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The Relationship Between Early
Respiratory Viral Infections and
Subsequent Wheezing and Asthma

Howard B. Panitch, MD

low-income families in an urban area, at least 1 episode
of wheezing in the first year of life occurred in as
many as 80.3% of infants prospectively followed up.10

Asthma is a syndrome of recurrent episodes of air-
way obstruction that are at least partially reversible
and that result from chronic inflammation of the air-
ways. Asthma is manifested by bronchial hyperrespon-
siveness to a variety of stimuli and recurrent episodes
of wheezing and cough. The most common chronic
condition in children, asthma affected an estimated
6.2 million children younger than 18 years and
1.3 million children younger than 5 years in 2003.11

Acute asthma exacerbations represent the third lead-
ing cause of hospitalization in children younger than
15 years.11 Viral infections are important causes of
wheezing among older children with a confirmed his-
tory of asthma as well. Viral infections were identified
as the cause of 85% of acute exacerbations of wheezing
in a longitudinal study of 108 children 9 to 11 years
old with a history of asthma.12

Associations between viral illnesses in early
infancy and subsequent airway dysfunction and
asthma have long been made.13 Infection with cer-
tain viruses, such as respiratory syncytial virus
(RSV), has been shown to be an important risk fac-
tor for the subsequent development of asthma.14,15

Other viral infections, especially rhinovirus illnesses,
also have been associated with recurrent wheezing
illnesses and asthma.16,17

RSV and rhinovirus are both significant pathogens
for infants. RSV is the most important pathogen to
cause serious lower respiratory infection in infants,
infecting almost two thirds within the first year of
life and virtually all children by age 2.18 Upper res-
piratory illness develops in most of those infected; of

Introduction

Wheezing is a nonspecific sign of airway
obstruction. Several factors have been
shown to increase the risk of wheezing

early in life, including preexisting low lung func-
tion,1 prenatal and postnatal exposure to environ-
mental tobacco smoke,2 family history of atopy,3 and
exposure to viral lower respiratory infections.4 In a
comparative study, the relative risk of experiencing
at least 2 wheezing illnesses in the first year of life
was greatest among those infants with a history of a
viral lower respiratory infection.5 Similarly, children
who receive care in day care centers are more likely
to acquire lower respiratory tract infections that
result in hospitalization in the first 2 years of life
than those children cared for at home,6 and day care
attendance has been shown to be a risk factor for
recurrent wheezing illnesses.7

Wheezing illnesses are common in infants and
children. In a cohort of 826 unselected children fol-
lowed up prospectively, 33.6% had at least 1 wheez-
ing illness within the first 3 years of life.8 Among a
group of 440 children who had at least 1 parent with
a history of atopy, 50.7% reported at least 1 wheez-
ing illness before age 3.9 Furthermore, among 188
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these, 25% to 40% develop a mild-to-moderate lower
respiratory illness, and only about 1% require hospi-
talization. Nevertheless, infection with RSV is a
leading cause of infant morbidity, hospitalization,
and death.19-21 Bronchiolitis is the most common
wheezing illness in infancy, and RSV is the most
common cause of bronchiolitis.22 Furthermore, the
rates of serious lower respiratory tract infections
from RSV and resulting hospitalization rates have
increased significantly during the last 2 decades.23,24

Almost all hospitalizations for RSV infection in chil-
dren occur in infants younger than 1 year.21,23

Rhinovirus, in contrast, is often considered a
cause of upper respiratory infection; however, a
study published in 2003 that used sensitive viral
detection techniques showed that rhinovirus also
causes lower respiratory wheezing illnesses in
infants.16 In this study, rhinovirus was more com-
monly detected in subjects older than 6 months
and was the most prevalent respiratory virus iso-
lated from subjects, 12 to 17 months old. Infants
with rhinovirus who presented with wheezing ill-
nesses also were more likely to have atopic der-
matitis. In older children with asthma, rhinovirus
infection has been found to be the most important
cause of acute exacerbations.12

Although an association between early respira-
tory viral infection and subsequent recurrent wheez-
ing illness and asthma has been made, causation has
not been confirmed. The issue is one of intense
investigation because of the tremendous implications
for prevention and intervention. The purpose of this
review is to examine the published evidence for an
association between viral respiratory infections and
subsequent wheezing and asthma and to explore new
data on immunologic mechanisms of viral infection
and how they relate to clinical findings. These find-
ings will be placed in the context of current methods
of prevention and future prophylaxis and treatment
options.

