
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(HR 0.66 [95% CI 0.16, 2.7], p = 0.57) did not experience a new physician confirmed 
wheezing episode in longer time when compared to children with RV-A infection between 
prednisolone and placebo groups. No association was either found with the occurrence of a 
new RV-induced wheezing episode (HR 0.39 [95% CI 0.072, 2.1], p = 0.28) in children with 
RV-C compared to children with RV-A induced wheezing episode. Between prednisolone vs 
placebo, children with RV-C induced first wheezing episode were not associated with the 
initiation of regular controller medication in shorter time (HR 1.2 [95% CI 0.26, 6.0], p = 
0.79) when compared to children with RV-A induced wheezing episode. 

Figure 6. Time to a new physician-confirmed wheezing episode in children with their first rhinovirus-
induced wheezing episode receiving either prednisolone or placebo through randomization. The 
2-month time point has been marked. No difference was found at the 2-month or 12-month time 
points. This figure is printed with the permission of copyright holders (Jartti et al. 2015, Study IV). 

RV load modified the response of randomly assigned interventions on the occurrence 
of a physician-confirmed new wheezing episode during the 2-month follow-up. Children 
with a RV load of greater than 7000 copies/mL were associated with lower occurrence of 
a new physician-confirmed wheezing episode in prednisolone group when compared to 
placebo group (HR 0.2 [95% CI 0.1, 0.7], p = 0.01) (Figure 7). Moreover, the number 
of physician-confirmed new wheezing episodes during the 12-months follow-up was 
lower in the prednisolone group when compared to placebo group (RR 0.6 [95% CI 
0.4-0.98], p = 0.04). Further, children with a rhinovirus load more than 7000 copies/mL 
had less physician-confirmed new wheezing episodes during the 12-month follow-up in 
comparison of the prednisolone group to placebo group (HR 0.2 [95% CI 0.1-0.6], p = 
0.004). There was no difference between the two treatment groups on the initiation of 
regular controller medication for asthma symptoms. 
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The duration of cough, noisy breathing, and rhinitis was shorter in the prednisolone group 
than in the placebo group 2 weeks after discharge. In the prednisolone there were 2 (6%) 
children that had severe expiratory breathing difficulties in prednisolone group during 
the 2-week period after discharge, whereas in the placebo group that number was 9 9 
(23%) children in placebo group (p = 0.045). Furthermore, in the prednisolone group 
5 (15%) children had 2 or more awakenings for breathing difficulties, whereas in the 
placebo group the same applied to 17 (43%) children who had 2 2 or more awakenings 
for breathing difficulties. No other differences were found in secondary outcomes.

Figure 7. According to rhinovirus load, time to a new physician-confirmed wheezing episode 
in children in children with their first rhinovirus-induced wheezing episode receiving either 
prednisolone or placebo through randomization. This figure is printed with the permission of 
copyright holders (Jartti et al. 2015, Study IV). 
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6.	 Discussion

6.1.	 Virus etiology of the first wheezing episode

In this study, RV was identified as the most common pathogen in the first wheezing 
episode in small children. It was detected in 76% of the children, thus, having a clearly 
higher detection rate than shown in previous studies (Jartti et al. 2009, Nascimento et 
al. 2010, Table 1). Such high detection rates have previously been found in children with 
recurrent illnesses with high-risk for asthma, and in early wheezing children (Heymann et 
al. 2004, Jartti et al. 2009). A more sensitive real-time PCR than a conventional PCR has 
improved the RV diagnostics, whicht is the most likely explanation for high-prevalence 
of the virus (Jansen et al. 2011). This has also emphasized the importance of RV as a 
common pathogen in lower respiratory infections and early wheezing (Jartti et al. 2004, 
Lee et al. 2007, Palmenberg et al. 2009). Moreover, since RV infection is closely linked to 
wheezing status, atopy and increasing age, a cohort including only wheezing children, high 
predominance of atopic characteristics, the relatively high mean age of the study patients 
(12 months) and the fact that children under 3 months of age were excluded from the 
study, may also explain the high detection rate of the RV, (Lemanske et al. 2005, Kusel et 
al. 2007, Lukkarinen et al. 2013, Jartti et al. 2009, Midulla et al. 2010, Table 1, Table 2). 

