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Ō.ł. ŸŏŚ ťŪŚŰ 3œŭ Ÿť ţťŒ řŪ 6łř. ĹżťőřŪ śŖ. 

2 şũő Ĺżťő ŴśŬƓřřŭťŪĹŪśőƁƔŪřűĹŷŢ ŸťŴŝŻĹőŽťŚ ŸĺŽōƁƓŪźŵřżŒťĹşżŪ ŴļŚŴœŻőŵŒŒőŭƔřŪ 2 śťŒōũƔĿŵōżťŪŚŰ 1ı œŭ 
řũĹŴœŻőōŪřţŝũĿťŪĹŪśţşũŌ

PE: active, dyspnea, BT 38.2̄ C, RR 50 /min

HEENT: clear rhinorrhea, mild injected pharynx

Lung: generalized expiratory wheezing, poor air entry

ŵŖŏŚƀŸŌŽŷţŽĹŪśśũĹšŪŌŽşŚĹŪśŷţŽ salbutamol nebulization x 2 ļśũƔĿ ţżŪĿĹũő 20őŪŏŭ

Lung: clear, no wheezing, good air entry

ŏżŪőŀŨŷţŽĹŪśşŬőŬŀŁũŚťŨŸśŴŒůƔťĿōŽő : A. Reactive airway disease 

     B. Viral-induced wheezing

     C. Asthma



What is Reactive Airways Disease (RAD)?

ǐNot a diagnosis !!!

ǐA nondiagnostic term that described the following symptoms in young 
children: 
ƵRecurrent wheeze, cough, sputum  production  or  dyspnea

ǐPractical use of this term
ƵYoung children (under 5 years old) with wheezing (1st or 2nd episodes)

ƵOther asthma-like symptoms in the setting of viral lower respiratory infections 
(Viral-induced wheezing)

ƵUncomfortable to diagnose asthma on initial presentation

Douglas LC, Feder KJ. Pediatrics. 2017;139(1):e20160625.

Fahy JV, O'Byrne PM. Am J Respir Crit Care Med. 2001;163:822ð823.
Douros K, Everard ML. Front Pediatr. 2020 May 5;8:218.  



Reactive Airways Disease (RAD)

ƵPreschool wheezing / asthma (which was treated as asthma)

ƵInterchangable terms 

ǐάAsthma-like symptomsέ or άRecurrent wheezeέ 

ǐBronchial hyper-responsiveness (BHR)

ǐViral-induced wheezing

ǐTransient asthma



RAD or Asthma?



Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.

ǐRetrospective cohort analysis, university-based general pediatrics practice 

ǐ403 children (2ҍ7 yo), diagnosed with RAD or asthma



Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.
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Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.

ÅRAD diagnoses were linked to delayed delivery of preventive care measures

ÅWithin 2 years of initial diagnosis, clinical outcomes for those diagnosed with RAD 

and asthma did not differ. 

ÅA prompt diagnosis of asthma, rather than RAD, should be considered for children 

with asthma symptoms.



Children with RAD: 
How to diagnosed Asthma in RAD
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Few have asthma Some have asthma Most have asthma

Clinical diagnosis

of Asthma in young 

children

GINA 2022
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Pathophysiology of Asthma / Recurrent 
wheezing

    

recurrent wheezing
breathlessness

coughing (at night or early morning)

GINA 2022

Airway inflammation

airway hyperresponsiveness (reversible) airway obstruction



RAD and Viral infection as triggers



RSV- and RV-induced bronchiolitis Vs recurrent wheeze: 
A systematic review and meta-analysis

Å Infant RV-bronchiolitis group were more likely to develop recurrent wheeze than        
RSV-bronchiolitis group 

ÅOR 4.11 (95% CI 2.24ς7.56)

RSV-bronchiolitisHealthy control RSV-bronchiolitis RV-bronchiolitis

Makrinioti H, et al. Pediatr Allergy Immunol. 2022;33(3):e13741. 



RSV- and RV-induced bronchiolitis Vs asthma: 
A systematic review and meta-analysis

Å Infant RV-bronchiolitis group were more likely to develop asthma than RSV-bronchiolitis 
group 

ÅOR 2.72 (95% CI 1.48ς4.99)

RSV-bronchiolitisHealthy control RSV-bronchiolitis RV-bronchiolitis

Makrinioti H, et al. Pediatr Allergy Immunol. 2022;33(3):e13741. 



