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1. Introduction

Acute upper respiratory infections (URI) are the
most common acute diseases in children. Large
community studies conducted decades ago already
showed that the mean annual number of acute
respiratory infections is as high as 5 in children less
than 5 years of age and about 3 in older children [1—
4]. Respiratory infections cause significant eco-
nomic losses. In the United States, acute respiratory
infections in 1998 resulted in an estimated 84 mil-
lion visits to physicians; of which 25 million were due
to upper respiratory infection and 13 million due to
acute otitis media (AOM) [5]. Every fourth respira-
tory infection results in a visit to a physician; in
infants, the proportion is rising to approximately
one-half of all respiratory infections [6]. In children
attending day-care centers in Finland, infectious
diseases caused more than 90% of total costs of
illness (deficient utilization of day-care centers,
parents’ lost working capacity, hospitalization, vis-
its to physician, antibiotics) [7]. Viral respiratory
infections can also lead to bacterial diseases, and
mixed viral—bacterial infections are often asso-

—e— All events  —e— Any virus

= Rhinovirus

ciated with antibiotic treatment failure [8]. Pre-
viously, viral diagnoses and etiologic studies of URI
have had little relevance to the clinical manage-
ment of individual cases. However, prevention and
therapies for viral infections are developing, and
both vaccines and antivirals for respiratory viruses
other than influenza may be available in the near
future [9,10]. This poses new requirements for viral
diagnostics, particularly rapid and easy detection of
respiratory viruses.

2. Viral etiology of upper respiratory
infections

In the 1960s, the development of virus detection
methods made it possible to identify most of the
known respiratory viruses or virus groups by cell
culture or serologic methods. Over the years, the
reported proportion of virus-positive respiratory
infections has increased due to improved detection
methods, e.g. from 22% (cell culture) [3] up to 86%
(antigen detection and polymerase chain reaction
(PCR) methods) [11]. The proportion of virus-posi-

Enterovirus - --- RSV
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Monthly occurrence of virus-positive acute otitis media events in young children. Finnish Otitis Media Vaccine

Trial, in which children were followed from 2 to 24 months of age.
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tivity can vary between studies depending on many
different factors; the type of samples, detection
methods, varying epidemiology of viruses and the
study settings all may affect the results [3,11—13].
In addition, many viruses have typical annual sea-
sonality (Fig. 1) [14].

New molecular techniques have changed the
picture about viruses in several ways. For example,
based on genome organization and sequence simi-
larity the enterovirus genus (including polioviruses,
coxsackieviruses and echoviruses) have recently
been reclassified and divided into five different
species (polioviruses and human enteroviruses A—
D) [15], and only in few years many new enterovirus
types have been characterized [16,17]. Also new
respiratory viruses have been discovered; e.g.
human metapneumovirus [18], two previously
unrecognized human coronaviruses [19], SARS-asso-
ciated coronavirus [20,21] and human bocavirus
[22].

The use of PCR methods as a diagnostic tool for
respiratory infections is increasing. PCR methods
are generally more sensitive than traditional virus
detection methods [23], and this has raised the
question of the clinical relevance of virus-positive
PCR findings. Asymptomatic viral infections do occur
[24] and viral shedding in the nasopharynx may
continue for up to 3 weeks after onset of infection
[25]. Respiratory viral RNA can be detected rela-
tively often from the nasopharynx of apparently
healthy children, but most of the virus-positive
findings can be linked to previous or future respira-
tory symptoms [26].

3. Specific features of respiratory
viruses

There are over 200 different types of viruses that
can cause upper respiratory infections in children.
Rhinoviruses are the largest group of respiratory
viruses, including at least 100 different serotypes.
Rhinoviruses are the predominant cause of the com-
mon cold all over the world and in all age groups. Ina
prospective study, 91% of children had antibodies
against rhinoviruses by the age of 2 years and 79% of
children had experienced culture- or RT-PCR-con-
firmed rhinovirus infection [27]. Human rhinovirus
infections typically occur in the early fall and in the
spring. Although rhinoviruses are generally thought
to cause only mild common cold, they are also
associated with acute lower respiratory tract infec-
tions, wheezing, bronchiolitis and pneumonia in
children [28,29]. In addition, rhinoviruses often
cause exacerbations of pre-existing airways dis-
eases, such as asthma [29].

