2026 KATRD 24 587| 3¢ |3

Asthma Exacerbation and Infection:
Beyond a Simple Trigger

Seung-Eun Lee, M.D. Ph.D.
Division of Pulmonology and Allergy, Pusan National University Yangsan Hospital

Department of Internal Medicine, School of Medicine, Pusan National University



2026 KATRD 24 257| 3E A3
Contents
* Infection in asthma exacerbation
* Viral vs. bacterial mechanisms
* Host immune phenotypes
* Infection-prone asthma

* Therapeutic implications



2026 KATRD 222 557 3¢ 2|3 ”‘”:'

Why Does Infection Matter in Asthma?

e Respiratory viral infections are the leading trigger of exacerbations
Identified in ~70-80% of cases

Exacerbations - major driver of morbidity & healthcare burden

But not all infections lead to exacerbations
—> Host immune response determines outcome

» Exacerbation is not pathogen-driven alone,
but shaped by host immune susceptibility.

Kumar et al., Acta Med Acad 2020
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Isolated Pathogens During Asthma Exacerbation

Total

Mo obesity

Obesity P
n=407" n=236 n=171
Virus
Influenza 67/407 41/236 264171 0.560
(16.5) (174) (15.2)
Human rhinovirus 7/328 23/196 144132 0751
(11.3) (11.7) (10.6)
RSV 77326 (5.2) 10/194(5.2) 7/132(5.3) 0953
Metapneumovirus 14/326(4.3) 7/195(36) 7/131(53) 0444
Coronavirus 12/328 (3.7) 9/198(468) 3/132(2.3) 0374
Parainfluenza 10/328 (3.0) 67196 (3.1) 4/132(3.0) 1.000
Adenaovirus 3/328(0.9) 1/196 (05)  2/132(1.5) 0.567
Enterovirus 1/264 (0.4) 0 1/105 (1.0) 0398
Bacteria
5 pneumonide 25/407 (6.1)  15/236(64) 10/171(5.8) 0833
P aeruginosa 77407 (4.2) 12/236(5.1) 5/171(2.9) 0.282
C pneumoniae 10/217 (46) 9/119(76) 1/98(1.0) 0024
K. pneumonia 0/407 (2.2) /236 (21) 44171 (2.3) 1.000
M. pneumoniae 0/254 (3.5) 4/138(29) 5/116(4.3) 0736
H. influenzae B/M407 (200 47236 (1.7)  411711(2.3) 0725
E. coli 6407 (1.5)  4/236(1.7) 2171(1.2) 1.000
MRSA, 47407 (1.0) 2/236(08) 2171(1.2) 1.000
M. catarrhalis 3/407 (0.7) /236 (04) 2/171(1.2) 0575
MESA 2/407 (0.5) 0 21171(1.2) 0176
5. maltophilia 2/407 (0.5) 2/236(08) 0 0512
B. pertussis 1/126 (0.8) 0 1/54 (1.9) 0429

S Park et al. BMIC Pulm Med 2024

Virus

* Influenza

* Rhinovirus

* RSV

* Metapneumovirus
* Coronavirus

* Parainfluenza

Bacteria
* S. pneumoniae
* P aeruginosa
C. pneumoniae
* M. pneumoniae
H. influenzae
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Spectrum of Infection in Asthma

1. Viral Infection (Primary Triggers)

C}2FSt respiratory virus7f 214l ot5lo| =2 2I0lo 2 22
Common viruses

Rhinovirus (most frequent)
Respiratory syncytial virus (RSV)
Influenza / Parainfluenza
Coronavirus / Adenovirus

3. Interaction Spectrum

Viral — Bacterial Interaction
Viral Infection Epithelial Damage Ba.cterla_l
+ Proliferation

Impaired Immunity

Exacerbation Severity = Z7t

2. Bacterial Infection / Detection

Key Pathogens Clinical Relevance
Haemophilus influenzae

Moraxella catarrhalis

Streptococcus pneumoniae Chronic detection

in severe asthma subset

Pseudomonas aeruginosa

4. Temporal Dimension

Pattern Characteristics
Acute viral infection Sudden exacerbation trigger

Post-viral bacterial

Persistent colonization

Asthma exacerbation reflects a spectrum of infection rather than a single mechanism

