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PE: active, dyspnea, B38.2 C, RR50/min
HEENT: clear rhinorrhea, mild injected pharynx
- Lung: generalized expiratory wheezing, poor air entry
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Lung: clear, no wheezing, good air entry |
o6 Gt AksBEL 8 GEViBd-H 4 - A. Reactive airway disease

B. Viralinduced wheezing

C. Asthma



What Is Réactive Airway‘s Disease (RAD) p

1 A nondiagnostic term that described the following symptoms in young
children: |
Z Recurrent wheeze, cough, sputum production or dyspnea

1 Practical use of this term

Z Young children (undeb years old) with wheezingi(* or 2nd episodes)

Z Other asthmalike symptoms in the setting of viral lower respiratory mfectlons |
(Virakinduced wheezing)

Z Uncomfortable to diagnose asthma on initial presentation

Douglas LC, Feder KJ. Pediatrikl 71391):€20160625
Fahy JV, O'Byrne PM. Am J Respir Crit Car®04d.63:82a823
Douros K, Everard MErontPediatr2020May5;8:218



Reactive Airways Disease (RAD)

Z Preschool wheezing / asthma (which was treated as asthma)

- ZInterchangableterms
- 1 GAsthmalike symptomg or dRecurrent wheeze
| Bronchial hypefresponsiveness (BHR) |
I Viralinduced wheezing -

1 Transient asthma



RADor Asthma? ‘




Clinical Outcomes for Young Children Diagnosed
With Asthma Versus Reactive Airway Disease

-

—_

Retrospective cohort analysis, universitgased general pediatrics practice

403 children @b7 yo), diagnosed with RAD or asthma

Table 1. Patient and Index Visit Characteristics

Full Sample Patient With 24 Months of Follow-Up

Overall RAD Asthma PValue” Overall RAD Asthma P Value*
n =403 n =249 n=154 n =300 n=186 n=114

Sex (male) 259 (64%) 163 (66%) 96 (62%) 525 200 (67%) 130 (70%) 70 (61%) 130
Race (Black) 269 (67%) 172 (69%) 97 (63%) 207 198 (66%) 129 (69%) 69 (61%) 117
Ethnicity (Hispanic) 100 (25%) 60 (24%) 40 (26%) 672 79 (26%) 49 (26%) 30 (26%) .996
Age at index visit (mo) 23(16) 18 (13) 30(17) <.001 20 (13) 16 (10) 26 (14) <.001
Index visit location
|_ED 107 (27%) 87 (35%) 20(13%) <.001 83 (28%) 67 (36%) 16 (14%) <.001 |
General pediatrics clinic 273 (68%) 146 (59%) 127 (82%) 206 (69%) 112 (60%) 94 (82%)
Hospital 21 (5%) 16 (6%) 5(3%) 10 (3%) 7 (4%) 3 (3%)
Specialist clinic 2 (0%) 0(0%) 2 (1%) 1 (0%) 0 (0%) 1(1%)
History of wheezing before index visit {Y/IN) 157 (37%) 80 (32%) 71 (46%) T05 (3570) 56 (307%) 49 (43%)
46 (11%) 43(17%) 3 (2%) 36 (12%) 34 (18%) 2 (2%%)

RAD indicates reactive airway disease; ED, emergency department.
Data presented as mean (SD) or N (%).
*Pearson Chi-square test, Fisher exact test, or f test.

Frey SM, et ahcadPediatr2022221):37-46




Clinical Outcomes for Young Children Diagnosed
With Asthma Versus Reactive Airway Disease

Time to First ED Visit or Hospitalization (Asthma-Related) s Time to First OCS Prescription
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Log-Rank Test: p < 0.001 Log-Rank Test: p <0.001
Wilcoxon Test: p <0.001 Wilcoxon Test: p < 0.001
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Clinical Outcomes for Young Children Diagnosed

With Asthma Versus Reactive Airway Disease

Time to First OCS Prescription

Time to First ED Visit or Hospitalization (Asthma-Related)

A RAD diagnoses were linked to delayed delivery of preventive care measures

A Within 2 years of initial diagnosis, clinical outcomes for those diagnosed with RAL
and asthma did not differ.

