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ABSTRACT

Wheezing requiring hospitalisation in infancy carries a risk for recurrent bronchial obstructions
and subsequent development of asthma. However, identification of the at-risk children is still a
challenge due to heterogeneity of the group of wheezing infants.

One hundred children with wheezing requiring hospital admission at the age of 1-23 months
were enrolled into this prospective follow-up study in 1992-1993. On admission, baseline data
were charted and blood specimens and nasopharyngeal aspirates collected. As an emergency
treatment, racemic adrenalin and nebulised salbutamol were administered.

In 1999, median 6.3 years (range 5.3-7.2) after the index hospitalisation, 82 children tock part
in the reinvestigation at the median age of 7.2 years (range 5.6-8.8). The reinvestigation
included clinical examination, parental interview on symptoms and medications, baseline
pulmonary function measurements, exercise challenge, and skin prick tests (SPT) against
common inhalant allergens.

In 2000-2002, supplementary studies on viral aetiology and specific immunoglobulin E
antibodies were performed in frozen samples obtained during the index episode of wheezing.

At early school age, 40% of children were regarded as having asthma, and 30-49% of children
had clinical atopic manifestations. Skin tests were positive in 46% of children. Supplementary
viral studies revealed rhinoviruses in 33%, respiratory syncytial virus (RSV) in 29%,
enteroviruses in 12%, and coronaviruses in none of the children on admission.

The clinical pictures of RSV and rhinovirus infection-associated wheezing did not differ
significantly with regard to the clinical symptom scores or in relation to the response to the
emergency treatment. However, oxygen saturation values were lower in RSV-positive children
on admission (p=0.027). Rhinovirus-associated wheezing was characterized by the age of >12
months on admission, the presence of atopic dermatitis in infancy, and/or eosinophil activation
during the index episode of wheezing. Rhinovirus-induced wheezing was found to be predictive
for the development of asthma (OR 4.14; 95% CI 1.02-16.77).

In addition, recurrent wheezing (OR 4.29; 95% Cl 1.02-17.99), atopic dermatitis (OR 4.11;
95% Cl 1.42-11.84), elevated total serum IgE (>60 kU/) (OR 3.41; 95% CI 1.03-11.33), and
blood eosinophilia (>0.45 x10%) (OR 7.02; 2.26-21.79) in infancy were predictive for
development of asthma. Serum food-specific IgE of >0.70 kU/l (OR 2.97; 95% CI 1.10-7.97),
inhalant allergen-specific IgE of >0.35 kU/l (OR 9.75; 95% CI 1.91-49.71), and specific IgE of
>0.35 kU/l against egg white (OR 2.85; 95% CI 1.01-8.02), and/or wheat (OR 4.93; 95% CI 1.16-
20.89), and sensitisation to common food or inhalant allergens by SPTs (OR 5.22; 95% Cl 1.79-
15.22) in early childhood were also predictive of early school-age asthma.

In conclusion, asthma at early school age is present in 40% of children after wheezing
requiring hospital admission in infancy. Wheezing outside RSV epidemics, recurrent symptoms,
early evidence of atopy or sensitisation to common food and inhalant allergens, and blood
eosinophilia or a rhinoviral finding during acute wheezing increase the risk for persistence of
symptoms and the subsequent development of asthma.

National Library of Medicine Classification: WD 300, WF 150, WF 553, WS 280
Medical Subject Headings: asthma; etiology; allergens; antigens, viral; hypersensitivity;
respiratory sounds; hospitalization; infant; child; forecasting; prognosis; follow-up studies
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TIVISTELMA

Varhaislapsuuden sairaalahoitoiseen hengenahdistukseen siséltyy riski toistuvaan
hengenahdistusoireiluun ja astman kehittymiseen. Hengenahdistusoireilusta kérsivat lapset
muodostavat kuitenkin varsin heterogeenisen ryhmén, ja onkin varsin haasteellista yrittda
tunnistaa astmariskissad olevat lapset kaikkien ahtauttavaa hengitystietulehdusta sairastavien
lasten joukosta.

Kaikkiaan 100 alle 2-vuotiasta lasta, joilla oli sairaalahoitoa vaativa ahtauttava
alahengitystietulehdus, otettiin mukaan tahan prospektiiviseen seurantatutkimukseen vuosina
1992-1993. Sairaalantulovaiheessa taustatiedot kartoitettiin, otettiin verindytteitéd ja nenanielun
imulimanaytteit, seka tutkittiin vastetta akuutin vaiheen la&kehoidoille (raseeminen adrenaliini ja
salbutamoli).

Vuonna 1999, 6.3 vuoden {mediaani; vaihteluvali 5.3-7.2 vuotta) kuluttua sairaalahcidosta, 82
lasta ofti osaa seurantakdynnille 7.2 vuoden (mediaani; vaihteluvédli 5.6-8.8 vuotta) idssé.
Seurantakéynnilld lapsille tehtiin kliininen tutkimus, vanhempia haastateltiin lasten oireista ja
l1aakityksistd, keuhkojen toimintaa tutkittin spirometrilla, ja hengitysteiden supistumisalttiutta
tutkittiin  juoksutestilla. Lisaksi lapsille tehtiin ihopistokokeet tavallisimpia hengitettavia
allergeeneja kohtaan.

Vuosina 2000-2002 alkuvaiheen virustutkimuksia tdydennettin uusilla tutkimuksilla ja
spesifisid immunoglobuliini E-tyypin vasta-aineita maaritettin pakastetuista tulovaiheen
seeruminaytteistd tavallisimpia allergeeneja kohtaan.

Varhaisessa kouluidssa 40%:lla lapsista oli astma, ja 30-49%:lla oli muu atooppinen sairaus.
Ihopistotestit olivat positiiviset 46%:lla. Virustutkimukset paljastivat ettd tutkimukseen
tulovaiheessa rinovirusinfektio oli 33%:lla, respiratory syncytial virus (RSV) 29%:lla ja enterovirus
12%:lla.

RSV- ja rinovirusinfektioiden kliinistd kuvaa verrattaessa todettiin, ettd eroja ei juuri ollut
oireiden vaikeuden tai |4&kevasteen osalta. Happisaturaatioarvot olivat kuitenkin matalammat
RSV-positiivisilla lapsilla sairaalaantulovaiheessa (p=0.027). Rinovirusinfektioon liittyva
taudinkuva erosi RSV-infektiosta ian, atooppisen ihottuman ja eosincfiilien aktivaation osalta.
Rinovirusinfektion laukaiseman vinkuvan hengitystietulehduksen todettiin ennustavan astman
kehittymisté (oddsien suhde (OR) 4.14; 95% luottamusvali (LV) 1.02-16.77).

Myds hengenahdistusten toistuminen varhaislapsuudessa (OR 4.29; 95% LV 1.02-17.99),
atooppinen ihottuma (OR 4.11; 95% LV 1.42-11.84), koholla oleva seerumin IgE &60 kU/l) (OR
3.41; 95% LV 1.03-11.33), sekd veren eosinofilia (OR 7.02; 95% LV 2.26-21.79) ennakoivat
astman kehittymista. Lisaksi spesifinen IgE >0.70 kU/l ruoka-allergeeneja kohtaan (OR 2.97;
95% LV 1.10-7.97), spesifinen IgE >0.35 kU/l hengitettavia allergeeneja kohtaan (OR 9.75; 95%
LV 1.91-49.71), sekd spesifinen IgE of >0.35 kU/l kanamunan valkuaista (OR 2.85; 95% LV
1.01-8.02), ja/tai vehnaa (OR 4.93; 95% LV 1.16-20.89) kohtaan ennustivat astman kehittymist3,
samoin ihotestipositiivisuus tavallisille ruoka-aineille ja/tai pélyille varhaislapsuudessa (OR 5.22;
95% LV 1.79-15.22).

Yhteenvetona voidaan todeta ettd varhaislapsuudessa sairaalahoitoa vaatineen ahtauttavan
alahengitystietulehduksen jalkeen astma on 40%:lla lapsista kouluikdan tultaessa. Hengityksen
vinkuminen RS8V-epidemian ulkopuolella, oireiden toistuminen, atopia tai herkistyminen
tavallisimmille ruoka-aineille tai pélyille varhaislapsuudessa, veren eosinofilia, seké
rinovirusldydds ahtauttavan alahengitystietulehduksen taustalla liittyvét lisdéntyneeseen astma-
riskiin.
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1. INTRODUCTION

Wheezing related to respiratory infections is common in infancy and early
childhood; 20% of all children will suffer from wheezing during the first years of
life (Morgan and Martinez 1992, Martinez et al. 1995), and 1-3% of all infants
are admitted to hospital due to wheezing (Korppi et al. 1986, Phelan et al.
1990, Boyce et al. 2000). In particular, after hospitalisation for wheezing,
recurrent episodes of wheezing and subsequent development of asthma are
increased when compared with occurrence of wheezing and asthma in non-
selected child populations (Noble et al. 1997, Sigurs et al. 2000 and 2005,
Piippo-Savolainen et al. 2004). However, wheezing in infancy is a
heterogeneous condition with different phenotypes and outcomes (Martinez et
al. 1995, Martinez and Godfrey 2003), and consequently, identification of
children at risk for long-term respiratory morbidity is difficult.

Atfter early childhood wheezing, persistence of wheezing and subsequent
development of asthma have been related to inherited susceptibility to asthma
and atopy, and to the development of clinical allergic manifestations (Morgan
and Martinez 1992, Martinez and Godfrey 2003). In addition, there is evidence
that certain infections, respiratory syncytial virus (RSV) bronchiolitis in
particular, contribute to later asthma (Sly and Hibbert 1989, Sigurs ef al. 1995
and 2005). Furthermore, during the last decade, advances in methods of
detection have elucidated the role of rhinoviruses as lower respiratory tract
pathogens (Andréoletti et al. 2000, Juvén et al. 2000, Papadopoulos et al. 2000
and 2002), and as common agents found to trigger wheezing in asthmatic
children (Duff ef al. 1993, Johnston et al. 1995, Freymuth et al. 1999, Rakes et
al. 1999, Rawlinson et al. 2003). Likewise, coronaviruses are well-known
pathogens in respiratory infections in children (Isaacs ef al. 1983), and also
encountered in exacerbations of asthma in schoolchildren (Johnston et al.
1995). Recent evidence suggests that enteroviruses may also play a role in
childhood respiratory morbidity (Ruohola et al. 2000, Jartti ef al. 2002 and
2004b). However, the role of rhino-, entero- and coronaviruses as inducers of
wheezing in infants and as predictors of outcome has not been fully
established.

Although a majority of wheezing children who finally are diagnosed as
asthmatics develop clinically evident atopic manifestations in the long run, they
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may not have any symptoms of atopy in infancy (Paganelli et al. 1998, Martinez
1999). Total serum immunoglobulin E (IgE) has been used to determine
subclinical atopy (Martinez 1999), and blood eosinophilia (Martinez 1999), and
serum eosinophil cationic protein (ECP) (Koller et al. 1997) to determine
susceptibility to respiratory allergy. However, all these commonly used markers
are non-specific, and to point out the allergen-specific responses, skin prick
tests (SPT) or radioallergosorbent tests (RAST), have had to be performed this
far. SPTs are qualitative, and for technical reasons, only a restricied number of
allergens are applicable in SPTs in young children. Both of these tests may
also be susceptible to technical errors and variations due to either non-
standardized or non-automated methods. Consequently, new approaches are
needed to screen those prone to atopy or allergen-induced asthma among the
large group of wheezing infants.
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2. REVIEW OF THE LITERATURE
2.1. Wheezing disorders in early childhood

2.1.1. Incidence of wheezing in infancy

In early life, approximately 20% of all children will suffer from wheezing
illnesses (Morgan and Martinez 1992, Martinez et al. 1995), most commonly
diagnosed as acute viral bronchiolitis or wheezy bronchitis. In 1-3% of all
infants, respiratory infection-related expiratory difficulties are severe enough to
require hospitalisation (Korppi et al. 1986, Phelan et al. 1990, Boyce et al.
2000). In infants with underlying chronic cardiac or pulmonary problems, the
risk of hospitalisation for wheezing is greater, even up to 39%, during viral
respiratory infections (Boyce et al. 2000).

According to several longitudinal studies, infants and toddlers hospitalised for
wheezing represent a group of children at risk for recurrent bronchial
obstructions and subsequent development of asthma (Sly and Hibbert 1989,
Noble et al. 1997, Sigurs et al. 2000 and 2005, Piippo-Savolainen ef al. 2004).
However, there is evidence that most episodes of wheezing in early life are of
viral origin, and wheezing infants form a heterogeneous group with different
phenotypes and outcomes (Martinez and Godfrey 2003). Consequently, it is still
a challenge to identify the children at risk for persistent wheezing and asthma.

2.1.2. The role of respiratory viruses in early childhood wheezing

2.1.2.1. Respiratory syncytial virus (RSV)

RSV is the agent most commonly identified in infants hospitalised with acute
bronchiolitis (Mcintosh et al. 1993, Ruuskanen and Ogra 1993, Kneyber et al.
2000), especially in children aged between 2 to 6 months (Ruuskanen and
Ogra 1993). Premature infants (Hall et al. 1979, Meert et al. 1990), and the
children with chronic cardiorespiratory diseases, especially those with chronic
lung disease of prematurity, are at greatest risk of severe disease requiring
hospital admission (MacDonald et al. 1982, Groothuis ef al. 1988, Navas ef al.
1992, Boyce et al. 2000). Other risk factors for severe RSV lower respiratory
illness include underlying immunosuppressive conditions (Navas et al. 1992,
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Wendt and Hertz 1995, McCarthy et al. 1999, Madhi et al. 2001), lack of breast
feeding in infancy (Wright et al. 1989, Holberg et al. 1991), in utero exposure to
tobacco-smoke products or passive smoking in infancy (Holberg et al. 1991,
Law et al. 2002), and crowded living conditions (Holberg ef al. 1991, Law et al.
2002). However, most hospitalised children have no apparent underlying
condition (Graham et al. 2002).

RSV is a large, enveloped, single-stranded RNA virus, classified in the genus
Pneumovirus, belonging to the subfamily of Pneumovirinae of the family
Paramyxoviridae (Brooks et al. 2004). There are two major groups of RSV — A
and B — with antigenic differences in the structural proteins of the virus. The
surface proteins F (fusion protein) and G (attachment protein) are the major
antigenic determinants of the virus, inducing neutralizing and protective
antibodies (Ruuskanen and Ogra 1993, Brooks et al. 2004).

