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ABSTRACT

Background:

Viral upper respiratory infection is the most common reason for seeking medical care for children.
Recurrent vira respiratory infections and subsequent complications (e.g. acute otitis media (AOM))
are an enormous burden for children, their families, and society. Etiologic studies of viral infections
are becoming increasingly important, with the emergence of new antiviral drugs and vaccines.

Methods:

Two cohortsof children (n=329 and n=611) werefollowed from 2 to 24 months of agein two prospective
studies (Finnish Otitis Media (FinOM) Cohort Study and FinOM Vaccine Trial). Nasopharyngeal
aspirate and middle ear fluid specimens, and paired serum samples were collected and examined for
common respiratory viruses. In both FinOM studies, the association of viral infectionswith AOM was
investigated. A sampl e of specimensfrom the FinOM Cohort Study was analyzed for human coronavirus
RNA using the RT-PCR method, and the viral etiology of frequently recurring respiratory infections
(FRRI) in children was examined. In addition, nasopharyngeal specimens were analyzed for viral
RNA in another group of children without concurrent respiratory symptoms.

Results:

Respiratory viruses were detected in two-thirds of the AOM events, and in half of the events studied,
arhinovirusor enterovirusinfection was present. Thethird most common viruswas respiratory syncytial
virus (RSV). A specific susceptibility to adefined type or group of viruses does not seemto beamajor
explanatory factor for FRRIsin young children. Coronavirus RNA was present in 2.4% of respiratory
specimens of children less than two years of age. In asymptomatic children, picornavirus RNA was
detected in 29% of nasopharyngeal specimens by the RT-PCR method, but in most of these children
the presence of viral RNA in the nasopharynx could be associated with a recent or forthcoming
symptomatic infection, or exposure to infection in the household.

Conclusions:

In children less than two years of age, rhinoviruses, enteroviruses, and RSV appear to cause most of
the upper respiratory infections and are associated with AOM. In the future, these viruses should be
considered when aiming at prevention and treatment of respiratory infections and AOM in young
children.



TIIVISTELMA

Tausta:

Akuutit yldhengitystieinfektiot ovat ylivoimaisesti térkein syy lasten | 88kari ssakaynteihin. Jotkut lap-
sista sairastavat samoissakin olosuhteissa ylahengitystieinfektioita runsaammin kuin toiset. Lasten
toistuvat virusperaiset infektiot janiiden tavalliset komplikaatiot (esim. valikorvatulehdus) ovat tagkka
lapsille, vanhemmille ja yhteiskunnalle. Y [&hengitystieinfektioiden etiol ogisten tutkimusten merki-
tys on korostunut entisestddn kun uusia virusld8kkeité on tulossa kliiniseen kayttdon.

M enetelmaét:

Padosa tutkimusten aineistostaliittyy Finnish Otitis Media (FinOM) kohorttitutkimukseen jarokote-
tutkimukseen (FinOM Cohort Study and Vaccine Trial). N&i ssi kahdessa prospektiivisessa tutkimuk-
sessa seurattiin yhteensd 940 lasta 2 kuukauden ikéisestd aina kaksivuotiagksi asti. Tutkimuksen
aikanaanalysoitiin hengitystieinfektioitaaiheuttaviaviruksianendmulima-, vélikorvaerite- jaseeru-
minaytteistd. MolemmissaFinOM tutkimuksissaanalysaitiin eri virusten esiintyvyyslasten akillisis-
sd korvatulehduksissa. FinOM kohorttitutkimuksessa tutkittiin RT-PCR menetelmall& koronavirus-
ten esiintyvyytta nenanielu- ja valikorvaeritendytteissa seka analysoitiin infektiokierteisten lasten
yléhengistystieinfektioiden virusetiologiaa. Lisaksi RT-PCR menetelmalla tutkittiin respiratoristen
virusten RNA:n esiintyvyytta oireettomien lasten nenaniel ussa.

Tulokset:

Modernien analyysimenetelmien avulla osoitettiin, etté &killisen vélikorvatulehduksen aikana alle
kaksivuotiaillalapsillajopa kahdella kolmasosalla on todettavissa virus joko nenénielu- tai valikor-
vaeritteessa. Y leisimmaét respiratoriset virukset korvatulehduksen aikana olivat rino- ja enteroviruk-
set, joita oli osoitettavissa yli puolessa korvatulehduksista, seka RSV. Infektiokierteisilla lapsilla el
ole erityista riskia sairastua tiettyjen virusten aiheuttamiin infektioihin. RT-PCR menetelmall& ko-
ronaviruksiaoli osoitettavissa 2.4 prosentissa pienten lasten nenaimulima- javalikorvaeritendytteis-
ta Oireettomiltakin lapsilta on |8y dettavissa virusten RNA:ta nenadniel usta, joten tutkimusl 6ydds on
aina suhteutettava oirekuvaan

Johtopaatokset:

Alle kaksivuotiailla lapsilla rinovirukset, enterovirukset ja RSV aiheuttavat valtaosan yldhengitys-
tieinfektioistaja valikorvatulehduksista. Naméa virukset tulisi ottaa huomioon suunniteltaessa lasten
virusperéisten ylhengitystieinfektioi den ennaltaehkéisya ja hoitoa.
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INTRODUCTION

1 INTRODUCTION

Acute upper respiratory infections (URI) arethe
most common acute diseases in children.
Numerous long-term family and community
studies haveyiel ded abundant information about
acute respiratory infections (Frost et al. 1932;
McCammon 1971; Monto et a. 1974; Tupasi et
a. 1990; Monto et al. 1993; Ray et a. 1993).
These studies provide foundation for
understanding the natural course and
characteristics of respiratory infections.
Respiratory infections cause significant
economic losses. In the United States, acute
respiratory infections in 1998 resulted in an
estimated 84 million visits to physicians; of
which 25 million were due to upper respiratory
infection and 13 million dueto acute otitismedia
(AOM) (Gonzales et al. 2001). Half of the
diagnoses among walk-in patientsin achildren’s
hospital have been associated with respiratory
infections (Peltola 1982). Every fourth
respiratory infection results in a visit to a

physician, with the proportion in infants rising
to approximately one half of all respiratory
infections (Monto et al. 1974). In children
attending day-care centersin Finland, infectious
diseases caused more than 90% of total costs of
illness (deficient utilization of day-care centers,
parents’ lost working capacity, hospitalization,
visits to physician, antibiotics) (Nurmi et al.
1991). Respiratory infections also cause
productivity losses and absenteeism from work
(Bramley et al. 2002).

Previously, viral diagnoses and etiologic
studies of URI have had little clinical relevance.
However, prevention and therapies for viral
infections are developing rapidly, and antivirals
for respiratory viruses other than influenzamay
be available in the near future (Hayden 2001,
Ison et al. 2002; Heikkinen et al. 2003b). This
poses new requirements for viral diagnostics,
particularly rapid and easy detection of
respiratory viruses.
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2 REVIEW OF THE LITERATURE

2.1 EPIDEMIOLOGY OF UPPER RESPIRATORY INFECTIONS

The first large follow-up study of respiratory
infections started some 80 years ago with
approximately 10 000 university students and
employees. The study reported the annual
variation of respiratory infections, with typical
high incidence in the winter and low incidence
in the summer, and also indicated the association
between mortality and theincidence of respiratory
infections. In addition, minor respiratory
infectionswith rhinitisasthe main symptom were
shown to have the highest incidence in the
autumn, while influenza-like infections were
mainly present in the spring (Frost et al. 1932).

In 1948-50, in a Cleveland study, the
mean rate of respiratory infectionswas reported
to be 8 infections per person-year in children
less than 6 years of age (Badger et al. 1953).
This annual respiratory infection rate is among
the highest ever reported, possibly because of
thefrequent weekly visitsby astudy worker and
the apparent eagerness of self-selected families
to report even minor symptoms. Later, large
community-based studies have reported that the
mean annual number of acute respiratory
infectionsis 5 in children less than 5 years of
ageand 3inolder children. Withincreasing age,
theannual incidence of infections decreases, and
adults have on average 1 to 2 URIs per year
(McCammon 1971; Monto et al. 1993; Monto
2002). Children, especially boys, are at risk of
developing URIs (McCammon 1971; Tupasi et
al. 1990; Monto et al. 1993). A serologic analysis
of over 58 000 patients revealed that most
respiratory viruses are encountered in childhood
and that a rapid increase in viral antibodies
occurs in children until 6 to 10 years of age
(Ukkonen et al. 1984). Community studies also
established that interaction with other people
spreadsrespiratory infections efficiently (Badger
et al. 1953; Monto et al. 1974). A temporary

increase in incidence in the age group of 20 to
29 years has been reported, probably in
connection with starting a family, and thus,
increased exposure to infections through
children. Inlinewith this, the frequency of URIs
is higher among females (Badger et al. 1953;
Monto et al. 1974). Theincidence of respiratory
infections has been demonstrated to rise as
family size increases to 5 persons per family
(Badger et al. 1953), and especially among
children, exposure to other children increases
infection risk (Wald et al. 1988).

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN 13



2.2 CLINICAL ENTITIES AND COMPLICATIONS OF VIRAL RESPIRATORY INFECTIONS

IN YOUNG CHILDREN

Many clinical diseases have been shown to be
associated with respiratory viruses (Table 1). In
children, the most common viral respiratory
infections are smple URIs (the common cold)
and AOM. These entities are discussed in more
detail in later sections. Other important aspects
of viral infections in children are summarized
briefly below.

Viruses are the most common cause of
lower respiratory tract infections in children
(Woensel et al. 2003), with respiratory syncytial
virus (RSV), parainfluenza virus type 3, and
influenza viruses occurring most frequently
(Sunakorn et al. 1990; Ray et al. 1993; Yun et
al. 1995; Andreoletti et al. 2000; Tsai et al. 2001;
Weigl et al. 2001). In addition, rhinoviruses have
been shown to cause pneumonia and
bronchioalitis in infants and children (Juvén et
al. 2000; Hayden 2004). Therecently discovered
human metapneumovirus has been reported to
induce RSV-likerespiratory infections (van den
Hoogen et al. 2001), and this virus may also
produce lower respiratory tract infections in
children (Williamset al. 2004). Viral infections
have been shown to trigger wheezing and

exacerbate asthma in children (Jennings et al.
1987; Mertsolaet al. 1991; Johnston et al. 1995;
Rawlinson et a. 2003). Virus-induced asthma
exacerbations may be severe, and increase the
need of hospitalisation (Gern et al. 2000). Acute
laryngitis is a viral disease most frequently
caused by parainfluenza viruses, and less
frequently by RSV and influenza viruses
(Grondahl et a. 1999; Hall 2001a).

Over 40% of acute tonsillitis cases are
associated with arespiratory virus, and in one-
third a virus may be the sole pathogen.
Adenovirus is the predominant cause of viral
tonsillitis, with other common causative agents
being Epstein-Barr viruses, influenzavirusesand
enteroviruses (Douglas et al. 1984; Putto 1987;
Putto-Laurila et al. 1999; Tsai et al. 2001).
Enteroviruses, especialy coxsackievirusA24 and
enterovirus 70, are known to cause acute
hemorrhagic conjunctivitis, often in epidemics
(Christopher et a. 1982; Shulman et al. 1997;
Wairagkar et al. 1999). Conjunctivitisis also a
common sign at the time of upper respiratory
infection caused by adenovirus (Mitchell et al.
2000; Weig| et al. 2000).

Table 1. Respiratory tract infections and viral causative agentsin children.

Disease Adeno- Corona- Entero- Influenza Parainfluenza RSV~ Rhino-
viruses  viruses  viruses  viruses viruses viruses
Commoncold  + ++ ++ ++ + + +++
Tonsillitis +++ - ++ + + + R
Laryngitis + - + ++ +++ + +
Bronchitis + + + +++ ++ +++ +
Bronchiolitis + + + ++ ++ +++ ++
Pneumonia + + + +++ ++ +++ ++

' RSV = respiratory syncytial virus
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Although viral respiratory infections are often
considered relatively harmless, in developing
countriesthey arean important cause of mortality,
especially when followed by bacterial
complications. In a study conducted in the
Philippines, the respiratory tract infection-
specific mortality rate (caused by virus and/or
bacteria) was 8.9 per 1000 in children less than
four yearsof age. Inthisstudy, arespiratory virus
was associated with one-third of acuterespiratory
infections, but abacteriumwasidentified inonly
10% of cases (Tupasi et a. 1990). In a study by
Hong et a. (2001) the mortality rate was 6%
among apparently healthy children who were
hospitalized because of adenoviral lower
respiratory tract infection. Even during the last
decade, enterovirusoutbreaksin the Far East have
been associated with ahigh incidence of mortality
(Chan et al. 2000; Lu et al. 2002).

2.2.1 Common colds

The common cold is mainly a viral disease.
Méakelaet a. (1998) found respiratory virusesto
be associated with two-thirds of common cold
events, while bacteria were cultured in only 4%
of cases. Rhinoviruses are the leading cause of
common colds (Arrudaet al. 1997; M&kelaet al.
1998; Monto et al. 2001), and during an epidemic,
rhinoviruses may be associated with up to 80%
of common colds (Arruda et al. 1997).
Enteroviruseshave previously rarely been sought
inrespiratory infection studies dueto the lack of
convenient diagnostic methods. However, after
introduction of the reverse transcription
polymerase chain reaction (RT-PCR) technique,
it has become evident that enteroviruses are also
frequently associated with common colds. In one
recent study, every fourth URI in children was
associated with an enterovirus (Ruohola et al.
2000). Although both RSV and influenzaA virus
are well known for causing lower respiratory
infections, they also generate upper respiratory

infections (Vesaet al. 2001). Coronaviruses have
been associated with common coldsin children,
and in one study as many as 30% of respiratory
infectionswere coronavirus-associated (Isaacs et
al. 1983). However, according to serologic
studies, coronaviruses seem to be quite prevalent,
but may produce a large number of subclinical
infections (Macnaughton 1982).