A A prompt diagnosis of asthma, rather than RAD, should be considered for childre

with asthma symptoms.

Log-Rank Test: p < 0.001
Wilcoxon Test: p < 0.001

Log-Rank Test: p <0.001
Wilcoxon Test: p < 0.001

Frey SM, et dhcadPediatr2022221):37-46



Chlldren with RAD: .
How to dlagnosed Asthma In RAD
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Clinical diagnosis
of Asthma in young

children
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Pathophysiology of Asthma / Recurrent
wheezing

(reversible) airway obstruction
recurrent wheezing

breathlessness

coughing (at night or early morning)

GINA2022



RADand Viral infection as triggers




RSYand RVinduced bronchiolitis Vs recurrent wheezeg
A systematic review and metanalysis Siiiid

—

e OR (95% CY Source OR (95% CI)
Schauer et al. 12.10 [3.22; 45.54] ; Hasegawa et al. 15111.07° 214
Chung et al. 24.75[2.69; 227.61) z Hunderi etal 263 {1.46: 4.73}
st e Lo ; Lemanske et al. 5.64[2.29; 13.88]
BeaRaF. atat 100013 745 = Midula et al. 7.34[259,20.79)
Sigurs et al. 28.11 [3.50; 225.70] Bergroth et al. 8.88[5.15; 15.32]

BontL. etal. 18.75[3.94; 89.13] : Da Silva etal. 293[1.34; 6.42]

Total 6.86 [2.20; 21.35] Chen etal. 2.07[0.16; 26.22]
Prediction interval (80%-Pl)  [1.27; 37.01] Makrinioti et al. 9.75[3.41; 27.86]
Heterogeneity: 75 = 14.15 (P = .03), I = 58% Total 4.11[2.24; 7.56]
0.01 0.1 1 10 Prediction interval (80%-PI) [1.61; 10.52]
Odds Ratio (95% Cl) Heterogeneity: 7 = 39.92 (P < .001), I = 82%

0.1 05 1 2
FIGURE 2 Forest plot depicting the associations between RSV-bronchiolitis and recurrent wheeze development as compared with Odds Ratio (950/6 C])
healthy controls (OR 6.86, 95% Cl 2.20-21.35, 2= 58%), the right side of the vertical line favors RSV-positive bronchiolitis. OR: odds ratio,

1 . 5 ) S0k = 2: 2 2 s 2. i . R .
ClI: confidence interval, PI: prediction interval, I heterogeneity statistic, X,*: chi-squared heterogeneity statistics with 6 degrees of freedom FIGURE 3 Forest plot depicting the associations between RSV-bronchiolitis and recurrent wheeze development as compared with

RV-bronchiolitis (OR 4.24; 95% Cl 2.15-8.36, 2= 85%), the right side of the vertical line favors RV-positive bronchiolitis. OR: odds ratio, Cl:
confidence interval, Pl: prediction interval, 1% heterogeneity statistic, Xézz chi-squared heterogeneity statistics with 6 degrees of freedom

A Infant R\(bronchiolitis group were more likely to develog than

RSVbronchiolitis group
A OR4.11(95% CP.24c7.56)

MakriniotH, et alPediatrAllergy ImmunoR022333).e13741



RSYand RVinduced bronchiolitis Vs asthma:
A systematic review and metanalysis

—

Healthy contro RSWoronchiolitis

Source OR (95% CI) : Source OR (95% CI)