Previously, RSV has been detected in up to 80% of wheezing children aged under 24 
months (Rakes et al 1999, Bosis et al. 2008, Helminen et al. 2008, Table 1, Table 2). Even 
though major RSV epidemic occurred during the study period, the detection rate of RSV 
was still only 28%. Traditional RSV-induced bronchiolitis with non-specific noisy-breathing 
is a typicaöl illness in infants, whereas wheezing commonly occurs in older children and is 
linked more closely to RV (Jartti et al. 2009, Nascimento et al. 2010, Midulla et al. 2012, 
Helminen et al. 2008). HBoV was the third most common causative agent of the first 
wheezing episode. This supports the earlier findings according to which HBoV is detected 
in 16 – 23% of lower respiratory tract infections and wheezing among young children 
(Jartti et al. 2009, Nascimento et al. 2010, Meriluoto et al. 2012, Ricart et al. 2013, Table 
1, Table 2). The development of HBoV antibody assays has improved the diagnostics 
of acute HBoV infections, since the HBoV PCR diagnoses nowadays also asymptomatic 
infections. The detection rate of HBoV has been up to 27% in respiratory samples from 
wheezing children aged less than 24 months (Söderlund-Venermo et al. 2009, Jartti et 
al. 2012). Prolonged HBoV infection has been identified in up to 44% of children with 
respiratory illnesses which might explain the high prevalence of HBoV infections during 
the study period (Meriluoto et al. 2012, Jartti et al. 2012, Longtin et al. 2008, Blessing 
et al. 2009, Martin et al. 2010). However, the persistence of HBoV was not studied by 
serological analysis during the follow-up which would have ensured acute infections. 

Virus coinfections were present in 38% of the wheezing children at study entry, which is in 
line with the earlier detection rates among children with the first wheezing episode (Jartti 
et al. 2009, Nascimento et al. 2010). However, the detection rate of coinfections among 
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wheezing children younger than 24 months has been found to fluctuate between 3 % - 51 
% (Miron et al. 2010, Bizzintino et al. 2011, Cox et al. 2013, Fawkner-Corbett et al. 2016). 
The high detections rates of virus coinfections in small children might be caused by slow 
viral clearance due to an immature immune system (van der Zalm et al. 2009, Huijskens et 
al. 2012, Cebey-Lopez et al. 2015). The clinical significance of virus coinfections, whether 
it indicates antecedent or present infection, is still unknown and warrants further studies. 

RV-C was detected in 58% of the children with first wheezing episode. This is in agreement 
with previous studies on the prevalence of infections caused by the RV species in 
children with acute wheezing, asthma or lower respiratory tract infection (26% - 68%) 
(Linsuwanon et al. 2009, Miller et al. 2009, Bizzintino et al. 2011, Cox et al. 2013, Lauinger 
et al. 2013). The RV-A detection rate has varied from 22% to 60% in lower airway illnesses, 
however, in this study RV-A was found in 20% of the first time wheezing children (Miller et 
al. 2009, Martin et al. 2015). RV-B was found in only one child, which supports the earlier 
findings that RV-B is less common in respiratory tract infections and acute wheezing (Lee 
et al. 2012, Nakagome et al. 2014). RV species detected simultaneously with other viruses 
were more common in RV-C cases than in RV-A which is in contrast to previous studies 
(Miller et al. 2009, Fawkner-Corbett et al. 2016) 

