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MINIREVIEW

The ABCs of Rhinoviruses, Wheezing, and Asthma�

James E. Gern*
Department of Pediatrics and Medicine, University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin

Human rhinoviruses (HRVs) were discovered as common cold pathogens over 50 years ago. Recent advances
in molecular viral diagnostics have led to an appreciation of their role in more-significant respiratory illnesses,
including bronchiolitis in infancy, childhood pneumonia, and acute exacerbations of chronic respiratory
diseases such as asthma, chronic obstructive lung disease, and cystic fibrosis. Until a few years ago, only two
groups of HRVs (A and B) had been recognized. However, full and partial sequencing of HRVs led to the
discovery of a third species of HRV (HRV-C) that has distinct structural and biologic features. Risk factors and
pathogenic mechanisms for more-severe HRV infections are being defined, and yet fundamental questions
persist about mechanisms relating this common pathogen to allergic diseases and asthma. The close relation-
ship between HRV infections and asthma suggests that antiviral treatments could have a major impact on the
morbidity associated with this chronic respiratory disease.

Virology and clinical textbooks and virtually all web-based
information sources generally describe human rhinoviruses
(HRVs) as the most frequent cause of the common cold. In
this light, HRVs are important pathogens because common
colds are so widespread and annoying, and from an economic
perspective, supplying symptomatic-relief medications is a
huge industry. A 2003 study estimated that expenditures on
common cold medications in the United States exceeded 4
billion dollars, including 1.1 billion dollars spent on inappro-
priate prescriptions for antibiotics (18). Finding a cure for the
common cold has been a much-publicized goal ever since
HRVs were first discovered in the 1950s and 1960s. The basic
biology of the replication cycle was soon described, and most
HRVs were found to replicate best at 33° to 35°C (88, 99),
which is consistent with their role as upper airway pathogens.
HRVs were found to have tremendous diversity, and approx-
imately 100 serotypes in two groups (A and B) had been iden-
tified by 1990, when it was presumed that all, or nearly all,
HRVs had been identified. These HRVs were found to bind to
one of two main receptors: ICAM-1 (major group) (30) and
the low-density-lipoprotein receptor (most of the minor group)
(35). Despite advances in understanding HRV genetics and the
picornavirus replication cycle, efforts toward developing spe-
cific antivirals have fallen short due to modest efficacy, side
effects, drug interactions, and economic considerations (16).
Consequently, enthusiasm for pursuing a common cold cure
has waned, and the pharmaceutical industry has refocused
attention on viruses that cause more-significant illnesses. This
failure is a bit embarrassing. As summarized by White and
Fenner, “In this era of organ transplantation, genetic engineer-
ing, and other dramatic demonstrations of the wonders of
medical science, the man in the street perceives a certain irony
in the inability of modern medicine to make the slightest im-

pact on that most trivial of all human ailments, the common
cold” (119).

In addition to relaying a sense of irony, this statement also
sums up an opinion held by many that HRV infection causes a
trivial illness, and among viruses, HRV is afforded little respect
by clinicians and even by many virologists. However, this opin-
ion may be based on incomplete information and some historic
assumptions about HRV that have since been disproven. In
fact, there is now convincing evidence that HRVs (i) can rep-
licate in the lower airways, (ii) play a critical role in causing
exacerbations of asthma and other chronic lung diseases, (iii)
can cause bronchiolitis and pneumonia, and (iv) are a common
cause of hospitalization. In addition, since the discovery of a
unique HRV strain in 2006, over 50 additional strains of HRV
have been identified, the majority of which are members of the
newly designated HRV-C species, with distinct biologic fea-
tures, including receptor specificity. In this review, recent in-
formation concerning the role of HRVs as important respira-
tory pathogens, especially related to asthma and lower airway
illnesses, will be discussed.