In children, acute respiratory infections
often spread into the paranasal sinuses, causing
mucosal edema and accumulation of mucus. A
recent study reported that 68% of children (mean
age 5.7 years) with uncomplicated upper
respiratory infections had major abnormalities
in the paranasal sinuses, which mainly resolved
after 2 weeks without antimicrobial treatment
(Kristo et al. 2003). In another study, 70% of
children with purulent rhinorrhea as the only
symptom had opacification of the paranasal
sinuses on computer tomography scans
(Schwartz et al. 2001). Young children almost
alwayshavenasal secretionsin paranasal sinuses
during upper respiratory infections (so-called
rhinosinusitis). Based on this, sinusitis in
children is an extension of the common cold.
However, evidence of direct viral infection of
the maxillary sinus in children is lacking. In
adultswith acute maxillary sinusitis, aviruscan
befound in 10% of maxillary secretion samples
by viral culture (Hamory et a. 1979) and in
40% by PCR (Pitkérantaet al. 1997). In addition,
rhinovirus ribonucleic acid (RNA) has been
found inside the epithelial cells of the maxillary
sinus mucosa at the time of acute sinusitisby in
situ hybridization (Pitkéranta et al. 2001).

2.2.2 Acute otitismedia

AOM is one of the most common infectious
diseases among children. In the Finnish Ctitis
Media (FinOM) Cohort Study, 62% of children
had at least one AOM episode by the age of two
years and 8% had six or more episodes (Kilpi et

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN 15



al. 2001). In another study conducted in Finland,
the incidence of AOM was estimated to be 32
per 100 person-years in children less than 10
yearsof age (Joki-Erkkilaet al. 1998). According
to claims data from alarge health insurer in the
United States, among children lessthan 2 years,
one-fourth had 6 or more office visits for
management of otitis media per one year
(Thompson et al. 1999). In children with
respiratory infections, more than one-half of the
prescribed antibiotics have been for AOM
(Pichichero et al. 2000).

Respiratory viruses in acute otitis media

Viral respiratory infections have been shown to
alter middle ear pressure, whichin turn can cause
accumulation of mucus and pathogenic agentsin
the middle ear. In a study with adults
experimentally infected with influenza virus A,
59% of patients developed negative middle ear
pressure and 15% of those infected developed
middle ear effusion, which was negative for
bacteria (Buchman et al. 1995). In a study by
Arruda et a. (1997), every fifth adult with a
common cold had abnormal middle ear pressure
during the first days of rhinovirus infection.
Transient negative middle ear pressure can occur
in two-thirds of children with uncomplicated
URI. Differencesin age, detection of respiratory
virus, or type of virus did not affect the
development of abnormal middle ear pressure
(Winther et al. 2002).

Viral infection has been suggested to
cause prolonged symptoms of AOM. Respiratory
viruses have been detected more often from the
middle ear fluid (MEF) or nasopharyngeal
aspirate (NPA), or both, in children with
prolonged symptoms of AOM and failure of
initial antimicrobial therapy (Arolaet al. 1990b).
Rhinovirus-positive culture in MEF has been
associated with persistence of bacteria or
occurrence of new bacteriainthe MEF (Sung et

16

al. 1993). Controversial results have also been
published reporting that the duration of
symptoms was longer in children with no
detected pathogensthan in children with bacteria
or virusin MEF (Chonmaitree et al. 1986).

Many studies during the past decades
have shown the closerel ationship between viral
infections and the devel opment of AOM (Table
2). Several studies have also demonstrated an
association between the outbreaks of viral
infections and a simultaneousincrease in AOM
incidence (Henderson et al. 1982; Sarkkinen et
al. 1985; Ruuskanen et al. 1989; Arola et al.
1990a). In a 14-year longitudinal study
concurrent or previousrespiratory infection was
associated with one-fourth of AOM episodes,
and the risk of AOM was increased especially
after RSV, adenovirus, or influenza virus
infection (Henderson et al. 1982).

Further evidence of viral otitismediahas
emerged with viruses being isolated by viral
culture directly from MEF of patients with
AOM. One of thefirst reports was from Yoshie
in 1955, who isolated the influenzavirusesfrom
MEF samples of patients with AOM during an
influenza epidemic (Yoshie 1955). Culture
methods at that time were not very efficient;
Gronroos et al. cultured 399 MEF samples, but
failed to isolate a single virus (Grénroos et al.
1964). Somewhat later, RSV swereisolated from
MEF samplesduring aRSV infection (Berglund
et al. 1966; Gronroos et al. 1968). After
development of viral culture techniques, the
proportion of virus-positive AOM has risen.
Chonmaitree et al. (1986) found 20% of MEFs
to be virus-positive by cell culture.

As diagnostic methods have improved,
the association between viruses and AOM has
grown stronger (Heikkinen et al. 20033). Antigen
detection methods were devel oped, and they are
faster and easier than viral culture techniques
or serological analyses. However, respiratory
viruses for which antigen detection was not
available, e.g. rhinoviruses and enteroviruses,
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Table 2. Selected data from studies of viruses associated with acute otitis media (AOM).

Sudy No. of No.of Virusdetection Virusinfection  Proportion of
children MEF  method” associated with  viruspositive
AOM” (%) MEF (%)

Yoshie 1955 10 10 Culture, serology 40 40
Gronroos 1964 322 399 Culture - 0
Berglund 1966 27 a4 Culture, serology 37 33
Tilles 1967 90 NR Culture, serology 27 3
Groénroos 1968 11 22 Culture, serology 100 55
Klein 1982 53 53 Ag 34 25
Chonmaitree 1986 84 84 Culture 39 20
Sarkkinen 1985 137 137 Ag 42 18
Arola 1990 88 88 Culture, Ag 48 19
Chonmaitree 1992 271 271 Culture, Ag,

serology 46 22
Heikkinen 1999 456 815 Culture, Ag,

serology 41 17
Pitkéranta 1998 92 92 RT-PCR 75 48
Chonmaitree 2000 40 65 Culture, PCR NR 74

: Ag = antigen detection, RT = reverse transcription, PCR = polymerase chain reaction
Specific virus detected in nasopharyngeal aspirate (NPA) and/or middle ear fluid (MEF) specimen(s), and/
or avira infection documented serologically from paired serum samples

NR = not reported

were not regularly analyzed. Combining
different detection methods (culture, antigen
detection, serology) respiratory viruses have
been associated with up to one-half of AOM
events (Klein et al. 1982; Sarkkinen et al. 1985;
Arola et al. 1990a; Chonmaitree et al. 1992;
Heikkinen et al. 1999). In studies using antigen
detection, RSV has usually been the most
common virus associated with AOM. Arola et
al. (1990a) detected RSV in 15% of MEF
samples during AOM, and in 7% RSV was the
only pathogen found. RSV has been suggested
to be one of the most potent viruses to cause
AOM sinceitismost often detected concurrently
in the NPA and MEF during AOM (Heikkinen

et al. 1999). In addition, among children
hospitalized due to RSV infection, up to 75%
were diagnosed as having AOM (Heikkinen et
al. 1995). However, in many studies,
rhinoviruses, the most common cause of URI in
children, were either not sought or only viral
culture was used (Klein et al. 1982; Heikkinen
et al. 1999).

A significant step forward has been the
development of the PCR method, which enables
the detection of respiratory viruses, including
those for which antigen detection tests are not
suitable or are unavailable. PCRisusually more
sensitivethan viral culture and antigen detection
methods, and has been developed for many
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respiratory viruses (Gréndahl et al. 1999;
Chonmaitree et al. 2000). By RT-PCR,
respiratory viruses have been found to be
associated with over 70% of AOM events
(Pitkérantaet al. 1998; Chonmaitreeet al. 2000).

Evidence of an association between
virusesand AOM isalso based on virus-specific
intervention studies. One-third of AOMs
occurring during influenza outbreaks can be
prevented by immunizing children with
influenzavirus vaccine (Heikkinen et al. 1991)
or by giving specific antiviral treatment at the
time of influenzavirusinfection (Whitley et al.
2001). In addition, high doses of RSV-enriched
immunoglobulin have been reported to prevent
development of AOM in high-risk children
(Simoes et al. 1996).

For a physician, it would be very
beneficial to differentiate viral AOM from
bacterial disease. However, thus far, viral and
bacterial AOM cannot be separated from each
other by clinical symptoms or signs. Only a
bul ging tympanic membrane has been associated
with detection of bacteria or bacterial-viral
combinationsfrom the M EF during AOM (Arola
et a. 1990a; McCormick et al. 2000).
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2.3 FREQUENTLY RECURRING RESPIRATORY INFECTIONS IN CHILDREN

A certain group of children suffersfrom recurrent
and prolonged respiratory tract infections for
years. Although these diseases are often mild and
self-limiting, the burden of “being sick al the
time” can be unbearablefor both the childrenand
their parents. Defining frequently recurring
respiratory infections (FRRI) is arbitrary, with
many different descriptions being found in the
literature. Beard et al. (1981) defined infection-
prone children as those having 6 or more URIs
per year. In other studies, FRRI has been defined
as 4 to 12 URIs per year (Isaacs et al. 1982;
Venutaet a. 1996; Chapelin et a. 1997; Giraudi
etd. 1997; Hewson-Bower et a. 2001). Inredlity,

respiratory infection rate in children form a
continuum without segregation into “infection-
prone” and “normal” children.

2.3.1 Risk factors

The mystery of respiratory infection-prone
children has puzzled medical personnel for along
time, and many risk factors have been studied
(Table 3). Themost important risk for respiratory
infectionsisage; young children have the highest
incidence of respiratory infections (McCammon
1971; Harsten et a. 1990; Monto et al. 1993;

Table 3. Suggested host and environmental risk factors for frequently recurring respiratory

infections in children.

Host risk factor

Reference

Age McCammon 1971, Harsten 1990, Monto 1993
Gender Monto 1974, Kim 2000

Genetic susceptibility, family risk Soderstrém 19914, 1991b

Reduced immunocompetence Beard 1981

Deficient production of interferon alpha Isaacs 1981, Pitkaranta 1993, 1999
Mannose-binding lectin insufficiency Koch 2001

Primary immunodeficiency Rosen 1995

Ciliary dyskinesia Chapelin 1997

Gastroesophageal reflux Guill 1995

Psychosocial stress Drummond 1997

Environmental risk factor Reference

Siblings
Day care

Parental smoking

Short duration of breast-feeding
Air pollution

Vitamin A deficiency

Badger 1953, Tupasi 1990, Monto 2002
Alho 1990, Harsten 1990, Louhiala 1995,
Celedon 1999, Nafstad 1999

Bryd 1995, Peat 2001

Alho 1990, L 6pez-Alarcon 1997
Jaakkola 1991

Pinnock 1986
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Monto 2002). In addition, boys appear to bemore
prone to respiratory tract infections, especialy
during thefirst years of life (Badger et al. 1953;
Montoet al. 1974; Kimet a. 2000). Major defects
in immune responses are rare in children with
FRRI (Rosen et a. 1995). Some other biological
factors, such as ciliary dyskinesia,
gastroesophageal reflux, or swallowing
dysfunction with chronic aspiration, may cause
recurrent infections, but these diseases are also
rarely demonstrated (Guill 1995; Chapelin et al.
1997; Sheikh et a. 2001).

Minor deficiencies in such immune
responses as reduced neutrophil chemotaxisand
fungicidal capacity in infection-prone children
have been reported (Beard et al. 1981). In
addition, some reports suggest that infection-
prone children may have agenetic susceptibility
to infections. Children with mannose-binding
lectin insufficiency have an increased risk for
URI (Koch et al. 2001). A prospective twin and
triplet study came to the conclusion that
recurrent AOM might be due to a genetic
property (Casselbrant et al. 1999). Children with
FRRI also tend to come from families with
general health problems, and the children have
a susceptibility to infections for many years,
from avery young to school age (Soderstrém et
al. 1991a; Soderstrom et al. 1991b). L eukocyte
cultures from children with FRRI have been
reported to have alowered capacity to produce
interferon alpha (IFN-a) in vitro (Isaacs et al.
1981; Vanecek et al. 1985; Pitkarantaet al. 1993;
Pitkéranta et al. 1999). It has been studied
whether measurement of | FN-a production could
be used to predict future recurrence of infections
(Pitkaranta et al. 1999). However, the
interindividual variation was too great for use
for this purpose. Reduced production of IFN-a
ininfection-prone children led to theimplication
that these children could be susceptibleto certain
viruses or virus groups. Inastudy by Isaacs et
al. (1982) viral infections of FRRI children were
compared to those of unaffected siblingsin the
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same age group. No differencein the proportions
of different viruseswasisolated from index and
control children (Isaacs et al. 1982).
Environmental factors, such as day care
outside of the home (Wald et al. 1988; Alho et
al. 1990; Harsten et al. 1990; Louhiala et al.
1995; Celedon et al. 1999; Nafstad et al. 1999),
household smoking (Bryd et al. 1995; Peat et
al. 2001), diet (Pinnock et al. 1986), and a
polluted environment (Jaakkola et al. 1991),
have been associated with FRRI. In addition,
working mothers with child-care arranged
outside the home have been suggested to seek
for medical carefor minor symptomsmoreessily
than other mothers (Horwitz et al. 1993).
Crowded conditions increase the risk; a child
with many siblings is at higher risk of getting
respiratory infections (Badger et al. 1953; Tupasi
et al. 1990; Monto 2002). Especially among
children lessthan 2 years of age, attending day-
care centresisarisk factor for infections, while
family care seemsto pose aminor risk (Harsten
et al. 1990; Louhiala et al. 1995). Indeed,
Paradise and coworkers reported a strong
association between otitis mediaand the degree
of exposure to other children, whether at home
or at aday-care center (Paradise et al. 1997).
Short-duration or lack of breast-feeding
is often mentioned as a risk factor for FRRI
(Alho et a. 1990; Arifeen et al. 2001). In one
study, receiving only breast-milk was reported
toreduce acute respiratory infections during the
first four months of life, but thereafter the
reduction was not significant (L6pez-Alarcén
et al. 1997). By contrast, in a recent study in
Belarus, breast-feeding did not seem to reduce
respiratory infections (Kramer et al. 2001).
Overall, breast-feeding is nevertheless
considered to be an important factor in
preventing infections and infant mortality in
developing countries (Arifeen et al. 2001).
Psychosocial stress has been reported to
be elevated in children with FRRI and to be
associated with lower levels of secretory
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immunoglobulin A and its ratio to albumin in
saliva as indicators of deficient local mucosal
immunity (Drummond et a. 1997). On the other
hand, as the authors suggested, psychological
disorders might be due to recurrent infections.
It has been also suggested that psychological
treatment will shorten the duration of respiratory
symptoms and increase the secretory IgA
concentration in children suffering from FRRIs
(Hewson-Bower et al. 2001).

