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Abstract

:

The prevalence of non-allergic asthma in childhood is low, peaking in late adulthood. It is triggered by factors other than allergens, like cold and dry air, respiratory infections, hormonal changes, smoke and air pollution. In the literature, there are few studies that describe non-allergic asthma in pediatric age. Even though it is a less common disorder in kids, it is crucial to identify the causes in order to keep asthma under control, particularly in patients not responding to conventional treatments. In this review, we discuss non-IgE-mediated forms of asthma, collecting the latest research on etiopathogenesis and treatment.
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1. Introduction


Asthma is the most common chronic respiratory inflammatory disease in children [1,2,3,4]. Pediatric asthma includes infantile asthma (from 6 months to 2 years of life), asthma in pre-school and school-aged children up to the adolescent period [5]. It is described as a heterogeneous disease that includes different clinical conditions for etiopathogenesis, biological bases, clinical manifestations, course in time and response to therapy [6,7,8,9,10]. More recently, it has become possible to distinguish between two distinct “endotypes” (which identify the biomolecular bases connected to particular clinical phenotypes): the high expression T helper (Th) 2 model corresponds to allergic asthma which accounts for 50–80% of all cases [11,12,13,14] and the low expression Th2 model includes the non-allergic forms of asthma. Non–allergic asthma (NAA), previously identified as intrinsic asthma, is less frequent (10–30% of asthmatic patients [15]) and compared with the low Th2 expression model it has a later onset than that in allergic asthma, with a female predominance. The symptoms of NAA are caused by triggers other than allergens, such as exercise, pollutant inhalation, sexual hormonal changes, and virus infections [Figure 1]. The biomolecular mechanism of the high expression Th2 model is supported by the inflammatory cascade that sees the activation of Th2 lymphocytes with the activation of type 2 innate lymphoid cells (ILC2), expression of particular cytokines, such as interleukin IL-4, IL-13, IL-5, and GM-CSF (Granulocyte-Macrophage Colony-Stimulating Factor), resulting in the recruitment, proliferation and activation of eosinophils. The allergic reaction is characterized by three phases: sensitization to an allergen, early phase response and late-phase response. Initially, the allergen is digested into tiny peptide fragments by an antigen-presenting cell. The major histocompatibility complex molecules and the peptide fragments are presented on the surface of the antigen-presenting cells to Th2 cells. The Th2-cells release cytokine, IL-5, IL-4 and IL-13, which induce the development of allergen-specific IgE antibodies by B cells that have recognized the same allergen. IgEs enters the circulation and adhere to the membrane of mast cells, which have the task of identifying the allergen when it comes into contact with the organism for the second time (immunological memory). In the second phase, mast cells are activated by IgE-binding epitopes, and release mediators such as histamine, prostaglandins, leukotrienes, which cause dilatation of blood vessels, constriction of the bronchioles, increased mucus secretion, and other allergy symptoms caused by inflammatory mediators binding to receptors on target cells. Most people start to suffer “early phase” allergy symptoms, including sneezing, wheezing, itchy eyes, runny nose, cough, and hives, after a few minutes of being exposed to the allergen. Typically, the “late-phase” starts 2–6 h after exposure to the allergen. Numerous additional inflammatory cells, including as eosinophils, basophils, neutrophils, and lymphocytes, are drawn to the area by the activated mast cells, resulting in tissue damage [16]. On the other hand, the low expression Th2 model, where innate/acquired immune processes play a major role, results in the activation of mediators and various cellular populations, such as Th17, less responsive to inhaled corticosteroids [16,17,18,19]. The mechanisms contributing to the low expression Th2 model in asthmatic patients are less clear: dysregulated neutrophil-mediated immune responses due to respiratory infections [20] or defects in resolution of inflammation [21], and the activation of the IL-17-dependent pathway [22,23] have been proposed as possible mechanisms involved. In mucosa and bronchoalveolar lavage fluid of individuals with NAA, there is a higher expression of the chemokine RANTES (Regulated on Activation, Normal T cell Expressed and Secreted) and higher levels of neutrophil-derived mediators (leukotriene B4 (LTB4), GM-CSF, tumor necrosis factor a (TNFa), IL-17A, IL-8, elastase, or metalloproteinase 9) [24,25]. During asthma exacerbations the cytokines IL-8 and IL-17A prolong the life span of the neutrophil and modulates Th2 and innate immune responses. Additionally, because of their longer lifespan, neutrophils can move from tissues to the bloodstream or lymph nodes to influence adaptive immune responses [26]. A lack of allergy history, negative skin prick or in vitro-specific immunoglobulin E (IgE) tests to a panel of local and perennial allergens, total serum IgE levels typically normal or low (<150 IU/mL) [27], raise suspicions of NAA.