How does rhinovirus induce airway 
hyper-responsiveness?



Kum WK, Gern JE. Allergy Asthma Immunol Res. 2012;4(3):116-21.

Rhinovirus

Å Induced airway inflammation 

through activated macrophage, 

neutrophils and eosinophils

ÅMucous hypersecretion

ÅSM contraction ­ wheezing 

Mechanisms of rhinovirus-induced airway 
inflammation.



Mechanism of RV infection

Yang Z, et al. Front Immunol. 2021;12:731846.

Epithelial 
cells



Kum WK, Gern JE. Allergy Asthma Immunol Res. 2012;4(3):116-21.

Rhinovirus

Å Induced airway inflammation 

through activated macrophage, 

neutrophils and eosinophils

ÅMucous hypersecretion

ÅSM contraction ­ wheezing 

Mechanisms of rhinovirus-induced airway 
inflammation.



Immune response to Rhinovirus in Asthma 

Yang Z, et al. Front Immunol. 2021;12:731846.



The role of bronchodilator in RV 
infection: What is the evidences?



ǐHuman tracheal epithelial cell culture (human embryonic fibroblast cells)
ƵObtained from 41 patients (73±3 yr; 15 F, 26 M) without asthma

ǐStudy intervention ς pretreat with study medication for 3 days
ƵProcaterol hydrochloride 0.1 mM
ƵVehicle
ƵSelective ̡2-adrenergic receptor antagonist (ICI 118551) 10 min before procaterol 0.1 mM

ǐInfected with Type 14 rhinovirus ­ cultured at 33°C in 5% CO2ς95% air for 7 days

ǐOutcome: 
ƵThe quantification of rhinovirus RNA (detected cDNA with Quiagen kit and real-time PCR)
ƵMeasurement of ICAM-1 expression
ƵMeasurement of changes in acidic endosomes
ƵNF-kappa B assay
ƵCyclic AMP assay

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Effects of procaterol on RV and the acidification 
of RV endosomes

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Effects of procaterol on the acidification of RV 
endosomes and ICAM-1 expression

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Effects of procaterol on cytokine production 
with RV infection

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.

Procaterol reduced the type 14 rhinovirus infection-induced secretion 
inflammatory cytokines (IL-1ʲΣ IL-6, and IL-8).



Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.

What the study found on the efficacy of procaterol!!!

ǐReduced the expression of ICAM-1 (the receptor for type 14 rhinovirus).

ǐReduced the number of acidic endosomes in the cells (where RV RNA enters into the 
cytoplasm). 

ǐInhibited the activation of NF-ˁ. proteins including p50 and p65 in the nuclear 
extracts.

ǐIncreased the cytosolic amount of the inhibitory kappa B-ʰ ŀƴŘ Ŏ!at ƭŜǾŜƭǎΦ

ǐReduced RV infection-induced secretion inflammatory cytokines (IL-1ʲΣ L[-6, and IL-8).



Airway inflammation in RAD: 
Role of Bronchodilators



2̡ adrenergic agonist : Suppresses eosinophil-
induced EMT of bronchial epithelial cells

Kainuma K, et al. Respir Res. 2017;18(1):79.



Eosinophil Airway resistant BAL fluid
Total cell

Tashimo H, et al. Allergol Int. 2007;56(3):241-7.

Effect of Procaterol on airway inflammation and 
hyperresponsiveness



b2-agonists: Comparative inhibitory effects of 
superoxide anion (O2

ς) production (In vitro)

The suppressive effect of 
superoxide production

ǐProcaterol >>> Salbutamol 
> Tulobuterol

ǐNeutrophils >> Eosinophils
Procaterol

Salbutamol

TulobuterolProcaterol

Salbutamol

Tulobuterol

Neutrophils Eosinophils

Superoxide production

* p < 0.001 * p < 0.01 

Yasui K, et al. Int Arch Allergy Immunol. 2006;139(1):1-8.



Airway remodeling: Effect of eosinophils

ǐEpithelial-mesenchymal transition (EMT)
ƵMechanism that increased number of myofibroblasts ­ AW remodeling

ǐEosinophils contact with bronchial epithelial cells ­ induced AW remodeling
Ƶ Increases TGF- 1̡ ­ promote EMT

Yasukawa A , et al. PLoS ONE. 2013;8:e64281



Kohyama T, et al. Inflammation. 2009;32(6):387-92.