HRV AS A LOWER AIRWAY PATHOGEN

Most HRVs replicate best at 33° to 35°C, and so it was long
assumed that infections were limited to the upper airway,
where the temperature of mucosal surfaces was known to be
relatively cool. There are several lines of evidence, however,
that HRV frequently infects the lower airways. First, although
lung parenchyma is at core temperature (37°C), airways are
considerably cooler, and temperatures in large and medium-
sized airways are ideal for HRV replication (76). In tissue
culture, HRVs grow at least as well (81) or even better (69) in
primary cultures of epithelial cells from the lower versus the
upper airways. Following experimental infection of the upper
airway, the presence of HRVs has been demonstrated in lower
airway fluids and cells in most volunteers, using a variety of
techniques (Fig. 1) (23, 82, 87). Furthermore, the amounts of
HRV in sputum often exceed what is found in upper airway
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secretions (36, 61, 82). During natural infections, HRV has
also been detected in bronchial biopsies from infants with
recurrent respiratory symptoms (71) and in tracheal secretions
of children with tracheostomies, which allow for direct sam-

pling of secretions from the lower airway without contamina-
tion from upper airway secretions (102).

The development of PCR technology dramatically changed
the ability to detect respiratory viruses, and with this advance
have emerged renewed interest and appreciation of the role of
respiratory infections in lower respiratory illnesses. This is es-
pecially important for HRVs, many of which are difficult to
culture, including HRV-C strains that have yet to be success-
fully grown in cell culture. From studies using PCR and other
molecular diagnostics, there is considerable clinical and epide-
miologic evidence linking HRV infections to bronchitis (large-
airway infections), bronchiolitis (small-airway infections), and
pneumonia (alveolar-airspace infections), especially in chil-
dren (Table 1) (95). As an example, the New Vaccine Surveil-
lance Network, which is a collaborative effort involving the
Centers for Disease Control, Vanderbilt University, and the
University of Rochester, conducted a population-based study
of children hospitalized for respiratory illnesses. The virus
most often detected was HRV, and risk factors included young
age and the presence of asthma (80). In a study of specimens
obtained from hospitalized children after tests were negative
for respiratory syncytial virus (RSV) and influenza, HRVs
were detected in 75%, using molecular diagnostics (95). In
adults, HRV infections have been linked to exacerbations of
asthma, outbreaks of “flu-like” illnesses in nursing homes, and
pneumonia in immunocompromised patients (Table 1 and ref-
erence 34).

HRV infections in infancy and the development of asthma.
Wheezing illnesses are closely associated with viral respiratory
infections in all age groups (Fig. 2). In infancy, illnesses such as
bronchiolitis share many clinical features with acute asthma,
including wheezing, rapid breathing, prolonged expiratory
phase typical of small airway inflammation, and respiratory
compromise. About a third of infants who have an acute
wheezing illness go on to develop recurrent wheezing, leading
to speculation that viral respiratory illnesses in early life pro-
mote asthma. This is a plausible hypothesis because the lungs

FIG. 1. HRV infection of bronchial epithelium. Before (A) and
after (B) experimental infection of volunteers with HRV-16 in the
nose, subjects underwent bronchoscopy, and biopsies of lower airway
tissues (bronchial epithelium) were obtained. Immunohistochemistry
was performed, using a monoclonal antibody (R16-7) specific for the
VP0/VP2 capsid protein of HRV-16. Patchy cytoplasmic staining (pur-
ple) was observed in biopsies after viral inoculation (B). Cell nuclei are
stained pale green. Modified from the American Journal of Respiratory
and Critical Care Medicine (82) with permission of the publisher.