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN
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2.4 VIRAL ETIOLOGY OF UPPER RESPIRATORY INFECTIONS

In the 1960s, the development of virus detection
methods made it possible to analyze most of the
known respiratory virusesor virusgroups by cell
culture or serologic methods. Since then, many
studies have focused on the association between
respiratory virusesand different respiratory tract
infections. When comparing the datafrom various
studies, itisimportant to realize that the spectrum
of etiologic agents may vary between studies
because of differencesin study settings, sample
types or microbiological detection methods. For
example, thevirusesthat cause severeinfections
may be more dominant in hospital-based studies
than in community-based studies. In addition,
many studies search for only alimited number of
causative pathogens.

A comparison of different studieson acute
respiratory infections and viral findings in
children is shown in Table 4. Over the years,
the reported proportion of virus-positive
respiratory infections has increased due to
improved detection methods. In a community
study covering 11 years, viruses were detected
in 22% of respiratory infections using cell
culture of nasal and throat swabs (Monto et al.
1993). In one study exploiting a variety of
detection methods, the virus-positivity rate in
young adults was 69% (Méakel& et a. 1998). An
even higher positivity rate has been observed in
a study of children; 86% of nasopharyngeal
sampleswere virus-positive at the time of upper
respiratory infection using an antigen detection
method and RT-PCR (Ruoholaet al. 2000). The
reported prevalence of rhinovirusesin different
studies of respiratory infections has increased
after introduction of PCR, a more sensitive
detection method.

According to several studies, the
prevalence of different viruses in respiratory
infections may vary between different age
groups. Inyoung children, common viruses are
reported to be rhinoviruses (Monto et al. 1993;
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Ruohola et al. 2000; Vesa et al. 2001), RSV
(Tupasi et al. 1990; Kim et al. 2000; Manjarrez
et a. 2003), and parainfluenza viruses (Monto
et al. 1993; Weigl et al. 2000), as well as
enteroviruses in some studies (Hazlett et al.
1988; Tsai et al. 2001). Older children and
teenagers often have influenza and rhinovirus
infections, and in adults rhinoviruses are again
at theforefront (Monto et al. 1974; Monto et al.
1993).

Although virus-positivity and the
proportion of different viruses seemto befairly
similar worldwide, the environment and the
location of the study may also affect results. In
developed countries, rhinoviruses and RSV
appear to be the most common viral agents to
cause respiratory infections in children (Weigl
et a. 2000; Vesa et al. 2001).

Many viruses have typical annual
seasonality (Monto et al. 1993; Linaet al. 1996;
Kim et al. 2000). In addition, when comparing
data between different studies, it isimportant to
consider that the incidence of specific viruses
canvary greatly between years (Kim et al. 2000).
For example, RSV epidemics in Finland have
been shown to occur in 2-year cycles (Waris
1991), and coronavirus OC43 epidemics have
been reported to occur 2 to 4 years apart (Kaye
et al. 1971).

The use of PCR methods as a diagnostic
tool for respiratory infectionsisincreasing. PCR
methods are more sensitive than traditional virus
detection methods (Henkel et al. 1997; Hyypia
et al. 1998; Avellon et al. 2001), and this has
raised the question of the clinical relevance of
virus-positive PCR findings. Very littleisknown
about the presence of respiratory virusesin the
nasopharynx of healthy children. Serologic
studies have shown that asymptomatic viral
infections do occur (Kaye et al. 1971). In
addition, after natural or experimental rhinovirus
infection, shedding of the rhinovirus in the
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nasopharynx may continue for up to 3 weeks
after onset of infection (Hendley et al. 1988;
Arrudaet al. 1997).

The problem of interpreting virus-positive
findings was also an issue before. In the Seattle
Virus Watch in 1965-69, over 200 individuals
werefollowed for 2 years. Rates of viral cultures
from nasopharyngeal swabs revealed that the
number of cultured virusesincreased afew days
beforethe onset of anillness and remained high
during the subsequent week. In thislarge study,
viruses could be cultured from 3% of samples
from persons who did not have respiratory
symptoms 3 weeks prior to and 3 weeks after
sample collection (Cooney et a. 1972).

By culture, viruses have been isolated
from 13% to 27% of healthy (Isaia et al. 1985;
Manjarrez et al. 2003) and from 3% of asthmatic
(Horn et al. 1979; Jenningset al. 1987) children
without concurrent respiratory symptoms. By
using a combination of different detection
methods, 47% of asymptomatic children had
viruses in nasal wash samples, while over 80%
of symptomatic, wheezing children were virus-
positive (Rakes et al. 1999). Only afew studies
exist in which the presence of viral RNA in the
nasopharynx has been examined. In one of these
(Johnston et al. 1993), picornaviruses were
detected by RT-PCR method in 12% of
asymptomatic children; only 1.4% of the
children had been positive by viral culture. At
the time of respiratory infection, 50% of the
episodes were PCR-positive and 16% were
culture-positive. Of children with asymptomatic
chronic asthma, rhinovirus RNA was detected
from the nasopharynx in 17% (Rawlinson et al.
2003). However, in another study of
asymptomatic asthmatic children, over 80%
virus-positivity has been reported, while 5% of
swabsfrom healthy controlswerevirus-positive
(Marin et al. 2000). All asthmatic children had
received long-term inhaled glucocorticoids,
which may affect the high virus-positivity rate.
In most of these studies, a 2- to 4-week
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symptomless period wasrequired prior to sample
collection, but later symptoms were not
registered. Therefore, findingsmay partly be due
to future illness.
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2.5 SPECIFIC FEATURES OF RESPIRATORY VIRUS FAMILIES

2.5.1 Picornaviruses

Thefamily of Picornavirusesisagroup of small,
nonenveloped viruses with single-stranded
positive-sense RNA genome. Thegroupisdivided
into the following 9 genera: entero-, hepato-,
kobu-, parecho-, rhino-, aphto-, cardio-, erbo-,
and teschoviruses (http://www.iah.bbsrc.ac.uk/
virus/Picornaviridae; King et a. 2000). In terms
of causing respiratory illnesses to humans, the
most important viruses are rhino-, entero-, and
parechoviruses. Thesethree human picornaviruses
are discussed in detail in the text below.

Rhinoviruses

Rhinoviruses are the largest group of
picornaviruses, including 101 different serotypes.
All but 10 of these serotypes use intercellular
adhesion molecule-1 asareceptor. Rhinoviruses
are the predominant cause of the common cold
all over the world and in all age groups.
Rhinoviruses occur relatively more often in
children than in adults (Monto et al. 1993). At
the age of 2 years, 91% of children have
antibodies against rhinoviruses and 79% of
children have experienced culture- or RT-PCR-
confirmed rhinovirusinfection (Blomqvist et al.
2002a). Human rhinovirus infections typically
occur in the early fall and in the spring (Mékela
et al. 1998; Vesa et al. 2001). The dominant
transmission route remains unclear (Goldmann
2000). The optimal temperature for growth is
33°C to 35°C in vitro, and the nose and
nasopharynx arethe primary sitesfor replication.
Theinfectiousdosefor humansisvery small and
theinfection proceedsrapidly, with theincubation
period being as short as 8 to 12 hours.
Inflammatory responses of the host tend to
prolong symptoms of infection even after virus
replication has diminished (Hendley 1999).

Usually rhinovirus infection results in a mild
illness characterized by arunny and stuffy nose,
asorethroat, and coughing and hoarseness (Lina
etal. 1996; Arrudaet al. 1997; Monto et al. 2001;
Gwaltney 2002), but more severe symptoms
resembling influenza may also occur (Boivin et
al. 2002). Although rhinoviruses are generally
thought to cause only mild upper respiratory
infections, they are also associated with acute
lower respiratory tract infections, wheezing,
bronchiolitis, and pneumonia in children
(Chidekel et al. 1997; Kim et al. 1998; Hayden
2004). Thisassociation has been strengthened by
culturing rhinoviruses directly from tracheal
aspirates in children (Schmidt et al. 1991) and
by detecting rhinovirus RNA by in situ
hybridization from bronchial biopsies
(Papadopoulos et al. 2000). In addition,
rhinoviruses often cause exacerbations of pre-
existing airways diseases, such as asthma or
chronic obstructive pulmonary disease (Hayden
2004).

Due to its many different serotypes,
developing avaccinefor rhinovirusesisunlikely.
Treatment of rhinovirus disease is also
problematic because infection often proceeds
quickly and medi cation should be started as soon
asthefirst symptomsoccur or shortly thereafter.
Many different treatment methods have been
investigated. Intranasal interferon treatment has
been shown to be as effective as prophylaxisfor
rhinovirus infections, but side-effects limit the
use (Hayden et al. 1986; Monto et al. 1986b). A
capsid-binding agent, pleconaril, also effective
against enteroviruses, has been the most
promising drug to date and has demonstrated that
developing a treatment for the main causes of
the common cold is possible (Hayden et al.
2003). Unfortunately, since further studies
revealed that pleconaril induces hepatic
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cytochrome P-450 3A enzymes and may have
potential drug interactions, regulatory approval
was not granted for the oral formulation of the
drug. According to the review by Savolainen et
a., an intranasal formulation of the drug is,
however, currently under investigation
(Savolainen et al. 2003). Other drugs studied
includeintranasally administered receptor decoy
soluble intercellular adhesion molecule-1
(tremacamra), 3C proteaseinhibitorsruprintrivir
and pyridone, and oral anti-picornavirus capsid-
binder pirodavir (Turner et al. 1999; Hayden
2001; Ison et al. 2002; Hayden et al. 2003).
However, none of these medications is thus far
in clinical use, and therefore further studies on
the prevention and treatment of rhinovirus
infections are needed.

Enteroviruses

Enterovirusesarealarge group of picornaviruses,
and at least 64 immunologically distinct serotypes
are known to cause infections in humans:
polioviruses (3 serotypes), coxsackie viruses
groupA (23 serotypes), and group B (6 serotypes),
echoviruses (28 serotypes) and enteroviruses 68-
71 (4 serotypes). A new classification divides
human enterovirus serotypes into 5 different
species partly based on the genome organization
and sequence similarity: poliovirusesand human
enterovirusesA-D (King et a. 2000; Pallansch et
al. 2001). Recombination is a significant and
relatively frequent mechanism in the evolution
of enteroviruses (Santti et a. 1999). Nonpolio
enteroviruses are very common worldwide, and
most primary infections of different serotypes
occur in childhood. Enterovirus infections are
reported to bemore prevalent in highly populated
areas and under poor hygienic conditions
(Pallansch et al. 2001). A study covering a 20-
year period in Finland revealed that the most
common enteroviruses isolated from clinical
specimens were coxsackie viruses A9, B3, and

26

B5 and echoviruses 11, 30, and 22 (reclassified
as human parechovirus 1), but the predominant
enteroviruses in sewage were coxsackie viruses
B2-5and echoviruses6 and 11 (Hovi et a. 1996).
In this study, differences in virulence might
explain the divergence in prevalence between
clinical and sewage isolates. The distribution of
different serotypes in the Finnish clinical
specimens differed to some extent from those in
other countries. A 14-year surveillance of more
than 20 000 enterovirusisolates from the United
States showed that the 15 most common
enterovirustypesaccounted for 81% of all isolates
(Strikas et al. 1986). Some enteroviruses cause
distinct epidemics (mainly echoviruses), while
others occur with varying frequency but never
present a clear epidemic (Strikas et al. 1986).

Enterovirusesare transmitted probably by
hand contact and autoinoculation to the mouth,
nose, or eyes. Especially in areas with poor
sanitary conditions, fecal-oral transmission
predominates. From 50% to 90% of nonpolio
enterovirus infections are suggested to be
subclinical, and if they produce clinical illness
it is usually a self-limited, nonfocal, febrile
illness. The virus usually has an incubation
period of 7 to 14 days. (Pallansch et al. 2001)

Pleconaril, which is discussed in more
detail in the section on rhinoviruses, is also
effective against enterovirusinfections (Hayden
et al. 2003). However, commercially available
drugs against enteroviruses are lacking.