1.1. Exercise-Induced Asthma (EIA)


The first crucial distinction to be made is between exercise-induced asthma (EIA) and exercise-induced bronchoconstriction (EIB). Bronchial hyperactivity and persistent inflammation are the hallmarks of the genuine pathology known as EIA; on the contrary, the temporary airway restriction known as EIB may also be present in non-asthmatic patients [28]. EIB is presented in 52.5% of children with asthma [29,30] and it occurs in 8.6–12% of healthy children aged 7–17 years [31], EIA is triggered by cold and dry air during exercise, causing dehydration of the airways mucosa, resulting in increased osmolarity, contraction of bronchial smooth muscle, and an influx of eosinophils and mast cells that release inflammatory mediators (leukotrienes, histamine, IL-8, tryptase, and prostaglandins) [32]. These signalling molecules lead to an increase in smooth muscle contraction, mucus formation, microvascular permeability, and sensory nerve activation of the airways, which is the main cause of bronchoconstriction and airway oedema [28,33,34]. Recent studies report correlations of bronchospasm with eosinophils [35], eosinophil cationic protein (ECP) [36], lipoxin A4 [37], phospholipase A2 [38], and endothelin-1 [39,40]. Symptoms often begin to manifest 5–8 min after the beginning of continuous high-intensity exercise, or 2–5 min of heavy exercise [41,42]. EIA can be diagnosed with spirometry after an exercise challenge test [43]. A difference of more than 10% between the lowest FEV1 value obtained during 30 min of exercise and the pre-exercise FEV1 value is diagnostic of EIA. Higher values for a percent fall in FEV1 (i.e., 15 and 13.2%) have been recommended for diagnosing EIA in children [44]. The American Thoracic Society (ATS) advises using a short-acting β2-agonist (SABA) 5–20 min prior to exercise in patients with EIB and EIA. Before exercise, daily inhaled corticosteroids, daily leukotriene receptor antagonists, or mast cell stabilizing drugs should be used for patients who still experience the symptoms despite the administration of SABA [33,45,46,47]. Children with EIA frequently have significant limitations to sports and physical activity. However, regular exercising can be safe for kids as long as the proper precautions are taken: avoiding or minimizing activity in highly polluted regions, exposure to cold air, performing a pre-exercise warm-up, regular physical activity, and adequate control of asthma [48,49,50]. Several studies have shown a protective benefit of HME (heat and moisture exchanger) face mask in counteracting EIB, as indicated by a slowed post-exercise decline in FEV [51,52]. However, in childhood this preventive strategy is not much feasible, because children, in particular those with asthma-related conditions, are unlikely to wear the masks.




1.2. Virus-Associated Asthma


Viral respiratory infections represent one of the most common triggers for asthma exacerbations and wheezing in newborns and children [53] and they have also been clearly implicated in the development of asthma [54]. Human rhinovirus (RV), particularly subtypes A and C, is the most frequent viral pathogen, causing around 60% of virus-associated asthma exacerbations in school-age patients [55]. Other respiratory viruses, as respiratory syncytial virus (RSV), may cause exacerbations and/or induction of asthma. RSV is the major one, followed by coronaviruses, parainfluenza viruses, human metapneumoviruses, and adenoviruses [56]. In particular, RSV infection is more frequently linked to the induction of asthma [57]. The mechanisms that lead to asthma exacerbations or virus-induced asthma are poorly understood, emerging evidence points out the theory of the presence of a lack in antiviral immunity and a loss of epithelial barrier integrity in patients with severe asthma [58], while the possibility for an infection to cause a disease depends on virus’ characteristics (i.e., type, virulence), host (i.e., age, comorbidity, genetic susceptibility), and environmental factors (i.e., season). It is known that all respiratory viruses have the capacity to enter and replicate within ciliated and non-ciliated respiratory epithelial cells, leading to necrosis, loss of cilia, ciliostasis, and impairment of muco-ciliary clearance [59]. RV and RSV are the principal cause of bronchiolitis, a lower respiratory tract infection, in children under 2 years, resulting in the development of wheezing and in important breathing difficulties, requiring often hospitalization [60]. According to Corne et al., children with asthma are more susceptible to viral infections and they are associated with more severe clinical manifestations, with a worsened airflow obstruction and a lower mean forced expiratory volume (FEV1), and increased risk of hospitalization [61].