In temperate climates, RSV infections occur yearly as winter epidemics, and
almost all children encounter the virus by the age of 2 to 3 years (Glezen and
Denny 1973, Glezen et al. 1986). In Finland, the RSV epidemics occur in two-
year cycles, with a minor spring epidemic preceding the major autumn epidemic
(Waris 1991).

In RSV bronchiolitis, the bronchial epithelium is colonised by virus which then
replicates. Subsequent destruction of ciliated epithelial cells occurs by necrosis,
and the peribronchiolar tissues are infiltrated by lymphocytes. Submucosal
tissues become oedematous, and plugs consisting of mucus, fibrin, and cellular
debris occlude the bronchioles (Brooks et al. 2004). The clinical picture of RSV
bronchiolitis is characterized by low fever, rhinorrhea, cough, poor feeding,
tachypnoea, expiratory distress and audible wheezing. In addition, intercostal
retractions, expiratory wheezes and fine inspiratory crackles on auscultation,
pulmonary hyperinflation, and impaired gas exchange are common clinical
findings in infants with RSV bronchiolitis (Phelan ef al. 1990, Ruuskanen and
Ogra 1993). However, the diagnostic criteria for bronchiolitis as a clinical
syndrome vary in different countries, leading to variation in the incidence figures
(Ruuskanen and Ogra 1993).

In addition to bronchiolitis, infections with RSV have several other clinical
presentations; central apnoea is one of the most common presentations of RSV
infection in first two months of life (Kneyber et al. 1998). In older children,
infection may present as croup-like symptoms (Castro-Rodriguez et al. 2001);
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and pneumonia may occur together with bronchiolitis or as a separate
syndrome (Martinez and Godfrey 2003). However, in most of the infants, RSV
infection presents only as an upper respiratory illness (Henderson et al. 1979,
Heikkinen et al. 1999). Nevertheless, based on lung function studies performed
in infants with acute upper respiratory illness, it has been speculated that all
infants with RSV infection may have lower airway involvement, although in most
cases that would remain clinically unapparent (Martinez et al. 1990, Martinez
and Godfrey 2003).

RSV-specific immunoglobulin G (IgG) antibody response can be detected in
most infected children, reaching maximum values in 20 to 30 days after the
onset of symptoms (Welliver et al. 1980, Meurman ef al. 1984). In infants aged
less than 1 year, the RSV-specific IgG responses have been lower than in older
children (Meddens et al. 1990). RSV-specific IgG appears 1o decline to low
levels in one year after the primary infection, but reach again high levels within
5 to 7 days after RSV re-infection (Welliver et al. 1980).

There is evidence that immune mechanisms play an important role in the
development of RSV bronchiolitis (Ruuskanen and Ogra 1993, Graham et al.
2002). RSV infection induces incomplete immunity to disease, even after
multiple infections. The primary infection most commonly occurs at age 6
weeks to 6 months, when there are still maternally derived IgG antibodies
present in the circulation. However, bronchiolitis is rare in infants aged less than
6 weeks, who have the highest serum concentrations of maternally derived
antibodies (Ruuskanen and Ogra 1993), and there is evidence that high titres of
maternal RSV antibodies can be protective against severe RSV-associated
illness (Glezen et al. 1981, Holberg ef al. 1991). In addition, passive
immunization to RSV by intravenous immunoglobulins prepared from donors
with high titres of anti-RSV antibodies, or by humanized monoclonal antibodies
against the F protein of RSV, has proven to be rather effective and safe in the
prevention of severe RSV disease in high-risk infants (PREVENT Study Group
1997, IMpact-RSV Study Group 1998).

In vitro experiments have shown that RSV antibody complexes can stimulate
human neutrophils and macrophages to produce arachidonic acid metabolites
(Faden et al. 1983, Ananaba and Anderson 1991), which can cause
bronchoconstriction. Moreover, it has been found that most RSV-infected
patients have high levels of an arachidonic acid metabolite, leukotriene G, in
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the respiratory tract during the acute phase of infection, and the levels in
wheezing subjects appear to be significantly higher than in non-wheezing
subjects (Garofalo et al. 1991, van Schaik et al. 1999).

2.1.2.2. Rhinoviruses

Human rhinoviruses are the most common cause of upper respiratory tract
infections at all ages (Makela et al. 1998, Brooks et al. 2004). By the age of two
years, almost all children have experienced at least one rhinoviral infection
(Blomqvist et al. 2002).

Rhinoviruses are non-enveloped, single-stranded RNA viruses, classified in
the genus Rhinovirus, belonging to the family Picornaviridae. Human
rhinoviruses include more than 100 different serotypes (Brooks et al. 2004).

In temperate zones, there are peaks in the incidence of rhinoviral infections in
early fall and later spring (Brooks et al. 2004, Jartti et al. 2004b). In a recent
study, rhinovirus was detected most often in those wheezing children aged
under three years who were hospitalised outside RSV seasons (Heymann et al.
2004).

During rhinovirus infection, viral replication is in most cases limited to the
surface epithelium of the nasal mucosa, although rhinoviruses are able to
replicate at lower airway temperatures (Papadopoulos ef al. 1999), and capable
of infecting lower airways as well (Papadopoulos et al. 2000). Histopathologic
changes related to rhinovirus infection include oedema and mild cellular
infiltration in submucosa and surface epithelium (Brooks et al. 2004).

In children and adolescents, in addition to upper respiratory symptoms,
rhinoviruses have been identified as possible causative agents in lower
respiratory tract infections and wheezing illnesses (Table 1).

In infants hospitalised for bronchiolitis, rhinoviruses have been detected in
approximately 20% of patients (Andréoletti ef al. 2000, Papadopoulos et al.
2002). In children aged 2 years or more, rhinoviruses appear to be the most
important viral findings associated with wheezing episodes and exacerbations
of asthma, having been detected in 23-79% of cases in several studies (Horn
et al. 1979, Duff et al. 1993, Johnston et al. 1995, Freymuth et al. 1999, Rakes
et al. 1999, Rawlinson et al. 2003, Heymann et al. 2004). In children with cystic
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fibrosis, rhinoviruses have also been found to cause exacerbations of the
disease (Smyth et al. 1995).

It is not fully established how rhinoviruses trigger wheezing in susceptible
persons, but several mechanisms have been proposed (Gern and Busse 1999,
Papadopoulos et al. 2004). The ability of rhinoviruses to infect respiratory
airway epithelium seems to depend on the density of viral receptors on the cell
membrane (Gern and Busse 1999). Most, 90%, of the rhinovirus serotypes use
intercellular adhesion molecule (ICAM) 1 receptor (Staunton ef al. 1989), which
is highly expressed in bronchial epithelial cells especially during asthmatic
airway inflammation (Vignola et al. 1993). Consequently, high expression of
ICAM-1 in bronchial epithelial cells would render asthmatic persons more
susceptible to lower airway rhinovirus infections (Gern and Busse 1999). In
addition, in vitro and in vivo studies indicate that rhinovirus infection promotes
secretion of several cytokines like interleukin (IL) 6, IL-8, IL-11, and granulocyte
macrophage colony-stimulating factor (GM-CSF) from epithelial cells (Subauste
et al. 1995, Einarsson et al. 1996, Gern et al. 2000). IL-11 may have direct
effects on bronchial hyperresponsiveness (Einarsson ef al. 1996), and the other
cytokines have profound effects on inflammatory cells that can potentiate
asthma (Gern and Busse 1999).

Few studies have described the clinical characteristics of rhinovirus-
associated wheezing in infants and young children. Kellner et al. (1989)
carefully registered respiratory symptoms and signs in 60 children with
rhinovirus and in 119 children with RSV infection. The patients were younger
than 3 years old, and more than 90% were treated in hospital. Rhinoviruses
were identified by culture, and RSV by culture or antigen detection in
respiratory samples. A comparison of respiratory symptoms and signs, and the
findings in the physical examination revealed that there was no characteristic
clinical pattern with respiratory rhinovirus infection in young children (Kellner et
al. 1989). Papadopoulos et al. (2002) assessed the severity of bronchiolitis
associated with rhinovirus infection by clinical scoring, and found that rhinoviral
finding, especially when associated with RSV infection, increased the severity
of the disease. Rhinovirus was a single pathogen in only 12 cases, and
therefore the clinical characteristics of rhinovirus infection could not be
presented.
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2.1.2.3. Other respiratory viruses

Influenza virus types A and B, parainfluenza virus types 1-3, and
adenoviruses are also important causes of lower respiratory tract infections and
hospital admissions in early childhood (Henrickson 1994). As regards wheezing
infants, clinically most important of these viruses is parainfluenza virus type 3;
an RNA virus which belongs to the family Paramyxoviridae (Brooks et al. 2004).
It causes 10-15% of bronchiolitis in non-hospitalised children, and is second
only to RSV as a cause of bronchiolitis and pneumonia requiring hospitalisation
(Henrickson 2003).

Recently discovered human metapneumovirus - an RNA virus belonging to
the family of Paramyxoviridae (Brooks et al. 2004) - has been found to cause a
wide range of respiratory illnesses, clinical symptoms resembling those caused
by RSV (van den Hoogen et al. 2001, Stockton et al. 2002). In hospitalised
children with acute respiratory tract infection, wheezing, or exacerbated
asthma, the virus has been identified only in <10% of patients (Jartti et al. 2002
and 2004b, Boivin et al. 2003, Rawlinson et al. 2003, Jennings et al. 2004).
During an outbreak, metapneumovirus was identified in up to 21% of children
hospitalised for acute respiratory tract infection; half of these having an
underlying chronic disease (Dgllner et al. 2004).

Human coronaviruses - RNA viruses belonging to the family Coronaviridae
(Brooks et al. 2004) - are common pathogens encountered in respiratory
infections at all ages (Isaacs et al. 1983). The two serogroups of human
coronaviruses are 229E and OC43. In addition, a novel coronavirus, discovered
in 2003 from patients with severe acute respiratory syndrome (SARS), appears
to represent a new group of coronaviruses (Rota et al. 2003).

Enteroviruses (Ruohola et al. 2000) - RNA viruses belonging to the family of
Picornaviridae (Brooks et al. 2004) - also seem to play a role in childhood
respiratory morbidity. Due to diagnostic method limitations, limited data on
lower respiratory tract infections and wheezing illnesses associated with
corona- and enteroviruses have been available until more recently.

During an outbreak, human coronaviruses have been detected in up to 30%
of non-hospitalised children aged <6 years with acute respiratory tract infection
(Isaacs et al. 1983). In schoolchildren with exacerbations of asthma, the
detection rate has been 13% (Johnston et al. 1995). In wheezing infants,
human coronaviruses have been found rarely, only in up to 5% of patients
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(Freymuth et al. 1999, Papadopoulos et al. 2002, Camara et al. 2004,
Heymann et al. 2004).

Enteroviruses have been detected in up to 25% of infants and toddlers with
acute upper respiratory tract infections (Ruohola et al. 2000). In infants and
toddlers hospitalised for bronchiolitis or other wheezing ilinesses, the detection
rate has been only 2-12% (Andréoletti ef al. 2000, Heymann et al. 2004). In
older children with wheezing illnesses or exacerbations of asthma,
enteroviruses have been identified in up to 16-29% of cases (Jartti et al. 2002
and 2004b, Rawlinson et al. 2003, Thumerelle ef al. 2003).

2.1.2.4. Diagnostic approaches for viral infections

Viral isolation in cell cultures, antigen detection tests, and antibody assays
are widely available for common respiratory viruses, like RSV, influenza A and
B viruses, parainfluenza viruses and adenoviruses (Mclntosh ef al. 1993, Jartti
et al. 2004b). For rhinoviruses, in contrast, viral isolation in cell cultures was the
only available diagnostic method for a long time; the fact that there are over
100 serotypes of rhinoviruses has hampered the development of antigen and
antibody assays (Hyypia et al. 1998). The development of reverse-transcription
polymerase chain reaction (RT-PCR) for detection of rhino- and enteroviruses
(Halonen et al. 1995, Hyypia et al. 1998, Lénnrot et al. 1999) and for
coronaviruses (Myint et al. 1994) has allowed the re-evaluation of the role of
these viruses in respiratory infections of young children.

Nowadays, there are RT-PCR methods available also for detection of RSV
and human metapneumovirus (Jartti ef al. 2002 and 2004b). In clinical use, the
role of RT-PCR as a detection method for RSV is still to be established. In case
of serological diagnosis of RSV infection, the determination of IgG antibody titre
rises has yielded the most sensitive result (Meurman et al. 1984).

The known disadvantage of the polymerase chain reaction (PCR) methods is
that improved sensitivity of viral detection may lead to over-diagnostics, as
fewer virus particles are needed to yield a positive result by PCR than to
achieve a clinically evident disease (Johnston et al. 1993, Jartti et al. 2004a).
However, in a recent Finnish study on rhino-, entero- and coronavirus findings
by RT-PCR in asymptomatic children (Nokso-Koivisto et al. 2002), the viral
detection rate by RT-PCR was low, 5%, if there were no preceding, concurrent,
or following respiratory symptoms reported.
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2.1.3. Most common phenotypes of early childhood wheezing

Wheezing in early life is a heterogeneous condition with different phenotypes
and prognoses for outcomes. According to the Tucson Children’s Respiratory
Study, children who wheeze before the age of 3 years can be classified as
transient or persistent wheezers (Martinez ef al. 1995), and the persistent
wheezers can further be grouped by presence or absence of atopy-related risk
factors (Martinez and Godfrey 2003).

Transient early wheezers compose approximately 60% of infants and young
children who present with recurrent wheezing episodes during the first years of
life. Children belonging to this group are not more likely to have a family history
of asthma or to have a personal or family history of atopy than children who do
not wheeze during the first six years of life (Martinez et al. 1995). Transient
early wheezers tend to have symptoms mainly during viral infections, and will
stop all wheezing by 3 to 6 years of age (Martinez and Godfrey 2003).

