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young children
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Viruses are the most common cause of lower
respiratory tract disease in infants and young children
and are a major public health problem in this age
group. The novel variant of coronavirus that is
associated with the worldwide outbreak of severe acute
respiratory syndrome and human metapneumovirus, a
recently identified new respiratory pathogen, have
stressed the continuing importance of viral respiratory
infections over the whole age spectrum.

Costs attributable to viral lower respiratory tract
infections in both outpatient and inpatient settings are
an important burden on national healthcare budgets.1

Each year approximately 3% of all children less than 1
year of age need to be admitted to hospital with mod-
erate or severe viral lower respiratory tract infection.2

This review gives an update of viral lower respiratory
tract infection in infants and young children, with
special emphasis on treatment and prevention.

Sources and selection criteria
We gathered information from our own experience
and by reading relevant literature on viral respiratory
infections in infants and children obtained by
searching Medline and the Cochrane database. Much
literature is available on the topic, so we based our
review on well designed major observational studies,
controlled trials, and systematic reviews. We consulted
the websites of the World Health Organization and the
Centers for Disease Control for the most recent infor-
mation on severe acute respiratory syndrome.

Epidemiology
A great variety of viruses can cause lower respiratory
tract disease in children—for example, respiratory syn-
cytial virus, influenza viruses, parainfluenza viruses,
rhinovirus, adenovirus, and the recently identified
human metapneumovirus.3,w1,w2 Although most respira-
tory viral infections occur throughout the year,
seasonal variation (in a worldwide comparable pattern)
is obvious for certain viruses, such as respiratory
syncytial virus and influenza virus (figure).

Respiratory syncytial virus and influenza viruses
Worldwide, respiratory syncytial virus is by far the
most common cause of viral lower respiratory tract
infection in infants and young children.4 Virtually all
children have developed antibodies to respiratory
syncytial virus by the age of 3 years.4 In addition, an

estimated 75% of all admissions for bronchiolitis in
children under 5 years of age are related to respiratory
syncytial virus.3

Influenza viruses also cause the most severe disease
in the youngest age group. A recent study showed that
infants and young children have a 12-fold increased
risk of admission to hospital for respiratory tract infec-
tion caused by influenza virus compared with children
aged 5-17 years.5

The concomitant circulation of respiratory syncy-
tial virus and influenza during outbreaks has compro-
mised the assessment of the relative contribution of
each virus to viral lower respiratory tract infection in
population based studies. The similarity in clinical
syndromes caused by respiratory syncytial virus and
influenza was shown in a recent community based
observational study in the United Kingdom. This
study showed that respiratory syncytial virus and
influenza virus occur not only among people at the
ends of the age spectrum but also among people aged
15-44 years and that in all age groups more than
20% of influenza-like illnesses are attributable to
respiratory syncytial virus.6
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Summary points

Respiratory syncytial virus is still by far the most
common cause of viral lower respiratory tract
infection in infants and children

Viral lower respiratory tract infections are self
limiting in most cases, and no treatment is
necessary

Passive immunisation against respiratory syncytial
virus is effective in preventing admission to
hospital, although there is doubt about its
economic benefit

Debate is ongoing about whether influenza
vaccination should be broadened to all age
groups, including healthy children and adults

Development and implementation of practical
guidelines and educational programmes are
helpful in the control of viral lower respiratory
tract infections
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Human metapneumovirus
Human metapneumovirus has recently been identified
as a new paramyxovirus causing respiratory tract infec-
tions.7 It was isolated from nasopharyngeal aspirates
from 28 children with symptoms of lower respiratory
tract infection in the winter season in the Netherlands.
Further serological studies revealed that virtually all
children have been exposed to the virus by the age of 5
years. Studies from several other countries have
confirmed its role in respiratory infections in both
children and adults.8 9,w3,w4 The exact impact and epide-
miology of human metapneumovirus in respiratory
infections in infants and young children needs to be
determined in prospective studies.

Severe acute respiratory syndrome
A worldwide outbreak of a life threatening febrile res-
piratory illness that has been named severe acute
respiratory syndrome has recently started (box 1).w5

Hong Kong and the Guangdong province in China are
the epicentres of the syndrome. By the beginning of
May 2003 WHO had reported over 6500 cases in more

than 25 countries. A causal association between severe
acute respiratory syndrome and a newly identified
coronavirus, distinct from the known human coronavi-
ruses, has been shown.10 So far, infants and children do
not seem to be a special risk group for the syndrome,
and only a few cases have been reported among
children under 15 years of age. Very recently, the clini-
cal presentation and outcome in 10 children (aged 1.5-
16.4 years) admitted to two hospitals in Hong Kong
has been published.11 Whereas teenagers presented
with the same symptoms as adults, young children pre-
sented mainly with signs of an upper respiratory tract
infection without systemic symptoms such as chills,
rigor, and myalgia. None of the children died. The
clinical course seemed to be milder in young children
than in teenagers and adults.