Many studies have investigated the effect of the RV infection on respiratory cells, highlighting the capacity to determine an impaired respiratory epithelial function, causing the production and the release of proinflammatory mediators, such as IL-1, IL-6, chemokine C-X-C motif ligand 10 (CXCL10)/interferon-inducible protein 10 (IP-10), chemokine C-C motif ligand 5 (CCL5)/RANTES, and CXCL8/IL-8, which are critical for the start of neutrophilic (CXCL8/IL-8), lymphocytic (CXCL10/IP-10), and eosinophilic (CCL5/RANTES) inflammation, airway remodeling, and antiviral immune responses [62,63]. Message SD et al. investigated the role of Th1 and Th2 cytokines and IL-10 in a RV-induced asthma exacerbation model, based on the fact that asthma is associated with augmented Th2 immune responses and impaired IL-10 regulatory responses. Th2 cytokines IL-4, IL-5, and IL-13 were correlated with more severe virus-induced asthma symptoms; whereas IFN-γ (Th1 cytokines) and IL-10 were associated with minor symptoms and conditions (i.e., lower viral load). They demonstrated that in asthma, the Th1 cytokines and IL-10, which are produced to a lesser degree, were associated with protection from exacerbation, whereas Th2 cytokines, which on the other side are increased, were associated with increased disease severity. These observations provide convincing evidence supporting an important role for RV-induced lower airway inflammation in precipitating asthma exacerbations [64]. Legg J et al. demonstrated the presence of a deficient Th1 and an augmented Th2 immune response in children with RSV-induced bronchiolitis [65]. Moreover, Morano M et al. proved that children with an increased Th2 immune response during RSV-infection were at higher risk of wheezing during follow-up [66]. Several therapeutic strategies succeed in modifying the course of virus-induced asthma exacerbations, such as prevention of infection with vaccines or monoclonal antibodies; or treatment of infection with anti-inflammatory treatments, such as glucocorticosteroids; antiviral agents; and antibiotics. The treatment needs to be initiated as soon as possible during the infection to maximize the possibility of success. On the other hand, little is known about the possibility of successfully preventing a viral infection in order to minimize the risk of the development of asthma. During RSV season, it is possible to administer monthly to high-risk infants, including children younger than 24 months with chronic lung disease or preterm infants, Palivizumab, a humanized mAb directed against RSV F protein, which is able to reduce hospitalization in these children and seems also to have the capacity to reduce wheezing in children [57,67]. Another preventing option is represented by Ribavirin (1-ß-ribofuranosyl-12-3-carboximide), a synthetic nucleoside against DNA and RNA viruses, which can inhibit RSV replication, reducing complications such as pneumonia or bronchiolitis. For RV infection, several strategies have been tried or are still under investigation, such as prophylactic use of topical IFN-a, capsid binding agents, or soluble ICAM-1. They prevent viral uncoating or binding, preventing the infection [57], but in clinical practice their use is limited, because of their inefficacy; so they are recommended only after the onset of symptoms, to minimize them [68].



Patients with moderate and severe asthma have a widespread use of glucocorticoids because of their anti-inflammatory activity. Virus-induced exacerbations can occur also in well controlled ICS-treated patients, because of the presence of a specific virus-induced inflammation which is not controlled by stable ICS. In the study by Edwards et al. the association between salmeterol and fluticasone treatment suppressed the production of CXCL8, CCL5, and CXCL10 after RV infection in vitro [69]. Svevaki et al. showed that budesonide suppressed RV-mediated induction of proinflammatory cytokines (CCL5, CXCL8, IL-6, and CXCL10) and remodeling-associated factors (FGF and VEGF) in a concentration-dependent manner in vitro. Formoterol treatment also suppressed the production of CXCL8 and fibroblast growth factor (FGF) in vitro, but the association between the two drugs (budesonide and formoterol) showed a concentration-dependent, synergistic effect in suppression of RV-induced CCL5, CXCL8, CXCL19, and vascular-Endothelial Growth Factor (VEGF) [70]. All of these data support the use of glucocorticoids during asthma and their intensification during exacerbations.



