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Abstract 

 

Rhinovirus (RV) infections are closely linked to exacerbations of asthma, and yet most RV 

infections of patients with asthma cause only upper respiratory symptoms. These findings 

suggest that RV and other viral infections contribute to the causation of acute exacerbations of 

asthma, but that additional cofactors are generally required. In fact, factors related to the host, 

virus, and environment have been identified that affect the severity of RV infections, and 

propensity to develop lower respiratory tract symptoms. This review will discuss these factors 

and how their effects may act alone or in combination to increase the probability of RV-induced 

exacerbations of asthma.  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Introduction 

Rhinoviruses (RVs) are frequently detected in respiratory secretions during acute exacerbations 

of asthma.  These relationships were noted many years ago, but because clearer with the 

advent of molecular diagnostics. Studies conducted in the 1990s to date have reported that 

viruses can be detected in 60-90% of exacerbations in children and 50-80% of exacerbations in 

adults. Control specimens obtained from the same subjects during periods of health or from 

healthy individuals had lower rates of RV detection. RVs account for the majority of viruses 

identified, and in case control studies RV infections, but not infections with other viruses, were 

significantly associated with exacerbations. Together these findings strongly suggest that RV 

infections cause the majority of exacerbations of asthma.   

 

More recent studies utilizing prospective monitoring of nasal secretions of school-aged children 

during high prevalence months indicate that RV infections are nearly ubiquitous in children 

regardless of asthma. Many of these infections are either asymptomatic or mild, even in children 

with asthma. When considered together, these findings strongly suggest that viral infections, 

most often due to RV, are necessary but not often sufficient to cause acute exacerbations of 

asthma. These findings also suggest that there are cofactors that either increase the severity of 

RV infections, or else have additive effects on airway physiology to promote airway obstruction 

and acute symptoms of asthma.  

 

Of course, exposure to pollutants, irritants and allergens are known to cause acute 

exacerbations of asthma, along with acute stress and nonadherence with asthma controller 

therapy. Recently, studies of upper and lower airway secretions have also provided evidence 

that infections with bacteria can also contribute to acute wheezing illnesses and possibly even 

the pathogenesis of asthma. Finally, viral factors need to be considered, especially since there 

are three RV species containing approximately 160 types that have considerable genetic 
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variation. In the sections that follow, effects of virus, host and environment to the pathogenesis 

of virus-induced exacerbations of asthma will be considered. 

 

Viral factors 

The RV family tree.  RVs were first discovered in the 1950s. At the time, RV serotypes were 

identified by inoculation of nasal secretions into cultured cells, observation of cytopathic effects, 

and then using serologic neutralization techniques to establish the identity of specific isolates. 

The viruses numbered approximately 100 by the 1980s, and were classified into A and B 

species viruses based on susceptibility to antiviral drugs and partial genetic sequences. In 2006, 

the first C species virus was reported after a virus detected by molecular techniques was found 

to have distinct sequence characteristics [1, 2]. Additional studies using similar approaches 

reported a plethora of new C types, as well as a few additional A and B types [3-5]. The 50-year 

delay in the recognition of the C types was due to the inability to culture these viruses, and it is 

clear that these viruses have been circulating for many years [6]. RV-C viruses have now been 

grown in organ culture [7] and in airway epithelial cells differentiated at air-liquid interface (ALI) 

[8, 9]. In addition, stocks of C types can be produced by reverse genetics techniques: viral 

sequences are cloned into bacterial plasmids, and RNA transcribed from these plasmids can be 

transfected into HeLa or other cell lines to produce infectious virus [10]. C utilizes a unique 

receptor to enter cells,[10] and the identity of this receptor is so far unknown. To date, there are 

no cell lines (other than ALI cells) that are known to express the RV-C receptor ([8, 9] and 

unpublished findings). 