Approximately 40% of children with recurrent wheezing during the first three
years of life, continue to have wheezing episodes at least up to the age of 6
years. Half of these persistent wheezers - atopic persistent wheezers - become
sensitised to inhalant allergens, whereas in the other half - non-atopic
persistent wheezers - wheezing symptoms are not associated with increased
prevalence of allergic sensitisation but occur mainly during viral infections
(Martinez and Godfrey 2003). The long-term prognosis of wheezing is better in
non-atopic than in atopic persistent wheezers (Halonen et al. 1999).

Factors associated with transient early wheezing and non-atopic and atopic
persistent wheezing are presented in Tables 2, 3, and 4, respectively.
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2.2. Long-term outcome of early childhood wheezing requiring hospital
admission

Especially after hospital admission for wheezing in infancy, recurrent
episodes of wheezing and subsequent development of asthma are common.
According to earlier studies, 40-60% of children with a history of hospitalisation
for wheezing at age <2 years suffer from recurrent episodes of wheezing at 2-3
years of age, (Table 5), and 25-59% of children wheeze persistently or have
childhood asthma at 3-6 years of age (Table 6). The prevalence of school-age
asthma has been 15-39% (occasionally even up to >70%), in children followed
up to 6-14 years of age (Table 7), and even in early adulthood, 30-41%
subjects with a history of hospital admission for wheezing in infancy have had
symptoms and clinical findings suggestive of asthma (Piippo-Savolainen et al.
2004). In comparison, in non-selected school-aged populations in developed
countries, the occurrence of asthma is clearly lower, 4-19% (Remes et al. 1996,
ISAAC Steering Committee 1998). However, the reported prevalence rates of
asthma vary a lot, the overall rates in developed countries having been highest
in New Zealand and Australia (15-19%), and lowest in Finland and Italy (4-6%)
(ISAAC Steering Committee 1998).

After RSV-infection associated lower respiratory tract illness (including
bronchiolitis and/or pneumonia) requiring hospitalisation in infancy, the later
occurrence of recurrent wheezing has been 40-44% in toddlers and
preschoolers (Welliver et al. 1986, Osundwa et al. 1993, Sigurs et al. 1995),
and the prevalence of school-age asthma 5-28% (occasionally up to 71%)
(Pullan and Hey 1982, Hall et al. 1984, Sly and Hibbert 1989, Sigurs et al. 2000
and 2005).

In children with hospital admission for wheezing in infancy, the school-age
occurrence of atopic manifestations (other than asthma) has been reported to
be 11-45% (Murray et al. 1992, Wennergren et al. 1997, Sigurs et al. 2000 and
2005). In non-selected schoolchildren, the prevalence of allergic
rhinoconjunctivitis varies from 6 to 24% and the prevalence of atopic eczema
from 3 to 19% in developed countries (ISAAC Steering Committee 1998). In
Finland, the prevalence of allergic rhinoconjunctivitis is 13-23%, and that of
atopic eczema 13-17% (ISAAC Steering Committee 1998).
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Table 5. Wheezing requiring hospital admission in infancy - outcome at the age of 2 to 3 years.

Number of Age Age Prevalence
index Number {(months) (years) of recurrent
children with of on at the wheezing
Reference Study type wheezing controls admission follow-up at the follow-up
Carlsen etal.  Cohort study 51 0 median 6 2 60%
1987 Prospective
Korppi et al. Cohort study 76 0 <24 253 58%
1993 Prospective
Osundwa ef al. Case-control 70 70 <12 2 Index group: 44%
1993 Retrospective {mean 3.8) Controls: 13%
Sigurs et al. Case-control 47 93 <12 2.7-3.5 Index group: 40%
1995 Prospective {mean 3.8) (mean 3) Controls: 9%

Table 6. Wheezing requiring hospital admission in infancy - outcome at the age of 3 to 6 years.
Prevalence of

Number of Age Age persistent
children  (months) (years) wheezing
with on at the or asthma

Reference Study type wheezing admission follow-up at the follow-up
Webb ef al. Cohort study 81 <12 3.54.7 59%
1985 Prospective (mean 3.6) (mean 3.9)
Welliver et al. Cohort study 38 <6 4 42%
1986 Prospective
Wennergren et al. Cohort study 94 <24 3.3-6.3 47%
1992 Prospective (median 10)
Kuikka et al. Cohort study 68 <24 4.5-6.2 25%
1994 Prospective
Reijonen etal.®  Cohort study 89 <24 3.2-5.1 51%
2000 Prospective (mean 10.6) (median 4.0)

? The study cohort is the same as that presented in this thesis.
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2.3. Prediction of long-term outcome of early childhood wheezing
requiring hospital admission

2.3.1. Predictive factors for school-age asthma

In several prospective follow-up studies, a variety of characteristics and
markers have been evaluated as predictive factors for recurrent wheezing and
subsequent development of asthma. Those characteristics that have been
found to predict school-age asthma after wheezing requiring hospital admission
are presented in Table 8.

Table 8. Wheezing requiring hospital admission in infancy - factors associated with
school-age asthma.

Factor OR (95% CI) (Reference)
Hospital admission for bronchiolitis 4.43 (1.63-12.0)° (Noble et al. 1997)
Hospital admsission for RSV bronchiolitis 12.7 (3.4-47.1)° (Sigurs et al. 2000)
10.1 (3.4-29.8)" (Sigurs ef al. 2005)

Parental asthma 4.7 (1.6-13.9)"  (Sigurs et al. 2005)
Elevated serum IgE in infancy

Serum IgE of >48 nug/l 8.4° (Korppi et al. 1984)

Serum IgE of >144 nug/l (60 kU/) 4.6° (Korppi et al. 1984)
Onset of wheezing at the age of <6 months 2.3° (Wennergren et al. 1997)
Intense obstructive disease in early childhood 2.5° (Wennergren et al. 1997)
Passive smoking in infancy 2.0° (Wennergren et al. 1997)
Development of atopic manifestations 3.7° (Wennergren et al. 1997)

? Children with transient early wheezing or without early childhood wheezing as a reference group.

® Relative risk; compared with children with transient early wheezing. Calculated from the numeral
data presented in the reference study. Data for calculations of 95% confidence intervals were
not applicable.

These predictors of asthma are in line with the risk factors for persistence of
early childhood wheezing, presented by Martinez and Godfrey (2003) (Tables 3
and 4), implying that both non-atopic and atopic forms of asthma are seen in
schoolchildren with a history of wheezing requiring hospitalisation in infancy.
However, mainly due to different study designs, there exists variation in
identified predictors of asthma between the studies.

When compared to controls without a history of wheezing in infancy, hospital
admission for RSV bronchiolitis has been found to predict school-age asthma
up to the age of 14 years (Sigurs et al. 2005), and hospital admission for
bronchiolitis of non-specified origin has found to increase the risk of asthma
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even up to young adulthood (Piippo-Savolainen et al. 2004). However, when
the school-age outcome has been compared between RSV-positive and RSV-
negative children with wheezing requiring hospital admission, RSV infection has
not been found to further increase the risk of asthma (Korppi et al. 1994,
Wennergren et al. 1997). Mainly due to limitations in methods of viral detection,
there are no earlier long-term follow-up data available on the role of
rhinoviruses, enteroviruses, and coronaviruses as predictors of recurrent
wheezing or subsequent development of asthma.

Likewise, data on RSV seropositivity and the later development of asthma or
bronchial reactivity are scarce. In a three-year follow-up of non-hospitalised
infants, no association with the presence of RSV-specific IgG and the
development of recurrent wheezing was found (Sigurs et al. 1995). On the other
hand, in another study, the RSV-IgG positivity rate at early childhood correlated
closely with attacks of wheezing during infancy (Forster et al. 1996). In school-
aged children, no relationship between the presence of IgG antibodies against
RSV and bronchial hyperreactivity was found (Backer et al. 1993).

Age <6 months at onset of wheezing has been found to predict school-age
asthma after wheezing requiring hospitalisation in infancy (Wennergren et al.
1997). On the other hand, in a study of non-hospitalised children, onset of
wheezing at the age of >18 months was predicitive for school-age asthma
(Foucard and Sjoberg 1984). In addition, in early retrospective data of
hospitalised wheezing children, the age of >12 months is presented as a risk
factor for school-age asthma (Boesen 1953).

Although elevated levels of serum IgE in infancy (Korppi et al. 1994) as well
as the development of atopic manifestations later in childhood (Wennergren et
al. 1997) have been found to predict school-age asthma among hospitalised
wheezing infants, data on early sensitisation to allergens and its role in the
development of asthma are scarce.

SPTs are commonly performed to determine IgE-mediated allergic
responses. According to an ltalian study, 30% of children aged 5 months to 4
years who were referred to an outpatient clinic due to respiratory symptoms,
were sensitised to at least one allergen, most commonly to house dust mites
(Silvestri ef al. 1996). In a Turkish study, 73% of asthmatic children aged <3
years tested positively to house dust mites, 52% to pollens, and 10% to milk
(Emin et al. 2004). In wheezing infants requiring hospitalisation, emergency
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medication usually prevents skin testing during an acute phase of the disease.
Consequently, there is shortage of studies on the role of SPT positivity in
wheezing infants as a predictive factor for asthma. In a French study, skin test
positivity to inhalant allergens (present in 25% of recurrently wheezing or
asthmatic infants) was significantly associated with the development of
childhood asthma during the follow-up of 2 years (Delacourt ef al. 1994).

Studies on the occurrence of food and inhalant allergen-specific IgE in
wheezing or asthmatic infants are presented in Table 9.

Follow-up data on the role of allergen-specific IgE antibodies as predictors of
outcome in wheezing infants are, as well, few: in a French study, most of the
infants were already diagnosed as having asthma (Delacourt ef al. 1994), and
in a Dutch study, infants were referred to the outpatient clinic due to suspicion
of asthma (Wever-Hess et al. 1999). In both studies, the assays applied to
determine specific IgE antibodies gave the results only as either positive or
negative - not as concentrations - and neither study reported specific IgE for
individual allergens (Delacourt et al. 1994, Wever-Hess et al. 1999). The follow-
up time in both studies was no more than 2 years. Delacourt et al. (1994) found
that specific IgE antibodies to inhalant allergens were rare, and thus, not
predictive of asthma, whereas Wever-Hess ef al. (1999) found specific IgE to
inhalant allergens to be highly predictive for development of asthma.
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Eosinophils are known to play a central role in the pathophysiology of asthma
(Holgate 1997), and they may contribute in the pathophysiology of wheezing in
early childhood. During acute viral respiratory infection, eosinopenia has been
considered as a normal response (Garofalo et al. 1994, Martinez et al. 1998),
and in children with wheezing lower respiratory fract infection, blood
eosinophilia or normal eosinophil counts have been predictive of persistent
wheezing (Martinez et al. 1998, Ehlenfield et al. 2000, @Qymar et al. 2001). In
addition, elevated levels of eosinophil activation products like ECP in serum or
respiratory tract secretions have been predictive of subsequent recurrent
wheezing in infants hospitalised for wheezing (Reijonen ef al. 1997b, Reijonen
et al. 1997c, Pifferi et al. 2001). However, it is known that in addition to
eosinophils, also neutrophils are able to secrete ECP, and thus it has been
speculated that in wheezing infants, lower respiratory tract infections with
neutrophilia, rather than eosinophilic airways inflammation, would result in
elevated levels of ECP (Azevedo et al. 2001).

In fact, little is known about the role of eosinophils or their activation products
as predictors of school-age asthma in hospitalised wheezing infants: Ehlenfield
et al. (2000) found that eosinophilia (i.e. blood eosinophil count over median)
during RSV bronchiolitis predicted the presence of wheezing at 7 years of age.
However, the authors made no efforts to evaluate the occurrence of clinical
asthma. Wennergen et al. (1997) found that blood eosinophil count of >300
cells/mm?® during the acute episode of wheezing in infancy was predictive of
atopy but not of asthma at the age of 10 years.

2.3.2. Clinical implications

In recent years, algorithms based on personal atopic findings and the
parental history of asthma have been developed for clinical use, in order to
facilitate the prediction of later asthma in young wheezing children. The
algorithms introduced by Martinez (1999) and Castro-Rodriguez et al. (2000)
are presented in Table 10. These algorithms have thus far included blood
eosinophilia (>4-5%) as the only laboratory marker (Martinez 1999, Castro-
Rodriguez et al. 2000).
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3. AIMS OF THE STUDY

The aims of the study were to evaluate the early school-age outcome of
infantile wheezing requiring hospital admission, to clarify asthma-predictive
factors present in early childhood, and to assess the occurrence and the role of
certain respiratory virus infections in infants hospitalised for wheezing.

The specific aims were:

1.

To assess the occurrence and the role of rhino-, entero- and coronavirus
infections in infants hospitalised for wheezing.

To evaluate the role of RT-PCR as a supplementary method for RSV
detection, and to assess the occurrence and the role of RSV-specific [gG
antibodies in early childhood.

To clarify the clinical characteristics of rhinovirus infection-associated
wheezing, compared with RSV bronchiolitis.

To evaluate the occurrence and the role of food- and inhalant allergen-
specific IgE antibodies in infants hospitalised for wheezing.

To assess the occurrence of asthma and atopy at early school age in
children hospitalised for wheezing in infancy.

To identify the asthma-predictive factors present in early childhood in
children requiring hospitalisation for wheezing in infancy, paying special
attention to the role of respiratory viruses, RSV-specific serum IgG
antibodies, and allergen-specific serum IgE antibodies.



44

4. SUBJECTS AND METHODS
4.1. Acute-phase study in 1992 to 1993

4.1.1. Study subjects

In 1992-1993, 100 children, aged 1 to 23 months (median 10 months), were
recruited into this study during a period of 22 months, from January 1% 1992 to
November 2™ 1993 (Reijonen ef al. 1996). The inclusion criterion was
respiratory infection-related wheezing resulting in hospital treatment (the index
episode) in the Department of Paediatrics, Kuopio University Hospital (Reijonen
et al. 1995). The exclusion criteria were a history of a chronic cardiorespiratory
disease, regular medication for any pulmonary disease, or acute threatening
respiratory failure (Reijonen et al. 1995).

4.1.2. Collection of baseline data

The baseline data were obtained by interviewing the parents at enrolment. A
structured questionnaire included questions on the duration of dyspnoea before
the admission (at 1 day accuracy), the history of physician-diagnosed episodes
of wheezing, the presence of atopic dermatitis in infancy, the family history of
physician-diagnosed asthma and atopy, maternal smoking during pregnancy,
passive smoking during infancy, and pet contacts at home or at day care during
infancy (Reijonen et al. 1995 and 1996).