Kumar et al., Acta Med Acad 2020

Post-viral bacterial overgrowth

Delayed worsening / Secondary peak

Recurrent exacerbation & inflammation



2026 KATRD 224 3&87| 3¥ |3

Viral vs Bacterial Infection in Asthma Exacerbation

Common organism

Trigger role
Onset

Immune response

Key pathway
Inflammation type
Host defect
Clinical pattern

Airway status

Treatment implication

Viral Infection
Rhinovirus, RSV

Primary trigger of exacerbation

Rapid (acute)

IFN-driven antiviral response

J IFN (especially in asthma) = viral persistence
T2 amplification (eosinophilic)

Defective antiviral immunity

Episodic exacerbation

Relatively reversible

ICS, biologics (anti-IgE, anti-IL5)

Bacterial Infection
Haemophilus influenzae, Pseudomonas aeruginosa

Secondary or persistence-driven

Subacute / chronic

Neutrophilic, innate immune activation

Impaired clearance - bacterial colonization
Non-T2 / neutrophilic

Impaired innate surveillance (NK, macrophage)
Recurrent / persistent symptoms

Structural damage (bronchiectasis overlap)

Antibiotics, macrolide, host-directed therapy
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Host Phenotype Modifies Infection-Driven Exacerbation

T2-High / Atopic Asthma Non-T2 / Infection-Prone Phenotype
* Atopy, IgE sensitization * Less atopy, recurrent infection

* Type 2 inflammation dominant » Severe / persistent disease

* Viral-triggered allergic inflammation * Infection persists due to impaired clearance
Mechanism Mechanism

* Th2 cytokine environment * Impaired host defense (J/IFN, NK dysfunction)

* Amplified inflammatory response * Persistent airway inflammation

Clinical pattern Clinical pattern

* Episodic / seasonal exacerbation * Recurrent / progressive

Infection is a universal trigger,

but its clinical impact depends on host susceptibility and immune phenotype.
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Viral Infection Drives Asthma Exacerbation
via Immune and Barrier Dysregulation

0_00

Epithelial Damage

Barrier Disruption
& Tight Junction Loss

¥ o
# ¥ x B %
Virus Entry Viral Replication

Rhinovirus / RSV

O

IFN Suppression

Deficient Type I/IlI
Interferon Response

Increased Susceptibility << Impaired Antiviral Defense << Asthmatic Airway

& Persistence

®

Type 2
Inflammation
IL-33, IL-25, TSLP

Asthma
Attack

Severe
Symptoms
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Respiratory Syncytial Virus (RSV)

Small F protein
hydrophobic / G protein
proteins \

Two subtypes
RSV-A
10 genotypes
RSV-B

13 genotypes

Asthma exacerbation

Minor cause of asthma exacerbations

- Causes 58,000-80,000 hospitalizations and 100-300
deaths annually in children less than 5 years old
- Circulates between October-April, peaking in December

- Multiple FDA approved vaccines and anti-RSV monoclonal
antibodies

Development of asthma
Severe RSV infection
Age 2-6 months of age Over 10 months of age
Non-atopic Existing atopy l
l \ No recurrent
wheeze or
Recurrent asthma
wheeze

Atopy Asthma

V.T. Nguyen et al. Ann Allergy Asthma Immunol 2025
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RSV Infection Shifts the Immune Response from Thl - Th2

Goblet cell hyperplasia
mucus production

Allergens ’Q. e«‘

Damaged eplthehal barrlers :

" ¢ _ e .2
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Th1 unresponsiveness
IFN {
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1 MMP expression
ECM destruction et | & .