TABLE 1. Role of HRV in lung diseasesa

Clinical syndrome Population cohort

% virus-infected
subjects

% HRV-infected
subjectsb

References

Sick Well Sick Well

Acute illness
Bronchiolitis Outpatient with wheezing aged �2 years 66–68 25–31 33–45 11–26 21, 58, 66

Hospitalized or emergency department patient
aged �2 years

86–93 10–30 7, 42, 72

Pneumonia Hospitalized childrenc 55–65 24–45 48, 61, 112
Immunocompromised adultsc 17–19 4–8 20, 39

Exacerbation of chronic lung
disease

Asthma Outpatient children 62–81 12–41 52–54 12–28 44, 47
Hospitalized children 61–63 18–23 48–57 2–19 33, 51
Outpatient adults 44–76 3–13 18–48 0–13 2, 32, 52, 85
Hospitalized adults 26–48 18 10–35 4 29, 108

COPD Older adults 22–64 12–19 3–36 0–4 54, 77, 96, 100, 108
Cystic fibrosis Children 28 16 105

a Studies in the table are limited to those using molecular techniques for detection of HRV. Some of the studies mentioned in the article used diagnostic techniques
that did not differentiate between HRV and enteroviruses and reported detection rates for picornaviruses. Some studies did not include control data for virus detection
in well children.

b Data for infections with HRV as a single viral pathogen.
c Bacterial and viral pathogens codetected in some infections.
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and the immune system are growing and developing during
infancy and might be especially vulnerable during this period
of time (26). It is also possible that the relationship is not
causal and that virus-induced wheezing episodes instead reveal
a preexisting tendency for asthma secondary to impaired lung
physiology or antiviral responses. A third possibility, which
combines elements of the first two, is a “two-hit hypothesis” in
which viral infections promote asthma mainly in predisposed
children (65, 104). Understanding the host-pathogen interac-
tions that determine the severity of respiratory illnesses and
long-term sequelae would be of great help in identifying at-risk
individuals and in designing new and more-effective treatments
and preventive strategies.

Long-term studies have demonstrated that infants hospital-
ized with bronchiolitis have a 2- to 3-fold increase in the risk of
developing asthma later in childhood. This risk is further in-
creased by a strong family history of allergic diseases or the
development of allergic diseases, particularly if this occurs
during early childhood. The type of virus-induced wheezing
episode also appears to influence the risk of subsequent
asthma. Wheezing illnesses caused by RSV, parainfluenza vi-
ruses, or influenza appear to have similar long-term prognoses.

Several studies suggest that infants who wheeze with HRV
may be at even greater risk for subsequent asthma. For exam-
ple, a case control study conducted in Finland demonstrated
that infants hospitalized with HRV-induced wheezing were
found to have a particularly high risk for subsequent asthma,
and this relationship persisted at least through the teen years
(37, 56). This finding is further supported by the results of two
birth cohort studies. The Childhood Origins of Asthma
(COAST) study is a high-risk birth cohort study in which fam-
ilies with at least one parent with allergies or asthma were
enrolled prenatally and both the development of immunity and
respiratory illnesses were prospectively evaluated (65).
Through the use of PCR-based diagnostics, viral etiologies
were identified in 90% of wheezing illnesses. Notably, moder-

ate-to-severe HRV infections (with and without wheezing)
during infancy were a significant risk factor (odds ratio � 10)
for persistent wheezing at age 3 years (66). Moreover, HRV
wheezing illnesses in the first 3 years of life were significantly
associated with the development of asthma at age 6 years (40).
The combination of allergic sensitization and HRV-induced
wheezing by age 3 years was associated with the highest risk of
developing asthma. Similarly, in an Australian birth cohort
study, Kusel and colleagues enrolled 198 babies and compared
viral respiratory illnesses in the first year of life to subsequent
respiratory outcomes (59). Wheezing illnesses with either
HRV or RSV in infancy were associated with asthma at age 5
years. Interestingly, these associations were significant only in
the children with early-onset (by age 2 years) allergic sensiti-
zation. Collectively, these results highlight the role of virus-
induced wheezing, particularly HRV-induced wheezing, in in-
fancy in determining the risk for subsequent asthma. Children
who develop allergic diseases in early life are at especially high
risk for developing asthma after virus-induced wheezing.