Parechoviruses

Human parechoviruses are arecently established
group of viruses. Parechoviruses 1 and 2 were
formerly classified in the enterovirus genus and
known as echoviruses 22 and 23. However, based
onmolecular and biological properties, they have
been separated into their own genus (Hyypia et
a. 1992; Stanway et al. 1994; Ghazi et al. 1998;
Oberste et al. 1998).
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Antibodies against parechovirus 1 increase
rapidly with age; 89% of children have antibodies
at the age of 1 to 2 years, and almost all adults
are seropositive (Joki-Korpela et a. 1998). An
analysisof clinical samplesover a20-year period
revealed that parechovirus 1 was very common
in the Finnish population (Hovi et al. 1996).
Parechovirusinfectionsoccur year-round, mainly
affecting young children (Joki-Korpela et al.
2001).

2.5.2 Respiratory syncytial viruses

Human RSV is an enveloped, single-stranded
negative-sense RNA virus with two distinct
serotypes, types A and B. RSV belongs to the
genus Pneumovirus within the family of
Paramyxoviridae.

RSV infections are present in all age
groups, but they predominate in children and
especially ininfants. Up to 70% of infants have
been reported to be infected with RSV during
thefirst year of life, and therest areinfected by
the age of 2 years (Walsh et al. 1999). In a
Finnish study, RSV seropositivity reached 80%
by the age of 6 years (Ukkonen et al. 1984).
Reinfectionsby RSV arecommon (Hall 2001a).
Typically, RSV epidemics occur during the
winter months, sometimes starting in the late
fall and continuing until early spring (Monto et
al. 1993; Yunetal. 1995; Linaet al. 1996; Weigl
et al. 2001). In Finland, RSV epidemics occur
every 2 years, and during the epidemic year 2
separate epidemic peaks can be seen (Waris
1991). The pattern of 2-year epidemics is
different from that in, for example, France
(Freymuth et al. 1991).

RSV infections are transmitted by direct
contact with infectious secretions and inocul ated
in nasal mucosa or the eye. The virus replicates
in human nasal and bronchia epithelial cells
with an incubation period of approximately 5
days (Walsh et al. 1999). Typical symptomsare

nasal congestion, coryza, fever, and productive
cough (Linaet al. 1996; Hall et al. 2001b). RSV
may cause severe diseases especially in young
children. Inastudy by Monto et al. (1993), RSV
infectionsresulted in aconsultation to physician
even more often than infections caused by
influenzaviruses or bacteria. RSV istheleading
cause of bronchiolitis and acute wheezing in
young children (Hall 2001a).

Ribavirin has been used as a specific
antiviral treatment for RSV infections. It is
recommended as a possible treatment only for a
selected group of infants at high risk for serious
RSV disease (Walsh et al. 1999). Intravenous,
enriched RSV immunoglobulin can be used as
prophylaxis for RSV infections in high-risk
children or neonates (Meissner et al. 1996).
Prophylactic treatment with palivizumab, a
humanized RSV monoclonal antibody, during
the epidemic season has been reported to be
associated with a decreased rate of
hospitalization for RSV lower respiratory tract
infections (The IMpact-RSV Study Group
1998). VP14637 is a new anti-RSV fusion
inhibitor that is much more effective than
ribavirin in in vitro tests (Ison et al. 2002).
Candidate vaccines against RSV infections are
under development in clinical studies (Polack
et a. 2004).

2.5.3 Influenza viruses

Influenzavirusesare enveloped RNA viruseswith
threetypes: A, B, and C. InfluenzaA virusisthe
most important and can be further subtyped
according to the composition of the envelope
proteins (hemaggl utinin and neuraminidase). The
natural hosts for influenzaA viruses are aquatic
birds and various mammals, such as humans,
pigs, and horses. In arare event, two different
influenza A viruses, possibly from two different
host species, can infect a single host. By
reassortment of the segmented genomes, a new

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN 27



virus with unpredictable pathogenicity can be
created (antigenic shift), which may result in a
pandemic. Annual epidemics of influenzaA and
B viruses are caused by antigenic drift, with the
genes encoding the surface antigens undergoing
stepwise mutation. Eventually, the change in
antigens results in a variant capability to cause
illnesses, and antibodiesfrom previousinfections
do not provide protection against this new virus
strain. Because of rapid drift, anew composition
of influenza vaccine must be developed every
year. Influenza B infections occur mainly in
humans. Influenza C is mostly a human virus,
although it has been isolated from pigs as well.
Influenza C viruses are difficult to culture and
isolate, and therefore, knowledge of thisvirusis
limited. The RT-PCR method has made research
of influenzaC viruseseasier (Hirsilaet al. 2001).

Most data about influenzaviruses are for
types A and B because, due to detection
difficulties, influenza C viruses have not been
included in the studies. Transmission of
influenza viruses occurs mainly by inhalation
of small-particle aerosols or by direct contact.
Viruses are rapidly spread to the trachea,
bronchi, and lower airways. Most often influenza
virus infections are associated with a
characteristic clinical picture, including cough,
high fever, pharyngitis, myalgia, and headache
(Lina et al. 1996; Gwaltney 2002). Influenza
typeA and B causeinfectionsthat can range from
asymptomatic infections and common colds to
serious illnesses with systemic complications,
such aspneumonia(Makel&et a. 1998; Zambon
1999). Even in healthy adults, influenza
infection may last 1 to 2 weeks, and among
elderly and immunocompromised patients the
disease can belethal (Zambon 1999). Influenza
virus epidemics are associated with excessive
mortality (Simonsen et al. 1997). Influenza A
and B infections typically occur in a seasonal
pattern and in winter epidemics, which have
variable intensities (Monto 1994; Yun et al.
1995). Influenza virus C has been reported to
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occur in winter and spring, and to be associated
with 3.5% of common cold in adults analyzed
by RT-PCR and serologic methods (Hirsila et
al. 2001).

Amantadine and the related drug
rimantadine can be used for treatment of
influenza A virus infections. The newer group
of drugs are neuraminidaseinhibitors zanamivir
and oseltamivir, which are effective against
influenzavirusesA and B (Meissner 2001). Both
inactivated and live attenuated vaccines have
been developed for influenza viruses (Treanor
1999), but in annual vaccinations inactivated
vaccinesare used. Theintranasally administered
influenzavaccine containslive attenuated, cold-
adapted influenzaA and B viruses, and the U.S.
Food and Drug Administration has recently
approved the vaccine to be marketed in the
United States (http://www.fda.gov/fdac/features/
2003/503_flu.html).

2.5.4 Coronaviruses

Human coronaviruses are large enveloped RNA
viruses. There are three groups of coronaviruses,
but only two of them, group | including strain
229E and group Il including strain OC43, are
known to cause diseases in humans.

The diagnosis of coronaviruses has
previously been laborious because viral culture
is difficult. The epidemiology and clinical
picture of these diseases have been based mainly
on serologic studies. The use of the antigen
detection method (Hierholzer et al. 1994) has
been limited, and RT-PCR was only developed
relatively recently (Myint et al. 1994).

According to serologic studies, human
coronaviruses seem to be common in
populations, producing a large number of
subclinical infections (Macnaughton 1982).
Clinical expression has mainly been associated
with mild upper respiratory infections (Kaye et
a. 1971; Isaacs et al. 1983; Macnaughton et al.
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1983). Children less than 2 years of age have
been reported to have practically no antibodies
against coronavirus OC43, but arapid increase
in antibody prevalence occurs after the age of 2
years. By age 6, almost all children are
seropositive, depending somewhat on the
serologic test used (Hovi et al. 1979). In an
earlier study, morethan one-half of children were
seropositive by the age of 5 years, and among
adults approximately 70% had antibodies
against coronavirustype OC43 and 31% against
type 229E (MclIntosh et al. 1970). Coronaviruses
may be present in some degree throughout the
year, but larger epidemicsoccur 2to 4 yearsapart
(Mclntosh et al. 1970; Macnaughton 1982;
Isaacs et al. 1983; Gill et al. 1994; Lina et al.
1996). Coronaviruses have an incubation period
of approximately 5 days. During infection the
major symptoms and signs are sore throat,
cough, coryza, fever, pharyngitis, and cervical
adenitis (Kaye et al. 1971; Isaacs et al. 1983;
Lina et a. 1996). No treatment or prevention
existsfor coronavirusinfections. Interferonsand
several proteinase inhibitors have been studied
for treatment of infections, but none of theseare
in clinical use (Denison 1999).

In November 2002, the first cases of a
mysterious, severe pneumonia, later to become
known as severe acute respiratory syndrome
(SARS), occurred in the province of Guangdong
in southern China. This illness had such
respiratory infection symptoms as cough, fever,
and breathing difficulty and was characterized
by very high mortality (Cyranoski 2003; Rosling
et a. 2003). Only half ayear later, the etiologic
agent of SARS was described to be a novel
coronavirus (Drosten et al. 2003; Ksiazek et al.
2003). This epidemic showed how effectively
air travel and globalization can spread infectious
diseases. SARS affected over 8000 patients and
caused 774 deathsin 26 countrieson 5 continents
(Peiris et a. 2003). This disease can also occur
inchildren (Bitnun et al. 2003; Hon et a. 2003),
with the youngest patient being a 56-day-old

premature infant (Sit et al. 2003). SARS seems
to be less aggressive in young children; the
clinical course is milder and shorter and
mortality is lower than in adults (Bitnun et al.
2003; Hon et al. 2003). After efficient protocols
wereinstigated to prevent spread of the disease,
the worldwide SARS epidemic faded rapidly,
and on July 2003 the World Health Organization
reported that the last human chain of transmission
had been broken (Peiris et a. 2003).

2.5.5 Adenoviruses

Adenoviruses are nonenveloped DNA viruses
with 49 different serotypes in humans. Most
adenoviruses are considered to be respiratory
pathogens, although diseases involving the
gastrointestinal tract, urinary bladder, liver,
pancreas, and central nervous system have also
been described. Adenovirustypes 40 and 41 are
known to cause only gastroenteritis. Serotypes 3
and 7 have been reported to be associated with
epidemics and more severe diseases (Mitchell et
al. 2000; Hong et al. 2001; Ryan et a. 2002).
Adenovirusesinfrequently cause common colds,
and respiratory infections caused by theseviruses
tend to be severe, characterised by high and
prolonged fever and strong inflammatory
response (Linaet a. 1996; Kawasaki et al. 2002).
Necrotizing bronchitisor fatal diseasesalso may
occur, abeit rarely (Mitchell et al. 2000; Hong
et al. 2001). By the age of 3 years, 60-70% of
children appear to be seropositive for
adenoviruses (Ukkonen et al. 1984).
Adenoviruses are present year-round but occur
most frequently in the winter months (Monto
1994; Yunet d. 1995; Linaet a. 1996). Although
community-acquired epidemics have been
described (Mitchell 2000), adenoviruses more
often cause occasional epidemicsin semi-closed
communities, such as garrisons or orphanages
(Ryan et a. 2002).
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Adenoviruses are usually transmitted by the
fecal-oral route or by aerosols. Infection often
begins in the eyes, nasopharynx, or lungs and
then spreads to other organs. Cells may also
become persistently infected, resulting in viral
shedding yearsafter infection. During respiratory
infections caused by adenoviruses the major
symptomsand signsarerhinitis, nasal congestion,
fever, cough, conjunctivitis, and tonsillitis (Lina
etd. 1996; Mitchell et al. 2000; Weigl et a. 2000;
Tsai et al. 2001).

Live, enteric-coated adenovirus type 4
and 7 vaccines have been developed and used
especialy intheUSarmy since 1971. However,
in 1995, the sole manufacturer of these vaccines
ceased production, and thus these vaccines are
nolonger available (Ray et al. 1993). No antiviral
treatment against adenovirus infections exists.

2.5.6 Parainfluenzaviruses

Parainfluenza viruses are single-stranded,
enveloped RNA virusesthat belong to thefamily
Paramyxoviridae. Therearefour serotypes, with
types 1-3 being clinically important respiratory
pathogens. Parainfluenzaviruses, especialy type
3, have been described as causing respiratory
infections in children of al ages (Knott et al.
1994; Reed et al. 1997; Ruoholaet al. 2000; Tsai
et a. 2001). In one study, 10% of children aged
less than 5 years had at least one parainfluenza
virus3infection (Reed et al. 1997). Parainfluenza
viruses can cause abroad spectrum of respiratory
diseases, ranging from mild upper respiratory
infections to pneumonia, but are most often
associated with laryngitis (Knott et al. 1994).
Parainfluenza viruses type 1 and 2 have been
associated with laryngitis and upper respiratory
infections in the age group 2 to 5 years, while
type 3 seemed to mostly cause only mild
respiratory infections in infants (Knott et al.
1994). Parainfluenza viruses can be endemic or
epidemic in the autumn or spring (Monto et al.
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1993; Yunet a. 1995; Wright 1999). They usually
replicate in the nasopharyngeal epithelium, and
theincubation period is 2 to 8 days. The viruses
are transmitted mainly by direct contact or by
large-particle aerosols (Hall 2001a).

No antiviral drugs are available for
parainfluenza virus infections. Live attenuated
human parainfluenza virus 3 vaccine has been
studied, andinaclinical trial, it hasappeared to be
safe and efficient in children (Karron et a. 2003).