 

Nearly all of the A and B species RVs were sequenced in 2009 [11], and over 350 complete or 

nearly complete sequences have been published since then. Many of these sequences were 

obtained using shotgun sequencing directly from genetic material extracted from nasal 

secretions [12-14]. These studies have clearly established the three species of viruses within 
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the enterovirus genus, and demonstrate that the RV species are about as different from each 

other as they are from other enteroviruses (Figure 1). Structural models based on sequence 

analysis of capsid proteins show that RV-C types compared to other RVs have a relative loss of 

mass in the VP1 capsid protein in the putative receptor binding region, consistent with the fact 

that it binds to a unique receptor [15, 16]. 

 

RV species and virulence. The high degree of genetic diversity suggests that there could be 

type- or species-specific effects on severity of RV illness and/or exacerbations of asthma. This 

hypothesis has been tested in a variety of settings around the globe. In hospitalized children or 

those who present to acute care settings for acute respiratory illness or exacerbations of 

asthma, RV-C and in some studies RV-A appear to be overrepresented compared to the 

prevalence of these viruses in children who are healthy or who have cold symptoms [6, 17-24]. 

Routine monitoring of infants through age one year who were participating in the Childhood 

Origins of Asthma (COAST) demonstrated that RV-A and RV-C infections were 7-8 times more 

likely than RV-B infections to cause moderate to severe respiratory illness [25]. Notably, the 

majority of RV infections regardless of species produced mild or asymptomatic illness, and RV-

B viruses very rarely were detected in children with more significant illnesses. Finally, young 

children who experience a wheezing illness due to RV-C compared to other viruses are more 

likely to develop recurrent wheezing [18]. 

 

There are many genetic and structural differences among the RV species, and there are 

emerging data to explore mechanisms of differential virulence. Most RV grow best at cooler 

temperatures (33-35°C) [26, 27], which likely limits their replication in the lungs. Temperatures 

in the nose and in large and medium airways are conducive to RV growth [28], but warmer 

temperatures in the smaller airways and parenchema may limit the potential for RV LRI, as has 

been observed with vaccine strains of influenza viruses that are “cold adapted”. In contrast, 
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three types of RV-C (C2, C15 and C41) were tested for temperature sensitivity in ALI cultures, 

and all of the viruses grew equally well at 33, 35, and 37°C [8]. The lack of inhibition at warmer 

temperatures may promote increased risk for RV-C to cause LRI and wheezing illnesses. In 

addition, the relative virulence of three examples of each RV species was recently examined in 

vitro. RV growth characteristics in vitro may not always reflect their performance in vivo, in part 

because laboratory strains of RV readily mutate and adapt to specific cell lines, and also 

because the responses of cell lines can differ markedly from those of differentiated and 

nontransformed airway epithelial cells, which serve as the primary host for RV infections. To 

minimize artifacts, Nakagome et al cloned 7 different viruses from clinical isolates, and 

produced viral stocks in nontransformed pulmonary fibroblasts [29]. Two additional types were 

grown from clinical specimens in the same pulmonary fibroblasts. By inoculating these viral 

stocks into ALI cells, he showed that RV-B replication occurred more slowly and was assessed 

with reduced cytopathic effects and cell lysis compared to RV-A and RV-C. In addition, RV-B 

induced lower levels of cytokines, including IFN-λ1 . The lower induction of IFN-λ1 remained 

statistically significant even after accounting for lower levels of RV-B replication.  

 

RV encode two proteases (2A and 3C) that help to process structural and nonstructural proteins 

of the virus, and also interfere with cellular metabolism to the advantage of the viral replication 

cycle. For example, 2A protease cleaves the host cell ribosomal protein elongation initiation 

factor 4G (EIF4G) which cripples cellular but not viral translation, and also cleaves nuclear pore 

proteins that are necessary for transcription factors to enter the nucleus and mRNA to depart for 

the cytoplasm. In fact, there is considerable species-specific variation in the structure and 

function of 2A protease that may affect RV virulence. Watters et al cloned 2A proteases from 

multiple RV types, and tested their relative effects on cleavage of host cell proteins [30]. 