CRTH2 —  Siglec-8 A|rway CDZO
remodeling & IgE ) i\.
broncho- .
N constriction i
TNFQ P]?::‘@'a?g]andln 02
\ Smooth muscle cell f
T Risk of developing childhood asthma AHR Susceptibility

Asthma exacerbation

\

R. Ma et al. Ann Allergy Asthma Immunol 2025
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Rhinovirus (RV)

VP3 ICAM-1 receptor (can
also bind LDL-R or
CDHR3)

' respiratory
\ epithelium

)
——7

160 antigenically distinct serotypes across
three species:

RV-A

RV-B

RV-C

Asthma exacerbation

Major cause of asthma exacerbations

V.T. Nguyen et al. Ann Allergy Asthma Immunol 2025

- Contributes to 30-50% of all respiratory tract infections
- The most frequently detected virus in children

- RV-A and RV-C are the predominant circulating species
- No FDA approved treatments, supportive care only

Development of asthma

Severe RV infection

N

Over 3years of age Less than 3 years of age

£\

Non-atopic Existing atopy

!

No recurrent Recurrent
wheeze or asthma wheeze
Asthma
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Role of Other Respiratory Viruses in Asthma Exacerbation

Characteristics

Clinical
significance

with asthma

Mechanism

Influenza virus

8= AHNQ|A| asthma

exacerbation &2t

exacerbation2| &5 &0l
(9F 10-25%)

severe AE risk =7}

IL-33 S7}
ILC2 &/d3t > IL-13 7}

airway inflammation

Human coronavirus
(SARS-CoV-2)

wide clinical spectrum (asymptomatic

- severe)

generally weaker trigger compared to
influenza
not a strong independent risk factor

(early pandemic data)

ACE2 { (T2-high asthma) -
susceptibility modulation

IFN dysregulation / epithelial injury
QI E0{| A persistent airway symptoms

(long COVID)

Coverstone et al. Immunol Allergy Clin N Am 2019, Khojasteh-Kaffash S et al. ] Asthma 2024

Human metapneumovirus

(hMPV)

RSV} FA}St paramyxovirus

20| M wheezing

=13
(]

Ik

asthma exacerbation F&f 7=

UL A0 A

airway epithelial infection / injury

recurrent wheezing S/}

asthma ¢|& S7} 7ts7d

IL-33 release = ILC2 activation
(= IL-5, IL-13)

relatively weak IFN response -

delayed viral clearance
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Respiratory Viruses in Asthma: Key Summary

_ _ _ Shared Mechanisms
Major Viral Contributors « Airway epithelial infection
e Activation of type 2 inflammation

* Rhinovirus & RSV * Increased airway hyperresponsiveness
— Primary drivers of asthma exacerbation

 Human metapneumovirus (hMPV)
— Associated with recurrent wheezing and

possible asthma risk Early-life infection burden may be more
 Human coronavirus (SARS-CoV-2) important than the specific virus type.

— wide clinical spectrum, generally weaker

trigger compared to influenza While multiple viruses contribute to asthma
e Influenza virus exacerbation, their roles differ, and

- Contributes to exacerbation via IL-33— importantly, the cumulative burden of

mediated inflammation infection may be more relevant than the

specific virus

Coverstone et al. Immunol Allergy Clin N Am 2019
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Allergen Exposure Weakens Infection Defense in Asthma

> Intact anti-viral and anti-microbial response )
-

.

Cerps et al. Allergy 2022

!

7/ i
Asthma patients \ G / Asthma patients e s o
L1 L T v 1RT144
HDM sensitization / ‘a \ HDM sensitization
~ !/'Cultured bronchial epithelial cells\"
/ . - HDM
Poly I:C Poly I1:C piact
PANTIN"S TN -
N7\ TLR3 PN"7,\'4 TLR3
MDA-5 % MDA-5 ' l N
P\, N7, \% ]
RIG-I E :'; SB RIG-| , / 7
t B-def-2 b | §TSLP |
_ o tTNF-a B [ . 0 b
l @ | 2 I TSLP l:,f' @ I_’ \) b IFN-B
W NN /| 4 p-def-2
% P g =" | $ TNF-a |

~ Impaired anti-viral and anti-microbial response )

./

virus + HDM 0| A{:

 |IFN {, = viral clearance Zt2~

o |L-8/TNF ¢
— neutrophil recruitment
aa
» defensin
- bacterial defense ZtA~
e TSLP SXA|