2.5.7 Metapneumovirus

Human metapneumovirusisarecently discovered
respiratory virus. Van den Hoogen et a. (2001)
reported the culture of a new vira isolate that
showed a morphology resembling paramyxo-
virus. Thisviruswasidentified asanew member
of the Metapneumovirusgenus based on sequence
homology and given the name human
metapneumovirus.

Human metapneumovirusinfections have
been identified in patients in Europe, North
America, Asia, and Australia (van den Hoogen
et al. 2001; Howe 2002; Jartti et al. 2002; Peiris
et al. 2003a; Esper et al. 2004). Metapneumo-
virus infections occur mainly between winter
and early spring (van den Hoogen et al. 2001;
Jartti et al. 2002). Serologic studies have
revealed that by the age of 5 to 10 years almost
all children have antibodies against human
metapneumovirus, and 100% seroprevalence has
been shown in adults (van den Hoogen et al.
2001; Ebihara et al. 2003). By RT-PCR,
metapneumovirus RNA has been detected in
children with community-acquired respiratory
infection (Stockton et al. 2002) and in children
hospitalized because of acute respiratory
infection (Boivin et al. 2003; Maggi et al. 2003;
Peiris et al. 2003a). In addition, in Finland, 9%
of children with acute wheezing have been
associated with human metapneumoviruses
(Jartti et a. 2002).
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The clinical symptoms caused by metapneumo-
virus are reported to be similar to those due to
RSV, ranging from mild URI to severe lower
respiratory tract infection with high fever, cough,
sore throat, myalgia, and vomiting in all age
groups (van den Hoogen et al. 2001; Stockton et
al. 2002; Boivin et al. 2003; Viazov et al. 2003;
Peiris et al. 2003a; Williams et al. 2004).
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3 AIMS OF THE STUDY

Thisstudy was designed on the framework of the
Finnish OtitisMedia (FinOM) Studies, including
the Cohort Study targeting risk factors of acute
otitis media and the Vaccine Trial designed to
evaluate of the efficacy and safety of
pneumococcal conjugate vaccines. These studies
gave a unique opportunity to explore viral
etiology of upper respiratory infectionsby using
alarge collection of clinical samplesand modern
detection techniques. The purpose of the present

study wastoinvestigate the association of specific
virusinfectionswith acute otitis mediaand upper
respiratory infectionsinyoung children. A specia
emphasisison children with recurrent respiratory
infections to assess whether these children are
proneto certain virusesor virus groups. Because
a RT-PCR method was used for some virus
analyses, another goal wasto determine whether
viral RNA could be detected from symptomless
children.

Specific questions for which answer s wer e sought wer e the following:

1. What isthe association between specific viruses and acute otitis mediain young children?

2. How common is human coronavirusin young children?

3. Do respiratory infection-prone children suffer more from certain virusinfections than other

children?

4. How oftenis picornavirus or coronavirus RNA present in the nasopharynx of children without

concurrent respiratory symptoms?
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4 PATIENTS AND METHODS

4.1 StuDY DESIGN AND PATIENTS

4.1.1 Finnish Otitis Media Cohort Sudy
(1, 1, 1)

Altogether 329 children were enrolled to the
FinOM Cohort Study, which was a prospective
study to evaluate epidemiology and risk factors
of AOM in young children. All infants born or
living in the Hervanta area, in Tampere, were
eigibleto participate in the study if they were 2
months+ 2 weeksold, had no prior immunisation
with a pneumococcal vaccine, and their mothers
could communicate fluently in Finnish. The
children were enrolled in the study at 2months
of ageand followed up until they were 24 months
old. A special study clinic was established with
1to 2 study doctorsand 2 to 3 study nurses. The
study clinic was open in the daytime on weekdays
and also 3 hours per day on weekends and
national holidays. Interview datawere collected
during 10 scheduled visits. The families were
encouraged to take the child to the study clinic
whenever symptoms of acute URI appeared, and
especidly if an AOM was suspected. During these
sick visitsthe patient’s history was recorded and
a physical examination, including pneumatic
otoscopy, was performed by the study physician.
A nasopharyngeal aspirate (NPA) was obtained
and in the case of AOM, myringotomy was
performed and middleear fluid (MEF) specimens
were aspirated from the inflamed ear(s). In
addition, if AOM was diagnosed, paired serum
samples were obtained (Table 5).

4.1.2 Finnish OtitisMedia Vaccine Trial (I)

FinOM Vaccine Trial was a prospective,
randomized, and double-blind cohort study
designed to evaluate of the efficacy and safety of
two different sevenvalent pneumococcal

conjugate vaccines (Eskola et al. 2001; Kilpi et
al. 2003). Altogether 2497 children wereenrolled
inthe study, but only specimenscollected froma
sample of 611 children were subjected to
virological analysis. The sample was randomly
selected from 1610 children recruited during the
first year of the trial. All children attended the
study clinic at 2 months of age and seven times
thereafter, during which interview data were
collected. The study design was otherwisesimilar
to the FinOM Cohort Study (Table 5).

4.1.3 Presence of viral RNA in the
nasopharynx of children (1V)

The study population comprised 107 children
who had been admitted for elective surgery to
the Helsinki University Central Hospital. Fifty-
three consecutive children were referred to the
Department of Otorhinolaryngology for surgery
because of upper respiratory tract problems and
54 to the Department of Ophthalmology for
electiveeyesurgery. The study design and sample
collection aredescribed in detail in Study IV and
Table 5.
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Table 5. General characteristics of the studies.

Sudy No. of children | Type of samples Study period Female
analyzed
FinOM 329 During URI: April 1994 - 171 (52%)
Cohort Study (53% of the Nasopharyngeal aspirate(NPA) | July 1997
(Studiesl, I1, 111) | source During AOM:
population) NPA, middle ear fluid (MEF),
paired serum samples
FinOM 611 During AOM: December 1995 - | 295 (48%)
VaccineTrial (random sample | NPA, MEF September 1998
(Study ) of 1610 children,
55% of the source
population)
Presence of viral | 107 NPA November 1999 - | 48 (45%)
RNA inthe March 2000
nasopharynx
(Study V)

FinOM = Finnish Otitis Media; URI = upper respiratory infection; AOM = acute otitis media

4.2 ETHICS

In all studies, written informed consent was
obtained from the parents of study children. The
FinOM Cohort Study and Vaccine Trial study
protocols and consent forms were approved by
the Ethics Committees of the National Public
Health Institute, Tampere Health Center, and
Tampere University Hospital. In Study 1V, the
research protocol was approved by the Ethics
Committee of Helsinki University Central
Hospital. Although myringotomy is no longer
routinely used in thetreatment of AOM (Puhakka
et al. 1999), at the time the studies were planned
and conducted, it was still a recommended
diagnostic and therapeutic tool (Karma et al.
1987).
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4.3 DEFINITIONS

URI: Symptoms and/or signs of an acute
respiratory tract infection (rhinorrhea, fever,
cough) and a diagnosis of acute respiratory
infection assigned by the study doctor.

AOM: A visually abnormal tympanic membrane
(with regard to color, position, and/or mobility)
suggesting middle ear fluid, together with at least
one of thefollowing signs or symptoms of acute
infection: fever, ear ache, irritability, diarrhea,
vomiting, acute otorrhea not caused by otitis
externa, or other simultaneous respiratory tract
symptoms.
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AOM event: An occasion on which AOM was
diagnosed and both the NPA sample and at least
one MEF sample were available for virological
analyses.

AOM episode: A 30-day period commencing with
adiagnosis of AOM and including possible sick
visits. A new episode could start when at least 30
days had elapsed since the beginning of the
previous episode.

URI episode: A 30-day period starting with any
visit when the child was recorded as having URI
and/or AOM and aNPA and/or a M EF specimen
was obtained. A new episode could start when at
least 30 days had elapsed since the beginning of
the previous episode.

Frequently recurring respiratory infections
(FRRI): At least 9 URI episodes and/or at least 4
AOM episodes up to 24 months of age.

4.4 SAMPLE COLLECTION

In the FinOM Studies, all NPA samples were
obtained for virological analysis using a sterile
pediatric mucus extractor (Uno Plast A/S,
Hundested, Denmark). In the FinOM Cohort
Study, asmall part of the NPA sample was taken
for bacteria culture. In the case of AOM, after
mechanical cleaning of theexternal ear canal, the
tympanic membrane was anesthetized with 90%
liquefied phenol. A myringotomy was performed
on the anteroinferior part of the tympanic
membrane, and MEF specimens were aspirated
with a sterile glass suction tip. All MEF samples
were rinsed from the collector with 0.7 or 1 ml
of PBS-Lithium and divided for bacterial and
virological analyses.

Inthe nasopharyngeal carriage study (1V),
1 ml of sterile physiological saline was
administered to the nose, and nasopharyngeal
aspirate samples were obtained with a sterile

suction catheter (Juhn Tym-Tap Middle Ear
Fluid Collector). The catheter was inserted
through anostril to adepth of 4to 8 cm, followed
by gentle application of suction with an electric
suction device. The nasopharyngeal aspirate was
collected automatically in asmall tube attached
to the suction catheter.

The NPA and MEF samples were frozen
immediately after collection and stored at -70°C
for 2 months to 4 years before analysis. Sera
were frozen immediately after collection and
stored at -20°C.

4.5 COMBINED CULTURE-RT-PCR
METHOD FOR RHINOVIRUSES

In the FinOM Cohort Study, rhinoviruses were
detected by using a method that combined
inoculation of amicrowell culture of HeLacells
and subsequent RT-PCR (Blomqvist et al. 1999).
Detection results based on acid sensitivity of the
vird strains and the subsequent RT-PCR were
combined. For the first 77 specimens, the
harvested cultureswere not, however, stored and
only the culture result was available.

4.6 REVERSE TRANSCRIPTION PCR

NPA and MEF specimens were analyzed for
corona-, rhino-, entero-, and parechovirus RNA
using the RT-PCR method. Extraction of vira
RNA from samples was performed with a
commercial RNA isolation procedure (RNeasy®,
Qiagen, GmbH, Heidelberg, Germany). Reverse
transcription was carried out in 96-well plates
including RNA and specific reverse primer(s).
PCR was performed in 96-well plates with
complementary DNA and specific forward
primer(s). Pairsof primers complementary tothe
human coronavirus nucleocapsid protein genefor
both human coronavirus OC43 and 229E were
used in the same reactions. Similarly, in
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picornavirus RT-PCR, a primer pair for
rhinoviruses and enteroviruses, and aprimer pair
for parechoviruses were used in the same
reactions. For rhino- and enteroviruses, the
reverse primer was 5' -GAAACACGGACA
CCCAAAGTA and the bionitylated forward
primer was 5 -TCCTCCGGCCCCTGAATG,
and the probe to detect rhinoviruses was 5' —
AGGGTTAAGGTTAGCC. All of the other
primers and probes used in the studies are
described in the original articles.

In al studies, the microplate hybridization
assay was carried out as described by Blomqvist
etal. (1999). In Sudies!l and 1, the PCR products
were detected by immunoperoxidase reaction. In
Studies| and 1V, the PCR products were detected
by amicroplate hybridization method with specific
lanthanide-labelled probes. At each step, severa
positive and negative controls were included.
Interpretation of resultsisexplainedintheoriginal
studies.

4.7 ANTIGEN DETECTION

A one-incubation time-resolved fluoroimmuno-
assay (TR-FIA) wasused for detection of antigens
of adenoviruses, influenza viruses A and B,
parainfluenzaviruses 1, 2, and 3, and RSV. The
crucial reagents were monoclonal antibodies
(provided by the Department of Virology,
University of Turku, Finland) with activity
directed against specific epitopes of the structural
proteins of the variousviruses. The method takes
advantage of a simultaneous incubation of the
patient sample and the Europium-labelled
detector antibody in wells, which have been
coated with the respective capture antibody.
Coating with the capture antibody, postcoating,
and washing of the polystyrene microstrips
(Labsystems Oy, Helsinki, Finland) were
performed as described elsewhere (Halonen et
al. 1983; Hierholzer et a. 1987; Hierholzer et al.
1989; Hierholzer et al. 1994).
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4.8 SEROLOGY

A viral infection was documented serologically
when a significant increase occurred in the
concentration of antibodiesto agiven virusfrom
serum | to serum 1. Serum | was collected at the
onset of the URI episode, and the convalescent
phase serum sample (serum I1) was obtained 4
weeks (range 14 to 42 days) later. A standard
micromethod for the complement fixation (CF)
test was used to detect viral antibodies to
adenoviruses, parainfluenzavirustypes1, 2, and
3, influenzavirusesA and B, and coxsackievirus
B-5 (Casey et d. 1965). Anin-house complement
fixation method for human rhinoviruses was
carried out as described by Blomqyist et al.
(2002a). Enzyme-linked immunosorbent assay
(ELISA) was performed to detect antibodies
against coronaviruses OC43 and 229E as
described elsewhere (Makela et al. 1998). The
1gG antibodies against RSV were measured by a
one-dilution ELISA as described by Réty et al.
(2004).

4.9 STATISTICAL METHODS

Relativefrequencies of demographic and clinical
characteristics between children with FRRI and
non-FRRI groups were compared by using the
chi-squaretest. The oddsfor virus-specific upper
respiratory infectionsbetween non-FRRI children
with at least one URI episode and children with
FRRI were compared by using logistic regression
analysis with the grouping variable as the only
covariant in the model (Study Ill). The
frequencies of virus-positive samples between
children with infection-related diagnosis and
those with non infection-related diagnoses were
compared by using the chi-squaretest (Study 1V).
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5 RESULTS AND DISCUSSION

5.1 VIRAL ETIOLOGY OF UPPER RESPIRATORY INFECTIONS (I-1V)

5.1.1 General aspects

In the FiNnOM Studies, altogether 940 children
wereanayzed for vira infections, all 329 children
in the Cohort Study and arandom sample of 611
childrenintheVaccineTrial. Overall compliance
inthe FinOM Cohort Study wasrather good; 97%
of the children were in the study at the age of 6
months, 94% at 12 months, 89% at 18 months,
and 85% completed the follow-up. The median
age at thetime of drop-out was 15 months. Inthe
FinOM Vaccine Trial, compliance was even
better; only 10 (2%) of the random sample of
611 children did not complete the study.