The results emphazise the role of RV in respiratory infections as they can be detected in 
29% - 59% of children with respiratory symptoms after the first wheezing episode during 
one-year follow-up. RV starts to dominate in respiratory infections after 9-12 months of 
age which is in concordance with earlier studies (Jartti et al. 2009, Midulla et al. 2010). 
RV occurred in 40% of asymptomatic infections which is in agreement in previous studies 
in which the prevalence of RV has been 8% - 40% (Rakes et al. 1999, Jartti et al. 2004, 
Fry et al. 2011, Loeffenholz et al. 2014, Principi et al. 2015). This could be explained by 
the immature immune system of young children, which results into a less effective viral 
clearance or the sensitivity of the modern PCR tests (Kumar et al. 2008, Jansen et al. 
2011, van der Zalm et al. 2011). In the recurrent wheezing episodes, RV clearly dominated 
representing mainly RV-C which supports the earlier finding that RV-C infected children 
are in an increased risk for subsequent hospital admissions because of wheezing (Cox et 
al. 2013). 

Previous studies have concluded that in early wheezing repetative RV detections are 
due to infections by new virus strains, and not by virus persistence with the same strain 
in early wheezing (Winther et al. 2006, Wright et al. 2007, van der Zalm et al. 2011, 
Engelmann et al. 2013, Loeffenholz et al. 2014). This is also supported by findings of 
this study according to which RV infections were mostly caused by different RV strains 
indicating reinfections. In line with this is also the finding that recurrent wheezing episodes 
were due to different virus strains when compared to the first wheezing episode (Jartti 
et al. 2008). RVs seemed to clear out in 2 weeks regardless of the RV type. Already at 
the 2-week follow-up visit RV represented a different genotype than at the acute phase. 
This is in line with earlier reports (Jartti et al. 2004, Loeffenholz et al. 2014). Longer RV 
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persistence has been shown to associate with immunocomprised patients (Kaiser et al. 
2006, Kainulainen et al. 2010).

6.2.	 Associations between the virus etiology and patient characteristics

In this study, the first RV-induced wheezing episode was closely associated with atopic 
characteristics, especially with the first two manifestations of atopic manifestations, 
eczema and increased blood eosinophil count. These results are in line with previous 
findings (Jartti et al. 2009, Nascimento et al. 2010, Midulla et al. 2012, Ricart et al. 2013). 
In a long-term sequel, the first wheezing episode caused by an RV infection has been 
associated with an increased risk of a recurrent wheezing episode. This risk might be 
greater if the patient has atopic characteristics or a family history of asthma (Jartti et al. 
2009, Midulla et al. 2012, Lukkarinen et al. 2013). Many earlier studies have linked in the 
cohort of marginally older children the RV-induced wheezing to atopic characteristics 
(Jartti et al. 2010, Jackson et al. 2012, Soto-Quiros et al. 2012, Carroll et al. 2012). These 
atopic characteristics have been specifically IgE sensitization, increased eosinophil count, 
atopic eczema, and maternal atopic asthma. These results add to the previous findings by 
indicating that there is an association between parental smoking and an RV caused first 
wheezing episode. It has been shown before that maternal smoking during pregnancy 
is an independent risk factor for RV-induced wheezing (van der Zalm et al. 2011). One 
explanation for the mechanism behind this link might be the bronchial inflammation and 
poor lung function caused by tobacco smoke, which in turn increase the risk for an RV-
induced lower airway illness and wheezing (Kalliola et al. 2013). Interestingly, within in 
this study RSV etiology did not seem to be linked to atopic characteristics and HBoV 
became more prevalent with increasing age, which support the earlier findings (Kusel et 
al. 2007, Söderlund-Venermo et al. 2009, Jartti et al. 2010, Jartti et al. 2012). 

Atopy was especially shown to be very common in children with an RV-A or RV-C induced 
first wheezing episode when compared to children with non-RV induced wheezing as an 
addition to previous findings (Soto-Quiros et al. 2012, Lukkarinen et al. 2013, Cox et al. 
2013). Moreover, it has been earlier shown that children with an RV-A or RV-C infection 
have a similar risk for wheezing when being sensitized to dust mite (Soto-Quiros et al. 
2012). Atopic sensitization might also increase the risk for hospitalization in children with 
RV-C induced lower airway illnesses (Soto-Quiros et al. 2012, Cox et al. 2013). This result 
may also indicate that sensitization to many environmental factors predisposes children 
to more to the RV-A or RV-C infection than to infections of other respiratory viruses. In 
addition to the earlier findings, the increased blood eosinophil count is notably associated 
with RV-A and RV-C induced early wheezing (Midulla et al. 2010). 