In addition to viral-inducted or associated-asthma, few studies have investigated the association between bacterial infection and colonization with exacerbation and recurrent wheezing. At the moment, despite of what we have learnt about viral-infections and their causative role, it is still unclear if bacteria can be correlated in the same way to the development of asthma or to an augmented risk of exacerbations [71]. Surinder Kumar et al. studied 80 children aged 5–15 years, 50 with asthma and 30 without it for detection of Mycoplasma pneumoniae on nasopharyngeal aspirates and they affirmed that lower tract infections with M. pneumoniae are often associated with exacerbations of asthma in children [72]. Recently, through a systematic review and meta-analysis, Xiaoran Liu et al. have demonstrated a statistically significant association between M. pneumonia infection and an increased risk of any kind of childhood asthma [73]. However, we think that further well-designed and -controlled studies are required to evaluate this association and identify the underlying mechanisms.




1.3. Premenstrual Asthma


The function of sex hormones in the pathogenesis of asthma and its worsening has been the subject of much investigation for many years. Several studies show that fluctuations in sex hormones during puberty, menstruation, pregnancy and menopause affect the symptoms and severity of asthma [74,75,76]. It has been found that women have an increase in the prevalence of asthma during puberty compared to men, and that this discrepancy is caused by female sex hormones [77]. Overall, ovarian hormones elevate, and testosterone lowers airway inflammation in asthma, although the underlying mechanism is yet unknown. Premenstrual asthma (PMA), is a clinical situation that occurs in the luteal phase of the menstrual cycle, leading to a worsening of asthma symptoms. PMA has been estimated to affect up to 40% of asthmatic females. Some women may also experience systemic symptoms, including urticarial with or without angioedema, eczema, and, in severe cases, anaphylaxis. It seems that these manifestations are caused by a “progestogen hypersensitivity” due to progesterone surges during the luteal phase of the menstrual cycle [78].



Recent researches suggest that premenstrual exacerbations may be caused by increased airway hyperresponsiveness due to impaired β2-adrenoceptor function during the luteal phase of the menstrual cycle [76,79]. It has been found that IL-17A is associated with severe asthma and requires IL-23 receptor (IL-23R) signalling, which is adversely controlled by let-7f microRNA [80] [Figure 2].



In the study by Newcomb et al., researchers found that estrogen and progesterone, in individuals with severe asthma, increased IL-23/IL-23 receptor signalling and IL-17A production while decreased let-7f microRNA expression. Compared to men, TH17 cells of both women with severe asthma and healthy controls produced more IL-17A, increased the expression of IL-23R, while decreased let-7f microRNA expression [81]. In the research by Semik-Orzech et al., thirty-three women of childbearing age were prospectively followed through the measure of sex hormones and the determination of sputum inflammatory cell count and serum inflammatory interleukins, on the 10th and 26th day of each cycle during 12 weeks of observation. Thirteen women were diagnosed with PMA, ten were non-PMA asthmatics (n = 10), and ten were healthy controls. The authors found that in PMA patients, the cycle’s luteal phase was associated with increased serum 17β-estradiol levels with concurrent higher sputum concentration of IL-5 and IL-8 and inflammatory cell count [82]. PMA is more common in older, overweight and aspirin-sensitive women. These women also tend to have longer asthmatic episodes and more severe exacerbations. They are more likely to experience premenstrual syndrome, shorter menstrual cycles, more severe menstrual bleeding, dysmenorrhea, and shorter periods [83]. Additionally, compared to women without PMA, women with PMA have higher rates of urgent medical visits, absenteeism, and usage of β2-agonist rescue [84]. PMA does not always respond to traditional asthma therapy. According to GINA (Global Initiative for Asthma) guidelines, contraceptive pills and/or leukotriene receptors, antagonists may be useful (evidence D) in the prevention and treatment of PMA [75,85]. Currently, additional hormonal therapies such as estrogens, progestogens, gonadotropin-releasing hormone (GnRH) analogues and androgens are taken into consideration [5,86,87,88,89].