Sigurs et al 7.93[2.06; 30.46) ; Jackson et al. 6.75[1.76; 25.96]
Yamaday. et al 17.33[1.63; 184.36] : Bergroth et al. 5.14[2.80; 9.42]
Zomer-Kooiker et al 5.56 [3.66; 8.44] I Leino et al. 1.11[0.40; 3.08]
Cassimos etal. 10.51[4.63; 23.82] ) Lukkarinen et al. 2013 3.38[1.31; 8.72]
Total 7.21[3.92; 13.28] Kusel et al. 0.68[0.29; 1.57]
Prediction interval (80%-Pl) [3.92; 13.26] Hasegawa et al. 2.81[1.53; 5.16]
Heterogenetty: 75 =2.60 (P = 46), I" = 0% Kotaniemi-Syrjanen et al. 8.57[2.08; 35.32]

0.01 0.1 1 10 Teearatkulpisarn et al. 2.01[0.87; 4.66]
Odds Ratio (95% ClI) Lukkarinen et al. 3.10[1.29; 7.49]
Total 272[1.48; 499]

FIGURE 4 Forest plot depicting the associations between RSV-bronchiolitis and asthma development as compared with healthy controls Prediction inter__yal (80%-PI) . [0.97; 7.60]
(OR 7.21; 95% Cl 3.92-13.28, I> = 0%), the right side of the vertical line favors RSV-positive bronchiolitis Heterogeneity: /: =2285(P =.004), " =65%

0.1 05 1 2 10
Odds Ratio (95% ClI)

FIGURE 6 Forest plot depicting the associations between RSV-bronchiolitis and asthma development as compared with RV-bronchiolitis
(OR 2.72; 95% Cl 1.48-4.99, 12 = 65%) the right side of the vertical line favors RV-positive bronchiolitis. OR: odds ratio, Cl: confidence
interval, PI: prediction interval, I% heterogeneity statistic, XSZ: chi-squared heterogeneity statistics with 8 degrees of freedom

A Infant R\(bronchiolitis group were more likely to develop than RSWoronchiolitis

group
A OR2.72(95% Cl1.48:4.99

MakriniotH, et alPediatrAllergy ImmunoR022333).e13741



How does rhinovirus inducairway
hyper-responsiveness?
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Mechanisms of rhinovirugsnduced airway

Inflammation.

Allergen

MEDIATORS

LTC4, PG, NO
.

/

mast ceII L
IgE
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Neutrophils

Rhinovirus
A Induced airway inflammation
through activated macrophage,

neutrophilsand eosinophils

A Mucous hypersecretion

A SM contraction- wheezing

Kum WKGernJE. Allergy Asthma Immunol R&3124(3):11621



Mechanism of RV infection

Cytosol

Epithelial
cells

Yang Z, et al. Front Immurf}2112:731846



Mechanisms of rhinovirugsnduced airway

Inflammation.

Human rhinovirus .‘ Allergen
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Alrway epithelium

MEDIATORS

LTC4, PG, NO
.
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Neutrophils

Rhinovirus
A Induced airway inflammation
through activated macrophage,

neutrophilsand eosinophils

A Mucous hypersecretion

A SM contraction- wheezing

Kum WKGernJE. Allergy Asthma Immunol R&3124(3):11621



iral reponses;
ibit Th2 responses

IgE class switching;
Eosinophils and mast cells
activation;

Mucus production;

AHR

Inhibit Thl and Th2
response;

Prevent DCs maturation;
Inuduce immune tolerance

AHR;
Remodeling
: : | Y
Eosinophils S

A4
-
Adaptive immune response

Innate immune response

Yang Z, et al. Front Immurf}2112:731846



~The role of bronchodilator in RV
Infection: What Is the evidences?
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Procaterol inhibits rhinovirus infection in primary cultures of human tracheal
eplth@llal cells m‘ bfam g % ke NNlh M e e

oshi Kubo Ry ichi Nagator

Human tracheal epithelial cell culture (human embryonic fibroblast cells)
Z Obtained from 41 patients (/83 yr; 15 F, 26 M) without asthma

—

-

Study interventiong pretreat with study medication for 3 days

Z Procaterol hydrochloride 0.1Vl

Z Vehicle

Z Selective ,-adrenergic receptor antagonist (ICl 118551) 10 min before procateroh®al

