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Respiratory Virus



Cold, Flu, and Respiratory Virus

* Cold
* ‘cald’: X}7}2 (L CHF Of)
« ‘kaldaz’: XfZHA|SICH (A 27H0])
o ‘kalt’: X}7}2 (5 € O)

* Flu
¢ ‘influentia’: Y&
e linfluenza degli astir: 22| H2F
* Influenza (of cold) = ”Flu”

« Z+7]: Common cold, catch a cold etc. = Infection of Respiratory Virus

https://www.hopkinsmedicine.org/news/newsroom/news
-releases/2025/01/know-your-respiratory-virus-enemies- 4
this-season
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Respiratory Virus and Transmission

Table 1 | Transmissibility of, modes of transmission of and transmission-based precautions for common respiratory viruses in humans

Transmissibility and transmission HCoV IV MeV PIV RSV HMPV VZV RhV HAdV
Transmissibility”

Basic reproduction number (R,) 0.5-8.0 1.0-210 14-770 2.3-2.7 09-219 - 1.2-169 1.2-2.7 2.3-5.1
Household SAR (%) 0-38.2 14380 520846 36.0-670 116393 - 61.0-78.1 28.0-580 -

Ry = 22 - 120| 282 ZIA|Z — HI} it
Ry < 10|H — 7I'040| Ao 2 AEHSEH
‘Rp > 10|H — R 7Isd U=

Household SAR (Secondary Attack Rate)
= 78 oA A Hj Z X225 E 22 S0 A= 715 /8-> Al 2Kt ZHo| st H|E

= e

Nat Rev Microbio/ 19, 528-545 (2021) 5



Rhinovirus

Species
3 species
HRV AB,C

Genome
Single stranded RNA
single coding sequence
genome size 7200bp
high mutation rate

Human Rhinovirus (HRV)

"S
‘?,f'

54!/

"i

Types
174 types
81 HRV-A
33 HRV-B
60 HRV-C
Based on VP sequences

ANANN

Taxonomy
Genus:Enterovirus
Family: Picornaviridae

Diversity
27225 unique strains based
on precise genomic
sequences

T IF

Icosahedral Capsid
Non-enveloped
4 capsid proteins (VP1-4)
VP1-3 surface exposed
VP4 anchors RNA to capsid

Cellular receptors
ICAM-1 (major group HRV-A/B)
LDL-R (minor group HRV-A)
CDHR-3 (HRV-C)

Target Host Cells
Upper and Lower
Respiratory Epithelium

Morelli et al. Respiratory Research (2025) 26:120

CMC

Transmission Properties
@

.Il
Basic Reproduction Number: 1.2-2.6

i

Incubation Period: 0.42-5.5 Days

Monday = Tuesday Wednesday Thursday Friday  Saturday  Sunday

Infectious Period: 7-16 Days
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Most Common Pathogen, Wheeze

Table 2 Overview of HRV in Lower Respiratory Infections (LRI) Within Community and Primary Care Settings

Community/primary care studies highlighting prevalence of HRV LRI to LRI caused by other viruses

Authors/year Patient population

rank

ﬁ\f % Detection in RV\nd % of Other common RVIs

Key points

Vos et al. [122]

levenetal. [118] Adults with LRI

Falsey et al. [123] Elderly adults (=65 years)

with moderate-to-severe ILI

Adults with acute cough/LRl,

39.7% HRV
(Most commmon virus)

2049% HRV
(Most common virus)

25.6% HRV

(2" most common virus)

Influenza (13.6%), RSV (9.5%)

Influenza (9.9%), Coronavirus
(7.49%)

Influenza A (18.7%), RSV (7.4%)

HRV associated with more severe
symptoms particularly severe
wheezing vs virus negative LRI

HRV detected 14.2% of adult
pneumonia cases in primary care

14.6% of adults over 65 with HRV
LRI ultimately required hospitali-
sation

Community/primary care studies specific HRY LRI

Authors/year Patient population

% HRV detected in all LRI

HRV Species data
(symptomatic patients)

Common comorbidities

Zlateva et al. [61]  Adults with acute cough/LRI

Zlateva et al. [98]  Adults with acute cough/LRI

19%

18%

\_

J

HRV-A (68%),
HRV-B (12%),
HRV-C (20%)
HRV-A (51%),
HRV-C (7%),

HRV-C (42%)

Asthma (12%), COPD (7%),
Allergic diseases (23%), Cardiac
disease (8%), Diabetes (6%)

COPD (29%), Asthma (24%), Aller-
gic disease (29%), Cardiovascular
disease (8%)

Morelli et al. Respiratory Research (2025) 26:120
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Influenza virus

o Q|II| RNA HFO| A
e Influenza A: H1-18 + N1-11 O

6,300 - 52,000

* Influenza B: B/Victoria, B/Yamagata

.. . Hospitalizations
* Transmission: Droplet, air borne 120,000 - 710,000

e Tx: Oseltamivir, Peramivir, Baloxavir
llinesses

9,300,000 - 41,000,000

2010~2024

WHO, CDC 8



Preliminary 2024-2025 U.S. Flu In-Season Disease Burden Estimates

Since October 1, 2024, CDC estimates there have been between:

! ! |
47 Million- M 21Million- | 610,000- & 27,000 -
82 Million i 37 Million i 1.3 Million | 130,000
I I I
I | I
5 , e o , |
! | |
fF @ fd R e:
Flu i Flu | Flu | Flu
llinesses | Medical Visits | Hospitalizations | Deaths