> T2 inflammation A|Z



2026 KATRD 224 3&87| 3¥ |3

Rhinovirus-Induced Asthma: Beyond the Th1/Th2 Paradigm

<N
ARRNRRWNNNNN N TR0 20 RBRIR 20 RN AN

RV infection
- epithelial damage

Airway Epithelial Cells (AECs) - PRR activation
:_:_.‘ ..-_—:__;:, .:___:__;: ::: _-_, - :;:, '_._'__;_._L e * - cytokine release (Th1l + Th2)
— "fl_f‘:_ — _:‘:;'F_}?":i‘—___—;‘"_;;;:-:h} el L -> immune cell recruitment
t@:: = *T%_‘_;F:‘-_Ti;!—é:z . -'-‘___::_E:'j.f;.,_::__; } Myofibroblast (MEB)" -> inflammation amplification

RV-intection-induced cytokines from AECs, FB, and MFB

¥ 3 \ 4 \ 4

IL-13 GM-CSF IL-5 CCLS: RANTES [FM-A IL-1
GM-C5F CXNCLL GROw CCL3: MIP-1a CCLIL: Eotaxem CCL4: MIP-1a IL-2

CCL: MCP-1 CXCL3: GROn CCLY: BANTES CCL20: MIP-3a L4
CCL3: GROy CXCL5: EMA-7E CCL11: Eotaxcin IL-6
CCL4: MIP-1a CXCLs:IL-8 CCL24: Eotaxan-2 IL-33
CCL5: RANTES CCLE:MCP-1
CXCLY GROwy CCOLE MIP-1a
CCL20: MIP-30x
[F-10CXCL10
TsSLFP

4 4

Monocvtes/M$  Neutrophils Eosinophils Mast Cells Dendntic Cells Lymphocytes
| ] | J 1 !
I 1 1
Inflammation for Allergic Inflammation Antigenic Presentation

Viral Elimination

Hayashi et al. Viruses 2022

Antibody Production
Viral Elimination

- airway remodeling
- asthma exacerbation

Clinical Implications

* Virus-induced asthma # simple allergy

* Mixed immune phenotype disease

e Impaired viral clearance - persistent inflammation
e Target pathways:

IFN signaling, epithelial immunity, type 2 inflammation
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Microbiome—Metabolome Interaction in Virus-Induced Asthma Exacerbation
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Dysregulated NK Cells Link Viral Infection to Asthma Exacerbation

ety g SN ecion SN i

Hypofunctional NK Activation Dysregulated NK Cells

NK Cell
1 Migration (CXCR3)
: 1 Cytotoxicity + IFN-y
7 1 IFN-y o oL J Cytotoxicity
@ : V-

J Eosinophil apoptosis

y. YA Viral infection ore s

» Controlled immunity

Consequences
= |mpaired viral clearance
= Persistent inflammation

€ Asthma exacerbation

NK cells are key antiviral effectors in the lung

Normally tightly suppressed to prevent tissue damage

In asthma, NK cells show functional dysregulation

This leads to failed viral control + unresolved inflammation

Lepretre et al. Eur Respir Rev 2023
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Infection-Prone Asthma Phenotype: Who are they?

Clinical Clues Microbiologic Pattern Dominant Bacterial Species
* Frequent antibiotics exposure * Repeated detection of same * Pseudomonas aeruginosa
e Severe asthma subset pathogen * Haemophilus influenzae
* Bronchiectasis overlap (CT) e Chronic airway colonization * Moraxella catarrhalis
* Recurrent exacerbation despite e Often subclinical persistence

ICS

Not just infection-prone, but clearance-impaired phenotype
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Mechanistic Model: Infection—Exacerbation Cycle

Proposed Model: Infection-Driven Exacerbation Loop
Mechanism of the Infection-Prone Asthma Phenotype

STRUCTURAL + IMMUNE FACTORS

« Bronchiectasis (1 Reiff score)
« Impaired innate immunity

4

DEFECTIVE CLEARANCE
Reduced IFN response * f’%
Impaired apoptosis (FAS/FASLG) i {12
Dysfunctional NK / myeloid cells ¥ @ IFNJ
E % = Key Features
MICROBIAL PERSISTENCE @ Low IFN signature