Immunologic Mechanisms Linking
Viral Infections to Recurrent Wheezing
or Asthma

Does early viral infection predispose an infant
to subsequent wheezing and the development of
asthma, or does it merely uncover and make symp-
tomatic at an early age those infants who are already at
risk of developing wheezing illnesses? If viral respiratory

infections at an early age increase the likelihood of
subsequent wheezing illnesses, a change in airway
biology or the immune response to subsequent infec-
tions or irritants must occur.

Such changes have been demonstrated in a vari-
ety of animal models. Ferret kits infected with RSV
within the first 10 days of life demonstrated altered
neural control of airway smooth muscle, with
enhanced cholinergic response to stimulation that
was present at 4 and 8 weeks after infection but
which resolved by 24 weeks.25 In contrast, absent or
markedly blunted relaxant responses mediated
through the nonadrenergic–noncholinergic (NANC)
inhibitory pathway (NANCi) persisted even 24 weeks
after infection. The authors speculated that the
viral-mediated airway injury during a period when
normal mechanisms of airway control are developing
could result in long-lasting changes.

The NANC system also has an excitatory path-
way (NANCe) that causes bronchoconstriction
and inflammation, largely through the actions of
substance P.26 Sensory nerve fibers located just
below the respiratory epithelial surface can be stim-
ulated by a variety of airborne irritants, causing the
release of substance P and other tachykinins into
the immediate submucosa and airway smooth
muscle. Coupling of these neurotransmitters with their
receptors, neurokinin 1 (NK1), NK2, and NK3,
results in bronchoconstriction (NK2-mediated) and
in vasodilation and exudative edema of the airway
mucosa, leukocyte attraction, proliferation of T and
B cells, mast cell degranulation, and release of sev-
eral inflammatory mediators from macrophages
and monocytes (NK1-mediated).26 This neurogenic
inflammation has been shown to be upregulated in
both adult27 and weanling rats28 infected with RSV.
In a series of elegant experiments, Peidimonte et al26

demonstrated that RSV infection upregulates the
production of the NK1 receptor, thus potentiating
the effects of substance P−mediated neurogenic
inflammation.26

Furthermore, there is a maturational difference
in the distribution of the NK1 receptor within the
airways: the concentration of NK1 receptors is
greater within the peripheral airways of weanling
rats than in the central airways, and the opposite
anatomic arrangement occurs by adulthood. Thus,
RSV-mediated exaggeration of neurogenic inflam-
mation is seen in the central but not peripheral air-
ways of adult rats, whereas it occurs primarily in the
peripheral but not the central airways of weanling
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rats.28 This maturational shift in neurodevelopment
of the lung may be one reason that wheezing is more
prevalent among infants who acquire an RSV infec-
tion than adults.

These same investigators also demonstrated
that pretreatment of infected weanling or adult
rats with palivizumab, a monoclonal antibody
against the fusion (F) protein of RSV, ablated the
RSV-mediated increase in NK1 receptor produc-
tion.28,29 Other studies using antifusion or anti-G
protein antibodies to RSV have also demonstrated a
reduction in substance P−mediated neurogenic
inflammation.30,31

Other investigators have linked prolonged inflam-
mation after acute viral infection with persistent
heightened airway responsiveness. In a mouse model
developed to study the acute and chronic changes
that occur after RSV infection, Jafri et al32 showed
that although RSV was cleared by the lungs by 7
days after inoculation, chronic inflammatory infil-
trates of lymphocytes, macrophages, and plasma
cells were present around vessels and airways up to
154 days after inoculation. Baseline measurements
of airway obstruction remained elevated up to
42 days after acute infection in RSV-infected mice
compared with controls. Furthermore, evidence of
airway hyperreactivity to a single dose of metha-
choline was present consistently over those first
42 days and, intermittently, for as long as 154 days
after infection.