HRV and exacerbations of asthma. For decades, clinicians
had suspected that respiratory infections were a major cause of
asthma exacerbations, which are characterized by acute onset
of obstruction of the small airways leading to clinical manifes-
tations such as wheezing and shortness of breath. Beginning in
the mid-1990s, using PCR-based viral diagnostics, viral respi-
ratory infections were detected in up to 85% of exacerbations
of asthma in children and in about half of exacerbations in
adults (Table 1). Furthermore, approximately two-thirds of the
infections associated with asthma exacerbations were caused
by HRV. Similar findings have been reported for children and
adults hospitalized for acute asthma. Exacerbations of asthma
are seasonal, and in temperate climates there are strong peaks
in asthma morbidity in September, shortly after children return
to school, and also in the spring (45). These spring and fall
peaks in hospitalizations correspond closely to patterns of
HRV isolation within the community (46), suggesting a causal

FIG. 2. Relationship between HRV infections and asthma. Infants who develop virus-induced wheezing episodes are at increased risk for
subsequent asthma, but even so, most acute wheezing illnesses in infancy resolve with no long-term sequelae. Indicators of heightened risk for
developing asthma include wheezing episodes caused by HRV infections and the development of atopic features such as atopic dermatitis,
allergen-specific IgE specific for foods or aeroallergens (e.g., house dust, mites, or cat or dog dander), and blood eosinophilia. Once asthma has
been established, HRV infections are the most common cause of acute exacerbations, especially in children. As in infancy, atopy is an important
risk factor for acute episodes of virus-induced wheezing.
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relationship. In contrast, influenza and RSV infections are
more likely to be associated with acute asthma symptoms in the
wintertime.

It is interesting that individuals with asthma do not neces-
sarily have more colds, and neither the severity nor the dura-
tion of virus-induced upper respiratory symptoms is enhanced
during experimental HRV infections in adults with asthma (14,
15). In contrast to findings for the upper airway, a prospective
study of colds in couples consisting of one asthmatic and one
normal individual demonstrated that colds cause greater du-
ration and severity of lower respiratory symptoms in subjects
with asthma (14). These findings suggest that asthma-related
differences in the expression of respiratory viral infections are
specific to the lower airway.

Together, these studies provide evidence of a strong rela-
tionship between viral infections, particularly those due to
HRV, and acute exacerbations of asthma. It has yet to be
resolved, however, whether viral infections alone are sufficient
to initiate an acute asthma attack or if additional cofactors are
needed. Notably, HRV inoculation of subjects with asthma
does not usually provoke acute asthma symptoms (15, 19).
Moreover, there is evidence that viral infections may exert
synergistic effects together with other stimuli to provoke
asthma symptoms. For example, the effects of colds on asthma
exacerbations are greatest in allergic individuals (94) and may
be amplified by exposure to allergens (29) and possibly by
exposure to greater levels of air pollutants (110).

In addition to provoking asthma, HRV infections can in-
crease lower airway obstruction in individuals with other
chronic airway diseases such as chronic obstructive lung dis-
ease (COPD) and cystic fibrosis (Table 1). In addition, HRV
can cause pneumonitis in immunocompromised individuals,
and this has been well documented in solid-organ or bone
marrow transplant recipients. Collectively, these observations
have demonstrated the importance of the common cold to
exacerbations of asthma and other chronic diseases, promoted
a renewed interest in the mechanisms by which respiratory
viruses can lead to asthma exacerbations, and been directive in
helping to define host and environmental factors that contrib-
ute to susceptibility to viral illnesses and the risk of subsequent
wheezing (24, 90).

HRV PATHOGENESIS

HRV infections can be transmitted by either aerosol drop-
lets or contact with infected secretions. Once infection is
established, respiratory symptoms are the result of two pro-
cesses: destruction of normal airway tissue due to direct effects
of the virus and proinflammatory immune responses to the
infection. Virus-induced damage to the epithelium can disturb
airway physiology through a number of different pathways. For
example, epithelial edema and shedding together with mucus
production can cause airway obstruction and wheezing. In ad-
dition, viral replication initiates innate immune responses
within the epithelial cell, including induction of interferons,
antiviral effectors, and chemokines that recruit inflammatory
cells into the airway (22, 55, 63, 93, 117). There is evidence that
HRV, like many other viruses, has developed mechanisms to
inhibit antiviral responses by cleaving proteins such as RIG-I
and IPS-1 that are involved in virus recognition pathways (3,

17). The recent development of rodent models of infection
with HRV and related picornaviruses will provide systems to
test theories about immunopathogenesis in vivo (4, 84, 97).
Studies to identify antiviral responses that determine suscep-
tibility to HRV are now under way in a number of laboratories.