- | W | I ALD . -
o @ Bronchiectasis overlap

o Chrosic colonisation @ Persistent bacterial detection

» Low-grade inflammation

* @ Frequent exacerbations

CLINICAL CONSEQUENCE . /

» Recurrent exacerbations
« Frequent antibiotics
« Disease progression

A distinct non-T2,

infection-driven asthma endotype




2026 KATRD 222 557 3¢ 2|3 "‘":'

Bacterial Infection—Driven Asthma Exacerbation

Hospitalization with asthma

» Asthma diagnosis with systemic corticosteroids
nfluence

allergic airway 8
response Influence makeup

(Cp-specific IgE of lung microbiome
TNF-a, IL-6, ||__3" (tProteobacteriae and 7
L-1B, IL-13 & IL-5 | Bacteriodetes)

Chronic %

C. pneumoniae
Promote viral - lung infection with

respiratory tract frequent
> pathology (interfere @ reactivation (Hsp- Immunopathologic
W4 with complex 60, cLPS) damage to lung
immunological "‘y. architecture (T-cells,

< 4

Odds Ratio (95% CI)
I

pathways) macrophages,

= heutrophils and I
{g} eosinophils) 2 J-
_ 1
Infect BSM cells 1
Enhance
HDC/Histamine 0
Bronchial epithelial =23 months 24-T1months Gyears

ciliostasis Age at First Diagnosis Of Exposure

Bacterial infection is not just a trigger — it is a disease-modifying factor in asthma

1. Webly et al. Respiratory Research 2017, 2. EK Ha et al. Pediatric Pulmonology 2024
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Pusan National University Yangsan Hospital

Pseudomonas-dominant microbiome defines a high-risk severe asthma phenotype

C

Shannon index («-diversity)

I
L

L
L

]
1

—_
L

p <0.001

* .
. "
* *
-
.
T T
C1 c2

Severe asthma

FX lvan et al. Respirology 2025

Pseudomonas aeruginosa
Moraxella catarrhalis
Enterococcus faecium
Staphylocodcus aureus

Veillonella dispar

Streptococcus salivarius

Actinomyces oris ;

Veillonella atypica

Gemella sanguinis

Neisseria elongata

Actinomyces naeslundii

Fusobacterium periodonticum

Streptococcus oralis

Treponema socranskii

Veillonella parvula

Rothia mucilaginosa

Rothia aeria

Gemella morbillorum

[Eubacterium] sulci

Fusobacterium nucleatum

Rothia dentocariosa !

Streptococcus parasanguinis

Tannerella forsythia

Prevotella oris

Leptotrichia wadei

Fusobacterium pseudoperiodonticum

Prevotella denticola :

Streptococcus sanguinis

Prevotella melaninogenica

Streptococcus cristatus!

Parvimonas micra

Mogibacterium diversum

Aggregatibacter segnis:

Prevotella jejuni

Treponema denticola

Campylobacter concisus

Prevotella intermedia |

Porphyromonas gingivalis _ :

2 4 6 8 10

Fold change (log 2)
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Severe asthma
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National University Yangsan Hospital

Pseudomonas-dominant microbiome defines a high-risk severe asthma phenotype

Mechanism / Concept

Severe asthma

v
Microbiome clustering
L ¢ o
C1 Cc2
(commensal) (pathogen-dominant)
N
Pseudomonas aeruginosa
N2

® Multidrug resistance
® Biofilm formation
® Virulence factors

N2

[ Persistent infection]

Np
P Exacerbation

FX lvan et al. Respirology 2025

Key Findings

Analysis Results

|~ 4 Pseudomonas abundance
Significant increase observed

"=’ 2 Distinct Clusters
C1 (Commensal) vs C2 (Pathogen)

@ Cluster C2 Impact:
1 Exacerbations (IRR ~2.4)

* Independent of bronchiectasis

Z 1 Multidrug resistance genes

#  Virulence (biofilm, secretion)
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Immunodeficiency-Driven Infection and Asthma Exacerbation