During the index episode of wheezing, age on admission, and the duration of
hospitalisation were also registered (at 1 day accuracy).

4.1.3. Laboratory studies

During the index episode of wheezing, total serum immunoglobulin E (IgE),
blood eosinophil count, and serum eosinophil cationic protein (ECP) were
determined, as published earlier (Reijonen et al. 1996 and 1997b). The total
serum IgE concentration of >60 kU/I (Saarinen et al. 1982), the blood
eosinophil count of >0.45 cells x 10% (Eisen 1980), and the serum ECP
concentration of >16 pg/l (Peterson et al. 1991) were considered as elevated.

Seven common respiratory viruses, that is RSV, adenoviruses, influenza A
and B viruses, and parainfluenza type 1, 2 and 3 viruses, were studied by
antibody and antigen assays. On admission, nasopharyngeal aspirates (NPA)
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were taken by suctioning a mucus specimen via nostrils with a disposable
extractor (Reijonen et al. 1997b and 1997c). Direct detection of viral antigens
by time-resolved fluoroimmunoassay (TR-FIA) was available for RSV,
parainfluenza viruses type 1, 2 and 3, influenza A and B viruses, and
adenoviruses (Reijonen ef al. 1997b and 1997c). Complement fixation (CF)
serology was studied for the same seven respiratory viruses in paired sera
taken 6 weeks apart; four-fold or greater increase in titres was defined as
positive (Reijonen et al. 1997b). A part of each NPA and convalescent serum
sample were frozen for later viral studies.

4.1.4. Emergency treatment

In all patients, a clinical baseline evaluation was performed shortly after
hospitalisation, and the emergency medication was studied in a prospective trial
published earlier (Reijonen et al. 1995). Supplementary viral studies in 2000-
2002 allowed retrospectively a virus-specific aspect on the baseline clinical
findings and responses to treatment.

Emergency treatment in brief, the patients were randomised to get either
inhaled salbutamol or racemic adrenalin, and intramuscular adrenalin was given
to all patients 60 minutes later. The repeated clinical evaluations every 15
minutes consisted of the measurements of respiratory rate, heart rate and
transcutaneous oxygen saturation, and assessment of respiratory distress
assessment instrument (RDAI) scores. The RDAI score is based on two
respiratory variables, wheezing (0-8 points) and retractions (0-9 points); a good
inter-observer agreement has been documented earlier (Lowell et al. 1987,
Klassen et al. 1991), and the agreement was excellent in the comparison of the
investigators (Reijonen ef al. 1995). Responses to inhaled emergency
treatment were assessed by respiratory assessment change scoring (RACS).
The scores were calculated by subtracting RDAI scores that were assessed at
the start of the study and at 15 minutes intervals until 90 minutes, and by
combining the changes in RDAI and changes in respiratory rate (Lowell et al.
1987, Reijonen et al. 1995).
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4.2. Follow-up

Since the index episode of wheezing, several study visits had been organised
in order to follow up the respiratory status and allergic manifestations in the
children (Reijonen et al. 2000). The ongoing medication was registered at the
follow-up visits, including the exact data on cromone and steroid maintenance
medication for asthma. The need for and the type of medication were assessed
by a paediatric allergist on a clinical basis independently of the investigators.

SPTs were performed for the first time at the 8-month follow-up visit, at the
median age of 1.5 years (Reijonen et al. 2000). The allergens (ALK SPT
extracts, ALK Laboratories, Copenhagen, Denmark) tested were the food
allergens cow’s milk, egg white, fish, and wheat, the outdoor inhalant allergens
birch, timothy grass and mugwort pollens, and the indoor inhalant allergens cat
and dog epithelial danders and home dust mites Dermatophagoides (D)
pteronyssinus and D. farinae.

4.3. Follow-up visit in 1999

4.3.1. Study subjects

Eighty-two children, 61 boys and 21 girls, attended the follow-up study visit in
1999, from January to March. The age of the children varied from 5.6 to 8.8
years (median 7.2 years), and the time from the index episode of wheezing
ranged from 5.3 to 7.2 years (median 6.3 years).

4.3.2. Collection of follow-up data and clinical examinations

A structured questionnaire was used to record the symptoms suggestive of
asthma associated with exercise, infections or allergens. In addition, physician-
diagnosed (ever in life) allergic rhinitis, allergic conjunctivitis and atopic
dermatitis were recorded. Allergic diseases were classified as current if there
had been clinical manifestations during the preceding 12 months.

The allergens tested by SPTs were the outdoor allergens birch, common
alder, timothy grass, meadow grass and mugwort pollens, and spores of
Cladosporium (C) herbarum, and the indoor allergens cat and dog epithelial
dander and home dust mites D. pteronyssinus and D. farinae.
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The concentration of a non-standardised extract of C. herbarum spores was
1:20 weight/volume. Other allergen extracts were standardized, the
concentrations being 10 histamine equivalent points. Histamine hydrochloride
(10 mg/ml) was used as a positive and 50% glycerol as a negative control.
Wheals with a mean diameter of at least 3 mm were regarded as positive
(EAACI 1993), and no reactions were allowed in negative controls.

4.3.3. Flow-volume spirometry and the exercise challenge test

The exercise challenge test was performed in all 82 children. The baseline
pulmonary function was examined by flow-volume spirometry (FVS) (Medikro,
Kuopio, Finland), and forced expiratory volume in 1 second (FEV;) was the
parameter used in challenge tests. First, the children were carefully instructed
on how to perform the test. Thereafter, the measurements were repeated at
least three times, and accepted if the FEV; variation was less than 5%, and the
printed graphic curves were appropriate and equal in shape. The highest FEV,
value was used in later comparisons. The baseline pulmonary testing was
followed by exercise that constituted of free running outdoors for 8 minutes at
the heart rate of 80% or more of the predicted maximum. The heart rate was
monitored by telemetry (Polar Sport Tester, Polar Elektro Ltd, Kempele,
Finland) at 1-minute intervals. FVS was performed 10 minutes after the
exercise. FEV, changes were calculated as follows: [(pre-exercise FEV, - post-
exercise FEV,)/ pre-exercise FEV/] x 100%.

The children’s breathing sounds were auscultated before the baseline lung
function testing and immediately after the exercise. Symptoms, and abnormal
auscultatory findings, if present, were recorded.

The exercise challenge test was regarded as positive if there was
auscultatory wheezing present after the exercise and/or a 15% or greater fall in
FEV, (Carlsen 2001).

4.3.4. Definition of asthma

Asthma was considered to be present if 1) the child had suffered from at least
2 episodes of wheezing and/or prolonged cough apart from infection for at least
4 weeks during the preceding 12 months, as reported by parents, and there
was auscultatory wheezing present after the exercise and/or a 15% or greater
fall in FEV, after the exercise (Remes et al. 1996), or 2) the child had ongoing
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continuous inhaled steroid or cromone medication prescribed by a paediatrician
for clinical asthma.

4.4. Supplementary laboratory studies in 2000 to 2002

4.4.1. Determination of allergen-specific IgE antibodies

In 2000, frozen serum samples, obtained during the index episode of
wheezing in 1992-1993, were available for the determination of allergen-
specific IgE antibodies (Phadiatop Combi panel) in 80 children who participated
in the follow-up visit in 1999. The determination of specific IgE antibodies was
performed by an automated in vitro screening method, UniCAP fluoroenzyme-
immunometric assay (FEIA) (Pharmacia, Uppsala, Sweden) (Paganelli et al.
1998).

According to the manufacturer, the specific IgE concentrations of 0.35 kU/I to
0.69 kU/l are comparable to RAST class 1, the concentrations of 0.70 kU/I to
3.49 kU/l to RAST class 2, and the concentrations of >3.50 kU/l to RAST
classes 3 to 4.

The presence of IgE antibodies to the mixtures of inhalant and food allergens
was screened first, the concentrations of >0.35 kU/l being detectable in both
assays. In occasions with detectable antibodies, further determinations were
performed to assess individual allergen-specific IgE antibody concentrations.
The detection limit was the same (0.35 kU/I) as for the allergen mixtures. The
other cut-off concentrations proposed by the manufacturer (>0.70 kU/l and
>3.50 kU/1) were also explored in the present analyses.

Phadiatop Combi panel for food allergens included egg white, cow’s milk,
fish, wheat, peanut, and soy bean, and for inhalant allergens timothy grass
pollen, birch pollen, mugwort pollen, cat dander, dog dander, horse dander,
house dust mite D. pteronyssinus, and spores of the mould C. herbarum.

4.4.2. Studies for rhino-, entero- and coronaviruses

In 2000, viral studies were supplemented by detection of rhino-, entero- and
coronaviruses in frozen NPA specimens, obtained in 1992-1993 and stored at
-40°C. An adequate amount of NPA for rhino-, entero- and coronavirus studies
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was available for 81 children, 66 of whom also took part in the follow-up visit in
1999.

An RT-PCR assay was used for direct detection of rhinoviruses and
enteroviruses in NPA samples, as described recently in more detail (Lonnrot et
al. 1999). In brief; prior to the PCR test, the nucleic acids from the samples
were isolated by the "High Pure Viral Nucleic Acid Kit" (Roche, cat no 1 858
874) according to the manufacturer’s instructions. The primers were from the
conserved region of the rhinovirus and enterovirus genomes (a biotinylated
positive-sense primer with map-position 454-473; a negative-sense primer with
map-position 548-568). The PCR products were detected by agarose gel
electrophoresis and ethidium bromide staining. The results were confirmed in a
liquid-phase hybridisation assay using the oligonucleotide probes with a
maximum difference between rhinoviruses (a samarium-labelled probe with
map-position 528-544) and enteroviruses (an europium-labelled probe with
map-position 534-549) to differentiate the rhinovirus and enterovirus amplicons.
The probes could be detected simultaneously by time-resolved fluorometry
(Halonen et al. 1995, Santti et al. 1997).

The NPA samples were also tested for sequences of human coronavirus
strains 229E and OC-43 by an RT-PCR assay similar to that for rhinoviruses
and enteroviruses (Ruohola et al. 2000). The primers and probes were modified
either from the primers and nucleotide sequences described earlier (Kamahora
et al. 1989, Myint et al. 1994), or from those available in GenBank.

4.4.3. Studies for RSV

In 2002, RSV studies were supplemented by detection of RSV genome in
NPAs obtained during the index episode of wheezing in 1992-1993 and frozen
at -40°C. An adequate amount of NPA for detection of RSV genome was
available for 61 children.

Detection of RSV genome was performed by in-house RT-PCR of the F
(fusion) protein gene as follows: RNA was extracted from 250 ul of NPA using
High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Mannheim, Germany) and
eluted in a 60-pl volume according to the manufacturer’s instructions. RNA was
reverse transcribed and amplified in a 50-ul single-tube reaction containing 50
mM Tris-HCI (pH 8.4), 50 mM NaCl, 4.5 mM MgCl, 2 mM dithiothreitol, 200 nM
of each primer, 600 nM deoxynucleoside triphosphates (Amersham
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Biosciences, Uppsala, Sweden), 4 U of RNase inhibitor (RNAsin, Promega,
Madison, WI), 2 U of DNA polymerase (DynaZyme, Finnzymes, Espoo,
Finland), 40 U of reverse franscriptase (M-MLV RNaseH, Promega), and 5 pl of
extracted RNA.

The primers RSVF-F1 (TGA ACA GTT TAA CAT TAC CAA GTG A) and
RSVF-F2 (CCACGA TTT TTA TTG GAT GC) amplify a conserved sequence of
RSV F gene with an amplicon size of 181 base pairs. The ampilification
program included an RT step at 42°C for 45 min, denaturation at 95°C for 7
min, 40 cycles of the following: at 95°C for 1 min, at 58°C for 1 min, at 72°C for
1 min, respectively; final elongation step at 72°C for 10 min, and cooling at 4°C
until further processed. PCR products were analysed by electrophoresis in 2%
agarose gel with ethidium bromide staining. Each analysis included two positive
controls (cDNA from cells infected with RSV group A or B strains), one RNA
extraction blank for every 11 aspirates, and one PCR blank.

In 2001, RSV-specific IgG antibodies were studied in frozen convalescent
sera obtained at the 6-week, 1-year and 3-year follow-up visits. An adequate
amount of serum for determination of specific IgG antibodies was available for
90 children who took part in the 6-week follow-up, for 77 children who
completed the 1-year follow-up, and for 72 children who completed the 3-year
follow-up. Sixty-three children with complete IgG data available took part in the
follow-up visit in 1999.

RSV-specific IgG antibodies were determined by enzyme immunoassay (EIA)
(RSV-IgG-ELISA, IBLHamburg). According to the manufacturer’s instructions,
the absorbance values of the patient sera were quantitated (U/ml) from the
reference curve of the standard sera. The values below 10 U/ml (the
concentration of the cut-off standard) were interpreted as negative and the
values higher than 150 U/ml (the concentration of the highest standard) were
expressed as >150 U/ml.

4.5. Ethics

The study was approved by the Research Ethics Committee of Kuopio
University Hospital. Informed written consent was obtained from the parents of
the children in 1999. In addition, an informed oral consent had been obtained
from the parents at enrolment (Reijonen et al. 1995).
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4.6. Statistical analyses

The data were analysed using SPSS/PC+ 9.0 software (SPSS Inc. Chicago,
IL, USA). Statistical significances of the differences between the groups were
assessed with chi-squared test for proportions supplemented by odds ratios
(OR) with 95% confidence intervals (Cl). Fisher’s exact test was used when the
expected frequency for any cell was <5.

Mann-Whitney U-test was used for the univariate statistical analyses of
continuous data. Logistic regression was used for adjusted multivariate
analyses of the dichotomous outcome data, and linear regression for adjusted
multivariate analyses of the continuous outcome data. The logistic regression
analysis was used to calculate the adjusted ORs and related 95% Cls.

Two-tailed tests were used in all analyses. P-values less than 0.05 were
considered as statistically significant.

The kappa (k) statistics was applied to compare agreement between allergen-
specific IgE and other markers and characteristics of atopy. The k-value of
>0.80 indicates good agreement; 0.61 to 0.80 substantial agreement; 0.41 to
0.60 moderate agreement; 0.21 to 0.40 fair agreement, and <0.20 poor
agreement (Petrie and Sabin 2000).