1.4. Air Pollution and Risk of Developing Childhood Asthma


Exposure to particular indoor and outdoor pollutants is a risk factor for asthma outcomes, such as exacerbations, hospitalizations, increased asthmatic symptoms and for the development of asthma in childhood [85,90]. Due to the plasticity and vulnerability of target organs and systems during these developmental years as well as the lengthy maturation period of the respiratory, immunological, and detoxification systems, early life and childhood may constitute crucial exposure windows for asthma development. During this period, a number of processes, including oxidative stress and damage, airway remodeling, inflammatory pathways and immunological responses, and increased respiratory sensitivity to aeroallergens, have been proposed as ways in which air pollution influences the development of asthma [91]. Toll-Like Receptors (TLRs), reactive oxygen species (ROS) sensing pathways, and poly-aromatic hydrocarbon (PAH) sensing pathways, including the aryl hydrocarbon receptor, are just a few of the cellular sensing mechanisms that allow cells to be stimulated by pollutants. These, in turn, trigger intracellular signaling pathways that promote inflammation, such as the NFkB and MAPK pathways. According to Glencross et al., the air pollution can activate TLRs, a type of cellular receptor created to detect pathogen-associated molecular patterns (PAMPs) of potentially infectious microbes as well as other similar adverse signals [92].



One of the major factors in outdoor air pollution is an increase in exposure to traffic-related air pollution (TRAP). Traffic-related air pollution is a combination of vehicle exhausts, secondary pollutants produced in the atmosphere, evaporative emissions from cars, and non-combustion emissions (such as road dust, tire wear). There are growing data on the impact of TRAP and other outdoor pollutants on allergy and asthmatic illnesses. The pollutants that have been implicated are gases including nitrogen dioxide (NO2) O, nitric oxide (NO), nitrogen oxides (NOx), and ozone (O3), but also particulate matter which is <2.5 µm (PM2.5) and <10 µm (PM10) in diameter [91,93]. In both cellular and acellular experimental systems, PM can produce reactive oxygen species, and ambient particulate matter is well recognized to lead to oxidative stress and a decrease in endogenous antioxidants [92]. According to GINA 2022 [85], based on a 2019 study, up to 4 million new cases of pediatric asthma (13% of the global incidence) could be linked to exposure TRAP and asthma risk is increased by exposure to external pollution, such as living near a major road [93,94]. A systematic review of the literature suggests that exposure during childhood to TRAP levels below those indicated by the World Health Organization (PM2.5 10µg/m3 annual mean and NO2 40µg/m3 annual mean) is associated with increased incidence of asthma and increased risk of sensitization to common allergens [93]. In another recent systematic review and meta-analysis, forty-one studies between 1999 and 2016 were analyzed regarding TRAP exposure and the development of asthma in childhood. Based on the evidence, they concluded that there is an association between TRAP exposure and childhood asthma development with a high degree of consistency among the studies analyzed [94].



Like outdoor pollution, exposure to indoor pollution also plays a key role in the development of asthma and as a factor that could influence asthma symptom control. A recent study has evaluated the impact of air pollution on asthma outcomes. According to the results, indoor and outdoor pollution represent a risk factor for asthma outcomes, such as exacerbations, hospitalizations and increased asthmatic symptoms [90]. Prospective cohort studies are providing even more evidence that exposing children to ambient air pollution increases their chance of acquiring asthma [95].



Many citizens of developed nations spend their time indoors, proving the significance of indoor air quality. Tobacco smoke is one of the most significant indoor pollutions. According to Eguiluz-Gracia et al. alteration of the airway microbiome and direct contact of tobacco smoke against the bronchial epithelium play a key role in the risk of developing asthma and for asthma exacerbations in already asthmatic individuals. Healthy humans have a variety of different bacteria, viruses, and fungi living in their respiratory tracts. This colonization could change in reaction to alterations in the immediate environment, such as exposure to tobacco smoke, possibly resulting in a protracted condition of bacterial dysbiosis. Additionally, tobacco smoke increases the generation of airway mucus, inhibits mucociliary clearance, and promotes low-grade pulmonary inflammation [96]. According to a number of cross-sectional studies and meta-analisys, it would seem that there is a link between electronic cigarettes usage and asthma in teenagers, but further research is required to confirm and better understand this association [97,98].



Nonsmokers who inhale tobacco smoke in a variety of microenvironments, such as homes or workplaces, were in significant health risk (second-hand smoke (SHS) exposure) [99]. Exposure to tobacco smoke in pediatric settings through the secondhand smoking during pregnancy and infancy is linked to the development of asthma, poor asthma management, and more severe asthma in exacerbations children, for this reason according to GINA guidelines after birth or throughout pregnancy, children shouldn’t be exposed to ambient tobacco smoke [85]. The principal indoor pollutants also include other substances like volatile organic compounds (VOC) like formaldehyde, carbon monoxide (CO), and nitrogen dioxide (NO2). One of the main sources of indoor NO2 emissions is gas-powered heating and cooking equipment. Numerous studies have found a link between indoor NO2 and children’s asthma symptoms [100]. The sources of indoor VOCs comes from materials for construction or consumer goods (cleaning agents, cosmetics, air fresheners, building materials, solvents), according to Nurmatov et al. there is only little evidence linking exposure to these VOCs to the development of asthma and AR in both children and adults, as well as to the worsening of asthma and AR symptoms [101]. In another systematic review, according to Maung et al. asthma symptoms have been linked to higher VOC and CO levels [102]. More studies are needed to further understand how VOCs affect the onset/aggravation of childhood asthma.