Interestingly, the 2A proteases from RV-B types were least adept at cleaving EIF4G and nuclear 
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protein-63. These findings suggest that biochemical differences in the RV-B 2A protease could 

contribute to reduced virulence.  

 

When considered together, these data suggest that lower rates of RV-B replication and cytokine 

induction could contribute to reduced virulence. Species-related biochemistry of the 2A protease 

corresponds with reduced replication and inflammatory responses. Finally, the relative 

insensitivity of RV-C to temperature may give this virus and advantage in causing lower airway 

infections.  

 

How do RV infections cause respiratory symptoms? RV infections are likely to cause respiratory 

illness through several mechanisms. First, RV replication causes cell lysis, which is the principal 

method for releasing progeny virus into the environment. Even so, most RV infections appear to 

infect a small subset of cells, and cell lysis is generally not extensive. Studies to map infected 

cells in the airway have generally found evidence of patchy involvement, and this corresponds 

to 1-5% infection rate of epithelial cells in vitro even after inoculation with high titers of virus [31, 

32], even in the absence of mononuclear cell interferon production. Despite the low number of 

cells infected, RV can impair epithelial cell barrier function [33]. 

 

In addition to damaging the epithelium, RV infections also induce immune responses that have 

antiviral activities, but also contribute to signs and symptoms of a cold. For example, therapy 

with exogenous interferon can cause malaise and myalgia, and other cytokines induced by RV 

infections such as IL-1b can have similar effects. RV causes neural activation to promote 

sneezing, sore throat and cough through mechanisms that are likely to involve RV-induced 

cytokines, as well as mediator release from infected cells and leukocytes that are recruited into 

the airway. RV-infected epithelial cells produce a variety of chemokines [34, 35], which together 

with cytokine-induced adhesion molecules promote the recruitment of neutrophils and 
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mononuclear cells. Chemokine secretion can be potentiated by interferons originating in other 

cells.[36] RV infections also induce release of kinins, prostaglandins, and other mediators, 

which are also likely to contribute to respiratory illness signs and symptoms [37, 38]. Histamine 

does not appear to play a significant role in common cold pathogenesis [39]. Additional work is 

needed to better understand which mediators are induced by RV infections, and their specific 

roles in pathogenesis. 

 

Analysis of nasal secretions reveals that rhinorrhea during the early part of the cold is due to 

transudation of serum fluids and proteins (e.g. albumin and IgG) [40]. The transudation and 

nasal secretion may be initiated by neural mechanisms and pro-inflammatory cytokines. Certain 

serum proteins (e.g. low-density lipoprotein) may stimulate additional chemokine secretion by 

epithelial cells [41]. During the latter stages of the acute illness, mucus secretion is increased 

[40]. 

 

RV and lower respiratory illnesses. For years after their discovery RV infections were presumed 

confined to the upper airway, but there is now conclusive evidence that lower airway infections 

can also occur and are in fact relatively common. Supporting clinical evidence includes 

detection of RV as the sole pathogen in upper, and in some cases lower, respiratory secretions 

of infants and children with pneumonia [42]. Experimental inoculation studies provide a model 

for obtaining frequent samples that are timed after administering a uniform dose of RV to the 

upper airways of seronegative volunteers. In these studies, RV is often detectable in secretions 

from both the upper and lower airways. Upper airway viral shedding peaks 2-4 days following 

inoculation, and in subjects with lower airway infections, there here appears to be a short time 

lag (1-2 days) in the kinetics of lower airway viral shedding [43, 44]. In some study subjects, 

viral shedding in sputum exceeds that in the nasal secretions. Biopsy specimens from large 

lower airways RV infected cells in large lower airways, and the patchy distribution in the lower 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

airways resembles that found in studies of upper airways [45]. Quantitative studies including 

normal individuals and those with mild asthma demonstrate that comparable amounts of RV can 

be detected in upper and lower airway cells and secretions in about half of the study subjects, 

whether or not asthma is present [32, 43]. Finally, children with tracheostomies were studied 

during periods of respiratory illness, and RV was found in lower airway secretions with at least 

the same frequency as was found in nasal secretions [46].  