With viruses such as HRV that infect relatively few cells in
the airway (1, 81), inflammatory responses contribute to respi-
ratory symptoms. The majority of the cells recruited to the
airway during acute colds are neutrophils, with smaller num-
bers of mononuclear cells and, in some studies, eosinophils.
Products of neutrophil activation are likely involved in ob-
structing the airways and causing lower airway symptoms. For
example, the release of the potent secretagogue elastase from
activated neutrophils can upregulate goblet cell secretion of
mucus (9). In addition, changes in neutrophils in nasal secre-
tions have been related to respiratory symptoms and virus-
induced increases in airway hyperresponsiveness (enhanced
bronchoconstriction in response to irritants), a key feature of
asthma (25, 31). These findings suggest that one strategy to
reduce the severity of viral illnesses might be to moderate
neutrophilic inflammatory responses. Mononuclear cells are
recruited into the upper and lower airways during the early
stages of a viral respiratory infection and serve to limit the
extent of infection and to clear virus-infected epithelial cells.
This is consistent with reports of severe viral lower respiratory
infections in immunocompromised patients (70).

RISK FACTORS FOR MORE-SEVERE HRV ILLNESSES

Risk factors for more-severe HRV illnesses have been iden-
tified by observational studies of natural infection, experimen-
tal inoculation, and in vitro models. These factors are related to
environmental exposures as well as personal characteristics
related to allergies and asthma, genetics, lifestyle, diet, age,
immune responses, and genetics (Table 2).

Allergy and antiviral responses. Several studies have ad-
dressed the possibility that allergies and asthma may be associated
with more-severe viral respiratory illnesses and impaired antiviral
responses. In infants, studies evaluating whether “atopic” features
such as allergy, atopic dermatitis (a chronic inflammatory disor-
der of the skin leading to rash and intense itching), or a family

TABLE 2. Factors linked to more-severe HRV or common
cold infections

Host characteristics Immunologic status Environment and
lifestyle

Chronic lung
disease

Low level of interferon
responses

Exposed to tobacco
smoke

Asthma IFN-�
COPD IFN-� Exposed to pollutants

(NO2)
Cystic fibrosis IFN-�

IFN-� Diet
Age Includes vitamin D

Preschool child Allergy Includes probiotics
Elderly Eosinophilia

Stress
Genetics Epithelial integrity
Gender (young

boys)
Immunocompromise
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history of allergy increases the risk of acute virus-induced wheez-
ing have yielded conflicting results (103). Conversely, most (83,
107, 111) but not all (101) studies have concluded that bronchi-
olitis does not promote allergy. What is clear is that children who
have other atopic features are prone to developing additional
wheezing episodes, and in fact, atopy is one of the strongest risk
factors for developing childhood asthma after virus-induced
wheezing episodes in infancy (73, 104).

Respiratory allergy is also a major risk factor for wheezing
with HRV infections later on in childhood and in adults. In
studies conducted in an emergency department, individual risk
factors for developing wheezing included detection of a respi-
ratory virus, most commonly HRV, the presence of allergen-
specific IgE, and evidence of eosinophilic inflammation (94).
These findings provide strong evidence of a synergistic rela-
tionship between respiratory allergies, eosinophilia, and acute
virus-induced wheezing.