The management of acceptable air quality will become increasingly difficult due to the rapid global development in urbanization, industrial production, road traffic, but it represents one of the major current challenges. The treatment of asthma exacerbations caused by air pollution is similar to standard clinical practice. Current guidelines recommend that all asthmatic patients use a controlled asthma treatment. Inhaled corticosteroids (ICSs), the first-line treatment for asthma, were found to be effective in reducing adverse reactions to pollutant exposure [85,90]. Numerous risk-reduction strategies have been suggested. These include personal strategies, local and governmental initiatives. Personal strategies, such as driving with the windows closed, maintaining automobile air filtration systems and internal circulation, switching from motorized to non-motorized travel such as cycling and walking, using close-fitting facemasks when air pollution levels are high [90]. Some key actions have already been taken by governments such as replacement of fossil fuels with renewable energy sources and industry commitment to completely phase out coal power. The adoption of the European Union’s (EU) environmental policy framework over the past ten years has significantly decreased emissions of various air pollutants and improved air quality throughout Europe [96,103,104].





2. Conclusions


Non-allergic asthma affects a smaller number of pediatric asthma patients than the allergic form does. However, knowing the factors that can trigger asthmatic exacerbations is useful to the pediatrician to detect and prevent symptoms, especially in those patients who do not respond adequately to traditional therapy. The low Th2 expression model is, currently, a rapidly developing promising field for the identification and the treat of solvable clinical problems and for the creation of novel targeted therapy. Some indicated preventive measures such as practicing adequate pre-exercise warming and reducing exposure to cold air during physical activity, reducing exposure to tobacco smoke and air pollution, and better understanding of the mechanisms of virus-induced asthma could be effective in reducing childhood asthma and improving asthma control.



Moreover, a field of great interest concerns the therapeutic interventions for the prevention of infantile and childhood asthma. In the study by Yoshihara et al., an early intervention regimen of initiating sodium cromoglycate inhalation within two years of onset of asthma showed a marked improvement in the long-term prognosis of childhood asthma, especially for children with severe asthma [105]. Similarly, leukotriene receptor antagonists, such as montelukast, have been shown to prevent asthma exacerbations in young children with virus-induced wheezing [106]. In addition, montelukast in mice models has been shown to block and reverse the asthmatic chronic inflammation-induced airway remodeling [107]. In certain Asian nations, asthmatic preventative treatment is started at a younger age—for instance, at six months—than in Western countries [108,109]. However, there are few research on cohorts of such young children, and those that do exist are regionally focused. We think it is more practical to apply non-pharmacological preventive interventions, like those already discussed in the manuscript, and to encourage breastfeeding in newborns, especially in those with a family history of atopy and prone to atopic march.



In recent years, the role of the microbiome has received extensive research. It is known that bronchial tree is characterized by the presence of a microbial flora that differs between diseased and non-diseased people [110]. This is particularly evident in asthmatic subjects, who are characterized by a specific correlation between their lower intestinal and bronchial microbiome expression and their pathologic condition [111]. More and more data support the importance of intestinal microbiome as a protective and barrier tool against infections, immunological tolerance and maintenance of adequate intestinal homeostasis [112]. Since the intestine and bronchial microbiomes grow at the same period of life (before the age of three), it is easy to conceive a cross interaction between the two systems, giving the bronchial microbiome the same or similar importance as the intestinal microbiome. In asthma, more severe airway obstruction and neutrophilic airway inflammation are linked to airway colonization by potentially harmful microbes. This altered colonization may contribute to the emergence of an asthma phenotype that reacts less favorably to current asthma treatments [20,113]. New studies on lung microbiome are expected to shed light on many aspects of severe asthma, as well as on non-Th2-mediated asthma [114].
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Figure 1. The major factors leading to non-allergic asthmatic exacerbations in children. 
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Figure 2. Underlying mechanisms of premenstrual asthma. 
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