 

Once virus makes its way to the lower airways, it is likely that RV infection induces similar 

pathology to that observed in the upper airway during the common cold, and increased airway 

secretions, edema, and cellular inflammatory responses may all contribute to airway 

obstruction. It is also likely that RV infections induce neuroinflammatory responses that 

contribute to bronchoconstriction and airway hyperresponsiveness, although experimental data 

in this area are lacking.  

 

Host factors 

A number of host factors have been linked to more severe respiratory illnesses. Examples 

include extremes in age, immunocompromised individuals, and those with chronic respiratory 

diseases such as asthma, chronic obstructive lung disease, and cystic fibrosis. Variations in 

immune responses of epithelial cells and leukocytes have been studied extensively with respect 

to illness outcomes.  

 

Epithelial cell responses. The airway epithelium is the first line of defense against RV infections.  

Mucins, antimicrobial peptides, and surfactant proteins in the mucus layer nonspecifically deter 

infection [47]. In addition, well-differentiated epithelial cells are relatively resistant to RV infection 

[48]. The epithelium may serve as a barrier against RV infection; RV replication is enhanced 

when apical cells of well-differentiated epithelial cell cultures are either damaged or stripped 
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away [49].  The epithelial barrier in asthma may be compromised, and allergic inflammation and 

exposure to pollutants may exacerbate this condition. It is therefore possible that reduced 

barrier function in asthma could promote more severe RV infections. RV infection itself can also 

disrupt epithelial barrier function and perhaps this effect contributes to secondary bacterial 

infection [33].  

 

Interferon responses and asthma. Interferons are one of the cornerstones of antiviral defense, 

and function by inducing networks of antiviral effectors within airway epithelial cells, and by 

potentiating antiviral activities of leukocytes and stromal cells in the lung [50, 51]. In clinical 

studies, the strength of the interferon response has been linked to viral respiratory illness 

severity. In infancy, low mitogen- or virus-induced IFN-γ responses from blood mononuclear 

cells are a risk factor for more severe respiratory illnesses and wheezing illnesses [52, 53].  

Similar relationships have been reported in children with low IFN-α responses [54], and in 

infants with reduced numbers of circulating plasmacytoid dendritic cells (pDCs) [55], the 

principal blood cell source for IFN-α. In models of experimental infection with a safety tested 

strain of RV, strong IFN-γ responses to virus in blood mononuclear cells or sputum cells were 

associated with reduced viral shedding [56], milder cold symptoms and more rapid clearance of 

the virus [57].  

 

These findings suggest that reduced interferon responses could contribute to RV-induced 

exacerbations of asthma, but the nature and mechanisms of deficient interferon responses and 

asthma is an area of controversy. In some studies, interferon responses of peripheral blood 

mononuclear cells [58, 59] and pDCs [60] are reduced in asthma. It has also been reported that 

RV-induced epithelial cell production of IFN-β and IFN-λ ex vivo is also impaired in asthma [61, 

62], raising the possibility that asthma is associated with a global defect in interferon production. 
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However, other studies have reported that asthma does not have significant effects on 

interferon responses in cultured epithelial cells [63-65].  Moreover, an observational study of 

naturally-acquired colds found similar viral shedding in children with vs. without asthma [65], 

while studies of experimentally inoculated volunteers are mixed [43, 65-67]. 

 

Additional studies have provided insights into the controversy as to whether or not interferon 

responses are blunted in asthma. For example, deficient interferon responses may be related to 

more severe asthma, because interferon responses of subjects with mild asthma appear to be 

normal [67]. In addition, deficient interferon responses could be compartmentalized to the lung. 