Sensitivity and specificity were calculated by using routine equations. Positive
likelihood ratios (LR+) were calculated as LR+ = sensitivity/(1-specificity). LR+
values of >3 are considered to have moderate effects on pre-test probability,
and LR+ values of >10 (or of >5) significant effects (Sackett ef al. 1998).
Receiver operating characteristic (ROC) analysis was performed in order to
determine the optimal cut-off concentrations for specific IgE antibodies as
predictors of asthma.
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5. RESULTS

5.1. Supplementary viral findings related to the index episode of wheezing
(1

Viral findings related to the index episode of wheezing are presented in Table
11.

Table 11. Viral findings in 100 infants hospitalised for wheezing.
Age on admission (months)

Viral findings related to All children 15 6-11 12-23
the index episode of wheezing® (n=100) (n=28) (n=36) (n=36)
RSV 29 18 9 2
as a single viral finding 21 12 9 -
in mixed viral infections” 8 6 - 2
Rhinovirus 27 2 8 17
as a single viral finding 22 1 7 14
in mixed viral infections® 5 1 1 3
Enterovirus 10 2 3 5
as a single viral finding 5 - 2 3
in mixed viral infections” 5 2 1 2
Other viruses 9 3 5 1
No viral findings 31 6 12 13

@ RSV was studied by TR-FIA in NPAs and by CF antibodies in paired sera in 100 children
(Reijonen 1997a), and by RT-PCR in frozen NPAs in 61 children. Rhino-, entero- and
coronaviruses were studied by RT-PCR in frozen NPAs in 81 children. Other common
respiratory viruses were studied by TR-FIA in NPAs and by CF antibodies in paired sera in
100 children (Reijonen 1997a).

® Mixed viral findings include 1 RSV-rhinovirus co-infection, 4 RSV-enterovirus co-infections,
and 1 rhinovirus-enterovirus co-infection. The rest of the mixed viral findings were
co-infections with other common respiratory viruses (Reijonen 1997a).

Antigen and/or antibody assays performed during the index episode of
wheezing in 1992-1993 were positive for RSV in 25 (25%) of the 100 children.
When supplemented by RT-PCR results, 4 additional RSV-positive cases were
found, resulting in a total of 29 (29%) children with RSV infection on admission
(Table 11). RSV infection was most common in children younger than 6
months: only 7% of the children hospitalised with RSV were 12 months old or
older.
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In all, RT-PCR was performed for 61 children, of whom 12 children had
earlier been tested positive for RSV by antigen or CF assays. Of those 12
children, 2 had been tested positive both by the antigen assay and the CF
assay, 8 by the antigen assay only and 2 by the CF assay only. RT-PCR for
RSV found all the 10 cases detected by antigen assay and 2 of the 4 cases
identified by CF assay, and in addition, 4 cases not identified by the antigen or
CF assays. In all, 16 of the 61 children tested positive for RSV by the antigen
assay, CF assay and/or RT-PCR. In case of RT-PCR, this means a sensitivity
of 83% and a specificity of 92%. When compared to antigen detection alone,
the sensitivity of RT-PCR was 100% and the specificity 92%.

Rhinoviruses were identified in 27 (33%) of the 81 specimens analysed
(Table 11). Twenty-five (93%) of the rhinovirus-positive children were 6 months
or more of age (p=0.003 vs. children under 6 months of age). Rhinovirus
infections were most common in the age group of 12 to 17 months, present in
65% of the children at that age. Enterovirus infection was found in 10 children
with no significant age dependence, and coronavirus infection was found in no
child.

In most (81%) of the 27 cases with rhinovirus identified, there were no other
viral findings. Enterovirus infections were mixed in 5 (50%) cases.

The recruitment period in 1992-1993 occurred between two RSV infection
epidemics; the peak incidence of RSV infections appeared at the beginning of
the year 1992, representing an ongoing winter epidemic having started at the
end of the year 1991, and was followed by a minor spring epidemic in 1993. In
contrast, the peak incidence of rhinovirus infections occurred at the end of the
year 1992, between the major and minor RSV epidemics.

5.2. RSV-specific IgG from infancy to preschool age (V)

In sera obtained at the 6-week follow-up, 41 (46%) of the 90 children had
RSV-specific IgG antibodies (of 210 U/ml). A positive RSV finding on admission
(in 26 (29%) of the 90 children) was followed by a positive IgG finding in 17
cases, and by a negative finding in 9 children, 5 of whom were younger than 6
months on admission. Moreover, there were 24 children with negative RSV
results on admission, but a positive specific IgG finding (of >10 U/ml) 6 weeks
later. These children were regarded as having had an earlier RSV infection
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before the index episode of wheezing. It is probable that in most of these 24
children RSV infection had been mild or even subclinical, as only 3 (13%) of
them had a history of an earlier physician-diagnosed wheezing episode.
Moreover, RSV-specific IgG antibodies were not of maternal origin in most
cases as only 2 (8%) of the 24 children were younger than 6 months. Forty
(44%) of the 90 children had no findings of acute or past RSV infection on
admission.

The RSV-specific IgG antibody concentrations, as well as the number of
children with positive IgG findings, rose with age (Table 12). At <1 year of age,
43% of children had RSV-specific IgG (of 210 U/ml} in sera; at age 1 to 2 years,
66% of children, and at age >3 years, 92% of children had detectable RSV-
specific IgG in serum samples, respectively.

Table 12. Concentrations of RSV-specific IgG antibodies by age.
Age (months)

RSV-specific IgG 1-5 6-11 12-23 24-35  >36
concentration (U/ml) (n=14) (n=33) (n=77) (n=34) (n=72)
<10 7 (50%) 20 (61%) 33 (43%) 5 (15%) 6 (8%)
10-99 7 (50%) 11 (33%) 27 (35%) 8 (24%) 16 (22%)
>100 0 2(6%) 17 (22%) 21 (62%) 50 (69%)
Median <10 U/ml <10 U/ml 14 U/ml 122 U/ml 145 U/ml

5.3. Comparison of the clinical pictures of RSV and rhinovirus-associated
wheezing (IV)

Baseline data, collected on admission, with respect to rhinovirus or RSV
aetiology are presented in Table 13. The children with rhinovirus infection were
older than those with RSV infection; the medians were 13 months (range 2-23)
and 5 months (1-22), respectively (p<0.001). Five children in the rhinovirus
group, compared with none in the RSV group, had experienced an earlier
episode of physician-diagnosed wheezing (p=0.051). In addition, children with
rhinovirus infection presented more frequently with atopic dermatitis, blood
eosinophilia, and/or elevated serum ECP (Table 13). The groups did not differ
with regard to total serum IgE (Table 13).
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The findings of the clinical examination on admission are presented in Table
14.

Table 14. Results of the clinical examination on hospital admission in
the 50 study children with either rhinovirus or RSV infection aetiology.

Rhinovirus RSV
Variable (n=26) p* (n=24)
Respiratory rate/min [median (range)] 49 (36-80) 0.938 53 (36-72)
Heart rate/min [median (range)]® 161 (132-180) 0.001 146 (112-172)
Oxygen saturation (%) [median (range)] 95 (90-98) 0.027 92 (87-97)
RDAI score [median (range)] 9 (2-14) 0.537 8 (4-14)

@ Data available for 26 children with rhinovirus and 23 children with RSV infection.

#Age-adjusted linear regression,; viral aetiology as an explanatory variable.
The table includes only those RSV-positive children who were also tested for
rhinoviruses (by RT-PCR), and were rhinovirus negative.

Oxygen saturation values were lower in children with RSV infection. Mild
hypoxemia (<94%) was present in 15 (63%) of RSV and in 7 (27%) of
rhinovirus positive cases (age-adjusted p=0.2), but severe hypoxemia (<90%)
was present in only one patient with RSV infection. Instead, heart rates were
higher in rhinovirus-positive cases. There were no significant differences in
respiratory rate and RDAI scores (describing the severity of wheezing and
retractions) between the two viral groups (Table 14).

There were no differences between the RSV and rhinovirus groups in the
clinical measurements at 90 minutes after the emergency treatment. The
median respiratory rates were 50/min (range 26-62) and 44/min (28-66), and
the median oxygen saturations were 93% (89-96) and 93% (90-100),
respectively. The median RDAI scores at 90 minutes were 5 (range 0-9) and 3
(0-11) in the RSV and rhinovirus groups, respectively. These data suggest that,
on average, RSV- and rhinovirus-associated wheezing respond similarly to
emergency therapy. Likewise, the RACS from 0 to 90 minutes (Table 15), as
well as from 0 to 15, 30, 45, 60 and 75 minutes (data not shown), were rather
similar in the two etiological groups. In addition, no differences were found
between RSV- and rhinovirus-positive cases in RACS for the subgroups of
emergency treatment (racemic adrenalin or salbutamol inhalations) (Table 15).
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Table 15. RACS in children with either rhinovirus or RSV infection
aetiology, by emergency treatment.

Rhinovirus RSV

RACS from 0 to 90 min (n=24) {n=24)
Total RACS [median (range)] 5(A1-17) 4(-2-13)
RACS by emergency treatment [median (range)]
Racemic adrenalin / i.m. adrenalin® 50-17) 3(-2-13)
Salbutamol / i.m. adrenalin® 5(-1-12) 5(0-12)

@ Data available for 12 children in both rhinovirus and RSV groups.

There were no statistically significant differences between the rhinovirus and
RSV groups.

The table includes only those RSV-positive children who were also tested for
rhinoviruses (by RT-PCR), and were rhinovirus negative.

The children with RSV infection were treated in hospital <1 to 7 days (median
2 days). The respective time in children with rhinovirus infection was <1 to 8
days (median 1 day) (age-adjusted p=0.7). The children with RSV infection had
suffered from dyspnoea <1 to 7 days (median 1 day) at home before
admission, compared with <1 to 3 days (median 1 day) in the children with
rhinovirus infection (age-adjusted p=0.068).

5.4. Allergen-specific IgE findings related to the index episode of
wheezing (ll)

Allergen-specific IgE findings related to the index episode of wheezing are
presented in Table 16.

Almost half (46%) of the children were sensitised (specific IgE of >0.35 kU/I)
to food allergens whereas only 18% were sensitised to inhalant allergens. All
children, except one, with specific IgE to inhalant allergens were over 12
months of age. Sensitisation to food allergens was more evenly distributed;
35% of the children under and 65% of those over 12 months were sensitised.
Concerning food allergens, the sensitisation was most frequent to egg white
(39%), followed by cow’s milk (28%), peanut (18%), and wheat (15%), and
concerning inhalant allergens, to dog (10%) and cat (9%) dander. Sensitisation
to birch pollen (4%) and the house dust mite D. pteronyssinus was rare (3%).
All but two children (97%) with specific IgE to inhalant allergens had specific
IgE also to food allergens; the corresponding figure for specific IgE to inhalant
allergens was 32% among the food allergen positive children.
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Table 16. Specific IgE antibodies to food and inhalant allergens in
wheezing infants during the index episode of wheezing.

All Age
children <12 months >12 months

Specific IgE to (n=80) (n=49) p* (n=31)
Food allergens

>0.35 kU/l 37 (46%) 17 (35%) 0.009 20 (65%)

>0.70 kU/P® 31 (39%) 14 (29%) 0.019 17 (55%)

>3.50 kU/® 14 (18%) 6(12%) 0.120 8 (26%)
Inhalant allergens

>0.35 kU/l 14 (18%) 1(2%) <0.001 13 (42%)

>0.70 kU/P 12 (15%) 1(2%) <0.001% 11 (35%)

>3.50 kU/I? 6(8%) 1(2%) 0.030° 5 (16%)

# Unpublished data.
# Chi-squared test.
§ Fisher's exact test.

When associations between allergen-specific IgE antibodies and other
markers or characteristics on entry were analysed, significant associations were
to be seen with elevated total serum IgE, elevated serum ECP, blood
eosinophilia, and the presence of atopic dermatitis (Table 17).

Table 17. Specific IgE to food and inhalant allergens with regard to the
presence of atopic dermatitis, elevated total serum IgE, eosinophilia, and/or
elevated serum ECP on entry.

Specific IgE of >0.35 kUI/l to

Food allergens Inhalant allergens
Baseline data (n=37) p x (n=14) p K
Atopic dermatitis (n=23) 15 0.031 0225 9 0.001 0.344

Total serum IgE of >60 kU/l (n=17) 14/36% 0.002 0.326 8% <0.001 0.396
Blood eosinophil count

of >0.45 x10° cells/| (n=26) 16/35° 0.036 0.230 10/13° 0.001 0.374
Serum ECP of 216 pg/l (n=15) 12 0.004 0.266 8 <0.001 0.453
4 Data were available for 77 children.
® Data were available for 78 children.
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All but one of the x-values were <0.40, indicating only fair agreement
between the presence of allergen-specific IgE antibodies and other markers or
characteristics on entry. The family history of atopy or asthma had no
association with allergen-specific IgE antibodies. Interestingly, only 4 (16%) of
the 25 infants with a furry pet at home or at day care had specific IgE to
inhalant allergens. Among the 20 RSV positive children, there were only 4
(20%) children with specific IgE to food allergens and one (5%) child with
specific IgE to inhalant allergens. Thus, RSV identification was associated with
non-detectable concentrations of specific IgE to food (16/20 cases; p=0.007) or
to inhalant (19/20 cases; p=0.17) allergens.

5.5. Outcome at early school age (l)

Eighty-two children of the original study group of 100 children were re-
examined in 1999. The baseline characteristics of the 18 drop-outs did not
differ from the participants of the study (data not shown).

Asthma was considered to be present in 33 children (40%). Thirty of them
used either cromones (n=18) or inhaled steroids (n=12) as maintenance
medication for asthma. Despite the ongoing medication, 25 (83%) children (14
of whom were on cromones, and 11 on inhaled steroids) had suffered from
repeated episodes of wheezing, prolonged cough, or both during the preceding
12 months, and the exercise challenge test was regarded as positive in 8 (27%)
cases. The 3 children with no ongoing maintenance medication for asthma had
suffered from repeated episodes of wheezing or prolonged cough during the
preceding 12 months, and all of them had positive results in the exercise
challenge test.