Enteroviruses, which belong to the same virus
family Picornaviridae as rhinoviruses, are very com-
mon worldwide, and most primary infections occur
in childhood. Often enteroviruses have been
thought to cause mild diseases with characteristic
signs (e.g. hand, foot, and mouth disease and her-
pangina) or more severe diseases such as meningitis.
However, recently with modern detection methods,
it has been shown that enteroviruses are a common
cause of upper respiratory infections and acute
otitis media in children [11,14].

Respiratory syncytial virus (RSV) infections are
present in all age groups, but they predominate in
children and especially in infants. Up to 70% of
infants have been reported to be infected with
RSV during the first year of life, and the rest are
infected by the age of 2 years [30]. RSVs are the
leading cause of bronchiolitis and acute wheezing in
young children [31]. Typically, RSV epidemics occur
during the winter months, sometimes starting in the
late fall and continuing until early spring. In Finland,
RSV epidemics occur every 2 years, and during the
epidemic year 2 separate epidemic peaks can be
seen [13]. The pattern of 2-year epidemics is dif-
ferent from that in, for example, France [32].

Human metapneumovirus is a recently discovered
respiratory virus [18]. The clinical symptoms caused
by metapneumovirus are reported to be similar to
those due to RSV, and this virus is an important cause
of lower respiratory infections and wheezing in
children [33]. Metapneumovirus infections occur
mainly between winter and early spring [18,34].

There are three types of influenza viruses in
humans, types A, B and C. However, most data about
influenza viruses are for types A and B because, due
to detection difficulties, influenza C viruses have
not been included in the studies. Influenza type A
and B cause infections that can range from asymp-
tomatic infections and common colds to serious
illnesses with systemic complications, such as pneu-
monia [35,36]. Influenza A and B infections typically
occur in a seasonal pattern and in winter epidemics,
which have variable intensities.

In addition, many other viruses or virus groups
cause respiratory infections in children; e.g. para-
influenza viruses can cause a broad spectrum of
respiratory diseases, ranging from mild upper
respiratory infections to pneumonia, but are most
often associated with laryngitis [37]. It seems that
human coronavirus infections are not very common
cause of respiratory infections in young children
[38], whereas later in life, clinical and subclinical
infections occur more often [39]. Adenoviruses
infrequently cause common colds, and respiratory
infections caused by these viruses tend to be severe,
characterized by high and prolonged fever and



1336 J. Nokso-Koivisto et al.
Table 1 Respiratory tract infections and viral causative agents in children
Disease Adenoviruses Coronaviruses Enteroviruses Influenza Parainfluenza RSV?  Rhinoviruses

viruses viruses

Common cold + ++ ++ ++ + + 4+
Tonsillitis o — e, + + N B
Laryngitis + — + ++ +++ +
Bronchitis + + + e+t ++ . +
Bronchiolitis + + + ++ 44 - i+
Pneumonia + + + +++ ++ 4+ +4

& RSV: respiratory syncytial virus.

strong inflammatory response [40,41]. Adenoviruses
more often cause occasional epidemics in semi-
closed communities, such as garrisons or orphanages
[42].

4, Clinical entities and complications
of viral respiratory infections in
children

A given respiratory viruses may infect widely
respiratory mucosa in humans, although it seems
that some viruses are more prone to infect specific
parts of respiratory tract than others. The various
designated respiratory disease entities are in prac-
tise partly overlapping and all of them are asso-
ciated with different respiratory viruses (Table 1). In
children, the most common viral respiratory infec-
tions are simple URIs (the common cold) and AOM.

4.1. Common colds

The common cold is almost entirely a viral disease.
Makela et al. found respiratory viruses to be asso-
ciated with two-thirds of common cold events
among young adults, while bacteria were cultured
in only 4% of cases [35]. Rhinoviruses are the leading
cause of common colds in all age groups [6,25,35],
and by the age of 2 years, most of the children have
rhinovirus-specific antibodies [27]. After introduc-
tion of the reverse transcription (RT)-PCR techni-
que, it has become evident that enteroviruses are
also frequently associated with common colds [11].
Although both RSV and influenza A virus are well
known for causing lower respiratory infections, they
also generate upper respiratory infections [43].

In adults and especially in children, acute respira-
tory infections often spread into the paranasal
sinuses, causing mucosal edema and accumulation
of mucus. A recent study reported that 68% of
children with uncomplicated upper respiratory
infections had major abnormalities in the paranasal
sinuses, which mainly resolved after 2 weeks with-

out antimicrobial treatment [44]. In another study,
70% of children with purulent rhinorrhea as the only
symptom had opacification of the paranasal sinuses
on computer tomography scans [45]. Young children
almost always have nasal secretions in paranasal
sinuses during upper respiratory infections (so-
called rhinosinusitis). Based on this, sinusitis in
children could be considered a natural extension
of the common cold. However, evidence of direct
viral infection of the maxillary sinus in children is
lacking. In adults with acute maxillary sinusitis, a
virus can be found in 10% of maxillary secretion
samples by viral culture [46] and in 40% by PCR [47].