One explanation for the association between an RV infection and allergic sensitization 
is that allergic sensitization enhaces the Th2 immune responses as well as increases 
the release of cytokines (Huber et al. 2010, Pritchard et al. 2012). This upregulates 
the expression of ICAM-I on the bronchial epithelial cell surfaces which accelerates the 
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proliferation and replication of those species RV-A which are known to utilize ICAM-I as a 
receptor (Rossi et al. 2013). At the same time, RV-induced wheezing is linked to decreased 
interferon responses which could explain the connection between an RV infection and 
allergic sensitization (Wark et al. 2005, Contoli et al. 2006, Jakiela et al. 2008, Sykes et 
al. 2012). This worsens RV infection pointing out children who are in risk for recurrent 
wheezing. 

6.3.	 Associations between the virus etiology and illness severity

This study was the first to show an association between the first RV-induced wheezing 
episodes and prolonged cough. Children with RV-induced wheezing may already have a 
chronic, partly atopy-related inflammation in the lower respiratory tract which manifestates 
as cough and is exacerbated by an RV infection. This finding may also explain by the positive 
response to oral corticosteroid. Earlier studies have also reported decreased interferon 
responses toward an RV infection (Papadopoulos et al. 2002, Contoli et al. 2006, Sykes 
et al. 2012). RSV-induced first wheezing episode was linked to hospitalization, which is in 
line with earlier studies (Marguet et al. 2009, Mansbach et al. 2012). Virus coinfections 
associated with prolonged wheezing independent of the virus etiology which is in line 
with some but not with all earlier studies. Earlier studies have shown that children with 
bronchiolitis caused by the coinfection of RV and RSV was associated with a longer 
duration of hospitalization and a more severe illness than bronchiolitis caused by an RV 
infection alone or an RV infection with another virus than RSV (Mansbach et al. 2012, 
Papadopoulos et al. 2002). In contrast to this, HBoV has been found to interfere RV-
induced immune responses and affect the outcome of wheezing (Lukkarinen et al 2014). 
However, there are also studies that have not found a link between wheezing illnesses and 
infections with multiple viruses (Marguet et al. 2009, Brand et al. 2012, Debiaggi et al. 
2012). 

Previous reaserch has shown that in general, RV causes more aggressive illness than RSV, 
and that RV-A and RV-C cause a higher number of clinically severe lower airway illnesses 
than RV-B (Arden et al. 2010, Bizzintino et al. 2011, Cox et al. 2013, Martin et al. 2015, 
Fawkner-Corbett et al. 2016). The result of Study II adds to the earlier finding that a rapid 
onset of an illness is especially dominant in children with an RV-A- and RV-C-induced first 
wheezing episode (Jartti et al. 2014). The link between a more severe illness and children 
with an RV-A and RV-C infection is supported by the significant association between the 
use of bronchodilatators in RV-A and RV-C than non-RV infected children. However, 
there was no significant difference in the illness severity when comparing RV-A and RV-C 
infected children only (Müller et al. 2015, Fawkner-Corbett et al. 2016). RV-A and RV-C 
infections have been linked to impaired antiviral responses and reduced epithelial barrier 
function that might explain the association between severe wheezing and RV-A and RV-C 
infections (Jakiela et al. 2008, Baraldo et al. 2012, Contoli et al. 2015). Furthermore, RV 
has been shown to be a strong risk factor for recurrent wheezing irrespective of whether 
being detected alone or together with other viruses (Hasegawa et al. 2014, Jackson et al. 
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2008, Bergroth et al. 2016). Interestingly however, RV-B has been found to be associated 
with a slower replication and a lower cytokine and/or chemokine production which in 
turn may contribute to less severe illnesses. This supports the ability of RV-A and RV-C 
to cause a more severe illness (Nakagome et al. 2014). Supporting the ability of RV-C to 
cause more severe illness, a gene, CDHR3, has been indicated to increase RV-C binding 
and replication, and furthermore, be a susceptible gene for wheezing illnesses and 
hospitalizations in children with asthma (Bonnelykke et al. 2014, Bochkov et al. 2015).