Several mechanisms have been proposed to explain these virus-
allergen interactions. Viral infections could damage the barrier
function of the airway epithelium, leading to enhanced absorption
of allergens and/or irritants across the airway wall and enhanced
inflammation (98). Conversely, intact epithelial layers are difficult
to infect with HRV in vitro, and replication is enhanced by dam-
aging the epithelium or by removing the top layer of cells (41, 68).
These findings suggest that allergens and pollutants that damage
airway epithelium could increase susceptibility to infection and/or
lead to more-severe infections (Fig. 3).

In addition to interactions involving epithelial integrity,
there are a number of immunologic interactions between al-
lergy and antiviral immunity. For example, allergic inflamma-
tion can inhibit innate immune interferon responses under
some conditions (114). Furthermore, HRV infection stimu-
lates Toll-like receptor 3 (TLR-3)-dependent secretion of thy-
mic stromal lymphopoietin (TSLP), a cytokine that can en-

hance allergic inflammation. Cytokines such as interleukin-4
(IL-4) that are overproduced in asthma synergistically enhance
TSLP secretion (49), which provides a potential mechanism for
HRV infections to enhance preexisting allergic airway inflam-
mation in asthma. Mucus-secreting goblet cells are present in
greater numbers in the airways of subjects with asthma; there
is evidence that HRV replication is enhanced in these cells
(60). Finally, animal models suggest that biased innate immune
responses to respiratory viruses in early life may establish over-
production of key cytokines such as IL-13, leading to subopti-
mal antiviral responses, increased risk for respiratory allergies,
and changes in airway structure to promote asthma (5).

Interferons and HRV infections. Immunologic risk factors
for more-severe respiratory illnesses have been identified in
various experimental models. Animal models of respiratory
viral infection strongly suggest that interferon responses affect
the outcome of respiratory infections and that the stage of lung
or immune system development may also be a crucial factor
(57, 78, 106). The latter principal is further supported by ro-
dent models of Sendai virus infection, in which infection of
mice in early life induces recurrent airway obstruction, chronic
airway remodeling, and airway hyperresponsiveness (57, 116).

Interferons have also been related to outcomes of HRV
illnesses in studies of volunteers inoculated with a safety-tested
strain of HRV-16. For example, weak blood cell interferon
responses at the time of birth are a risk factor for more-severe
respiratory illnesses (13) and wheezing illnesses (21). Strong
gamma interferon (IFN-�) responses to virus in blood mono-
nuclear cells were associated with reduced viral shedding (91),
and stronger T-helper-1-like responses in sputum cells (higher
IFN-�/IL-5 mRNA ratio) during induced colds were associated
with milder cold symptoms and more rapid clearance of the
virus (27). In addition, children with recurrent respiratory in-
fections were reported to have low IFN-� responses (38).

FIG. 3. Proposed effects of epithelial integrity on severity of HRV infections and exacerbations of asthma. (A) Intact airway epithelium is
resistant to HRV infection. If the epithelium is healthy, exposure to HRV is less likely to initiate an infection, and if infection does occur,
replication is at a low level and illness severity is mild. (B) Allergies and pollutants can damage the epithelium through a variety of mechanisms;
allergy is associated with chronic cellular inflammation that can disrupt epithelial cells, while pollutants can have direct toxic effects on epithelial
cells. When the epithelial layer is injured, exposure to HRV leads to enhanced viral replication and more-severe illness. In patients with asthma,
severe colds are more likely than mild or asymptomatic infections to provoke acute exacerbations of asthma.
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Interestingly, there is evidence that mononuclear-cell pro-
duction of IFN-� and IFN-� may be impaired in asthma (89).
It has also been reported that HRV-induced epithelial cell
production of IFN-� and IFN-� is also impaired in asthma,
raising the possibility that asthma is associated with a global
defect in interferon production (12, 118). This theory is con-
troversial, however, because two recent studies were unable to
confirm an asthma-specific deficiency in interferon responses
in epithelial cells (6, 69), and so far studies of experimentally
inoculated volunteers have not found significant differences in
HRV shedding related to asthma. Additional studies of pa-
tients with asthma and naturally acquired colds will be needed
to resolve these differences.