Cellular responses to viral infection also have
been shown to be age-dependent. The immune
system matures postnatally, and it has been postulated
that certain infections that occur during this matu-
ration process can drive the immune system toward
allergic (T-helper cell type 2 [Th2]) or nonallergic
(Th1) responses upon subsequent antigen rechal-
lenge.33 Thus, not only the type of infection but also
the timing of infection with particular organisms
could have important and long-lasting implications.
Supporting this notion is the finding that mice
infected with RSV as neonates (1 or 7 days old)
demonstrated a marked Th2 response when rein-
fected with RSV at 12 weeks of age, whereas those
initially infected as young mice (4 weeks old) or as
young adults (8 weeks old) did not show a Th2-biased
response upon rechallenge.34

Dakhama et al35 extended these observations in
the murine model by assessing both lung histology and
airway responsiveness in addition to cytokine pro-
duction after primary and secondary RSV infections.

Mice inoculated during the neonatal period (<1
week) demonstrated more mucus-producing cells,
less interferon-γ (IFN-γ), greater amounts of inter-
leukin-13 (IL-13), and mild, but significantly more,
airway eosinophilia compared with mice experienc-
ing their first RSV infection during the weanling
period (3 weeks of age). In this and other studies,
IL-13 has been shown to be necessary for the devel-
opment of mucus hypersecretion and airway hyper-
responsiveness in murine models of allergic
inflammation.36 Both groups had similar elevated
responses to graded doses of methacholine, which
subsequently resolved.

Upon reinfection several weeks later, however,
divergent immunologic and functional responses
occurred: the neonatal group demonstrated markedly
enhanced mucus production and prominent pul-
monary eosinophilia, as well as elevated IL-13 levels
and marked airway hyperresponsiveness. In con-
trast, the weanling mice did not have an exaggerated
mucus-producing response, pulmonary eosinophilia,
or elevated IL-13 levels. In fact, IFN-γ levels were
increased, and there was no evidence of airway
hyperresponsiveness. Thus, the later age at the ini-
tial infection appeared to be protective against an
asthma-like response to secondary RSV reinfection.

In children with a family history of atopy or
asthma, IL-13 responses to in vitro stimulation of
mononuclear cells from those who wheezed during
RSV infection did not change or increase during the
first year of life, whereas those who did not experi-
ence wheezing after viral infection showed a reduc-
tion in IL-13 responses at 1 year.37 In addition, those
infants who had detectable RSV-induced IFN-γ at
birth were less likely to wheeze during the first year
of life.37 Together, these results suggest that RSV
infection produces a T-cell memory that affects sub-
sequent response to reinfection and perhaps to
other viruses or irritants.38

A similar age dependence in cytokine production
has been suggested in human infants after viral
infection. Infants 3 months or younger hospitalized
with RSV, parainfluenza, or influenza infection had
elevated levels of IL-4 (a Th2 cytokine) in nasopha-
ryngeal secretions, compared with infants, aged 3
through 7 months, infected with RSV and age-matched
controls.39 The authors interpreted this finding as evi-
dence that younger infants respond to severe viral infec-
tion with a predominantly Th2 response. All infected
infants also had elevated levels of macrophage inflam-
matory protein 1β (a CD4+ chemokine attractant)
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and eosinophil cationic protein in their nasopharyngeal
secretions compared with age-matched healthy control
infants. Thus, all infected infants who were 7 months
old or younger at the time of their severe viral infec-
tions had evidence of infiltration of Th2 cells asso-
ciated with the influx and activation of eosinophils.39

In the 2 murine studies cited, mice infected with
RSV during the neonatal period produced less IFN-γ
(a Th1 cytokine) at the time of primary infection
compared with those infected at 3 or 8 weeks of
age.34,35 If stimulation of IFN-γ production was exper-
imentally prevented from occurring, a Th2-cytokine
profile persisted and led to lung eosinophilia.40

Similarly, those mice infected with RSV as neonates
(younger than 1 week), who were then reinfected at
5 weeks of age, demonstrated both airway hyperre-
sponsiveness and significant airway eosinophilia.35

Although the major inflammatory cells recov-
ered from the lungs of infants with acute RSV bron-
chiolitis are neutrophils,41 a subset of children with
acute bronchiolitis have elevated numbers of
eosinophils in bronchoalveolar lavage (BAL) fluid at
the time of acute infection, similar in number to
eosinophils found in the BAL fluid of children with
acute asthma exacerbations.42 Those infants with
RSV bronchiolitis and elevated pulmonary eosinophils
also had significantly higher levels of IL-5 and ratios
of IL-5/IFN-γ compared with controls, but infants
who did not have pulmonary eosinophilia at the
time of RSV bronchiolitis did not have such cytokine
responses.42 It is not known why some infants
responded with an eosinophilic response to RSV
infection while others did not, and those subjects
were not followed up prospectively to determine if
the infants with pulmonary eosinophilia during
acute RSV infection were more likely to experience
recurrent wheezing or asthma.