Bacterial co-infections
In addition to having a role as causative agents of
respiratory disease, viral infections can predispose to
bacterial superinfection.w6 Indeed, many experimental
studies have shown that virus induced pathological
and immunological phenomena may contribute to
increased bacterial adhesion.w6 Despite this evidence
for the important role of preceding viral infections in
the aetiology of bacterial respiratory infections, the
real incidence of clinically important bacterial
superinfection after viral lower respiratory tract infec-
tion remains obscure. The proportion of children with
mixed viral and bacterial respiratory tract infection
found in studies using serology or antigen detection in
serum or urine has been reported to be as high as
40%.12,w7 However, these methods are inadequate for
assessing the clinical importance of the bacterial
infection or the need for antimicrobial treatment.
Other studies, using clinical methods, have shown that
the risk of serious concurrent or secondary bacterial
infection in patients with viral lower respiratory tract
infection is very low.13,w8

Signs and symptoms
Respiratory viruses cause a similar spectrum of respi-
ratory illness in children, ranging from pharingitis,
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Box 1: Characteristics of severe acute
respiratory syndrome

(see www.cdc.gov/ncidod/sars/casedefinition.htm for
details of case definition)

Epidemiology
• Most patients have been previously healthy adults
aged 25-70 years
• Only a few suspected cases have been reported in
children

Signs and symptoms
• Incubation time: 2-7 days (may be up to 10 days)
• Prodromal signs: fever ( > 38°C), sometimes
associated with headache, malaise, and myalgias
• Lower respiratory signs: dry cough, dyspnoea
potentially progressing to hypoxaemia, necessitating
artificial ventilation in 10-20% of cases
• Case fatality rate: around 9%, but may be much
higher depending on host and viral factors
• Milder course in young children than in teenagers
and adults

Chest radiographs
• Early focal infiltrates progressing to more
generalised, patchy, interstitial infiltrates in a
substantial proportion of patients
• Abnormalities are indistinguishable from
bronchopneumonia due to other causes

Laboratory abnormalities
• Leukopenia with moderate lymphopenia
• Elevated liver enzymes

Treatment
• No efficacious treatment is yet known
• Patients have been given a variety of antibiotics
active against known bacterial agents of atypical
pneumonia and antiviral agents such as oseltamivir or
ribavirin in combination with steroids

Prevention
• Standard, contact, and airborne precautions should
be taken for infection control (see www.cdc.gov/
ncidod/sars/infectioncontrol.htm for detailed
information)
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otitis media, laryngitis subglottica, bronchitis, and
tracheitis to bronchiolitis and pneumonia. It is difficult
to distinguish clinically between the causative agents.
Infections usually start with rhinorrhoea, cough and
(non-obligate) fever. After one or two days the lower
respiratory tract may become involved, with signs of
respiratory distress, including tachypnoea, retractions,
and cyanosis in severe cases. Life threatening apnoea
may occur in very young infants, particularly in infec-
tions with respiratory syncytial virus. During infections
with influenza virus systemic symptoms may be more
prominent than signs in the respiratory tract.

Several patient groups are at high risk of a severe
course of viral lower respiratory tract infection,
especially in infections with respiratory syncytial virus.
Examples are premature infants and patients with
underlying pulmonary disease such as chronic lung
disease or cystic fibrosis; patients with congenital heart
disease, especially those with pulmonary hypertension,
are also at risk. As well as these well known risk groups,
previously healthy infants may also deteriorate severely
during viral lower respiratory tract infection. Extreme
tachypnoea and hypoxaemia are both associated with
subsequent deterioration. Unfortunately, the sensitivity
of these symptoms in identifying patients who will
deteriorate is very low.w9

Bronchiolitis and pneumonia are the most
common manifestations of viral lower respiratory tract
infection in infants. Differentiation between these clini-
cal syndromes is difficult as their definition is not based
on standardised clinical criteria.w10 On the chest radio-
graph bronchiolitis is associated with air trapping and
hyperinflation with or without focal and patchy
atelectasis, whereas pneumonia lacks signs of hyper-
inflation and is characterised by interstitial thicken-
ing.w11 Overlap exists between the two clinical
syndromes and they probably form both ends of a
spectrum. The distinction between bronchiolitis and
pneumonia is based on entangling clinical criteria and
so far does not seem to be relevant in daily clinical
practice. However, increasing insight into pathophysi-
ological differences in the clinical manifestations of
viral lower respiratory tract infection may eventually
lead to specific treatment and preventive strategies in
subgroups of patients, making an early specific diagno-
sis relevant.14 Additionally, the long term outcome of
both groups might be different, eventually needing a
differentiated therapeutic approach during initial
disease.w12