In 49 children asthma was considered as not to be present at early school
age. Among them, 12 (24%) children had suffered either from parent-reported
wheezing episodes or from prolonged cough during the preceding 12 months,
but none of them had a positive exercise challenge test. Likewise, two children
with positive exercise challenge reported no symptoms suggestive of asthma,
and were considered as non-asthmatics.

Among allergic manifestations at early school age (Table 18), there was a
significant association between asthma and allergic rhinitis and/or allergic
conjunctivitis, and in addition, SPT positivity was more common in asthmatics.
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In contrast, atopic dermatitis was common both in asthmatic and non-asthmatic
children, and had no such association.

Table 18. Atopic manifestations/findings and asthma at early school age.

Asthma
Present Not present

Atopic manifestations/findings (n=33) (n=49) p OR 95% CI
Allergic rhinitis 22 (67%) 8 (16%) <0.001 10.25 3.60-29.22
Allergic conjunctivitis 19 (58%) 6 (10%) <0.001 9.73 3.24-29.17
Atopic dermatitis 20 (61%) 20 (41%) 0.079 2.23 0.91-5.49
Any positive SPT reactions® 24 (73%) 14 (29%) <0.001 6.67 2.49-17.86

to indoor allergens® 23 (70%) 11 (22%) <0.001 7.95 2.92-21.61

to outdoor allergens® 18 (65%) 10 (20%) 0.001 4.68 1.76-12.42

@ SPT reactions were defined as positive if the wheal had a mean diameter of >3 mm.

® There were 29 positive SPT reactions to cat dander, 25 to dog dander,
6 to D. pteronyssinus, and 3 to D. farinae.

° There were 19 positive SPT reactions to birch pollen, 19 to common alder pollen,
16 to meadow grass pollen, 15 to timothy grass pollen, 4 to C. herbarum, and
1 to mugwort pollen.
p-values were determined by the chi-squared test supplemented by ORs and 95% Cls.

5.6. Predictive factors for early school age asthma (I, Il lll, V)

5.6.1. The role of age and gender ()

Neither age on admission nor sex were significantly predictive for early school-
age asthma: 34% (17/50) of the children aged <12 months and 50% (16/32) of
those aged >12 months on admission were considered as asthmatics (p=0.15),
and 44% (27/61) of boys and 29% (6/21) of girls had asthma (p=0.21).

5.6.2. The role of family history of asthma and atopy, and the role of
personal history of wheezing and atopy in infancy (I)

Neither the family history of asthma or atopy (including only the diagnoses
made by a physician), nor the maternal history of asthma or atopy were
predictive for later childhood asthma (Table 19). The history of an earlier
physician-diagnosed episode of wheezing, atopic dermatitis in infancy, and total
serum Igk of >60 kU/l were significantly predictive for later asthma.
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Table 19. Baseline data on the family history of asthma and atopy and the personal
history of wheezing and atopy at the index episode of wheezing, with regard to asthma
at early school age.

Asthma
Present Not present

Baseline data (n=33) (n=49) p OR 95%ClI
Family history of asthma® 10 (30%) 9 (18%)  0.136 2.34 0.76-7.17
Maternal history of asthma® 3(9%) 3(6%) 0.613 1.58 0.27-9.32
Family history of atopy® 21 (64%) 25 (51%) 0.209 1.83 0.71-4.68
Maternal history of atopy® 10 {(30%) 17 {35%) 0.498 0.71 0.26-1.92
An earlier episode of wheezing in infancy® 8 (24%) 3 (6%) 0.047 4.29 1.02-17.99
Atopic dermatitis 15 (45%) 8 (16%) 0.009 4.11 1.42-11.84
Total serum IgE >60 kU/I° 11(33%) 6 (12%)  0.045 3.41 1.03-11.33

? Physician-diagnosed.

®The samples were obtained for 78 children; asthma was present in 30 of them.

p-values, ORs and 95% Cls were determined by logistic regression adjusted for sex and age
(<12 or 212 months) on entry to the study. Analyses have been done separately for each factor.

5.6.3. The role of early sensitisation to allergens (I, I)

As presented in Table 20, specific IgE of >0.35 kU/I to the mixture of inhalant
allergens, but not to the mixture of food allergens, was significantly associated
with school-age asthma. However, among individual food allergens, specific IgE
of >0.35 kU/I to egg white and to wheat were associated with later asthma. In
contrast, cases with cow’s milk-specific IgE of >0.35 kU/l were almost equally
common in both later asthmatics and non-asthmatics.

When a cut-off concentration of 0.70 kU/l was applied, specific IgE o the
mixture of food allergens associated significantly with school-age asthma (food-
specific IgE of >0.70 kU/I in infancy in 18 (56%) of the 32 children regarded as
asthmatics at early school age) independently of age and sex (p=0.031; OR
2.97; 95% Cl 1.10-7.97). Further, at the level of 3.50 kU/l (food-specific IgE of
>3.50 kU/l in infancy in 10 (31%) of the 32 children regarded as asthmatics at
early school age), the respective OR was even higher, 4.23 (95% CI 1.16-
15.50; p=0.029). For cow’'s milk-specific IgE even the higher cut-off
concentrations of 0.70 to 3.50 kU/I were not predictive of asthma (data not
shown). Thus, specific IgE to cow’s milk did not predict later asthma at any
level.
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Table 20. Allergen-specific IgE antibodies in infancy with regard to asthma at
early school age.

Asthma
Present Not present
Specific IgE of >0.35 kU/l to (n=32) (n=48) LR+ p OR 95%CI

Food allergens 20 (63%) 17 (35%) 1.76 0.075 2.48 0.91-6.74
Egg white 18 (56%) 13 (27%) 2.08 0.048 2.85 1.01-8.02
Cow's milk 12 (38%) 10 (21%) 1.80 0.253 1.85 0.65-5.28
Wheat 9(28%) 3(6%)  4.50 0.030 4.93 1.16-20.89
Peanut 8 (25%) 6(13%) 2.00 0.471 1.61 0.44-5.85

Inhalant allergens 11 (34%) 3 (6%)  5.50 0.006 9.75 1.91-49.71
Cat 5(16%) 2(4%)  3.75 0.257 2.94 0.46-18.90
Dog 5(16%) 3(6%)  2.50 0.522 1.74 0.32-9.49

p-values, ORs and 95% Cls were determined by logistic regression with adjustment for
sex and age (<12 or >12 months) on entry. Analyses have been performed separately

for each factor. LR+ values were calculated as LR+ = sensitivity/(1-specificity).
Allergens with <5 positive cases were not included in analyses.

Sensitisation to individual inhalant allergens was rather rare, and no
significant association was seen between asthma and specific IgE to any
individual inhalant allergen at any concentration level.

When evaluated as an asthma-predicting marker, specific IgE of >0.35 kU/I to
the mixture of food allergens had a moderate sensitivity (63%) and specificity
(65%), whereas specific IgE of >0.35 kU/I to the mixture of inhalant allergens
was less sensitive (34%) but very specific (34%). The LR+ values were 1.76
and 5.50, respectively (Table 20). Among individual allergens, specific IgE of
>0.35 kU/I to wheat had the highest specificity (94%), with a LR+ of 4.50.

ROC-analysis revealed no substantially better cut-off concentrations for the
mixture of inhalant allergens, or for any individual inhalant or food allergen
(data not shown) than the detection concentration. However, for the mixture of
food allergens, the optimal cut-off concentration of specific IgE was higher,
close to 0.70 kU/l (LR+ 2.08).

In addition, specific IgE combined with other atopic manifestations was
evaluated as an asthma-predictive marker. In the present cohort, atopic
dermatitis was the only clinically evident atopic manifestation on admission in
infancy. It was found that the combination of atopic dermatitis and food-specific
IgE of >0.70 kU/lI gave the highest LR+, 5.00 (unpublished data) (p=0.014)
(Table 21). Since specific IgE to the mixture of inhalant allergens was rarely
detectable in infancy, and, whenever present, highly predictive for asthma at
the detection level, any combinations with atopic dermatitis or use of other than
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detection concentrations in analyses gave no additional advantages (data not
shown).

Table 21. Specific IgE to food allergens, combined with the presence of atopic
dermatitis in infancy, with regard to asthma at early school age.

Asthma
Present Not present
Combination (n=32) (n=48) LR+ p OR 95%CI

Specific IgE to food allergens
of >0.35 kU/I and atopic dermatitis 12 (38%) 3 (6%) 2.00 0.004 8.13 1.97-33.54
of >0.35 kU/I or atopic dermatitis 23 (72%) 22 (46%) 1.57 0.070 2.53 0.93-6.87

Specific IgE to food allergens
of >0.70 kU/I and atopic dermatitis 10 (31%) 3 (6%) 5.00 0.014 6.15 1.45-26.03
of >0.70 kU/I or atopic dermatitis 23 (72%) 18 (38%) 1.92 0.009 3.79 1.40-10.24

p-values, ORs and 95% Cls were determined by logistic regression with adjustment for sex and
age (<12 or 212 months) on entry. Analyses have been done separately for each factor.
LR+ values were calculated as LR+ = sensitivity/(1-specificity).

In addition, positive SPT reactions in early childhood were significantly
associated with early school-age asthma (Table 22).

Table 22. Skin test reactivity 8 months after the index episode of wheezing
with regard to asthma at early school age.
Asthma
Present Not present
Positive SPT reactionsto (n=31) (n=46) LR+ p OR 95%CI

Food allergens 8 (26%) 2(4%) 5.94 0.012 7.65 1.50-39.04
Inhalant allergens 14 (45%) 6 (13%) 3.46 0.002 5.49 1.81-16.69
Indoor allergens 11 (35%) 6 (13%) 2.72 0.020 3.67 1.18-11.35
Outdoor allergens 5(16%) 1(2%) 7.42 0.036 8.65 0.96-78.15

Food or inhalant allergens 15 (48%) 7 (15%) 3.18 0.002 5.22 1.79-15.22
p-values were determined by the chi-squared test or Fisher's exact test,
supplemented by ORs and 95% Cls.

LR+ values were calculated as LR+ = sensitivity/(1-specificity).

With regard to the subsequent development of asthma, any positive SPT
reactions to food allergens (in 13% of the children) during the first 3 years of life
gave a LR+ of 5.94, and any positive SPT reactions to inhalant allergens (in
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26% of the children) during the first 3 years of life gave a LR+ of 3.46
(unpublished data).

5.6.4. The role of eosinophil activation during the index episode of
wheezing (l)

Blood eosinophil count of >0.45 x10%1 was predictive for later asthma (Table
23). However, serum ECP of 216 pg/l was not predictive for early school age
asthma.

Table 23. Baseline data on eosinophil activation at the index episode of wheezing
with regard to asthma at early school age.

Asthma
Not
Baseline data Present present LR+ p OR 95%Cl
Blood eosinophil count
of >0.45 x10%/1 18/31 (58%) 8/48 (17%) 3.48 0.0008 7.02 2.26-21.79

Serum ECP of 216 ng/l 9/32 (28%) 6/49 (12%) 2.30 0.1739 2.35 0.69-8.05
p-values, ORs and 95% Cls were determined by logistic regression adjusted for sex and
age (<12 or >12 months) on entry to the study. Analyses have been done separately for
each factor.

LR+ values were calculated as LR+ = sensitivity/(1-specificity).

5.6.5. The role of viral findings related to the index episode of wheezing
(1, v)

Table 24 shows the occurrence of asthma at early school age in children with
and without RSV infection on hospital admission for wheezing. Hospitalisation
for RSV infection was associated with an 8% to 50% risk for early school-age
asthma, depending on age on admission. However, hospitalisation with no
evidence of RSV was associated with a higher risk, 45% to 57%. After
adjustment for atopy (atopic dermatitis and/or elevated total serum IgE) and
eosinophilia on admission, asthma was significantly less common in children
with RSV infection on admission compared to those without. That concerned
the whole study group, as well as the subgroup of 1 to 11 month-old children.
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Table 24. Occurrence of school-age asthma in children hospitalised
for wheezing with or without RSV.
Asthma at early school age

Hospital admission in children

for wheezing with RSV? without RSV®  Adjusted®
at the age of on admission on admission p

1-5 months (n=20) 1/13 477 0.054

6-11 months  (n=30) 2/8 10/22 0.324
12-23 months (n=32) 1/2 15/30 0.944

1-11 months  (n=50) 3/21 14/29 0.049
1-23 months  (n=82) 4/23 29/59 0.034

@ RSV identified by antigen detection, CF assay or RT-PCR.
® RSV not identified by antigen detection, CF assay or RT-PCR.

° Analyses were performed by logistic regression analysis with adjustment
for atopic dermatitis, total serum IgE of >60 kU/l and the blood eosinophil

count of >0.45 x1 0% on admission (as a combined variable).
The table includes data of the 82 children who took part in the follow-up
visit at early school age.

When the RSV-specific IgG antibody concentrations were analysed in relation
to later asthma, no association was found between RSV-specific IgG antibody
concentrations and asthma in any age group (Table 25).

Table 25. Age on seroconversion for RSV and later occurrence of asthma.
Asthma present
at early school age

(n=25)
First positive specific IgG measurement In each Cumulative
for RSV* at the age of age group frequency
1-5 months (n=5) 1(4%) 1(4%)
6-11 months (n=10) 2(8%) 3 (12%)
12-23 months (n=23) 12 (48%) 15 (60%)
>24 months (n=21) 10 (40%) 25 (100%)

@ RSV-specific IgG of >10 U/ml.

There were 4 children with RSV-specific IgG of <10 U/ml in every measurement.
There were no statistically significant differences between later childhood
asthmatics and non-asthmatics in appearance of RSV-specific IgG antibodies in
early childood.

The analyses were performed by logistic regression with adjustment for

atopic dermatitis, total serum IgE of >60 kU/I and the blood eosinophil count of
>0.45 x10%1 on admission (as a combined variable).

The table includes data of the 63 children who had complete IgG data available
and who had taken part in the follow-up visit at early school age.



66

Among the 66 children with frozen NPAs and follow-up data available,
rhinoviruses were identified in 25 (38%), and enteroviruses in 9 (14%) children.
Asthma was considered to be present in 27 (41%) of the 66 children at early
school age (Table 26).

Table 26. Rhino- and enterovirus findings related to the index episode
of wheezing with regard to the presence of asthma at early school age.