A separate study, however, showed that infants
who demonstrated eosinophilia in peripheral blood
samples at the time of RSV bronchiolitis were more
likely to experience recurrent episodes of wheezing
that persisted into school age.43 In fact, the presence
of peripheral blood eosinophilia was the only factor
that predicted wheezing at age 7, whereas family his-
tory of asthma, gender, and exposure to environ-
mental tobacco smoke did not.43

A prominent component of the asthmatic phe-
notype is elevated immunoglobulin E (IgE) levels.
Respiratory syncytial virus-specific IgE has been
found in nasopharyngeal secretions of infants dur-
ing acute RSV infections,44 and higher levels were

shown to correlate with recurrent wheezing follow-
ing acute infection.45

In a murine model, RSV infection resulted in
production of RSV-specific IgE.46 In vitro studies
showed that RSV caused mast cell degranulation if
the mast cells were sensitized with RSV-specific IgE.
In addition, when mice were passively sensitized
with virus-specific IgE antibodies, exaggerated air-
way hyperresponsiveness to methacholine developed
after RSV infection compared with infected mice
that were not sensitized.46

Production of IgE is not unique to RSV infec-
tions and can occur with other viral illnesses.47

Thus, the production of virus-specific IgE might
contribute to postbronchiolitis recurrent wheezing
in humans when they are rechallenged with the
virus during subsequent infection.

Clinical Findings

Infants who required hospitalization for acute bron-
chiolitis have been reported to have high rates of
recurrent wheezing and asthma that decrease over
time. Henry et al48 monitored 55 children for 2 years
after hospitalization and found that 82% had pro-
tracted lower respiratory illness, wheezing episodes,
or both during that interval. In a 3.5-year study, the
same group observed 81 children who had been hos-
pitalized with acute viral bronchiolitis after acute
infection and found that 69% had lower respiratory
symptoms that occurred in the previous year.49

Another prospective study of infants hospitalized
with proven RSV bronchiolitis and followed up for 6
to 8 years after the initial infection showed that 31%
had recurrent lower respiratory tract disease or
recurrent wheezing.50

More recently, a cohort of 47 children who were
hospitalized within the first year of life with docu-
mented RSV bronchiolitis were followed up at ages
1, 3, 7.5, and 13 years, and their courses were com-
pared with those of 93 controls carefully matched
for age and gender.14,15,51 At each age studied, those
children hospitalized with RSV bronchiolitis in
infancy had a higher incidence of asthma (at least 3
episodes of physician-diagnosed wheezing) or any
wheezing compared with the controls. In addition,
the history of RSV bronchiolitis in infancy was the
most important predictor for subsequent wheezing
illness, even when family history of atopy or exposure
to environmental tobacco smoke was considered. In
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an intriguing finding, Sigurs et al51 also noted a higher
rate of allergic sensitization among the children with
a history of RSV infection, but the control subjects
had a rate of atopic disease generally considered
lower than that found in the general population.

Of importance is that several other studies failed
to demonstrate an increase in allergic sensitization sev-
eral years after RSV infection in early childhood.52-55

Possible reasons for the discrepancy could include the
age at initial infection, since earlier infection (<1 year)
might affect the developing immune system differ-
ently from an infection in older infants (<2 years);
burden of allergic sensitization in the community,
as already mentioned; or the severity of the initial
infection.