Table 2. Variations of selected features after 1 year of IRT in the
T2-low group (panel A) and in the T2-high group (panel B)

Baseline After IRT pvalue
Panel A Results:
Exacerbations/year 5.5 (1-18) 1.5 (0=-7) <0.01
Respiratory infections 3 (1-14) 1 (0-5) <0.001 364%7|' T2-|OW phenotype
0CsS 1/12(83)  1/12(83) NS
OCS dose, mg 7.5 5 NS _
BEC, cells/pL 80 (30-140) 115 (70-520) <0.05 IVig 23
ACT 16 (10-19) 22 (18-25)  <0.01 - U &Yt
ACQ5 24 (1.7-35) 04 (0.1-1.1) <001 e infection:4 - 1 (p<0.001)
Baseline After IRT p value e exacerbation:6 - 1 (p<0.001)
Panel B _
Exacerbations/year 7 (2-20) 1 (0-6) <0.001 Phenotype %Bf
Respiratory infections 5 (0-20) 1 (0-5) <0001 T2-low 2HAL0]| A:
0Cs 5/21 (238) 2/21(9.5)  <0.005 « eosinophil Z7} (80 - 115, p<0.05)
0CS dose, mg 17 (5-25)  3.75 (25-5) NS . QUHL T highZ 0|=
BEC, cells/puL 200 170 NS
(50-760) (10-1,400)
ACT 15 (11-18) 23 (18-25)  <0.01
ACQ5 26 (19-33) 05 (02-13) <0.01

Vivarelli et al. Respiration 2025



Infection as a Phenotype-Modifying Driver in Asthma

: @ Recurrent @ Airway
@ Immunodeficiency Inflammation
& Remodeling

@ Dysbiosis &
Chronic Colonization

‘unbalanced’ ﬂ‘

(5 Severe, Treatment-

Resistant Asthma

i

' Persistent symptoms

W

4 1gG / PAD ' Frequentvnral (eg, 'Persnstent inflammation ' Reduced microbial

impaired humoral HRV, RSV) and/or (Type 2 and/or non-T2) diversity Frequent, severe
immune response bacfte;llal (€. Structural changes Emergence of exacerbations
reduced pathogen SH' ;,neul;sgf,?:é) (e.g., goblet cell pathogenic bacteria Corticosteroid resistance
clearance é)gcerbations hYPEfP'aS|?. SmPOth Creation of a e
muscle thickening) pro-inflammatory Need for biologics or
microenvironment other advanced therapies

66

RECURRENT INFECTIONS and the associated immune responses

can DRIVE the progression to a more SEVERE, INFLAMMATORY, Higher infection fate -> T FeNO levels
and TREATMENT-RESISTANT asthma phenotype. 1 Sputum neutrophils = | FEV1 % predicted
, , Antibiotic use -> Altered airway microbiome
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Phenotype-Based Therapeutic Approach in Infection-Associated Asthma

1. Universal infection response (all asthma)

 Viral/bacterial trigger = epithelial injury + inflammation
» Standard care: ICS = LABA Short-term OCS (exacerbation)

2. T2-amplified phenotype
* Virus > P IL-33 / TSLP = 1™ IgE / eosinophilia
» Key feature: exaggerated T2 response
* Treatment focus: Anti-IgE (omalizumab), Anti-IL5 / IL5R (mepolizumab, benralizumab), Anti-IL4R (dupilumab)
Anti-TSLP (Tezepelumab)
» Effect:| exacerbation frequency virus-induced amplification

3. Immune-impaired / infection-prone phenotype
J IFN response

impaired NK / macrophage function

chronic bacterial persistence

Treatment focus:
NOT inflammation suppression alone
— host defense restoration
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Expanding Treatment Strategies: Beyond Anti-Inflammation

1. Macrolide Therapy (Azithromycin)

Anti-inflammatory + Antibacterial Dual Effect

J Exacerbation (esp. non-T2 / neutrophilic) v L T2 inflammation

Key Mechanism A BUT - T Infection risk (bacterial, viral)
v b IL-8 / neutrophil recruitment