6.4.	 One-year outcome of the first wheezing episode

RV has been shown to be a strong predictor of recurrent wheezing and together with 
allergic sensitization the risk for developing asthma is further increased (Jackson et al. 
2008, Jackson et al. 2012, Lukkarinen et al. 2013). The results of Study III add to the 
previous findings that both RV-A and RV-C infections at the first wheezing episode are 
major risk markers of recurrent wheezing when compared to non-RV infections. Only 
Linsuwanon et al have shown that RV-A or RV-C in codetection with RSV are associated 
with recurrent wheezing (Linsuwanon et al. 2009). However, the risk of recurrent 
wheezing was not increased when atopic characteristics were present which further 
emphasizes the RV’s role as a risk factor (Jackson et al. 2012, Lukkarinen et al. 2015). 
Moreover, this study was the first to show that children with a RV-A or a RV-C induced 
first wheezing episode also had an increased risk for an RV-induced recurrent wheezing. 
Of the recurrent wheezing episode, RV was detected in 69% of the children in the Study 
III. This might be explained by deficient innate immune responses, genetics, and atopic 
inflammation which have all been shown to be linked to RV infected children (Jakiela et al. 
2008, Baraldo et al. 2012, Jackson et al. 2012, Caliskan et al. 2013, Contoli et al. 2015). 

6.5.	 Efficacy of systemic corticosteroid in the first wheezing episode

Vinku2 study was the first randomized double-blind, placebo-controlled trial to 
investigate the effect of prednisolone in the first acute RV-induced wheezing episode. 
In the prespecified interaction analysis showed that the efficacy of prednisolone was 
linked to an increased RV load. The hypothesis was confirmed because previous studies 
have demonstrated that a wheezing episode caused by an RV is an important risk factor 
for recurrent wheezing and doctor-diagnosed asthma in children (Kusel et al. 2007, 
Kotaniemi-Syrjänen et al. 2008, Jackson et al. 2008, Midulla et al. 2012). Also, in a post 
hoc analysis oral corticosteroid was found to reduce the recurrent wheezing episodes 
induced by RV (Lehtinen et al. 2007, Lukkarinen et al. 2013). In this study, the short-
term benefits of the prednisolone (for example less respiratory symptoms and relapses 
resulting in a clinical visit during the 2-week follow-up) were shown to be in line with the 
earlier study (Jartti et al. 2006). This study further emphasizes the role of RV infection 
in early wheezing, since there are some studies that have shown the positive effect of 
oral corticosteroid in wheezing illness in hich the virus etiology was not, however, studied 
(Plint et al. 2009, Alansari et al. 2013). On the contrary, some studies have shown no 
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positive effect of oral corticosteroid in viral wheezing, however, the virus etiology was 
not specified in these studies (Oommen et al. 2003, Panickar et al. 2009). Bisgaard et al 
found no effect of intermittent inhaled corticosteroid on the progression of wheezing or 
short-term symptoms independent from the virus etiology (Bisgaard et al. 2006, Busse et 
al. 2011). Furthermore, systemic corticosteroids combined with nebulized epinephrine 
have been shown to have a borderline significance in reducing the need for hospitalization 
in infants with bronchiolitis. This effect was not affected by a positive RSV status (RV was 
not examined), a personal or family history of atopy, the early presentation in the course 
of illness or the severity of the illness (Plint et al.2009). 