Many studies over the decades have
described the etiologic agents of respiratory
infections in children. However, both FinOM
Studieswerelarge, well-organized, prospective
cohort studieswhere viral diagnoses were done
with modern, sensitive detection methods. Both
studies can be considered popul ation-based, and
thus, the results represent viral infections in
young children well. All children were carefully
followed at the regular healthy visitsin addition
tosick visits. Regular samplesfor microbiological
analysis were collected during the visits, and in
caseof AOM middleear fluid samplesweretaken
from each child. According to these studies,
picornaviruses, particularly rhinoviruses, arethe
most common respiratory virusesin children less
than 2 years of age. These studies were among
the first to use modern technology in searching
for picornaviruses in a large clinical material.
Rhinoviruses and enteroviruses cannot be
detected by antigen methods, which are known
to beless sensitive than PCR methods. Had PCR
methods been used for other respiratory viruses
as well, the overall virus detection rate would
likely have been even higher.

5.1.2 Specific viral infections and acute
respiratory diseasesin young children

In the FinOM Cohort Study, 287 of the 329
children (87%) had at least one URI episode
during the study period. Altogether these children
had 1358 URI episodes (median 4, range 0 to 13
episodes), 787 (58%) of which were positive for
arespiratory virus. A URI episode was defined
to be virus-positiveif at the onset of the episode
a specific virus was detected in the NPA and/or
MEF specimen(s), and/or a viral infection was
documented serologically from paired serum
samples. Rhinoviruses were the most common
viruses associated with respiratory infections,
followed by RSV, parainfluenza viruses, and
influenzaviruses. Virological findings and rates
of URI episodes are presented in Table 6.
Therate of URI episodeswith concurrent
virus detection in the FinOM Cohort Study was
rather high compared with other studies of
children (Tupasi et a. 1990; Arrudaet al. 1991;
Jain et al. 1991; Weigl et al. 2000). The
proportion of virus-positivity can vary between
studies depending on many different factors. The
type of sample analyzed isoneimportant factor;
throat and nasal swab samplesyield lower virus
loads than do nasopharyngeal aspirate samples
(Covalciuc et al. 1999; Heikkinen et al. 2002).
The detection method chosen may affect results,
and virus-positivity of URI in children may rise
from 25% (viral culture only) to 86% (antigen
detection and RT-PCR) (Monto et al. 1993;
Ruoholaet al. 2000). In studieswith hospitalized
children, the proportion of viruses that cause
more severe diseases (e.g. RSV ininfants) may
be higher than among outpatient children (Tsai
et al. 2001). Although studies of URI in children
often last several years, varying epidemiology
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Table 6. Association of specific virusinfections with upper respiratory infection (URI)
episodesin Finnish Otitis Media Cohort Study among 287 children with

at least one URI episode.

Virus Detection method No.of URI Proportion1 Rate of URI
episodes episodes of URI per person-year
(%) episodes
Rhinoviruses Culture-RT-PCR, 568 41.8 1.00
serology
Respiratory syncytial Agz, serology 147 10.8 0.26
viruses
Parainfluenza viruses Ag, serology 87 6.4 0.15
Parainfluenza virus 1 21
Parainfluenza virus 2 7
Parainfluenza virus 3 66
Influenzaviruses Ag, serology 67 4.9 0.12
Influenza virus A 56
Influenza virus B n
Adenoviruses Ag, serology 63 4.6 0.11
Coronaviruses' Serology 21 15 0.04
Coronavirus OC43 15
Coronavirus 229 6
Coxsackie B-5 virus' Serology 3 0.2 0.01
Two or more viruses All methods 150 11.0 0.27
Virus-positive URI All methods 787 58.0 1.39
episodes
All URI episodes 1358 2.40

Of al URI episodes
Ag = Antigen detection

1
2
3
4

Seven URI episodes were positive for both parainfluenza viruses 1 and 3.

Coronaviruses and coxsackie B-5 viruses were detected by serology, analyzed at the time of AOM only.
The coxsackie BV-5 antigen islikely to detect virusinfections due to several other enterovirus serotypes aswell.

can be a confounding factor in comparisons
between different studies. Incidence of specific
viruses can vary in consecutive years (Kaye et
al. 1971; Waris 1991; Kim et al. 2000).
Rhinoviruses were by far the most
common viruses detected in the FinOM Cohort
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Study. One could argue that asensitive detection
method might overemphasi ze the proportion of
rhinoviruses. However, overall, these findings
are in line with other studies on respiratory
infectionsin children (Arrudaet a. 1991; Monto
etal. 1993; Linaet a. 1996; Ruoholaet al. 2000;
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Weigl et al. 2000). Rhinoviruses have been
reported to occur relatively more often in
children than in adults (Monto et a. 1993), and
over 90% of children at 2 years of age have
antibodies against rhinoviruses (Blomqvist et al.
20024). RSV wasthe second most common virus
to cause URI in the FinOM Cohort Study.
Although RSV is reported to be the most
important cause of lower respiratory tract
infections, especially bronchialitis, it also causes
upper respiratory infectionsin children (Linaet
a. 1996; Andreoletti et al. 2000; Weigl et al.
2001; Manjarrez et al. 2003). It has been
reported that influenzaviruses are very common
in young infants and are often detected in
children requiring hospitalization (Munoz
2003). In our study, influenzavirusA infections
were responsible for only 4% of all URI
episodes. Similarly, in alarge community-based
study with children influenza virus infections
wererelatively uncommon (Monto et al. 1993).

In the FinOM Cohort Study, 2.4% of a
large amount of NPA specimenstaken at thetime
of respiratory infection were coronavirus-
positive by RT-PCR (Study II). In addition,
coronaviruses were associated with 1.5% of
AOM episodes by serology. The coronavirus
infection rate here was lower than that found in
some previous studies with children (Isaacs et
al. 1983; Pitkaranta et al. 1998), possibly
because childreninthe FinOM studieswerevery
young. Several serologic studies suggest that the
frequency of coronavirus infections in young
children is relatively low, whereas in older
children and adults, these infections are more
common (Mclntosh et al. 1970; Kayeet a. 1971;
Mclntosh et al. 1974; Hovi et al. 1979; Ukkonen
et al. 1984). In the study by Kaye et al.
coronavirus OC43 epidemics occurred
irregularly (2 to 4 years apart), and during the
epidemic up to 19% of respiratory infections
were associated with a coronavirus (Kayeet al.
1971). Hence absence of acoronavirus epidemic
might be the cause of differences in the

incidences of coronavirusinfections between the
FinOM studies and other studies. A similar
conclusion can be made from seroprevalence
studies in Finland (Hovi et al. 1979; Ukkonen
et a. 1984). In addition, according to serologic
studies almost one-half of the coronavirus
infections may be asymptomatic (Kaye et al.
1971). However, knowledge of coronavirus
infectionsis still very limited.

5.1.3Methodological aspects

All MEF samples were flushed from the suction
tip into phosphate-buffered saline and divided for
bacterial and virological analysis. Whilerinsing
will dilute MEF samples and might reduce the
detection rate of viruses, it is often required to
extent the small amounts of MEF samples for
different analyses. The NPA and MEF samples
were frozen immediately after collection and
stored at -70°C for 1to 3 years before analysis.
Although this low temperature should preserve
viruses well, it is possible that some viruses die
during thelong storage period. However, because
most detection methods in these studies do not
require aviable virus, the storage period should
not have a large impact on the results. In Study
111, serological diagnosis was attempted only in
patients with AOM, and therefore, the relative
proportion of virus-positivity is smaller for the
viruses detected by serology only (coronaviruses,
coxsackie viruses).

Four different detection methods were
used in various combinations in our studies;
combined culturewith RT-PCR identification for
rhinoviruses (Studies I, 111), RT-PCR for
picornaviruses and coronaviruses (Studiesl, 11,
1V), antigen detection method (Studies I, 111)
for analysis of NPA and MEF samples, and
serology (Study I11). The use of different
detection methods may haveintroduced biasinto
therelative proportions of different viruses. The
PCR method may be more sensitive than viral
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culture and antigen detection method for analysis
of respiratory viruses (Johnston et al. 1993;
Henkel et al. 1997; Avellon et al. 2001), but even
this method is not infallible. For example, the
primers used for RT-PCR (Studies|, 111, V) do
not cover all different rhinovirus strains.
However, for somerespiratory viruses, no other
fast and sensitive detection method exists (Ieven
et al. 1997). Viral cultureislaborious and time-
consuming, and many diagnostic laboratoriesin
Finland have abandoned this method as a
primary diagnostic tool for respiratory
infections. Currently, antigen detection is the
most common method used for respiratory
viruses from clinical samples in Finland.
However, thismethod can be used only for those
viruses for which suitable antibodies are
available. Although serology is seldom used as
a diagnostic method for common respiratory
infections, epidemiological studies gain value
if serology isincluded. In asubset of the FinOM
Studies, serology was shown to increase the
number of virus-positive findings considerably
when combined with antigen detection methods
(Réty et al. 2004). All detection methods have
advantages and disadvantages, and it isdifficult
to single out one method as the best. It is
reasonable to conclude that the more methods
are combined, the higher (and the morereliable)
the virus-positivity of respiratory infections.

In Studies | and 1V, rhinovirus and
enterovirus infections were identified by first
amplifying a part of the genome using primers
shared by the two generaand then differentiating
them with theaid of virus group-specific probes.
Although asamplewasinterpreted to be positive
for enterovirus only if it was negative for the
rhinovirus probe, some of these samples may
have contained aberrantly reacting rhinoviruses.
Conventional identification of rhino- and
enteroviruses by viral culture and serotyping by
neutralizing antibodies is difficult and time-
consuming. Better methods are needed for
reliable differentiation of enteroviruses from
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rhinoviruses. It has recently become more
evident that the border between rhino- and
enterovirusesisvery fuzzy. For example, human
rhinovirus 87 and enterovirus 68 have been
demonstrated to be genetically and antigenically
highly similar and to represent the same serotype
(Blomqvist et al. 2002b). In fact, joining the
human enteroviruses and rhinoviruses in to a
single Enterhinovirus genus has been proposed
(unofficial proposal discussed within the
Picornavirus Study Group of the International
Committee for the Taxonomy of Viruses; T.
Hovi, personal communication). However, an
aternative approach can be used to report RT-
PCR results: when the detected picornaviruses
cannot be resolved into enteroviruses or
rhinoviruses by the methods in use, the viruses
could beregarded simply asunclassified entero-
or rhinoviruses, perhaps later to be renamed
enterhinoviruses (Ruohola et al. 2000).
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5.2 PRESENCE OF VIRAL RNA IN THE NASOPHARYNX OF CHILDREN WITHOUT
CONCURRENT RESPIRATORY sYMPTOMS (IV)

PCR methods are often believed to bealmost “too
sensitive”, and with their increasing usein vira
diagnostics, the question arises that what is the
relevance of aPCR-positivefinding? Could vira
RNA found in the nose or nasopharynx be a
remnant of a past infection rather than evidence
for etiology of acurrent infection.

In Study 1V, 29% of NPA samples from
children without concurrent respiratory
symptoms were positive for viral RNA, 18%
being positive for rhinoviruses and 11% for
enteroviruses. Children with a diagnosis
unrelated to infections had significantly less
virus-positive samples than children with an
infection-related diagnosis. Approximately two-
thirds of children had had some respiratory
symptoms in the four weeks and one-third in
one week before sample collection. Only 4 of
the 31 virus-positive sampleswere from children
without an infection-related diagnosis or recent
past or immediate future respiratory symptoms.

It is well known that bacterial
colonization of the upper respiratory tract occurs
in children soon after birth (Faden et al. 1997).
Much lessisknown about the presence of viruses
inthe upper respiratory tract. Respiratory viruses
have been detected from the nasopharynx in up
to 47% of apparently healthy individuals
(Cooney et al. 1972; Isaiaet al. 1985; Johnston
et al. 1993; Rakes et al. 1999; Manjarrez et al.
2003). In most of these studies, a symptomless
period of 2 to 4 weeks prior to sample collection
was required, but symptoms or signs after the
sample was taken were rarely registered.
Overall, viral RNA multiplied by RT-PCR can
be found more often than infectious viruses in
the nasopharynx of asymptomatic individuals,
and patients with respiratory symptoms have
much higher virus detection rates than
asymptomatic children or adults (Johnston et al.
1993).