Comparisons of ex vivo stimulation of mononuclear cells obtained from the blood vs. bronchial 

lavage from subjects with asthma indicate that types I and III interferon responses are 

particularly suppressed in airway cells [68]. This finding suggests that asthma-related airway 

inflammation (potential mechanisms are discussed in the next section) inhibits antiviral 

responses or promotes virus-induced inflammation to worsen clinical outcomes. This theory 

could account for variable findings when cells are studied ex vivo, removed from influences of 

local airway factors. Another point to consider is that relationships between interferon quantity 

and clinical outcomes in asthma may depend on quantity and stage of infection; too little 

interferon during the early phases of infection may lead to increased viral replication, while 

excessive interferon secretion during the acute phase of illness could add to the burden of 

symptoms [69]. In fact, there is evidence that interferons may be increased in the respiratory 

secretions of patients with exacerbations compared to those with uncomplicated colds during 

times of peak symptoms [70, 71]. Finally, many studies of the relationships between interferon 

responses and outcomes were conducted using a single RV type (RV-A16); additional studies 

are needed to determine whether relationships could vary by type or species. 
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Animal models provide an opportunity to identify mechanisms and test new hypotheses that are 

difficult to address in human studies of viral respiratory illnesses and asthma. In rodent models, 

reduced interferon responses are associated with increased severity of the acute viral 

respiratory illness [72], and can promote chronic pulmonary dysfunction following resolution of 

acute viral illness. For example, Sendai virus infection of young animals can induce recurrent 

airway obstruction, chronic airway remodeling, and airway hyperresponsiveness [73, 74], and 

these effects can be prevented by interferon administration [75]. Mouse models of RV infection 

underscore the importance of type I interferon responses and interferon-induced genes such as 

IL-15 to control RV replication [76, 77], and also suggest that early life infections with RV can 

cause airway structural changes (mucus metaplasia) and airway hyperresponsiveness that can 

last for weeks [78]. These models may provide opportunities to test interventions targeting acute 

and chronic effects of VRI on lung function. 

 

Inflammatory responses and allergy. Asthma is a disease of chronic airway inflammation, and 

there is evidence that airway antiviral responses may be secondarily hindered by preexisting 

airway inflammation. Detailed studies of airway cells and secretions following experimental 

inoculation with RV have demonstrated that asthma is associated with a greater cellular 

response to RV infection, including increased neutrophils and CD68-positive macrophages 

within the airway epithelium [79]. In an observational study of naturally acquired colds, sputum 

neutrophils were not different in asthma, but exacerbations in the asthma group were 

associated with greater neutrophilia compared to uncomplicated colds [80].   

 

Respiratory allergy is also a major risk factor for wheezing with RV infections later on in 

childhood and in adults. In children presenting to an emergency department, individual risk 

factors for developing wheezing included detection of a respiratory virus, most commonly RV, 

the presence of allergen-specific IgE, and evidence of eosinophilic inflammation [81]. These 
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findings provide strong evidence of a synergistic relationship between respiratory allergies, 

eosinophilia, and acute virus-induced wheezing.   

 

In vitro models indicate that allergic inflammation can inhibit innate immune interferon 

responses under some conditions [82]. Plasmacytoid dendritic cells are potent sources for type I 

and III interferons, and are responsive to allergic inflammation because they express the high-

affinity IgE receptor (FcεRI) on the cell surface. Notably, cell surface expression of FcεRI is 

inversely related to the virus-induced interferon secretion [60]. Furthermore, cross-linking FcεRI 

markedly impairs interferon responses to influenza virus or RV [60, 83], suggesting that the 

combination of allergy and allergic inflammation inhibits antiviral responses at the mucosal 

surface. Transcriptional analysis of blood cells during exacerbations in adults provides evidence 

that IgE receptors are upregulated on monocytes and dendritic cells, and further implicate 

alternatively activated macrophages as a source of type-2 cytokines during these episodes [84].  