The link between long term-outcomes and high RV load is supported by previous post 
hoc trials showing a long-term effect of prednisolone in RV-positive children with first-
time wheezing (Lehtinen et al. 2007, Lukkarinen et al. 2013). During the time between 
aforementioned trials the improvement of the PCR methods has enhanced the detection 
of RVs (Jartti et al. 2013). One potential explanation for the efficacy of prednisolone in 
children with high RV load is that the increased RV replication is associated with more 
severe airway inflammation (Rakes et al. 1999, Jartti et al. 2006, Contoli et al. 2006, 
Kusel et al. 2007, Jartti et al. 2010, Jackson et al. 2012, Baraldo et al. 2012, Sykes et al. 
2012, Carroll et al. 2012). Allergic airway inflammation is typically associated with low IFN 
responses, leading to decreased viral clearance, increased virus replication, and eventually 
to a more severe airway inflammation. An in vitro study has shown that broken epithelial 
barrier is more prone to RV replication than an intact cell surface (Jakiela et al. 2008). 
Although, this study has shown the long-term effect of prednisolone in the first wheezing 
wheezing with high viral load of RV, there was no difference in the efficacy of prednisolone 
between patients with RV-A or RV-C associated first wheezing.

6.6.	 Strengths and limitations

The strengths of this study are that it focused on purely on the first wheezing episode, 
recruited patients consecutively, recorded clinical data prospectively, and used RCT design 
with power calculation, sensitive virus diagnostics and comprehensive clinical laboratory 
analyses were used. Of the 111 children enrolled, 83% completed the 12-month follow-
up. The subjects of the randomized, double-blind, placebo-controlled study design 
with 12-month follow-up were carefully characterized. The first wheezing episode was 
confirmed by interviewing parents by using a standard questionnaire and by checking the 
medical records. For RV typing specific primers from both partial 5’ NCR and VP4/VP2 
region of the viral genome were used. Typing for VP4/VP2 is known to be more definitive 
for RV species and type differentiation. It is generally known that 5’ NCR primers are more 
sensitive for RV PCR amplification. 

As for limitations, children under the age of 3 months were excluded due to the 
intervention. However, RV typically triggers wheezing in children older than 3 months 
which was the main interest (Jartti et al. 2009, Korppi et al. 2015). The results might 
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not be generalized to outpatients since 80% of the study patients were hospitalized. The 
sample was relatively small, and it was too small to permit meaningful analysis of inpatient 
versus outpatient interactions. There was a delay (45 hours’ vs 0 hours) in the initiation 
of the study drug in the current trial compared to the previous trial because of completion 
of the RV PCR. However, no association between the delay and the primary and secondary 
outcomes were found. There was only one RV-B and it was excluded from analyses so the 
differences between RV-A, RV-B and RV-C could not be demonstrated. Moreover, 30% of 
RV positive samples were typed. 



	 Summary and conclusions	 63

7.	 Summary and conclusions

The purpose of this study was (I) to investigate the virus etiology of the first wheezing 
episode in children aged 3 – 23 months and how it is associated with clinical characteristics 
and illness severity, (II) to analyze RV species and clinical characteristics of children in the 
first wheezing episode (III) to examine the clinical and virus surveillance after the first 
wheezing episode with special focus on RV-A and RV-C species and in order to determine 
the short- and long-term efficacy of oral corticosteroid, prednisolone, after the first RV-
induced wheezing episode (IV).

In Study I, it was found that acute wheezing in young children is exclusively caused by a 
virus infection. RV dominated as a causative agent already at the first wheezing episode 
and was closely associated with age and atopic characteristics of child as well as parental 
smoking. RV infections were also more closely linked to wheezing than RSV infections. RV 
was also linked to prolonged cough suggesting a more chronic type of illness in children 
susceptible to RV-induced wheezing. The second most common pathogen was RSV 
and the third HBoV. The results add to previous studies to call attention to RV-induced 
wheezing and the differences between these three major viruses (RV, RSV and HBoV). 