4.2. Acute otitis media

AOM is one of the most common infectious diseases
among children. As many studies during the past
decades have shown, viral infection is an important
predisposing factor for development of AOM, and
viruses are significantly associated with AOMs
(Table 2) [14,48—57]. In a prospective study of
children less than 2 years of age, about 43% of
all upper respiratory infections were associated
with AOM [43]. There is little 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 the
Eustachian tube be sufficient to interfere with
the innate defences of the middle ear mucosa
and facilitate bacterial colonization? Viral infec-
tions have been shown to cause dysfunction of the
Eustachian tube. Two-thirds of children develop
abnormal middle ear pressure when they have a
common cold [58]. On the other hand, viral infec-
tion might facilitate colonization of the nasophar-
ynx with pathogenic bacteria.

In studies using antigen detection, RSV has
usually been the most common virus associated with
AOM, and RSV has been suggested to be one of the
most potent viruses to cause AOM since it is most
often detected concurrently in the nasopharyngeal
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Table 2 Selected data from studies of viruses associated with acute otitis media (AOM)

Study No. of No. of Virus detection Virus infection Proportion of

children MEF method? associated with virus-positive
AOMP (%) MEF (%)

Yoshie (1955) 10 10 Culture, serology 40 40

Gronroos (1964) 322 399 Culture NR 0

Berglund (1966) 27 44 Culture, serology 37 33

Tilles (1967) 90 NR Culture, serology 27 3

Klein (1982) 53 53 Ag 34 25

Chonmaitree (1986) 84 84 Culture 39 20

Sarkkinen (1985) 137 137 Ag 42 18

Pitkaranta (1998) 92 92 RT-PCR 75 48

Heikkinen (1999) 456 815 Culture, Ag, serology 41 17

Chonmaitree (2000) 40 65 Culture, PCR NR 74

Nokso-Koivisto (2004) 940 3210 Ag, RT-PCR 63 38

NR: not reported.

@ Ag: antigen detection, RT: reverse transcription, PCR: polymerase chain reaction.
B Specific virus detected in nasopharyngeal aspirate (NPA) and/or middle ear fluid (MEF) specimen(s), and/or a viral infection

documented serologically from paired serum samples.

aspirate and middle ear fluid (MEF) during AOM
[14,53]. The development of the PCR method
enables detection of respiratory viruses for which
antigen detection tests have neither been suitable
nor available. By PCR, respiratory viruses have been
found to be associated with over 70% of AOM events
[51,55] and by this sensitive method rhinoviruses
have been the most common virus to be detected in
association with AOM in children [14,55].

According to recent studies respiratory virus can
be detected in more than one-half on AOMs, in 19%
of cases virus was the only pathogen and in 25% no
pathogen was detected [59]. Ongoing development
of detection methods will probably diminish the
proportion of pathogen-negative AOMs since bacter-
ial culture techniques are not sensitive enough for
low bacterial concentrations [60], and all respira-
tory viruses are not included in the detection
panels. It has been suggested that some virus types
or species associate more strongly to the develop-
ment of AOM than others. However, in a recent study
of young children no distinct species-specific asso-
ciations were observed between the viral and bac-
terial findings at the time of AOM [59].

For a physician, it would be very beneficial to
differentiate viral AOM from bacterial disease. How-
ever, thus far, viral and bacterial AOM cannot be
separated from each other by clinical symptoms or
signs. Only a bulging tympanic membrane has been
associated with detection of bacteria or bacterial—
viral combinations from the MEF during AOM [61,62].

4.3. Pharyngitis and tonsillitis

Although often antibiotics are described to children
with acute pharyngitis or tonsillitis, many studies

have shown that a major part of these infections are
due to respiratory viruses. Respiratory viruses have
been detected in approximately one-third of chil-
dren with acute pharyngitis; adenoviruses and RSV
being the most common viruses to be found [63]. Ina
study by Chi et al., among 416 young children (the
mean age 52.9 months) with acute pharyngitis
respiratory viruses were detected in 30% of patients
as group A streptococci were isolated in only 2% of
patients [64]. Over 40% of acute tonsillitis cases in
children are associated with a respiratory virus, and
in one-third a virus may be the sole pathogen.
Children younger than 3 years of age have rarely
bacterial tonsillitis [65], and usually the younger the
child the more common is viral etiology of tonsillitis
[65]. Adenovirus is the predominant cause of viral
tonsillitis, with other common causative agents
being Epstein-Barr viruses, influenza viruses and
enteroviruses [65,66].