Viral lower respiratory tract infection in
immunocompromised patients
Respiratory viruses are a serious threat for immuno-
compromised patients.w2,w13 All community acquired
respiratory viruses, especially adenovirus and respira-
tory syncytial virus, can cause severe infection in this
high risk population, with considerable mortality. The
presence of upper respiratory tract symptoms, wheez-
ing, and interstitial or lobar consolidation on the chest
radiograph may help in differentiating viral lower
respiratory tract infection from other opportunistic
respiratory pathogens, but definite diagnosis depends
on demonstration of the virus in respiratory
secretions by culture or polymerase chain reaction
techniques. Pre-emptive treatment strategies are being

explored in stem cell transplant recipients; these use
routine polymerase chain reaction techniques to
monitor viral load.

Children up to the age of 2 years infected with HIV
have an almost fourfold increased risk of severe infec-
tion caused by respiratory syncytial virus, para-
influenza virus, influenza virus, and adenovirus than
children not infected with HIV.15 In addition, HIV
infected children more often present with pneumonia
rather than bronchiolitis, more often have secondary
bacterial infection, and have a higher mortality than
uninfected children.16

Treatment
General considerations
Viral lower respiratory tract infections are usually self
limiting. Preservation of adequate fluid intake and cor-
rection of hypoxaemia are mandatory in mild disease.
Although medical treatment is rarely indicated in
immunocompetent patients, great variability exists in
the management of these patients.17,w14 Wilson et al
showed that this variability does not affect clinical out-
come but correlates significantly with costs associated
with viral lower respiratory tract infections.18 No strict
guidelines exist on when to admit or discharge
children with a viral lower respiratory tract infection,
but in daily practice physicians’ discretion in decision
making and factors associated with socioeconomic sta-
tus are important determinants.19 Implementation of
educational programmes and practical guidelines have
been shown to be cost saving and may help in
standardising treatment strategies for viral lower
respiratory tract infections in children.20

Specific treatment strategies
Box 2 summarises the strategies available for treating
viral lower respiratory tract infections.

Bronchodilator treatment
Despite unproved efficacy, bronchodilators are still
often prescribed in patients with viral lower respiratory
tract infection.17,w14 As in asthma, airway obstruction
secondary to inflammation, oedema, and airway
smooth muscle contraction are important in the
pathophysiology of viral lower respiratory tract
infection, especially that caused by respiratory syncytial
virus. However, variations between patients in the
response to bronchodilators indicate that differences
might exist between patients in the contribution of
these phenomena to airway obstruction. Future studies
should focus on the identification of probable
responders and non-responders to this form of
treatment.

Corticosteroids
The efficacy of corticosteroids has been evaluated
mainly in infants and children with respiratory
syncytial virus disease, with disappointing results in
mild disease. Very recently our group found that
corticosteroids may be beneficial in artificially venti-
lated patients with severe bronchiolitis but had no
effect in patients with pneumonia.14 These findings
support the idea that corticosteroids may be beneficial
in certain patients with a severe course of disease and
that distinction between clinical manifestations of viral
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lower respiratory tract infection (bronchiolitis and
pneumonia) is important in the evaluation of certain
treatment strategies.

Antiviral treatment
Respiratory syncytial virus—Ribavirin is a synthetic

nucleoside analogue with in vitro activity against respi-
ratory syncytial virus.w31 However, on the basis of the
currently available evidence, the routine use of
ribavirin has no place in patients with respiratory syn-
cytial virus infection.

Influenza virus—Although neuraminidase inhibitors
are effective against influenza viruses, infections are
relatively mild and self limiting in healthy children. On
the other hand, costs attributable to influenza virus
infections may be very high, particularly in infants and
children.21 The goal of treatment with neuraminidase
inhibitors therefore should be epidemiological control
of disease rather than reducing the duration of disease
in otherwise healthy individuals.

Antibiotics
Despite their lack of beneficial effects, antibiotics are
often prescribed for patients with viral lower respira-
tory tract infection.17w14,w29,w32 In this era of increasing
antimicrobial resistance this overuse should be
reduced and future studies should focus on mecha-
nisms and risk factors for bacterial superinfection in
children with viral lower respiratory tract infection, as
well as on accurate tests to differentiate viral from
bacterial disease.