The findings in Study IV are in line with other
studies, confirming that infectious viruses,
antigens or nucleic acids can be found in the
nasopharynx of asymptomatic individuals. The
sampleswere collected during winter, which may
in part explain the high occurrence of
enteroviruses and rhinoviruses. Positive PCR
findingsin asymptomatic persons might represent
subclinical infections, remnants of past infections
or even signs of forthcoming infections.
According to serological studies, viral infections
often appear to be subclinical (Kayeet al. 1971;
Macnaughton 1982; Pallansch et al. 2001). How
long respiratory viruses can persist in the upper
respiratory tract after acute infection remains to
be determined. In natural and experimental
rhinovirusinfectionsin adults, viral shedding has
been shown to continue at low levels for 2to 3
weeks (Hendley et al. 1988; Arrudaet al. 1997).
Whether thisisalso truein children isunknown.
It has been suggested that adults shed fewer
viruses than children (Monto 1994). Detection
of human rhino- and enterovirusRNA by RT-PCR
(or by any method) in the nasopharynx must be
interpreted cautiously because their presence
alone does not establish causality of the
concurrentillness. Asawaysin clinical practice,
laboratory findings have to bejudged in relation
to the symptoms and signs of the patient.
However, in Study IV viral RNA detection was
shownto belinked in most casesto past or future
respiratory symptoms. Only four of the 31
children with virus-positive specimen did not
have respiratory symptoms during the preceding
4 weeks or the forthcoming 2 weeks, or
respiratory symptoms in family members.
Therefore, the vast majority of the viruses
detected at thetime of URI can be assumed to be
involved in the generation of the observed
respiratory symptoms.
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5.3 VIRUSES ASSOCIATED WITH ACUTE OTITIS MEDIA (1)

In the FinOM Studies, 940 children were
followed and examined for evidence of viral
respiratory infection. At the time of AOM, 2339
NPA and 3210 MEF specimens were available
for virological analysis. In the FinOM Cohort
Study, 42% of NPA samples and 33% of MEF
samples, and inthe FinOM Vaccine Trial 63% of
NPA and 41% of MEF sampleswere positivefor
at least one analyzed respiratory virus during
AOM. Altogether, respiratory viruses were
associated with approximately two-thirds of
evaluableAOM eventsinthesetwo studies(Table
7). Asmany studiesduring the past decades have
shown, viral infection is an important

predisposing factor for development of AOM, and
viruses are significantly associated with AOMs
(Tilles et al. 1967; Henderson et al. 1982;
Sarkkinen et a. 1985; Chonmaitree et al. 1992;
Pitkéranta et al. 1998; Heikkinen et al. 1999)
Sinceinclusion on of questionable cases
of AOM could have biased theresults, only AOM
eventsthat were confirmed by myringotomy and
collection of MEF wereincluded intheanalysis.
The proportion of children with at least one
AOM was higher in the study group of the
VaccineTrial (75%) than in that of Cohort Study
(62%). Itisdifficult to say why the proportions
weredifferent; intheVaccineTrial, thefamilies

Table 7. Overall virology results of the two cohorts of children with acute otitis media (AOM)
followed prospectively in the Finnish Otitis Media (FinOM) Cohort Study and in the

FinOM Vaccine Trial.

FinOM FinOM Combined
Cohort Study Vaccine Trial results’
n(%) n(%) %)
Study group for 329 611 940
virological studies
Children with at least 203 (62%) 459 (75%) 662 (70%)
one evaluable AOM event’
Evaluable AOM events 759 (1.34) 1416 (1.28) 2175 (1.30)
(rate/person-year)
No. of AOM events with 322 (42%) 892 (63%) 1214 (56%)
virus-positive NPA sample
No. of AOM eventswith 252 (33%) 579 (41%) 831 (38%)
virus-positive MEF sample
Two or more viruses 34 (4.5%) 142 (10%) 176 (8%)
Virus-positive AOM events 406 (53%) 955 (67%) 1361 (63%)

AW N e

Proportion of the corresponding study group
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Proportion of all evaluable AOM eventsin the corresponding study/category unless otherwise indicated
Some of the virus detection methods used were different in the two studies
Both nasopharyngeal aspirate (NPA) and at least one middle ear fluid (M EF) sample available for virus detection
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may have been more motivated to participate
because of the benefits of receiving extra
vaccines. Therates of AOM eventswere highly
similar in both studies (Table 7).

In both FINOM Studies, rhinoviruses were
detected most frequently, followed by enteroviruses
(searched for only in the Vaccine Trid) and RSV. In
the Vaccine Trid, picornaviruses (i.e. rhinovirus
or enterovirus) were found to be associated with
morethan half of theAOM events, and apositive
result was obtained with the enterovirus probe
alone for 25% of events. The proportions of
specific viruses associated with AOM are
presented in Table 8.

For picornaviruses, a PCR method was used,
whereas RSV, the next most common virus, was
detected by antigen test, which is considered to
be a less sensitive detection method. It is likely
that thetrue proportion of AOM events associated
with viral infections could be even higher, aswe
did not test for all respiratory viruses (e.g.
coronaviruses, influenza virus type C, human
metapneumovirus were not included), and the
antigen detection test used is known to find only
aportion of the corresponding infections (Réty et
al. 2004). The use of different virus detection
methods affects the results obtained. In studies
using antigen detection methods, for instance, the

Table 8. Acute otitis media (AOM) events! with concurrent viral infection?in children followed
from 2 to 24 months of age in the Finnish Otitis Media (FinOM) Studies.

AOM event coinciding with

FinOM Cohort Study
759 AOM events (%)

FinOM Vaccine Trial
1416 AOM events (%)

Any virus 535
Rhinoviruses' 40.7
Enteroviruses NA
Respiratory syncytial viruses 9.2
Parainfluenza viruses 2.7
Parainfluenza virus 1 0.1
Parainfluenza virus 2 0.4
Parainfluenza virus 3 2.2
Influenzaviruses 2.6
Influenza virus A 2.6
Influenza virus B 0
Adenoviruses 2.6
Parechoviruses NA
Two or more viruses 45

67.4
320
254
9.5
4.5
0.2
0.2
4.1
3.3
2.5
0.8
2.4
0.9
10.0

! Nasopharyngeal aspirate sample and at least one middle ear fluid sample per event available for

virological analyses

? Detection of agiven virus in nasopharyngeal aspirate and/or middle ear fluid required for a positive score

: Proportion of all eventsin the category

* Methods used for rhinovirus detection were different in the two studies

NA = not analyzed

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN 45



role of RSV is emphasized (Klein et a. 1982;
Heikkinen et al. 1999). In a study with RT-PCR
methods, rhinoviruses were reported to be more
common than RSV during AOM (Pitkéranta et
al. 1998). As virus detection methods have
developed during the past decades, the reported
virus-positivity of MEF samples at the time of
AOM hasincreased from 2% (Tilles et al. 1967)
to up to 74% (Chonmaitree et a. 2000).

Often enteroviruses have been thought to
cause mild diseases with characteristic signs
(hand, foot, and mouth disease, herpangina) or
more severe diseases such as meningitis.
Although enteroviruses are known to cause
upper respiratory infections, it was somewhat
surprising that enteroviruses were associated
with 25% of AOM events here (Study I).
Because the diagnosis of enterovirus infections
was previously made by very laborious viral
culture, the search for enteroviruses was often
excluded from studies of respiratory infections.
Today, the RT-PCR method enables an easier
detection of enteroviruses, promoting
enteroviruses to be added to the detection panel
of respiratory infections. A recent study reported
that enteroviruseswerefound in 25% of children
with URI, as detected by RT-PCR (Ruohola et
al. 2000).

5.3.1Concurrent virus detection in the
nasopharynx and middle ear

In the FinOM Studies, the same virus was
detected concurrently in the NPA sampleand in
at least one of the M EF specimensin 40% (Cohort
Study) and 49% (Vaccine Trial) of AOM events.
In both studies, RSV was most often detected
concurrently in NPA and MEF samples, in up to
61% of RSV-positiveAOM events. Rhinoviruses,
enteroviruses, and influenza A viruses were
present at similar frequency rates, in
approximately 40% of AOM events, NPA and
MEF were both positive.
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As expected, in both FinOM Study groups, viral
RNA or antigen was found more frequently in
the NPA than in the MEF specimens. In almost
one-half of theeventswith aNPA sample positive
for avirus, the same virus was detected in the
corresponding MEF sample. Interestingly, in 7%
of AOM events, MEF was positive for a virus,
while NPA remained negative.

There islittle doubt that viruses have an
important role in AOM, but it is not yet clear
which factors are crucial for the development
of AOM. Does the virus need to invade the
middle ear and infect the middle ear mucosa, or
would inflammation at the nasopharyngeal end
of thetubaauditivabe sufficient to interferewith
the innate defences of the middle ear mucosa
and facilitate bacterial colonization? Viral
infections have been shown to cause dysfunction
of the Eustachian tube. Two-thirds of children
develop abnormal middle ear pressurewhen they
have a common cold (Winther et al. 2002). In
adults, natural and experimental viral infection
induce abnormal middle ear pressure and
formation of middle ear effusion (Buchman et
a. 1995; Arruda et al. 1997). In earlier studies,
RSV has been suggested to be one of the most
potent viruses contributing to the development
of AOM (Henderson et al. 1982; Ruuskanen et
al. 1989; Heikkinen et al. 1999). This appeared
to be the case in the FinOM Studies. One could
speculate that RSV causes more severe
inflammatory responses, mucosal swelling, and
dysfunction of the tuba auditiva. On the other
hand, viral infection might facilitate colonization
of the nasopharynx with pathogenic bacteria
Virusinfection has been reported to increase the
adherence of bacteria to pharyngeal cells
(Hament et al. 1999).

In children, concurrent detection of
viruses and bacteria in the MEF has been
associated with prolonged clinical symptoms of
AOM (Chonmaitree et al. 1990; Arola et al.
1990b; Chonmaitree et al. 1992). Despite
adequate antibiotic drug compliance, viral
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infection in children has been associated with
an increased risk of AOM treatment failure
(Patel et al. 1995). However, it is not known
whether specific virusand bacteriacombinations
in MEF have certain impact on the development
of AOM. In one study, Streptococcus
pneumoniae was detected more ofteninthe MEF
containing influenza viruses than other viruses
during AOM (Heikkinen et al. 1999). Combining
results from severa studies, more than half of
AOM cases are positive for bacteria only, 5%
for virus only, and 15% for both bacteria and
virus; in 25% of cases, no pathogen was detected
(Heikkinen et al. 2003a). Improved viral
detection methods have, however, changed these
proportions. According to the unpublished
results of the FinOM Cohort Study, 32% of
AOMswere positive for bacteria only, 19% for
virusonly, and 35% for both bacteriaand virus.
No middle ear pathogens were detected in 15%
of cases. Ongoing development of detection
methods will probably diminish the proportion
of pathogen-negative AOMs since bacterial
culture techniques are not sensitive enough for
low bacterial concentrations (Virolainen et al.
1994), and all respiratory viruses are not
included in the detection panels.

5.3.2Seasonal variation of viral findingsin
association with acute otitis media

Monthly rates of AOM events with coinciding
viral infection showed similar seasonal variation
inboth FinOM Studies. The seasonal occurrence
of virus-positiveAOM eventsgenerally followed
theincidence of AOM events. In both the FinOM
Studies, theinvestigation of seasonal prevalence
revealed adifferencein winter 1996-97 between
all AOM events and those associated with
documented viral infections. One could speculate
that this divergence reflects an epidemic caused
by one of the known viruses not included in our
virus detection panel such as coronavirus,

influenzavirustype C, and human metapneumo-
virus, or an epidemic due to an unknown virus.
In addition, the incidence of specific viruses can
vary betweenyears(Kayeet al. 1971; Waris 1991;
Kim et a. 2000). For example, the proportion of
AOM events coinciding with rhinovirus
infections was smaller in the Vaccine Trial than
in the Cohort Study, even though the combined
cell-culture-PCR method used in the latter study
only had a sensitivity of 66% as compared to
direct RT-PCR used in the Vaccine Trial
(Blomgvist et al. 1999).

VIRAL UPPER RESPIRATORY TRACT INFECTIONS IN YOUNG CHILDREN 47



5.4 CHILDREN WITH FREQUENTLY RECURRING RESPIRATORY INFECTIONS (I11)

In Study Il1, the 329 FinOM Cohort Study
children were divided into subgroups according
to the number of documented respiratory
infections. Children who had experienced at least
9 URI episodes and/or at least 4 AOM episodes
during the follow-up were designated children
with FRRI; this group comprised 24% of
children. Theremaining children were considered
non-FRRI children. As a group, the 78 FRRI
children had 642 URI episodes (median rate 4.5
per person-year), and the 209 non-FRRI children
with at least one URI episode had 716 URI
episodes (median rate 1.7 per person-year). The
median numbers of URI and AOM episodes

experienced in both groups of children are
presented in Table 9.

To confirm that the very frequent referral
of childrento the study clinic was dueto genuine
viral infections, we also analyzed virus-
positivity of URI episodes according to the
number of URI episodes per child during the
follow-up period (Figure 1). The overall virus-
positivity was similar (median 56%) in all
categories, suggesting that viral infections had
an equal roleintheetiology of upper respiratory
infections irrespective of the frequency of
infections.

Table 9. Demographic and clinical data of 329 Finnish Otitis Media Cohort Study children

followed from 2 to 24 months of age.