 

 

Asthma. Observational studies suggest that RV infections in adults indicate that asthma effects 

on RV infections may be specific for the lower airway; RV colds do not differ in asthma, but 

lower airway symptoms are worse [85]. This finding suggests that local conditions in the lower 

airways may account for the difference in illness severity, rather than a systemic impairment of 

antiviral responses. There are several features of the lower airway that may contribute to 

increased airway obstruction during RV infections. Structural and physiologic changes 

associated with asthma include hyperplasia of mucus-secreting cells in the airway, hyperemia, 

airway responsiveness and airway narrowing [47, 86], and each of these changes could 

promote more severe manifestations of RV lower respiratory illness. Accordingly, RV effects on 

mucus secretion could be worse in an airway with more mucus secreting cells, edema and 
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transudate could be enhanced in the presence of hyperemia, and bronchospasm accentuated in 

hyperreactive airways. Collectively, these effects could promote increased airway narrowing and 

closure, leading to reduced airflow and respiratory compromise.  

 

Environmental factors 

Pollutants. A number of environmental factors can contribute to the severity of RV illness and 

exacerbations of asthma. For example, exposure to pollutants such as sulfur dioxide and 

nitrogen oxide can increase the risk of common cold-induced exacerbations [87]. In children, 

exposure to high concentrations of nitrogen dioxide increased the subsequent risk of virus-

induced exacerbations of asthma [88]. Furthermore, a case-control study of hospitalized adults 

linked RV-induced exacerbations to cigarette smoking and non-use of inhaled corticosteroids 

[89]. In children, virus-induced exacerbations in an emergency department were associated with 

passive smoke exposure and allergy [90].  

 

Allergen exposure. Throughout this review are numerous references to the fact that allergy is a 

risk factor for virus-induced wheezing and exacerbations of asthma. In a case control study 

involving groups of children with acute asthma exacerbations, stable asthma and inpatients with 

other conditions, being sensitized and highly exposed to an allergen was a strong risk factor for 

virus-induced exacerbation [91]. Similar relationships have been reported with the combination 

of allergy and allergen exposure in adults [92].  

 

Airway bacteria. There is mounting evidence that the airway microbiome of asthma is distinct, 

and that airway bacteria and viruses may both contribute to acute symptoms of asthma. For 

example, culture-independent methods to assess microbial colonization of the airways 

demonstrate that Proteobacteria, a phylum of bacteria containing a majority of gram-negative 

bacteria, are overrepresented in both nasal and bronchial samples in stable asthma, and are 
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linked to increased bronchial hyperresponsiveness [93, 94]. Furthermore, detection of 

Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis within the upper 

airway in early infancy is associated with an increased risk of developing recurrent wheezing 

and then asthma [95]. These same bacteria have been linked to acute wheezing illnesses in 

young children, and the strength of the association with wheezing is similar to that observed 

with viruses [96]. Prospective monitoring of nasal secretions from children with and without 

asthma during the fall indicates that RV infections are associated with an increase in detection 

of these common bacterial pathogens [97]. Moreover, detection of either S. pneumonia or M. 

catarrhalis together with RV was associated with greater illness severity, and an increased risk 

of developing virus-induced exacerbations of asthma, compared to infection with RV infections 

alone.  

 

Vitamin D. Vitamin D has attracted attention recently because of studies linking low vitamin D 

levels to both asthma risk and increased numbers of respiratory illnesses [98, 99]. In addition, 

the severity of RV infections in infants peaks during the winter months [25], when vitamin D 

levels are at their nadir. Mechanisms for vitamin D effects on respiratory illnesses have been 

explored. Vitamin D does not affect RV replication [100], but can modulate interferon and other 

cytokine responses [101]. Since vitamin D induces antibacterial peptides, it is also possible that 

vitamin D affects respiratory illness severity by reducing the probability of secondary bacterial 

infection or invasion.  

 

Stress. Stress is a well-recognized trigger for acute symptoms of asthma, and may exert these 

effects through neural pathways or perhaps by altering cortisol responses.  Several studies 

have provided evidence that stress increases the severity of natural and experimentally-induced 

colds [102, 103]. Whether the effects of stress are additive or potentiate virus-induced effects on 

airway obstruction and exacerbations of asthma has yet to be determined. 
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Implications for novel therapies.   