Some experts have questioned whether hospital-
ization for bronchiolitis in infancy, connoting severe
disease, is a marker for preexisting airway dysfunc-
tion or risk of subsequent wheezing illness. Others,
however, have shown that even children with mild
disease that did not require hospitalization can be
predisposed toward recurrent episodes of airway
dysfunction. Tepper et al56 demonstrated exagger-
ated responses to methacholine in 18 infants with
acute bronchiolitis compared with 24 healthy con-
trols 10 months after their acute infection. Half of
the infants with bronchiolitis were treated as outpa-
tients for their acute illness. Stein et al52 observed a
cohort of 888 healthy children through the first 3
years of life and obtained viral respiratory cultures
during acute lower respiratory tract illnesses. All of
the 207 children who acquired an acute RSV illness
were considered to have a mild case (ie, none
required hospitalization). Those children with a his-
tory of RSV lower respiratory tract illness before age
3 demonstrated a significantly greater risk of subse-
quent wheezing illnesses during the first 10 years of
life. This risk of wheezing was self-limited, however,
and no significant difference was seen in the fre-
quency of wheezing illnesses by age 13.

Other studies have not shown a relationship
between early RSV infection and asthma in older
children and young adults. Korppi et al53 observed a
cohort of children hospitalized with either RSV
bronchiolitis or pneumonia and a cohort of healthy
subjects until 18 to 20 years of age. Although the
subjects with a history of RSV hospitalization before
age 2 had a higher than normal prevalence of
asthma at age 5 to 6 years, no relationship existed
between early RSV infection and asthma by young
adulthood. In contrast, early RSV infection was

associated with some persistent abnormalities of
lung function as detected by spirometry. A recent
meta-analysis also failed to demonstrate a relation-
ship between early RSV infection and recent recurrent
wheezing in children older than 5 years, although
such a relationship clearly was present in children
younger than 5 years.54

Respiratory syncytial virus is not the only agent
that has been associated with persistent or recurrent
lower respiratory tract symptoms in children who
experience infection in early life.52 Other early viral
infections⎯most notably with rhinovirus, human
metapneumovirus, parainfluenza, and influenza
A⎯have all been associated with increased risk of
subsequent chronic lower respiratory tract symp-
toms.17,57,58 The most common infection associated
with bronchiolitis and subsequent recurrent wheez-
ing is caused by RSV, however, so most studies have
concentrated on host responses to that virus. Similar
studies are required to determine the effects of other
viruses on immune responses and subsequent airway
function.

Treatment and Prevention

A common theme of the studies that have been cited
is the sense that the timing of viral respiratory infec-
tions may be critical in determining a child’s subse-
quent response to other infections or presentation of
aeroallergens, and that delaying the onset of viral
respiratory infection until the infant is older might
promote a nonallergic response to subsequent chal-
lenges. Although prevention or avoidance of infec-
tion during early infancy is clearly the most desirable
way to achieve this goal, it is not a practical strategy
given the widespread presence of viruses and the
limited means of many families to keep young infants
segregated. If a causal relationship exists between
early viral infection and subsequent wheezing ill-
ness, then both antiviral and preventative therapies
could be important tools that could not only amelio-
rate the acute infection but possibly also reduce the
long-term effects of early viral illnesses.

Ribavirin is an agent with broad antiviral activity
against RSV, measles, influenza, parainfluenza, and
other viruses.59 Despite its widespread use in the
1980s, ribavirin did not appreciably alter the duration
or severity of illness in infants with RSV bronchiolitis
who did not require mechanical ventilation.60 One of
the possible benefits of ribavirin use, however, was

396 Clinical Pediatrics / Vol. 46, No. 5, June 2007

 at HINARI on July 21, 2009 http://cpj.sagepub.comDownloaded from 

http://cpj.sagepub.com


Early Viral Infections and Asthma / Panitch 397

that it inhibited the production of RSV-specific IgE.61

One could therefore speculate that although ribavirin
use during acute RSV bronchiolitis might not alter
the acute course, it could ameliorate subsequent air-
way obstructive symptoms. Most of the studies that
have assessed pulmonary symptoms years later in
children who received ribavirin for treatment of RSV
bronchiolitis in infancy have not, unfortunately,
demonstrated any difference in frequency of reactive
airways disease or pulmonary symptoms compared
with those who were not treated with ribavirin.62

No licensed vaccines are currently available to
prevent RSV infection in infants. Significant progress
in vaccine development has been made, but the obsta-
cles to providing active immunization to young infants
are considerable.63-65 In contrast, passive immuno-
prophylaxis against severe RSV lower respiratory tract
infections has been available for more than 10 years.
Initially, RSV-immune globulin (RSV-IVIG), a poly-
clonal antibody,66 and later palivizumab, a humanized
monoclonal antibody against the F (fusion) protein of
RSV,67 were shown to decrease hospitalization for RSV
lower respiratory tract infection in premature infants
with and without bronchopulmonary dysplasia.