4.4. Lower respiratory tract infections

Viruses are common causative agents of lower
respiratory tract infections in children [67], with
respiratory syncytial virus (RSV), parainfluenza virus
type 3, and influenza viruses occurring most fre-
quently [68—70]. In addition, rhinoviruses have
been shown to cause pneumonia and bronchiolitis
ininfants and children [29]. The recently discovered
human metapneumovirus has been reported to
induce RSV-like respiratory infections [18], and this
virus also produces lower respiratory tract infec-
tions in children [71]. Viral infections have been
shown to trigger wheezing and exacerbate asthma in
children [72], and virus-induced asthma exacerba-
tions may be severe and increase the need of hos-
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pitalization [73]. In addition, there is evidence that
RSV and especially rhinovirus-induced wheezing in
infancy poses increased risk of childhood asthma
even until the teenage years [74]. Acute laryngitis is
a viral disease most frequently caused by parain-
fluenza viruses, and less frequently by RSV and
influenza viruses [31,75].

5. Viral—bacterial interactions

Although viruses cause most of the respiratory infec-
tions, virus infections can also lead to bacterial
infections. It has been recognized that during viral
epidemics, e.g. influenza virus epidemics, the inci-
dence of bacterial pneumonia and acute otitis
media is increased [8,76]. Viral infections facilitate
bacterial colonization, adherence and translocation
through the epithelial barrier of respiratory cells
[8]. For example, in an animal model with chinch-
illas, otitis media developed in 67% of the animals
inoculated with Streptococcus pneumoniae and
influenza virus type A, whereas otitis media devel-
oped in 21% of the animals inoculated with S. pneu-
moniae alone and in 4% inoculated with influenza
virus type A alone [77]. There are multiple potential
mechanisms, which lead to increased bacterial
adherence to respiratory epithelial cells during viral
respiratory disease [8]. Firstly, viral infection causes
physical damage to respiratory tract epithelium
leading to impaired local defence mechanisms
(e.g. loss of cilia and impaired function of Eusta-
chian tube) and basement membrane exposure.
Common respiratory viruses are able to cause
defects in both cell ciliary structure and function,
leading to loss of cilia and loss of ciliated cells from
respiratory epithelium. Viral respiratory infections
are also known to impair the cough reflex, which can
together with the impaired ciliary function lead to
accumulation of secretions and to an increased risk
for bacterial superinfection [78]. In addition, viral
infection in the nasopharynx causes inflammation in
the Eustachian tube, which will interfere with the
clearing functions of the middle ear mucosa, and
hence, facilitate bacterial growth there. Secondly,
during virus infection bacterial adherence to epithe-
lium is increased by viral glycoproteins expressed on
the host cell, virus-induced changes on host cell
membrane and proteins absorbed from extracellular
matrix. Inflammatory response to viral infection
may up-regulate expression of molecules that bac-
teria utilize as receptors [8,79].

Mixed viral—bacterial respiratory infections
are relatively common. On average one-fourth of
children with community-acquired pneumonia
have mixed viral—bacteria infection, and mixed

infections seem to be especially common in chil-
dren less than 2 years of age [78]. In a recent study,
viruses and bacteria were detected simultaneously
in more than one-third of children with acute otitis
media [59]. Mixed viral—bacterial infections often
confuse the clinical picture of the disease; prolon-
gation of viral disease may be due to bacterial co-
infection or failure of antibiotic treatment of bac-
terial disease may be due to viral co-infection. For
example, viral infection has been suggested to
cause prolonged symptoms of AOM [80], and rhi-
novirus-positive culture in MEF has been associated
with persistence of bacteria or occurrence of new
bacteria in the MEF [81]. Mixed viral—bacterial
infections are also associated with antibiotic treat-
ment failure [8]. It has been reported that in
children even with adequate drug compliance virus
infection was associated with an increased risk
of bacteriologic failure of treated AOM [82], and
that penetration of amoxicillin to MEF is lower in
children with viral infection [83]. Controversial
results have also been published, including a
report that the duration of symptoms was longer
in children with no detected pathogens in MEF than
in children with bacteria or virus [50]. Acute viral
tonsillitis or pharyngitis can also lead to a bacterial
disease. However, it seems that especially in chil-
dren, most often viruses or bacteria solely cause
acute tonsillitis and mixed viral—bacterial infec-
tions are rare [65].