Asthma
Viral findings related to the Present Not present
index episode of wheezing (n=27) (n=39)
Rhinovirus 15 (56%) 10 (26%)
as a single viral finding 14 (52%)# 6 (15%)
Enterovirus 2 (7%) 7 (18%)
as a single viral finding 0 (0%) 5 (13%)

# p=0.047; LR+ 3.37; OR 4.14; 95% CI 1.02-16.77 vs. rhinovirus-negative cases,
determined by logistic regression with adjustment for age (<12 or >12 months),
sex and atopic dermatitis on entry to the study.

Asthma was present in 15 (60%) of the rhinovirus positive and in 2 (22%) of
the enterovirus positive cases (Table 26). As single viral identifications,
rhinoviruses were associated with early school-age asthma, independently of
age, sex and atopic dermatitis on entry to the study. If the mixed rhinovirus
infections were also included in the analyses, the risk for asthma remained
increased (OR 2.29) but the statistical significance was lost. In contrast,
enteroviruses had no association with later asthma. In total, rhinoviruses were
identified in frozen NPAs in over half (56%) of the later asthmatics. The figure
varied from 25% to 75% in the four different age groups, from the youngest (1-5
months) to the oldest (18-23) group, respectively.

5.6.6. The role of environmental factors in infancy (I)

Tobacco smoke exposure and pet contacts in early childhood are evaluated
as predictive factors for asthma in Table 27. No association was found with
exposure to smoke or with early pet contacts and later childhood asthma.
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Table 27. Baseline data on tobacco smoke exposure and furry pet contacts in
infancy with regard to asthma at early school age.

Asthma
Present Not present
Baseline data (n=33) (n=49) LR+ p OR 95%CI

Passive smoking during infancy 16 (48%) 23 (47%) 1.03 0.60 1.28 0.51-3.25
Maternal smoking during pregnancy 9 (27%) 11 (22%) 1.21 0.48 1.46 0.51-4.19
A furry pet

at home/day care during infancy 8 (24%) 17 (35%) 0.70 0.36 0.62 0.22-1.72
p-values, ORs and 85% Cls were determined by logistic regression adjusted for sex and age
(<12 or >12 months) on entry to the study. Analyses have been done separately for each
factor.
LR+ values were calculated as LR+ = sensitivity/(1-specificity).

5.7. Specific IgE antibodies in infancy and allergic manifestations at early
school age (ll)

A significant association was found between allergic rhinitis and specific IgE
of >0.35 kU/I to the mixture of inhalant allergens (p=0.003; OR 12.40, 95% CI
2.35-65.42), and specific IgE of >0.35 kU/l to the mixture of food allergens
(p<0.001; OR 7.29, 95% CIl 2.34-22.71) in infancy. However, no such
association was found with the later occurrence of atopic dermatitis (data not
shown). When specific IgE in infancy was compared with SPT reactivity at
school age, all 14 children with specific IgE to inhalant allergens (p<0.001), and
26 (70%) of those 37 with specific IgE to food allergens (p=0.002) had positive
SPT results. On the other hand, there were 9 (24%) SPT positive children with
specific IgE neither to food nor to inhalant allergens in infancy.
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6. DISCUSSION

6.1. Design of the study

This clinical study was a prospective follow-up of children with wheezing
severe enough to require hospitalisation in infancy, at the age of <2 years. The
recruitment period lasted for almost two years, and most of the children were
enrolled between the two RSV outbreaks. The follow-up lasted for median 6.3
years, continuing up to early school age, median 7.2 years of age. Despite the
long follow-up, the coverage of the study was good - the proportion of drop-outs
was only 18%, and the basic characteristics of the drop-outs did not differ from
those of the participating children. In fact, such long-term follow-ups with similar
study designs are rare, comparable only with two earlier cohorts (Korppi et al.
1994, Wennergren et al. 1997).

The study design did not include healthy non-wheezing controls. However,
when focused on predictive factors within the study group, the analyses do not
necessitate a control group (Wennergren ef al. 1997). On the other hand, the
lack of a control group can be regarded as a shortcoming when such figures
like prevalence of asthma are considered, as those figures have to be
compared with the figures estimated in population-based studies (Wennergren
et al. 1997). However, there are two recent studies on the prevalence of
asthma at school age in the non-selected populations of our area (Timonen et
al. 1995, Remes et al. 1996), and as the criteria for asthma in the present study
were, with minor modifications, similar to the criteria applied in those
population-based studies, the figures of prevalence are mutually comparable.

The criteria for the presence of asthma were rather strict and based on the
clinical evaluation; the patients either had to have both recurrent subjective
symptoms suggestive of asthma and an objective, experimental evidence of
asthma, or they had to be on continuous maintenance medication for asthma.
However, the definition of paediatric asthma and its severity, in particular,
varies between different countries and even between different centres in the
same country, leading to varying diagnostic criteria in different studies (Samet
et al. 2001).

As the study cohort represents a selected, hospitalised child population, the
conclusions cannot be generalized to concern all wheezing children, only the
most severe cases. However, among wheezing children, those who need
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hospital admission are at greatest risk for subsequent wheezing respiratory
tract illnesses (Sly and Hibbert 1989, Noble et al. 1997, Sigurs et al. 2000 and
2005, Piippo-Savolainen et al. 2004). Consequently, identification of those at-
risk children who might benefit from therapeutic or other preventive measures is
important.

6.2. Viral findings in relation to previous studies

In most of the earlier prospective follow-up studies on wheezing requiring
hospitalisation in infancy, the study subjects have been recruited only during
RSV epidemics, and consequently, in those studies, the occurrence of RSV-
positive findings have been clearly higher, 63-100% (Webb et al. 1985, Welliver
et al. 1986, Sly and Hibbert 1989, Sigurs et al. 1995), than that of 29% in the
present study. On the other hand, in studies with a recruitment period of at least
12 months or more, the RSV-positivity rate has been lower, 29-53% (Korppi et
al. 1993, Wennergren et al. 1992, Papadopoulos et al. 2002), resembling the
respective figure of the present study.

The rhinovirus-positivity rate was up to 33% in the present study. The finding
is in accordance with the detection rates of 20-32% in infants and toddlers
hospitalised for wheezing ilinesses (Andréoletti ef al. 2000, Papadopoulos ef al.
2002, Heymann et al. 2004). Enteroviruses were found in 12% of wheezing
hospitalised infants in the present study, consistent with similar findings by
Andréoletti et al. (2000). Coronaviruses were identified in none of the study
children, consistent with 0-5% detection rates in wheezing hospitalised infants
and toddlers published earlier (Andréoletti et al. 2000, Papadopoulos ef al.
2002, Heymann et al. 2004). Human metapneumovirus was detected in only 1
child (unpublished finding), supporting the earlier findings that the newly
defined virus causes only a minority of hospitalisations in wheezing infants and
toddlers (Jartti et al. 2004b, Jennings ef al. 2004).

In addition to the length of the recruitment period, the viral detection rates are
dependent on age of the study subjects. RSV is the most common viral finding
in children under the age of 6 to 12 months (Webb et al. 1985, Welliver ef al.
1986, Sly and Hibbert 1989, Sigurs ef al. 1995), whereas rhinovirus becomes
more prevalent as a triggerer of wheezing in older age groups (Rakes et al.
1999, Heymann et al. 2004). Consistent with earlier findings, in the present
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study, RSV was the most common viral finding in children younger than 6
months on admission, and rhinovirus most prevalent from 6 to 12 months’ age
on.

The data published on subclinical RSV infections and/or appearance of RSV-
specific IgG antibodies in young children are not abundant. In the present
study, 35% of the RSV bronchiolitis cases diagnosed by antigen, RT-PCR or
CF assays had no detectable RSV-specific IgG antibodies 6 weeks later, and
over half of them were younger than 6 months. The result is, however,
consistent with earlier findings, as it is known that the presence of maternal
antibodies affects infants’ ability to develop an immune response to RSV
(Meurman et al. 1992), and a substantial proportion of hospitalised infants
experiencing their first RSV infection do not show a rise in antibody titres (Cox
et al. 1998), as antibody titres are age-dependent, showing marked increase
after 6 to 9 months of age (Harsten et al. 1989, Cox ef al. 1998). Consequently,
lack of antibodies is not always an indication of no previous exposure (Cox et
al. 1998).

The finding that approximately 85% of all children were seropositive for RSV
by 3 years of age is in line with earlier studies (Harsten et al. 1989, Cox et al.
1998). However, some of the early RSV infections (not inducing 1gG antibodies
in significant amounts) may have been missed in the present study since one
third of children were recruited into the study during their second year of life
(Reijonen 1997a).

Against the earlier findings by Papadopoulos et al. (2002), RSV and
rhinoviruses were found in different patients in the present study cohort since
there was only one infant with RSV-rhinovirus co-infection. That allowed the
comparison of the clinical characteristics of RSV bronchiolitis and rhinovirus
infection-associated wheezing. In contrast with the findings by Papadopoulos et
al. (2002), rhinovirus infection was not associated with increased severity of the
disease: rhinovirus-positive infants had higher oxygen saturation values on
admission, and there were no significant differences in the clinical scores
regarding the severity of the wheezing iliness or the response to the emergency
treatment. However, the rhinovirus-positive patients were older than those with
RSV infection, and their disease was associated with clinical atopy, and
eosinophil activation during infection. Consequently, the results of the
comparison suggest that rhinovirus-associated wheezing and RSV bronchiolitis,
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though having rather similar clinical characteristics, may have different
pathogenetic bases.

6.3. Outcome of wheezing requiring hospital admission in infancy in
comparison with earlier studies

After wheezing requiring hospital admission in infancy, the school-age
prevalence of asthma has most commonly varied between 15% to 39% (Korppi
et al. 1994, Noble et al. 1997, Wennergren et al. 1997, Sigurs et al. 2000 and
2005), and the prevalence of atopic manifestations from 11% to 45% (Murray
et al. 1992, Wennergren et al. 1997, Sigurs et al. 2000 and 2005). In the
present study, asthma was present in 40% of the children, and atopic
manifestations or findings in 30% to 49% of the children at early school age.
The occurrence of asthma and atopy in the present study are consistent with
that of earlier studies, when taken into account the fact that the children in the
present study were a bit younger at the follow-up than the schoolchildren in the
other long-term studies. However, even the youngest children of the present
study were nearly 6 years of age during the follow-up visit, and at that age,
recurrent wheezing can be regarded as real asthma, not anymore as a transient
respiratory disorder (Martinez et al. 1995, Holgate 1997).

However, when the occurrence of asthma and atopy in the present follow-up
study are compared with the prevalence of asthma and atopy in Finnish
population based-studies, the occurrence of asthma can be seen as 8- to 10-
fold (Timonen et al. 1995, Remes et al. 1996), and the occurrence of atopic
manifestations as 1.5- to 3.5-fold (ISAAC Steering Committee 1998).

6.4. Prediction of outcome of wheezing requiring hospital admission in
comparison with earlier studies

6.4.1. The role of recurrence of wheezing, the family history of asthma and
atopy, and the personal atopic manifestations and findings in infancy

In the present study, several characteristics, markers and environmental
factors present in early childhood were evaluated as possible predictive factors
for the outcome. Consistent with findings of Wennergren ef al. (1997), recurrent
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wheezing in infancy predicted development of asthma, and by early school age,
most asthmatic children had developed atopic manifestations or findings. In
addition, personal atopy in infancy, like the presence of atopic dermatitis or
elevated serum total IgE, was found to predict early school-age asthma in the
present cohort, in accordance with earlier findings (Korppi et al. 1994, Martinez
et al. 1995). However, in contrast with earlier findings (Mrazek et al. 1999,
Sigurs et al. 2005), neither the family history of asthma nor the family history of
atopy were predictive of asthma in the present follow-up. Power calculations,
which were performed retrospectively for non-significant results, implied that the
power of the study was too low, 20-24%, to show the possible predictive effects
of the family history of atopy or asthma.

6.4.2. The role of early sensitisation to allergens by specific IgE
Early sensitisation to food allergens determined by specific serum IgE

antibodies, was common, present in 46% of infants, and thus predictive for
asthma only when elevated levels of specific IgE antibodies were seen. In
contrast, the presence of inhalant allergen-specific IgE antibodies was much
more infrequent, found in 18% of infants of whom almost all were aged >12
months, but highly predictive of asthma even at the detection level, as also
suggested by Wever-Hess et al. (1999) and Martinez and Godfrey (2003). In
addition, in the present study, specific IgE antibodies to both food and inhalant
allergens in infancy significantly predicted allergic rhinitis and SPT reactivity.

Sensitisation to individual allergens by specific IgE was only predictive with
regard to egg white and wheat, not for instance to cow’s milk, although specific
IgE antibodies were most commonly seen against egg white (39%) and cow’s
milk (28%). Yunginger et al. (2000) have stressed the role of egg-specific IgE
as a predictive factor in the development of inhalant allergies. On the other
hand, in food allergy, confirmed by elimination-challenge tests, the diagnostic
concentrations of specific IgE have varied from 6 kU/l for egg white to 32 kU/
for cow’s milk (Sampson and Ho 1997), and thus, low to moderate IgE rises to
cow’s milk might be found in infancy even without clinical consequences (Kulig
et al. 1999).

Consequently, IgE responses to food allergens may rather reflect the atopic
reactivity in general than specific contribution to the development of atopic
symptoms or later asthma. Moreover, the clinically significant concentrations for
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specific IgE seem to depend on the tested allergens, the age of the child, and
the clinical questions in consideration (Sampson and Ho 1997). Nevertheless,
allergen-specific IgE antibodies may be of help in discovering subclinical atopy
in children.

In all, allergen-specific IgE antibodies were found more frequently in the
present study than in earlier studies where food-specific IgE antibodies have
been present in 4-20% of wheezing or asthmatic infants (Price et al. 1995,
Wever-Hess et al. 1999, Camara et al. 2004), and inhalant allergen-specific IgE
antibodies in <5-10% of wheezing infants (Duff et al. 1993, Delacourt et al.
1994, Rakes et al. 1999, Camara et al. 2004). In addition, the occurrence of
egg- and cow’s milk-specific IgE resembles the respective findings in children
with atopic dermatitis (positivity rate 30-33%) (ETAC Study Group 1998) rather
than the figures in asthmatic children (positivity rate 2-11%) (Tridon et al. 1999)
or children at risk for atopy (positivity rate 4-14%) (Sigurs et al. 1994, Bruno et
al. 1995).

