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Recurrent wheeze is a common condition in preschool years and has a significant impact on children, caregivers, and healthcare services. Although most preschool children with recurrent wheeze have no further sequelae, nearly one-third of them will eventually receive diagnosis of asthma and will require regular medications and clinical reviews thereafter [1]. Preschool children with recurrent wheeze and multiple allergies, no just atopy, are at higher risk of symptoms persistence. Most atopic children do not have multiple allergies [2]. Respiratory viruses have been considered as triggers of preschool wheeze exacerbations. However, it remains unclear whether viral infections directly drive the inception of airway allergic disease (atopic asthma) or whether respiratory viruses simply trigger wheeze exacerbations in children with multiple allergies. 
Research evidence coming out of the ongoing Multicenter Asthma Research Collaboration (MARC) and VINKU studies has identified respiratory virus detected during early-life hospitalized bronchiolitis as a major risk factor for recurrent wheeze attacks during the first 3 years of life [3, 4]. Rhinoviruses are the most detected viruses in preschool children with wheeze attacks, especially during the spring and fall seasons, but not in winter, when respiratory syncytial virus (RSV) and influenzae viruses are predominant. A strong association between rhinovirus infections in early life and asthma development has been described in children who have genetic predisposition to develop an allergic disease [5, 6]. However, our understanding around the immune responses to viral infection in susceptible children who will not outgrow their preschool wheezing illnesses is incomplete. Interferons are proteins that mediate innate immune responses to respiratory viruses. In preschool wheeze inception and exacerbation, different roles for interferons have been described. 
This commentary summarises evidence around the role of interferons in preschool wheeze with the aim to identify gaps on current understanding.
Cohort Studies 
Respiratory viral infections in early life play a critical role in preschool wheeze and asthma inception. Both the timing of the infection and the virus type and the interactions with host immune responses, have not been clearly defined in the available cohort studies.  
High cord blood and peripheral blood levels of type II interferons in infancy have been associated with lower risk of recurrent respiratory illnesses during the first 3 years of life [7]. Consistent with this observation, low peripheral blood levels of type I and III IFNs in infancy have been associated with higher risk for recurrent wheezy illnesses during first years of life [8]. 
Attempting to answer the question “will the infants with high IFN-γ levels present less respiratory infections in the first year of life”, data from a prospective cohort study in infants with atopic predisposition, showed that this was not the case. High cord blood IFN-γ responses were associated with higher incidence of respiratory infections in the first year of life but of lower severity [9]. This study also showed that infants who presented increased number of mild respiratory illnesses during first year of life sustained their IFN-γ responses when compared to infants with low number of respiratory illnesses.
Data from the Manchester Birth Cohort Study offered a further perspective by showing that different patterns of multiple cytokine responses to rhinovirus-16 stimulation (IFNs, proinflammatory and regulatory responses) were associated with different trajectories of wheeze. The pattern associated with troublesome early-onset asthma was characterised by diminished type I IFN (IFN-) responses to rhinovirus, and high proinflammatory cytokines [10].
Mechanistic Studies
The investigation of immune mechanisms underlying virus-induced wheeze exacerbations has been complicated by the difficulties in obtaining airway samples in preschool children. Therefore, there has been a tendency towards translating mechanistic findings from adult studies which is not the optimal approach for a condition of early childhood. In Figure 1 there is a description of reported IFN-regulated pathways in the context of respiratory virus-induced exacerbations of asthma.
A mechanistic study using bronchial epithelial cells from children with severe corticosteroid-resistant asthma reported type I IFN deficiency in response to rhinovirus stimulation [11]. Deficient innate IFN responses were also reported in atopic non-asthmatic children, highlighting potential interactions between IFNs and Type 2 immune responses [12]. Exploring further these interactions, a mechanistic study highlighted the possible role of lgE in dampening innate IFN responses in children with atopic asthma [13]. A US randomised controlled trial in children with moderately and poorly control asthma showed that anti-lgE treatment (omalizumab) was associated with increase in peripheral blood IFN levels and with reduced incidence of asthma exacerbations [14].
In an attempt to understand whether IFN responses in asthmatic children differ in response to different respiratory viruses, a study utilizing bronchial epithelial cells from children with asthma failed to demonstrate deficient IFN responses to “ex vivo” RSV infection [15]. On the contrary, a study utilizing nasal epithelial cells from asthmatic children, that were “ex vivo” infected with rhinovirus, reported deficient secretion of innate type III IFNs [16]. 
The different roles of IFNs in the inception rather than exacerbation of preschool wheeze, was highlighted in an “in vivo” study utilizing neonatal mice infected with RSV. These mice showed deficient type I IFN responses to RSV at early stages of the infection. On the contrary, adult mice mounted sufficient type I IFN responses [17]. 
Timing in IFN responses seemed to play a significant role as well. A multicentre European study showed that children with persistent wheeze episodes presented deficient IFN-α responses at baseline but restored these responses during respiratory virus infection; rhinovirus was the most common virus isolated [18].
Conclusion
Both cohort studies and mechanistic studies have demonstrated deficiency in IFN responses being associated with the inception and exacerbation of preschool wheeze. It is still unclear whether differences in IFN responses are virus specific. Also, we are yet to understand the role of timing in IFN responses to viral triggers during preschool wheeze attacks in regard to resolution of inflammation and to asthma inception. If we aim to identify effective therapeutic interventions for preschool wheeze and to advance the primary prevention of asthma, then we need to support the design of future studies that help address the knowledge gaps described above.







[image: ]

Figure 1. Examples of reported interferon (IFN)-regulated pathways in the context of a respiratory virus-induced exacerbation of asthma
Bronchial epithelial cells’ secretion of type I IFNs induces the expression of interferon stimulated genes (ISGs) through binding of Interferon Stimulated Gene Factor 3 (ISGF3) to interferon stimulated response element (ISGRE). This pathway facilitates virus clearance. Pro-Th2 mediators induce differentiation and recruitment of Th2 cells and innate lymphoid cells type 2 (ILC2). Secreted IL4 and IL13 induce the differentiation and proliferation of B cells and Th2 cells. lgE signalling on plasmatocytoid dendritic cells downregulates the secretion of type I and type III IFNs that aim to contribute to efficient virus clearance. Bronchial epithelial cell secretion of type III IFNs (IFN-λ s) stimulates the expression of interferon stimulated genes (ISGs) through binding of Interferon Stimulated Gene Factor 3 (ISGF3) to interferon stimulated response element (ISGRE). Type II IFNs (IFN-gamma) stimulate the expression of Interferon Regulatory Factors (IRFs) through binding of STAT1 to Gamma Activating Sequence genes (GAS) and facilitate virus clearance.
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