6. Prevention and treatment of viral
respiratory infections

Amantadine and the related drug rimantadine can
be used for treatment of influenza A virus infec-
tions. The newer group of drugs are neuraminidase
inhibitors zanamivir and oseltamivir, which are
effective against influenza viruses A and B [84].
Both inactivated and live attenuated vaccines have
been developed for influenza viruses, but so far in
annual vaccinations almost exclusively the intra-
muscularly administered inactivated vaccines have
been used. The intranasally administered influenza
vaccine contains live attenuated, cold-adapted
influenza A and B viruses, and the vaccine has been
approved to be marketed in the United States. A
novel adjuvanted inactivated influenza vaccine
administered intranasally has been associated with
development of Bell’s palsy [85]. It has been sug-
gested that the Escherichia coli enterotoxin adju-
vant in the vaccine might have been the risk-
inducing factor, and that an induced response,
rather than some direct toxic effect, led to the
palsy [86].
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Rhinoviruses are the most common cause for URI
in children and therefore prevention or treatment of
rhinovirus infections would be the most beneficial.
Due to its many different serotypes, developing a
vaccine for rhinoviruses is unlikely. Treatment of
rhinovirus disease is also problematic because infec-
tion often proceeds quickly and medication should
be started as soon as the first symptoms occur or
shortly thereafter. A capsid-binding agent, pleco-
naril, also effective against enteroviruses, has been
the most promising drug to date and has demon-
strated that developing a treatment for the main
causes of the common cold is possible [87]. Unfor-
tunately, since further studies revealed that pleco-
naril might have potential drug interactions,
regulatory approval was not granted for the oral
formulation of the drug. Other different treatment
methods have been investigated, e.g. intranasal
interferon [88], intranasally administered receptor
decoy soluble intercellular adhesion molecule-1
(tremacamra), 3C protease inhibitors rupintrivir
and pyridone, and oral anti-picornavirus capsid-bin-
der pirodavir [10,87]. However, none of these med-
ications are thus far in clinical use.

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 [30].
Intravenous, enriched RSV immunoglobulin can be
used as prophylaxis for RSV infections in high-risk
children or neonates [89]. 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 [90]. VP14637 is a new anti-RSV fusion
inhibitor that is much more effective than ribavirin
inin vitro tests [10]. Candidate vaccines against RSV
infections are under development in clinical studies
[91].

Live, enteric-coated adenovirus type 4 and 7
vaccines have been developed and used, but the
sole manufacturer of these vaccines ceased produc-
tion, and thus these vaccines are no longer available
[4]. Live attenuated human parainfluenza virus 3
vaccine has been studied, and in a clinical trial, it
has appeared to be safe and efficient in children
[92].

7. Conclusion

Viral 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. Although study settings and
virus detection methods have varied between dif-
ferent studies, general characteristics and the main
causative viral agents have remained similar over
the years. However, recent development of modern
microbiologic methods is also changing the world of
virology; the knowledge of the respiratory viruses is
broadening and even new viruses are being found
[19]. Epidemiologic studies of respiratory viruses
are important because of prevention and treat-
ments for virus infections are emerging. In addition,
new treatment possibilities are posing requirements
for fast and sensitive diaghostic methods for respira-
tory viruses.

As the use of the very sensitive PCR-based detec-
tion 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. However, according to
recent studies, the vast majority of viruses detected
by PCR in patients can be assumed to be involved in
the initiation of the observed respiratory infection
[26,93]. Detection of a respiratory viral nucleic acid
by PCR in the nasopharynx must also be interpreted
cautiously because the presence of a virus alone
does not establish causality of the concurrent ill-
ness. The introduction of PCR methods into clinical
practice has resulted in the same questions and
problems of clinical relevance as for other diagnos-
tic methods. Laboratory findings must always be
interpreted in association with clinical signs and
symptoms.

Antibiotics are commonly used to treat AOMs,
although a part of AOMs in children could resolve
without treatment. Viral respiratory infection pre-
cedes the development of AOM, and respiratory
virus can be detected in more than one-half on
AOMs [14,51,55]. Especially rhinovirus, enterovirus
and RSV have been found to associate in significant
proportion of AOMs in young children [14]. In the
future, these virus groups most commonly asso-
ciated with AOM should be considered when aiming
at prevention and treatment of AOM in children.
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