Prevention
Research into vaccination for viral lower respiratory
tract infections in infants and children has mainly
focused on respiratory syncytial virus and influenza
virus. A recently published systematic review found no
significant effect of vaccines against respiratory syncy-
tial virus on preventing respiratory syncytial virus. The
review included five controlled trials that evaluated the
efficacy of subunit vaccines in children and adults
mainly seropositive for respiratory syncytial virus.22

Although progress has been made during the past
decade, particularly with live attenuated vaccines, it will
take probably at least another 10 years before routine
vaccination becomes available.w33

Disappointing results in the development of an
active vaccine have forced research in the prevention of
respiratory syncytial virus to focus on other strategies.
Passive immunisation with intravenous hyperimmune
globulins against respiratory syncytial virus has proved
to be beneficial in preventing severe disease in children
at high risk.23 However, practical problems have limited
its use and further research and have led to the
development of an intramuscular applicable IgG
humanised monoclonal antibody directed against the
F protein of respiratory syncytial virus (palivizumab).
A controlled trial has shown that monthly injections
with palivizumab reduce respiratory syncytial virus
related hospital admissions in children at high risk by
more than 50%.24 Several reports on experiences in the
field have confirmed the trial results as well as the good
safety profile of palivizumab. Although guidelines have
been developed for use of palivizumab,w34 cost effective-
ness studies in Europe have recommended that guide-

lines can not be generalised but should be based on
national hospital admission data for respiratory
syncytial virus.25 26

Inactivated intramuscular influenza vaccine as both
cold adapted and live attenuated intranasal vaccines
have been shown to be safe and effective in children
from 1 year of age onwards,w35 but immunogenicity is
poor in children younger than 6 months.27 Although
influenza is usually a mild and self limiting disease,
children with underlying chronic medical conditions
are at risk of severe disease, and vaccination against
influenza virus has mainly been focused on this patient
group. In addition, although studies from the United
States and western Europe have shown that vaccina-
tion is associated with economic benefits in all age

Box 2: Treatment of viral lower respiratory tract infection

Bronchodilator agents
• Studied in viral bronchiolitis irrespective of the viral cause
• Most well designed trials show at best a minor beneficial effectw15-w17

• Two meta-analyses have shown a statistically significant but clinically
irrelevant beneficial effectw18,w19

Corticosteroids
• Mainly studied in patients with (respiratory syncytial virus) bronchiolitis
• Most well designed trials showed no beneficial effect of systemic or
topical corticosteroids in patients with mild to moderate bronchiolitisw20-w22

• A meta-analysis indicated a beneficial clinical effect of systemic
corticosteroids in patients with moderate or severe bronchiolitisw23

• A recent trial indicated a beneficial effect in a subgroup of patients with
bronchiolitis14

Antiviral treatment

Respiratory syncytial virus
• Ribavirin aerosol is not effective in immune competent patients
and is restricted to immunocompromised patients with severe
respiratory syncytial virus disease, although this practice is not
supported by randomised controlled trials4

Parainfluenza virus and adenovirus
• No specific treatment is available
• Ribavirin has been used in immunodeficient patients, although this
is mainly based on case reports and small series of heterogeneous
patient populationsw24

Influenza virus
• Ribavirin aerosol is not effective in immunocompetent patients,w25

and its efficacy in immunodeficient patients is unclear
• Oral amantadine and rimantadine (M2 protein inhibitors) have
been shown to shorten disease by one day in adults and children over
1 year of age with influenza A when given within 48 hours of the
start of symptomsw26

• Nasal zanamivir and oral oseltamivir (neuraminidase inhibitors)
are effective in preventing and treating influenza A and B in adultsw27

• Oseltamivir is also beneficial in children aged 1-12 yearsw28

• The neuraminidase inhibitors are preferred to the M2 inhibitors as
they have a broader antiviral activity, have less tendency for the
development of resistance, and are better toleratedw27

Antibiotics
• Antibiotics do not influence the course of viral lower respiratory tract
infectionw29,w30
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groups, debate is ongoing about whether influenza
vaccination should be broadened to all age groups,
including healthy children and adults.28

Progress has been made in the development of a
parainfluenza virus vaccine. However, no effective
human vaccine is yet available.w2

Conclusion
Viral lower respiratory tract infections in infants and
children are an important medical and socioeconomic
problem worldwide. Viral lower respiratory tract
infections are mild and self limiting in most cases.
Particular patient groups are at risk of a severe course
of disease, although previously healthy infants with a
viral lower respiratory tract infection may also develop
severe disease.

Treatment for moderate viral lower respiratory
tract infection is mainly supportive. Lack of means to
control viral lower respiratory tract infection has led to
great variation in management worldwide.17,w14 Devel-
opment of practical guidelines and educational
programmes in both clinical and outpatient settings
may be helpful and cost saving in the control of viral
lower respiratory tract infection in infants and
children.
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