Other factors. Other epidemiologic and biologic factors that
have been related to the frequency and severity of viral respira-
tory infections include stress (11), smoking (115), genetic factors
(103), and diet. Vitamin D has attracted attention recently be-
cause of studies linking low vitamin D levels to both asthma risk
and increased numbers of respiratory illnesses (8, 28). In addition,
probiotics such as Lactobacillus have been touted as promoting
normal development of immunity (92), and a recent interven-
tional study suggested that use of probiotics may reduce the fre-
quency of common cold symptoms (67).

HRV-C

HRVs were classified into 100 serotypes based on growth in
tissue culture and inhibition by specific antisera, and these
canonical strains were classified into groups A and B based on
similarity of partial genetic sequences and responses to certain
antiviral medications. Data from studies using molecular diag-
nostics in the United States (52, 53, 62, 64, 79), Australia (74,
75), Hong Kong (10), China (43), and Germany (95) demon-
strate that there are at least 50 more HRV strains than had
been previously appreciated. Analysis of full-genome se-
quences of these newly identified HRVs indicates that the
majority belong to a unique species now designated HRV-C
(86). Like several other newly discovered respiratory viruses,
HRV-Cs do not grow in standard tissue culture, and this char-
acteristic explains why their discovery required the develop-
ment of molecular diagnostics. Analysis of a limited number of
genomes suggests that HRV-C shares structural motifs in the
5� untranslated region, such as the cloverleaf and internal
ribosome entry site, but probably binds to unique cellular re-
ceptors (86). More definitive information awaits the develop-
ment of tissue culture systems for HRV-C.

The clinical significance of HRV-C is the subject of intense
study. In one study, HRV-Cs were more often associated with
severe exacerbations of asthma than other species (79), and
there is a case report of an HRV-C virus causing systemic
infection (109). HRV epidemiology is complex; up to 20 strains
of HRV circulate through a community during a single season.
Furthermore, the prevailing HRV strains differ significantly
from place to place and from season to season. Given these
findings, along with the large number of HRV strains, long-
term population-based studies will be required to define the
relative virulence of HRV-C.

OPPORTUNITIES FOR TREATMENT

Over 500 patents for common cold cures have been filed, but
an effective treatment remains elusive. Vitamin C, zinc, echi-
nacea, and other nutritional approaches have been tried with-
out convincing evidence of success. Vaccination was consid-
ered impractical, given the large number of serotypes, although
antibodies to VP4 that can neutralize multiple serotypes have
recently been generated (50). Newer approaches based on the
viral replication cycle or specific host antiviral responses have
included alpha interferon and molecules that block viral at-
tachment (soluble ICAM-1, pirodavir, and pleconaril) and a
key viral protease (rupintrivir). Each of these programs was
derailed by some combination of cost, pharmacokinetics, tox-
icity, drug interactions, and/or marginal efficacy (113). Perhaps
the fact that HRV-C strains are common yet have distinct
biology contributed to the suboptimal efficacy of previous
HRV antivirals in clinical trials. Including the HRV-C strains
in drug discovery programs should help to improve the clinical
performance of anti-HRV medications.

CONCLUSIONS

The development of molecular diagnostics has led to break-
throughs in understanding the role of HRV infections in causing
lower airway illnesses, particularly in young children and individ-
uals with asthma and other chronic lung diseases. The discovery
of a new species of HRV and complete genome sequencing of the
known HRV-A and HRV-B viruses have provided new insights
into HRV phylogeny and biology. Risk factors for more-severe
HRV illnesses have been identified, and the close relationship
between allergic diseases and virus-induced asthma suggests that
treatment directed at either the viral infection or the underlying
allergies could reduce the risk for wheezing illnesses. Further-
more, defining the specific mechanisms that link allergic inflam-
mation and antiviral responses could lead to the development of
new therapeutic strategies. Collectively, new experimental in-
sights and clinical findings relating to HRV should stimulate re-
newed interest in developing strategies for the prevention and
treatment of the common cold.
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