As noted, palivizumab administration in both adult
and weanling rats was shown to prevent neurogenic
inflammation after RSV inoculation.28,29 Pretreatment
of adult rats with RSV-IVIG before inoculation with
RSV also reduced neurogenic inflammation, but to a
lesser extent than did palivizumab.29 If these prophy-
laxis agents can alter the immune response to the
acute viral infection, then they might also modulate
the subsequent course of airway dysfunction.

Wenzel et al68 assessed the pulmonary and allergic
outcomes of 13 children, who received RSV-IVIG in
early life, 7 to 10 years after they received immuno-
prophylaxis and compared them with 26 children
matched for chronologic and gestational age who
were considered high-risk infants but who did not
receive immunoprophylaxis. The children who had
received immunoprophylaxis had a lower frequency
of RSV lower respiratory infection than the control
group. The treated children also had better lung
function, less atopy, fewer school absences, and
were less likely to have had an asthma attack at the
time of follow-up. These data suggest that there may
be long-term benefits in respiratory and allergic out-
comes from immunoprophylaxis against RSV in
high-risk infants.

Preliminary data also have been reported on the
effects of palivizumab on subsequent pulmonary
symptoms. In a multicenter, prospective case-cohort

study, pulmonary outcomes of 193 preterm infants
who received palivizumab in their first RSV season
were compared with a cohort of 231 preterm infants
who did not receive palivizumab.69 The treated
group had a lower risk of recurrent wheezing (6.8%
versus 19.1%, or a 64% risk reduction) at the 12-month
follow-up. The treated group also had fewer siblings
or adults in the home and fewer siblings in day care,
and the risk of respiratory-related hospitalization
was related both to palivizumab use and fewer adults
in the home. Clearly, larger studies are needed to
determine the impact of RSV immunoprophylaxis on
the risk of subsequent wheezing illnesses and the
development of asthma.

Future Directions

Alteration of the initial immune response appears to
be the most promising approach to the prevention of
recurrent respiratory symptoms beyond complete
avoidance of infection in early infancy. A new mon-
oclonal antibody with enhanced neutralizing activity
against RSV (MEDI-524) has been developed and is
undergoing clinical testing. In the murine model of
acute RSV infection, pretreatment with MEDI-524
was found to be more effective than pretreatment
with palivizumab at 4 and 8 weeks after inoculation
in reducing lung inflammation in the acute and
chronic phases of the disease, in preventing signs of
airway obstruction, and in preventing airway hyper-
responsiveness.70

Significant progress continues in the development
of active vaccines against RSV, including subunit
(against particular proteins of the virus) vaccines,
live attenuated vaccines, and recombinant virus vac-
cines.71 No such interventions are currently available
for important pathogens such as rhinovirus,72 and
the long-term effects of antiviral therapy or early
vaccination for influenza on subsequent pulmonary
function in children have not yet been described.
Once such approaches become viable for protection
of young infants, important observations about the
association of early viral respiratory infection and
long-term pulmonary outcomes can be elucidated.

Conclusions

There has been longstanding recognition that viral res-
piratory infections in early infancy are associated
with recurrent wheezing illnesses in childhood.
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Whether such infections cause subsequent respira-
tory morbidity or merely unmask those subjects who
are already destined to have recurrent or chronic
respiratory problems remains a topic of intense
investigation. Clearly, if a causal relationship between
early viral respiratory infection and recurrent wheez-
ing and asthma exists, then preventing infection
or altering the immune response toward more of a
Th1-type response would have important long-term
health consequences.

Animal and human studies continue to examine
the mechanisms by which viruses cause both acute
wheezing and possibly long-term alterations in air-
way and immune function that lead to asthma and
recurrent wheezing illnesses. As a model, immuno-
prophylaxis against RSV reduces subsequent wheez-
ing in humans and modifies the immune response in
animal models. As such, similar approaches for
other viruses can help to clarify the role that early
viral infections play in the development of asthma
and potentially improve the long-term respiratory
outcomes of children.
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