In addition to serum specific IgE antibodies, SPT positivity indicates IgE-
mediated responsiveness to allergens. In the present study, SPT positivity to
food allergens was present in 13% of the wheezing children during the first 3
years of life, and to inhalant allergens in 26% of the children. SPT positivity to
any of the tested allergens was present in 29% of the children. These figures
are close to the findings of an Italian study group (Silvestri ef al. 1996), but
clearly lower than the figures in asthmatic children presented in a Turkish study
(Emin et al. 2004). In contrast to aforementioned studies made in
Mediterranean climate, sensitisation to house dust mites is rare in Nordic
countries (Sigurs ef al. 1994). In agreement with the findings of a Dutch study
group, (Delacourt et al. 1994), SPT positivity to inhalant allergens in early
childhood was highly predictive for later childhood asthma also in the present
study.

6.4.3. The role of viral findings and eosinophil activation during wheezing
respiratory tract illnesses

In previous follow-up studies with non-wheezing controls, RSV bronchiolitis
has been found to be predictive for persistent wheezing and development of
asthma up to teenage (Sigurs et al. 2000 and 2005). However, when viral
aetiology of wheeze has been compared within the study cohorts, RSV has had
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a minor role as a predictor of school-age asthma (Korppi et al. 1994,
Wennergren et al. 1997). Consistent with these earlier studies, the later
occurrence of asthma in RSV-positive wheezing infants was 3- to 4-fold when
compared to the prevalence of asthma in non-selected schoolchildren
(Timonen et al. 1995, Remes et al. 1996), but within the study cohort, RSV
infection did not further increase the risk of development of asthma. In addition,
in accordance with findings of Sigurs et al. (1995), the presence of RSV-
specific IgG antibodies in early childhood was not predictive of persistent
wheezing or the development of asthma.

In contrast, rhinoviral aetiology for wheezing was predictive of later childhood
asthma, even if age, gender and the presence of atopic dermatitis were taken
into account. Due to limitations of rhinovirus detection methods, there are
virtually no earlier follow-up data on the role of rhinoviruses as predictors of
persistent wheezing or asthma in wheezing infants. However, asthma
exacerbations in children are often triggered by rhinovirus infections (Freymuth
et al. 1999, Rawlinson et al. 2003), suggesting that rhinoviruses mostly induce
wheezing symptoms in susceptible subjects, and thus identification of
rhinoviruses may imply the presence of asthmatic inflammation in bronchi even
in infants. Consequently, at least in atopic children, early childhood wheezing
may actually be the first sign of asthma (Martinez et al. 1995).

During viral respiratory infections, blood eosinopenia is considered as a
normal response (Garofalo ef al. 1994, Martinez et al. 1998). In the present
study, blood eosinophilia during infection-associated wheezing was found to be
highly predictive for later childhood asthma, consistent with earlier findings
stressing the role of eosinophilia in the recurrence of wheezing (Martinez et al.
1998, Ehlenfield et al. 2000). However, in contrast with the findings by Pifferi et
al. (2001), elevated levels of serum ECP during the episode of wheezing
requiring hospital admission were not predictive of persistent wheezing or
asthma in the long run, maybe due to the non-specific nature of the serum ECP
as a marker of inflammation (Azevedo et al. 2001).

6.4.4. The role of environmental factors

Smoking was as common in families of later asthmatic as in families of later
non-asthmatic children. In disagreement with previous findings (Wennergren et
al. 1997, Csonka et al. 2000), passive smoking or maternal smoking during
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pregnancy did not significantly predict later childhood asthma. The non-
significant findings of smoke exposure in the present study are probably due to
a highly selected, relatively small cohort, not allowing other than atopy-related
risk factors to play a significant role in predicting asthma. In addition, though
parental smoking was common, nearly 50%, in the present study, smoking
indoors is rare in Finland nowadays, particularly in families with young children
(Timonen et al. 1995). That may lessen the straight exposure to tobacco
smoke, and may partly explain the non-significant results.

Furry pet contacts in infancy did not lead to sensitisation to animal dander
very often. In fact, there seemed to be a trend toward a lower risk for
development of asthma in children with pet contacts in early childhood.
Although the finding was not statistically significant, it supports the current
concept (Hesselmar et al. 1999), that pet contacts in infancy are not necessarily
harmful even for children at risk. If immunologic tolerance develops instead of
atopic sensitisation, such contacts may even be asthma-preventing, as was
seen in children with dog exposure in early life in a recent study (Remes et al.
2001). On the other hand, atopic families are often advised not to keep furry
pets at home, which may have biased the results, leading to underestimation of
the role of pet contacts (Hesselmar et al. 1999, Reijonen et al. 2000).

6.5. Methodological aspects

6.5.1. Strengths of the study design

In the present study, versatile clinical and laboratory data related with allergy
were carefully registered on admission. The clinical evaluation during acute-
phase of the study was prospective, took place shortly after hospitalisation
(often outside office hours), and was performed by study doctors especially
trained to assess respiratory problems in young children. The doctors
registered objective measurements like respiratory rate and oxygen saturation
(Reijonen et al. 1995), and for the assessment of wheezing and retractions, a
standardized RDAI scoring was applied (Lowell et al. 1987). In paired
comparisons, the study doctors’ ratings did not differ for any patient more than
1-2 units in the 17-point scale, the kappa values indicating an excellent
agreement (Reijonen ef al. 1995).
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The viral studies were extensive; seven conventional respiratory viruses had
been studied already on entry to the study in infancy (Reijonen et al. 1997c¢),
and the findings were later supplemented by rhino-, entero- and coronavirus
studies. RT-PCR used in the present study has been shown to be more
sensitive than conventional virus isolation for rhino- and enteroviruses (Hyypia
et al. 1998, Lonnrot ef al. 1999). In a study by Lénnrot et al. (1999), 30 most
common enterovirus serotypes among 64 known human serotypes were tested
and they all gave a positive signal by RT-PCR. Nine known rhinovirus
serotypes, among 101 known serotypes, and 20 clinical isolates of unknown
serotypes were tested and the RT-PCR assay amplified all tested rhinoviruses.

Since rhinoviruses were rarely involved in mixed viral infections, it was
possible to study their specific effect on the outcome of the children.

The in-house RT-PCR for RSV was, and TR-FIA is known to be, a sensitive
and specific method for RSV infection in young children (Mclintosh et al. 1993).
In addition, the present study is one of the few studies where RT-PCR has
been used in diagnosing RSV infection in addition to conventional methods
(Paton et al. 1992). When compared to antigen detection and virus isolation in
culture, the sensitivity and the specificity of RT-PCR have been over 90%
(Paton et al. 1992). The 83% to 100% sensitivity and 92% specificity, found in
the present study, mean a likelihood ratio of >10 for a positive test result, which
has significant value in diagnostic decision making (Sackett et al. 1998).

An automated in vifro screening method, UniCAP FEIA, which allows
detection of allergen-specific serum IgE antibodies quantitatively, was applied
in the present study. The accuracy of the UniCAP assay has been good
compared with earlier, non-automated laboratory methods like the CAP System
RAST (Paganelli et al. 1998). The storage of serum samples as frozen for
several years, as was done in the present study, has not significantly interfered
with the results (Paganelli ef al. 1998). The detection concentration for specific
IgE, 0.35 kU/, has been used as a threshold for a positive result by several
other study groups (Sigurs et al. 1994, ETAC Study group 1998, Tridon ef al.
1999). Other investigators have preferred higher cut-off concentrations, like
0.70 kU/I (Kulig et al. 1999, Lau et al. 2000, Camara et al. 2004). However, the
different cut-off concentrations for specific IgE have rarely been evaluated as
predictive factors for atopic disease (Sampson and Ho 1997). In the present
study, optimal cut-off concentrations for specific IgE were evaluated by ROC
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analyses; the analyses preferred no other cut-off concentrations than the
detection level for any allergen-specific IgE.

A large panel of specific IgE antibodies to several common allergens,
including 6 individual food and 8 inhalant allergens, was investigated as a
predictor of asthma. Such large panels of allergens in combination with
automated quantitative methods for determining specific IgE antibodies have
rarely been available. In addition, SPTs against several food and inhalant
allergens were performed in early childhood.

6.5.2. Shortcomings of the study design

RT-PCR studies were performed 6 to 8 years after the acute episode, and
therefore, good-quality frozen NPA specimens obtained on entry into the study
were available only for 60% to 80% of the children. On the other hand, antibody
and antigen assays for RSV were performed in all cases.

RS8V-specific IgG antibodies were measured only in convalescent and follow-
up sera, and only a limited number of good-quality frozen nasopharyngeal and
serum samples were available for later viral studies by PCR and the immune
assay. An optimal design would consist of viral studies in nasopharyngeal
samples and in paired sera at all infection episodes during the follow-up time.

We did not have a control group with no respiratory infection and/or with
respiratory infection with no wheezing. In asymptomatic children with no
preceding or concurrent respiratory symptoms, rhinoviruses have been
detected in 12-13% of the NPAs by RT-PCR (Johnston ef al. 1993, Nokso-
Koivisto et al. 2002). The overall detection rate of rhino-, entero- and
coronaviruses by RT-PCR has been low, 5%, if no preceding, concurrent, or
following respiratory symptoms have been reported (Nokso-Koivisto et al.
2002). In the present study, the viral detection rate by RT-PCR in wheezing
children was over 8-fold, 44% altogether.

Due to emergency medication during the index hospitalisation for wheezing,
SPTs could not have been performed on entry, and the data on SPT positivity
were obtained for the first time at 8 months after the hospital admission for
wheezing. Therefore the analyses comparing specific IgE and SPTs related to
the index episode of wheezing were not possible to perform.

The used exercise challenge test was positive only in one third of asthmatics.
At the age of 5 to 8 years, multiple FVS measurements carry a risk of bad
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compliance resulting in technically unacceptable measurements. To avoid that,
FVS was performed only once after the exercise. However, FVS, when the
adequacy of flow-volume curve can be checked, gives more reliable information
than e.g. peak expiratory flow and pocket-sized FEV, meters. In addition,
wheezing on auscultation after the exercise was also regarded as an objective
evidence of asthma. In the present study, the exercise challenge was the only
challenge test performed, which can be considered as a shortcoming as well.
On the other hand, the exercise challenge test is commonly used, quite easy to
perform, and mimics the every-day activities of children, and as a diagnostic
approach for asthma, it is known to be a very specific test (Carlsen 2001).

In addition, inclusion of children on maintenance therapy carries the bias that
children cured of their asthma have been registered as asthma cases. In most
children with asthma in the present study, the ongoing anti-inflammatory
medication was effective enough to control bronchial inflammation and
hyperresponsiveness. Nevertheless, more than 80% of children on
maintenance were still symptomatic, having suffered from repeated wheezing
or prolonged cough during the preceding 12 months, implying active asthma. In
addition, the asthma-treatment policy of our hospital was to check the need of
maintenance medication twice a year in young children (Korhonen et al. 1999).
Thus, there is a high probability that all asthma cases in the present study were
real, though possibly mild, asthmatics.

Among the non-asthmatic children, 12 children had been symptomatic during
the preceding year. However, neither including these 12 children in the asthma
group for analyses, nor excluding them from analyses, changed the main
results of the present study. In addition, if a lower limit, a 10% decrease in
FEV,, was applied instead of a 15% decrease, for a positive exercise challenge
test result (Carlsen 2001), no more than 1 of these 12 children would have
been regarded as asthmatic. Thus, the results of the alternative analyses did
not support abandoning the used criteria for the presence of asthma, which
have been approved earlier in population-based studies in our area (Timonen
et al. 1995, Remes et al. 1996).
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7. SUMMARY AND CONCLUSIONS

In the present study, covering a 22-month period between two RSV
epidemics from the beginning of 1992 to the end of 1993, 29% of all
hospitalised wheezing infants had RSV infection. An additional 27% of the
children were regarded as having been infected with RSV before that hospital
admission, as demonstrated by RSV-specific IgG antibody measurements. By
the age of 3 years, 85% of the study subjects showed seroconversion to RSV.
The concentrations of RSV-specific IgG antibodies were related to age, but
were not predictive of school-age asthma. RSV infection on admission did not
increase the risk of asthma over the risk attributed to hospitalisation for
wheezing.

In addition to RSV, rhinoviruses were commonly found to induce wheezing
even in children under the age of 2 years. Especially the infants with atopic
dermatitis or blood eosinophilia were likely to wheeze during rhinovirus
infection. Rhinovirus-induced wheezing leading to hospitalisation seemed to
predict the development of asthma. The association with atopy suggests that
there actually might be active asthma-like bronchial inflammation even in
infants wheezing during rhinovirus infection.

Specific IgE antibodies to food allergens were found to be common, and
specific IgE to inhalant allergens rather rare in infants hospitalised for
wheezing. Specific IgE antibodies to the mixture of inhalant allergens, to egg
white, and to wheat, were found to be predictive of later asthma even at the
detection level. Detection of specific IgE antibodies in wheezing infants may,
thus, facilitate the early diagnosis of asthma, especially in cases with no
clinically evident atopic manifestations. Specific IgE to the mixture of food
allergens, however, was not associated with school-age asthma at the
detection level of 0.35 kU/l, whereas concentrations of >0.70 kU/l were
predictive.

In addition, recurrent wheezing in infancy, presence of atopic dermatitis or
elevated levels of total serum IgE in infancy, blood eosinophilia during infection-
associated wheezing, and SPT positivity to common food or inhalant allergens
in early childhood were also found to predict later childhood asthma in infants
requiring hospitalisation for wheezing.
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In conclusion, when hospitalisation for wheezing occurs in infancy, more than
every third child will suffer from asthma at early school age. In accordance with
algorithms presented earlier, recurrence of wheezing in early childhood, atopic
dermatitis in infancy, and blood eosinophilia imply an increased risk for later
childhood and school-age asthma. In addition, wheezing outside RSV
epidemics, detection of rhinoviruses by RT-PCR during acute wheezing
illnesses, as well as SPT positivity to common food or inhalant allergens or
detection of specific IgE antibodies against egg white, wheat, or inhalant
allergens in infancy may facilitate the identification of children at risk for
persistent wheezing and the development of asthma.
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