For the majority of patients with asthma, exacerbations are multifactorial. RV and other viral 

infections are involved in most exacerbations, especially those leading to hospitalization. On the 

other hand,  the majority of RV infections are well tolerated, and additional factors are generally 

required for exacerbations to occur. Some of these cofactors may simply be additive, while 

others (like allergic inflammation) may have mechanistic interactions with viral illnesses and 

exert synergistic effects.  Lack of use of an asthma controller or more severe or unstable 

asthma is likely to lower the threshold for environmental insults to cause an exacerbation. 

 

The complexity inherent in the multifactorial pathogenesis of virus-induced exacerbations also 

presents opportunities for novel therapeutic approaches. The combination of corticosteroids and 

inhaled bronchodilators are the standard treatment of exacerbations of asthma, but provide 

incomplete relief for virus-induced exacerbations and can be associated with unfavorable side 

effects. Perhaps elimination or amelioration of one or more cofactors could reduce the risk of 

RV-induced exacerbations, and several interventional studies suggest that this is the case.  

 

Omalizumab specifically targets the Fc portion of IgE to prevent binding to the surface of cells, 

and is therefore a narrowly focused intervention for type I hypersensitivity. In a placebo-

controlled trial of guidelines-based asthma treatment compared to omalizumab added to 

standard therapy, omalizumab prevented the seasonal increases in exacerbations during the fall 

and spring, which are peak times for viral exacerbations [104]. Analysis of viruses in nasal 

secretions during a subset of exacerbations confirmed that the treatment group had fewer viral 

and nonviral exacerbations. This study provides direct evidence that IgE-mediated inflammation 

contributes to the risk of virus-induced exacerbations of asthma. It will be of interest to 

determine whether other drugs targeting specific type-2 cytokines (e.g. mepolizumab and IL-5 

[105]) can also reduce the risk of virus-induced exacerbations.  
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Another new approach has been to boost antiviral defenses in the lung with inhaled IFN-β. In a 

randomized study, subjects with persistent asthma and a history of exacerbations with colds 

were treated with either nebulized IFN-β or placebo within 24 hours of the onset of cold 

symptoms [106]. In the intent-to-treat population, there were no significant effects on the asthma 

symptoms scores (which was the primary outcome), but IFN-β treatment improved recovery of 

peak expiratory flow. Notably, IFN-β was well tolerated, and also induced expression of innate 

antiviral effectors in the blood and sputum. In a subgroup analysis of study subjects with more 

severe asthma (BTS Step 4 and 5), colds were associated with increased symptoms in the 

placebo group but not in IFN-β-treated subjects. These exciting new findings, if confirmed, 

suggest that inhaled IFN-β used at the first sign of a cold could be a useful adjunct to standard 

therapy in patients with more severe asthma. 

 

Conclusions. Risk factors for virus-induced exacerbations are becoming better defined, yet 

additional studies are required to inform mechanisms that promote more severe colds and 

airway obstruction. Which of the cofactors leads to enhanced viral replication or augments 

inflammatory responses? Are there other interactive mechanisms to be considered? New 

approaches are needed to fully appreciate how the various risk factors promote virus-induced 

exacerbations of asthma. Systems biology has provided us with tools to describe the 

transcriptome, epigenome, metabolome and proteome; similar advances in “environomics” are 

also needed [107]. These advances are likely to provide additional insights into the multifactorial 

causation of asthma exacerbations, and may lead to more effective approaches to the 

prevention or treatment of virus-induced exacerbations of asthma. 
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Figure Legends 
 

Figure 1. Circle phylogram of relationships for currently recognized genotypes [108] of RV-A, 

RV-B and RV-C. The tree was calculated with neighbor-joining methods from aligned, VP1 RNA 

sequences, and rooted with data from four enteroviruses (EV) of the EV-A, EV-B and EV-C 

species, similar to ref  [109]. The Major ("M", ICAM-1) and minor ("m", LDLR) receptor groups 

are indicated if determined experimentally. The RV-C receptor is unknown. Bootstrap values 

(percent of 200 replicates) are indicated at key nodes. Used with permission from reference 

[110]. 
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Figure 1 
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