Infected with Type 14 rhinovirus cultured at 33C in 5% C£95% air for 7 days

1 Outcome:
Z The quantification of rhinovirus RNA (detected cDNA vvtﬂwagenklt and reaktime PCR)
Z Measurement of ICAML expression
Z Measurement of changes in acidic endosomes
Z NFkappa B assay
Z Cyclic AMP assay

—_

Yamaya M, et al. Eur J Pharma&il16511):43144



Effects of procaterol on RV and the acidificationg
of RV endosomes |

104 -

/ Control \
& Y

%* %

—~ X
;Acaterol hydrocmorz\la'e\-é

'P<0.05

Significant difference to the i
"P<0.01  control
*
| I |

2 3 4 5 L, 3 | a
Time post-infection (days) Dose of infected rhinovirus
[Log TCIDg,(units/mL)]

J
E
3
€
-
3
O
O
—

Released rhinovirus titers
[Log TCIDs,(units/mL/24h)]

Yamaya M, et al. Eur J Pharm&fiil165q1):43144



Effects of procaterol on the acidification of RV
endosomes and ICAM expression
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Yamaya M, et al. Eur J Pharm&fiil165q1):43144



Effects of procaterol on cytokine production
with RV Infection ‘
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Procaterol reduced the type 14 rhinovirus infectieinduced secretion
inflammatory cytokines (IL1) H-6, and IL8).

Yamaya M, et al. Eur J Pharm&fiil165q1):43144



Procaterol inhibits rhinovirus infection in primary cultures of human tracheal

oshi Kubo Ry ichi Nagat

eplthellal CEHS mt YA 3: Krzdtll [\rl\lkhy HY |y Yth hXMD ng [lldl kHSd nor Fujiwara ©,

—

What the study found on the efficacy of procaterol!!!
| Reduced the expressmn of ICAMthe receptor for typel4rhinovirus).

¥ Reduced the number of acidic endosomes in the cells (where RV RNA enters mto th
cytoplasm).

i Inhibited the activation of NF .proteins including 0 and p65in the nuclear
extracts.

| Increased the cytosolic amount of the inhibitory kappa®B I Yy R O! at f S¢
I Reduced RV infectioinduced secretion inflammatory cytokines i -6, ar{d I1-8).

Yamaya M, et al. Eur J Pharma&il16511):43144



~ Airway inflammation in RAD:
Role of Bronchodilators
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| ,adrenergic agonist Suppresses eosinophil
iInduced EMT of bronchial epithelial cells

ICAM-1 VCAM-1
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KainumaK, et al. Respir Re&017181):79



Effect of Procaterol orairway inflammationand

hyperresponsweness

%Raw2.5 p<005 NS (n = 6, each group)

p < 0.05

Control OA OA OA
+ procaterol + dexamethasone

Airway resistant

(% 10°cells) p < 0.01

p < 0.05
1

p < 0.01 p < 0.05

I

BAL fluid

TashimdH, et alAllergol Int2007563):2417.

OA
+ procaterol

] Eognophﬂ
| Total cell



b,-agonists:Comparative inhibitory effects of
superoxide anion (&) production (In vitro)

Neutrophils Eosinophils

The suppressive effect G
superoxide production

Tulobuterol

I  Procaterol >>> Salbutamol
> Tulobuterol
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*p <0.001 *p<0.01 ] .
Procaterol Tulobutero A =5 x 10°° M
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Yasui K, et al. Int Arch Allergy Immu2@061391):1-8.



Airway remodeling:Efféct of eosinophils

I Epit'helihavkmesenchymal transition (EMT)
Z Mechanism that increas'ed number of myofibroblasts AW remodeling

Eoslnophlls contact with bronchial epithelial cells induced A\Nremodellng
Z Increases TGF, - promote EMT
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Yasukawa Aet al.PLoS ONE20138:e64281



Kohyamd, et al. Inflammatio?009326):38792