Clinical Implication
+~ Modulation of airway microbiome

> Qveruse in non-T2 = Harmful

Best Candidates > Need precision dosing
a" Frequent exacerbators

#2# Chronic bacterial detection | © ICS Overuse Risk

3. Biologics 4. IFN Augmentation Emerging

Primary Benefit Target: Impaired antiviral response

% Strong effect in T2-high asthma

Examples
© Additional benefit: | Virus-induced exacerbation (e.g., anti-IgE)

& Inhaled IFN-B (clinical trials)

Z TLR agonists
Limitation

® Limited effect in infection-driven / non-T2 phenotype FEA AR

Infection-prone asthma

@ Early viral infection phase



2026 KATRD 224 3&87| 3¥ |3

Tezepelumab:
Modulating Viral-Induced Inflammation Without Impairing Antiviral Defense
- ’/ Study design) N _Methods )
Moderate to severe asthma: RCT Poly (I:C) RV1b
R .
UPSTREAM - + 2
IR e G | B (&
Tezepelumab NCT02698501 Placebo v _ > |
n=13 n=13 n
00,0000
D ®— Bronchial epithelial cells
Baseline Week 12
o v —e 8 —p
-4 3vh 24h
‘ _ . - v
1) PBALF collection 1Y RT-GPCR RT-QPCR
ELISA ELISA

y. e

,—(_ _Tezepelumab treatment improves the bronchial epithelial tolerance to viral infection%

Sverrild et al. Allergy 2024

Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks
IL-33 IL-33 IL-33 IL-33
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( Tezepelumab: Selective Modulation of Viral-induced Immune Response }
Viral Infection Anti-TSLP (Tezepelumab) Antiviral Response
(RV, Poly I:C)

IFN-B  IFN-A

T2 Inflammation Anti-TSLP
(Tezepelumab)
QIL-33 @ IL-4, IL-13

Q@IL-17A @ IL-17A
3

[Inflammatory Response]

Preserved
4 Strong Suppression Balanced Immune Response v IFN Response Maintained
2IL-33 714 . v Viral Load Unchanged
I JIL-13 € IL17A 4 Il Exacerbations =
| 4 © Maintained Host Defense
[Inflammatory Response] 4 © Immune Stabilization [Antiviral Response]

Tezepelumab suppresses inflammatory amplification while preserving antiviral immunity.

European Academy of Allergy and Clinical Immunology (EAAC|) EAACIH 2024
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Toward Precision Therapy in Infection-Prone Asthma

Candidate biomarkers

v IFN signature ({, = infection-prone)

v’ Blood transcriptomics

* immune suppression pattern

Define infection-prone asthma cohort

* interferon pathway downregulation

v NK cell function Integrate:
« cytotoxicity J immune profiling
microbiome

* impaired viral/bacterial clearance , _
transcriptomics

v Microbiome profiling

* chronic colonization pattern Goal:

. Mechanism-based, not symptom-based treatment
e dysbiosis
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Precision Treatment in Infection-Associated Asthma

™

Viral / Bacterial
Infection

* Rhinovirus, RSV
* H. influenzae
* Pseudomonas

A. T2-amplified

T 1L-33 f TSLP
™IgE
I~ Eosinophils

B. Immune-impaired

Jd- IFN response

NK / Macrophage dysfunction
Impaired clearance

overlap

Infection-prone

Asthma

Biomarker-guided
Selection

E IFN Signature

&y Transcriptomics
© NK Function

& Microbiome

Treatment Strategy

T2-Targeted

Biologics:
anti-IgE, anti-IL5, anti-IL4R
ICS: Effective

J

Stratification Bridge

Infection-Targeted

Macrolide therapy
IFN augmentation

Host-directed therapy
A\ 'CS overuse - risk

Precision Outcome

J; Exacerbation
J» Infection burden
Personalized therapy
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Summary

Infection # single mechanism

Host immunity determines outcome

T2-high = inflammation amplification

Infection-prone = impaired clearance

Bacterial persistence - disease progression

- Phenotype-based precision therapy is essential
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