FRRI children’ Non-FRRI children

n=78 n=251
Number of siblings:
0 29 (37%) 133 (53%)
1 27 (35%) 79 (31%)
22 (range 2-6) 22 (28%) 39 (16%)
Type of day care:
Home care 41 (53%) 166 (66%0)
Family day care 6 (8%) 26 (10%)
Day care center 30 (38%) 52 (21%)
Other 1 (1%) 7 (3%)
22 siblings and/or day care 49 (63%) 78 (31%)
Median no. of URI episodes (range) 8 (4-13) 3(0-8)
Median no. of AOM episodes (range) 4 (1-10) 0(0-3)
Median age at time of first infection 145 days 214 days

' FRRI = frequently recurring respiratory infections,>9 upper respiratory infection (URI) episodes
and/or >4 acute otitis media (AOM) episodes during the study period
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As many as 63% of the FinOM Cohort Study
children were cared for at home through out the
study period, and by the end of thefollow-up 25%
of children attended a day-care center. Two or
moresiblingsand/or attendance at day-care center
were risk factors for recurrent infections (Table
9). These findings are in line with many reports
that alarge number of siblings and attendance at
a day-care center increase the number of
respiratory infections in children (Badger et al.
1953; Wald et a. 1988; Alho et al. 1990; Harsten
et a. 1990; Tupas et a. 1990; Louhiaa et al.
1995; Celedon et al. 1999; Nafstad et al. 1999;
Monto 2002). Theinfection-prone children could
be speculated to have an innate susceptibility to
recurrent infections, with exposure to other
children providing aconvenient environment for
contracting different diseases. Genetic
susceptibility has been suggested in aprospective
twin and triplet cohort study of recurrent AOM
(Casselbrant et al. 1999).

The FRRI group included more boys
(58%) than the non-FRRI group (45%), but the
difference was not statistically significant. It has
been reported that boys are more prone to
recurrent infections at least during thefirst years
of life (Badger et a. 1953; Monto et al. 1974;
Kim et al. 2000). No significant difference was
present between FRRI and non-FRRI children
with regard to proportions of premature birth,
duration of breast-feeding, maternal smoking
during pregnancy, parental household smoking,
parental education, or single-parent households.
However, it is notable that only a few FinOM
Cohort Study familiesreported smoking indoors
and that breast-feeding lasted at least 12 weeks
in 71% of the families and at least 24 weeksin
51% of the families (Syrjénen et al. 2001).

Different definitions of FRRI can be
foundintheliterature (Isaacset al. 1982; Venuta
et al. 1996; Chapelin et al. 1997; Giraudi et al.
1997; Hewson-Bower et al. 2001). In this Study
Il a pragmatic approach was used and single
thresholds were selected in the rates of URI and

AOM episodes (Pitkdranta et al. 1999). The
designated group of FRRI children appeared to
have the expected characteristics, including a
relatively higher number of siblingsand attendance
at day-care centers. As many as 48% of al of the
documented URI episodesoccurredin 78 children
(24%) classified in the FRRI group. Anaysis of
the variation in the rate of URI revealed a
continuum, without accurate segregation into
“infection prone” or “normal” children suggesting,
that the predetermined division into two groups
may not befully justified.

Structured investigation of recurrent
respiratory infections is demanding, as the
individual variation in the length and intensity
of symptoms makes it difficult to determine
whether apreviousinfection has ended before a
new one commences. A standard 30-day length
for AOM and URI episodes according to the
study protocol was used (Vesaet a. 2001). The
etiology of infections was analyzed first using
clinical diagnosis and then virological findings
as the starting points for the 30-day episodes.
An additional approach in the analysiswas based
on dividing the children into an “infection-
prone” quartile and control children according
to the number of sick visits per study month.
These three approaches yielded highly similar
distributions of different virusesinthe FRRI and
non-FRRI groups (see below).

Although families were encouraged to
taketheir child to the study clinic whenever the
child was suffering from acute URI, the number
of recorded URI episodes in this study was
smaller than in some previous reports (Badger
et a. 1953; Monto et al. 1974; Monto et al.
1993). The most important reason for thisisthat
the study setting was very different from large
community-based surveys, in which families
were visited on aroutine basis and even minor
infections were recorded. Monto et a (1974)
reported that in their study only every fourth
respiratory illnessresulted in avisit to afamily
physician. In the FinOM Cohort Study, 86% of
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all AOM visits were captured at the study clinic
(Kilpi et al. 2001). However, for 13% of
children, no URI episodes were recorded at the
study clinic, which seems to be relatively high
percentage. Possibly children suffering from
only mild symptoms were not always referred
to the clinic. The inconvenicnce of a visit to the
study clinic and fear of sample collection might
also reduce the number of visits and recorded
infections. Whether healthcare-seeking behavior
for illness varied between the families is
unknown. Working of the mothers was not
analyzed, although it has been suggested that
working mothers with child-care arranged
outside the home are more likely than other
mothers to seek medical care for minor
symptoms (Horwitz et al. 1993). However,
almost two-thirds of the study children were
cared for at home, and since the overall virus-
positivity of URIs did not vary significantly
according to the number of reported URIs per
child (Figure 1), this possible variation is
unlikely to bias the results.

5.4.1 Viral etiology of frequently recurring
respiratory infections

Designated URI episodes were used to assess
possible sensitivity of FRRI children to specific
virus infections. FRRI children had a slightly
greater tendency to have rhinovirus-positive URI
episodes than non-FRRI children (OR 1.58;95%
Cl1 1.27-1.96). The proportions of other viruses
associated with URI episodes were similar in the
two groups. Analysis of viral infections revealed
that infection-prone children appear to pick up
any viral infection present in the community.

Rhinoviruses were the most frequently
diagnosed agents of URI among children with
and without FRRI. However, rhinoviruses were
detected by a combination of viral culture and
RT-PCR, which may be a more sensitive method
than the antigen detection technique used for the
other viruses. Another bias is that serological
diagnosis was attempted only at the time of
AOM. However, only a minor proportion of virus
diagnoses were made by serology, and in the
FinOM Cohort Study, viral etiology of AOM was
demonstrated to be similar to that of URI (Vesa
et al. 2001).

Figure 1. Proportion of virus-positive upper respiratory infection (URI) episodes in children

during the study follow-up period in the Finnish Otitis Media Cohort Study.
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GENERAL DISCUSSION AND CONCLUSIONS

6 GENERAL DISCUSSION AND

CONCLUSIONS

Vira respiratory infections are very common in
children and are an enormous burden to the
families and society. Present knowledge of the
natural course and etiology of respiratory
infections mainly comes from large community
studies conducted several decades ago. Many
studies of viral respiratory infectionsin children
have since been carried out in different
subsettings. In addition, advancements in
diagnostic methods have made the detection of
respiratory virusesmore sensitiveand convenient,
which has in turn made the etiologic studies of
respiratory infections easier. Although study
settings and virus detection methods have varied
between different studies, general characteristics
and themain causativevira agentshaveremained
similar over the years.

In the FinOM Studies, 940 children less
than two years of age were analyzed for viral
infections. These studies were prospective and
very carefully planned and conducted. A unique
material of over 7000 samples (NPA, MEF, and
sera) for virological analysis enabled the study
of many aspects of viral respiratory infections.

Several studies have been conducted to
investigate the presence of virusesin AOM, but
these two FinOM Studies together provide by
far the largest study settings and sample
collection on this matter. By using modern
microbiological methods, including antigen
detection and nucleic acid detection tests, a
respiratory viruswasfound to be associated with
two-thirds of AOM in children. Up to 41% of
MEF specimens were positive for a virus.
Picornaviruses were associated with over one-
half of theAOM events. Although picornaviruses
were detected by somewhat more sensitive
method than other viruses, thesefindingsarein
agreement with other research, showing that
rhinovirus infections in particular are very

common in young children. Interestingly, the
proportion of specimens positive for
enteroviruses was quite high. In a study using
viral culture only, enteroviruses were one of the
most common viruses detected from MEF during
AOM (Chonmaitree et al. 1986). Enteroviruses
have often been excluded from studies of
respiratory infections since their detection was
|aborious and time-consuming. Recently, the RT-
PCR method has made the detection of
enteroviruses easier. Indeed, using this method,
enteroviruses have been found in at least 25%
of upper respiratory infections in children
(Ruohola et a. 2000). In the FinOM Studies,
RSV was associated with up to 10% of AOM
events. This proportion would likely have been
higher had PCR-based methods also been used
for detection of RSV. RSV was most often
detected concurrently in the nasopharynx and
the MEF during AOM, suggesting that RSV
might be more “ototropic” than other viruses,
as has also been proposed by other researchers
(Henderson et al. 1982; Heikkinen et al. 1999).
In the future, the virus groups most commonly
associated with AOM, i.e. picornaviruses and
RSV, should be considered when aiming at
prevention of AOM in children.

After primary virological analyses of the
FinOM Cohort Study specimens, alarge sample
of NPA and MEF specimens was analyzed for
human coronavirus RNA using the RT-PCR
method. This method was adopted from earlier
studies(Myint et al. 1994; Pitkérantaet al. 1997)
and modified for detection of coronavirus RNA
from large numbers of respiratory samples. One
limitation in Study 11 was that the specimensin
use were not randomly selected, and therefore,
no statistical correlations between detected
viruses and reported diagnoses were possible.
Altogether, 2.4% of the NPA and MEF samples
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were positive for coronavirus RNA. Thisis a
low detection rate compared with another study
in children using the RT-PCR method
(Pitkérantaet al. 1998), although that study also
noted that coronaviruses were uncommon in
infants. Serological studies suggest that the
frequency of human coronavirus infections in
children less than 2 years of age may be
relatively low (Hovi et al. 1979). Knowledgeon
coronavirus infections is still limited, and the
dataavailable are somewhat controversial. Most
information is based on serological studies.
During epidemics coronaviruses are claimed to
be responsible for up to one-third of respiratory
infections (Macnaughton et al. 1983), but
seroepidemiologic studies have shown that
asymptomatic infectionsare very common (Kaye
et al. 1971). Moreover, coronavirus epidemics
occur rarely, and during the FinOM Study period
possibly no epidemics were present. In one
relatively recent study, coronaviruses were
associated with 4% of influenza-like illnesses
in children lessthan 14 years of age, asdetected
by the antigen test (Lina et al. 1996). Human
coronavirus infections are probably not very
common inyoung children, whereas|later inlife,
clinical and subclinical infections occur more
often.

Physicians are very familiar with the
children with frequent respiratory infections
phenomenon. These children seemto catch every
respiratory virus present in the community, and
especially during the winter, to be sick “all the
time”. These children are otherwise healthy,
recover from infections normally, and their
growth and development is normal. Previous
reports have suggested that infection-prone
children have reduced production of IFN-a,
which is an important part of the immune
defence mechanisms against viral infections
(Isaacs et al. 1981; Pitkdranta et al. 1993). The
guestion therefore arises of whether children
with recurrent respiratory infections might be
more susceptibletoinfections caused by specific

52

viruses. Analysisof upper respiratory infections
in the FinOM Cohort Study reveaed that the
distribution of specific virus infections was
similar among children with and without FRRI.
Only the proportion of rhinovirusinfectionswas
slightly higher among infection-prone children.
As expected, the causes for recurrence of
infections are diverse. One might specul ate that
due to unknown, and maybe mild, deficiencies
in immune defence some children have a host-
derived susceptibility to viral infections.
Environmental factors, such asexposureto other
children or tobacco smoke, may also increase
the infection pressure of attacking viruses or
weaken the defence barriers. Research on this
topic has helped families and communities to
take actionsto reduce the effect of environmental
factors; these include increasing hand washing,
avoiding smoking inside the house, and limiting
the number of children in day-care groups.
However, no methods for improving the host-
derived ability to endure the respiratory viruses
with which young children are bombarded exist
to date.

As the use of the very sensitive PCR-
based detection method has increased, the
question has been posed as to whether PCR
methods are too sensitive, detecting small
remnants of viruses that probably have no
clinical relevance. This question drove us to
investigate the presence of vira RNA in the
nasopharynx of children without respiratory
symptoms. In Study |V, as many as 29% of the
children were positivefor viral RNA. However,
most of the findings were linked to previous or
future respiratory symptoms, and only 4 of the
31 children with virus-positive samples had no
recent connection to respiratory infection. An
interesting question then iswhy wasviral RNA
detected in these children? Is the virus a long-
lasting but not active remnant of apast infection
oristherea“silent” infectioninwhich thevirus
replicates at a low level. Or is it a subclinical
infection in which the viral load and infectious
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activity are high, but the individual manifests
no clinical symptoms? It has been reported that
clinical symptoms are largely cytokine-
mediated, and therefore, symptomatic disease
may continue even after viral load diminishes
(Hendley 1999). The introduction of PCR
methodsinto clinical practice hasresulted inthe
same questions and problems of clinical
relevance as for other diagnostic methods.
Cooney et a. showed that the amount of viral
culture is highest at the onset of respiratory
infection (Cooney et al. 1972). In clinical
practice, laboratory findings must always be
interpreted in association with clinical signsand
symptoms. Therefore, detection of arespiratory
viral nucleid acid by (RT-) PCR in the
nasopharynx must also be interpreted cautiously
because the presence of a virus alone does not
establish causality of the concurrent illness.
However, Study 1V did demonstrate that in most
cases viral RNA detection can be linked to past
or future respiratory symptoms. Thus, the vast
majority of viruses detected in patients can be
assumed to be involved in the initiation of the
observed respiratory infection.

Conclusions

1. Intwo large prospective cohort studies
(FinOM Studies), respiratory viruses were
shown to be present in two-thirds of AOM
events, in half of these, a picornavirus
infection was detected.

2. Human coronavirus RNA was detected by
RT-PCR from 2.4% of NPA and/or MEF
specimens of children less than 2 years of
age.

3. A specific susceptibility to adefined type or
group of viruses does not seem to beamajor
explanatory factor for frequently recurring
respiratory infectionsin young children.
Exposure to other children (siblings and/or
attendance to day care) was associated with
recurrence of infections.

4. In asymptomatic children, detection of
picornavirus RNA by the sensitive RT-PCR
method isrelatively common in the context
of past (or future) respiratory infectionbutis
not common in children without recent
exposure to respiratory symptoms.
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