The Study II showed that RV-C was the most common pathogen causing the first wheezing 
episode. It was followed by RV-A. RV-B seems to remain rare. Children with RV-A and RV-C-
induced first wheezing episode were more often atopic, as well as had a more rapid onset 
of illness and greater illness severity than those with wheezing induced by other viruses. 
Further studies are warranted on the pathogenesis and preventive strategies for RV-induced 
early wheezing. It is clinically important to understand the association between atopic status 
and wheezing induced by species A, B and C RVs when analyzing subsequent risk for asthma. 

Study III showed that in small children, during a 12-months follow-up after the first 
wheezing episode, RV causes repetitive infections with varying virus strains. Children 
with RV-A and RV-C induced first wheezing episode had an increased risk to have a new 
wheezing episode or a new RV-induced wheezing episode in shorter time than non-RV 
induced first wheezing episode. No difference was found in the efficacy of prednisolone 
between patients with RV-A or RV-C associated first wheezing. These results call attention 
to the prevention strategies targeted at infections induced by these two RV species. 

In Study IV, although prednisolone had no effect on the long-term primary outcomes, 
the primary interaction analysis showed that prednisolone was effective in children with 
RV-induced wheezing when high viral loads were measured. Furthermore, prednisolone 
seemed to have a short-term effect on secondary outcomes in children with RV infection 
regardless of virus genome load. As a conclusion, the first time wheezing children affected 
by RV, especially those with high virus genome load, may benefit from short- and long-term 
use of oral corticosteroid. These results warrant adequately powered trial on the efficacy 
of prednisolone in RV-affected first-time wheezing children that takes into account virus 
genome load and atopy status of child.
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Appendix 1. Parental questionnaire.*
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Appendix 2. Clinical score chart at the emergency room or hospital ward.

 

 
Name _______________  Social security number ___________________ 
(After study entry, to be filled in the mornings 2 hours after bronchodilator).  
                                     An example 

Date, time 7.9.2007 
8.00 

    

Heart rate/min 112     
Breathing frequency/min 55     
Oxygen saturation 98     
Body temperature 37.6     
Inspiratory:expiratory time: 0 (2:1), 1 (1:1), 2 
(1:2), 3 (1:3) 

1:2     

Degree of dyspnea: 0 (normal), 1 (mild), 2 
(moderate), 3 (severe) 

2     

Auscultatory findings on wheezing: 0 (none), 
1 (expiratory), 2 (inspiratory and 
expiratory), 3 (audible without stethoscope) 

2     

Type of breathing: 0 (normal), 1 (use of 
stomach muscles), 2 (use of intercostal 
muscles), 3 (nasal flaring) 

1     

Pneumonic crackles: 0 (no), 1 ( mild), 2 
(moderate), 3 (severe) 

0     

Otitis media: 0 (no),  1 (yes) 0     
Antibiotic: 0 (no), 1 (yes),  
what and when initiated 

0     

Other symptoms +/++/+++ and their connection 
to study medication: 1 (no), 2 (maybe), 3 (yes) 

     

Cough ++/1     
Rhinitis +/1     
Eye symptoms -     
Eczema -     
Any other symptoms/signs (report everything) Restlesness 

++/1 
    

Other notes, e.g. the cause of symptoms flu     
Study drug given (tally)  lll     
Mediacation (drug name, dosage) before 
physical examination (tally) 
 

ER: albuterol 
1.2 mg x2, 
ward: albuterol 
1.5 mg x2  

    

…and before blood draw + albuterol 1.5 
mg x2 

    

Oxygen (hour) or  
i.v. or nasogastric hydration (volume/time) 

Oxygen 5 h 
i.v. fluid  
700 ml 

    

Exact times: Study entry at ER/ward (1), study 
drug initiation (2), ready for discharge 
considering breathing difficulties (3), actual 
discharge (4). 

(1) 15.30     
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Appendix 3. Symptom diary 1, Vinku2 study.
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Appendix 4. Symptom diary 2. 
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