Based on data from October 1, 2024, through May 17, 2025

Because influenza surveillance does not capture all cases of flu, CDC provides these estimated
ranges to better reflect the full burden of flu in the United States. These estimates are calculated F' S— D ‘
using a mathematical model based on CDC’s weekly influenza surveillance data and are preliminary UVvEw ' '

and are updated weekly throughout the season.
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Respiratory Syncytial Virus, RSV

Attachment glycoprotein (G) Nucleoprotein (N)
[} Pn eumovirid ae J-ll' Mo non egavira I es % - Variable across RSV A and B subtypes - Conserved internal protein
A - Essential for infectivity in vivo « Can induce IFN-y-producing CD8+ T cells
O rthop ne u m ovi ru s —_II— « Induces neutralising antibody responses

« Can induce IFN-y-producing T cells

- CHUIE H| 22 S/8H 2 RNA HHO[TH A

M2-1

- Conserved internal
protein

« Can induce
IFN-y-producing
CD8+ T cells

. HiO|2{A XIQdu} Sty 2 X| (syncytium)= B

RSV A, RSV B subtype

Fusion glycoprotein (F)
- Required for cell entry

« Highly conserved antigen across all
known RSV subtypes

« Induces neutralising antibody responses
= Can induce IFN-y-producing T cells

- Targeted by all vaccine
candidates in Phase 3

Vaccines 2023, 11(2), 382 10



RSV - Disease Burden

CMC

RSV mortality
« Among all adults hospitalised with RTI: 0-2-0-6%
__* Among all adults hospitalised with RSV RTI: 1-12% (older adults 6-9%)

RSV admission to hospital
« Among all adults hospitalised with RTI: 4-11% (older adults 2-6-6-7%)
« Among medically attended older adults with RSV infection: 12%

[ RSV admission to ICU
« Among all adults hospitalised with RSV RTI: 6-15% (older adults 11-18%)
\

/

§ 0.04-0.09%
£0-14-036%

« Among older adults with RSV infection: 17-28%
\-

i Medically attended RSV infection ] /

' 0-8-1-4%

Vs

Symptomatic RSV infection (community)
| *Among all adults at high risk for severe RSV infection: 4-10%

£ 3-7%

T Adults (=18 years)
Older adults (=60 years or =65 years, depending on study)

Lancet Respir Med 2024;12:822-36

11
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CDC estimates® that, from October 1, 2024 through December
7, 2024, there have been:

470,000- B¥
950,000 & ;
e s
'L
RSV : : RSV
Outpatient Visits i Hospitalizations i Deaths

*Based on data from September 29, 2024 through December 7, 2024.
CDC 12



Adenovirus

* Adenoviridae
e Subtype: A~G
- 116+ more genetic mutation

* All year, all ages
* Pediatric: 5~10%
e Adults: 1~4%

e Used as vectors in genetic Tx

0 10kb 20kb 30 kb 36 kb

ITR ITR

Wild-Type Adenovirus (WWTAd) e.g, Adv5: Natural, unmodified
adenov rruses

Viruses 2024, 16, 1094. 13



Prevalence and burden of human adenovirus-associated acute respiratory illness in JKMS e
the Republic of Korea military, 2013 to 2022 =

Reviewed data from patients who underwent PCR test for respiratory viruses in all Korean military hospitals between January 2013 and July 2022

(A)
+» 8,580 (80.41%) tested positive for HAdV g
2, ; -HAdV (IFV, HMPV, HPIV, HRSV) 8""
3aoc
Comparison of Healthcare Utilization %
> )
HAdV Non-HAdV z" ?&;quv
ey No.of visits/patient 1.04 1.02
Gty | s VOO o ko, KOOBGION. o 5 TOTCEIAG. . W
" No.of visits/patient 131 1.27
: 0 si8eee
N (%) 5,884 (68.58) 1,193 (57.08) B R Y 6T BRSNS S S BT B T SE T 8Ty
Hospitalization 'Lengthofstay(days)sm """"""""""" R T S R AGRAY AR A SARY R ARARU R LLAD AR AL LASR S AR AL R A 9';3;:':
: Length of stay (days) 5.21 3.38 i 3000
Transfer N (%) 235 (2.74) 10 (0.48) &
Comparison of Prognosis N (%) ;
HAdV Non-HAdV £ —
A T G . 18088 0 * P a
HFNC 6(0.07) 0(0.00) o
.................................... MV L20023) . 1008
g O v i g FO08).. i ORIO0) o ins
CRRT 2(0.02 0(0.00 = \
........................... T S 65)79 2008 )33 e el Zs a0
.................. eumona '( & ) ; Lol dom ( ) 2013 2014 2015 2016 2007 2018 2019 2020 2021 2022 (~Jul)
Severe ARD 25(0.29) 1(0.05) Year

Conclusions

HAdV posed a significant public health concern within the Korean military prior to the COVID-19 pandemic

J Korean Med Sci. 2024 Jan 29;39(4):e38 14
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Metapneumovirus

* Found in 2001

e Paramyxoviridae, Pneumovirinae, Metapneumovirus =
* Droplet transmission

e Usually in child and older age

15



Emerging Threat of Human Metapneumovirus (HMPV) m C
and Strategies for Control

Epidemiology & Burden Pathogenesis & Symptoms

/\)l Rising Infections: Children, Mild to Severe Symptoms

‘" elderly, immunocompromised Cough, wheezing, pneumonia,
X xy Vv lej, ing

N [Co-Infections: Common )
with RSV, Influenza

W E

Containment &
Future Directions

High Hospitalization:

Surpasses influenza/
COVID-19 in some
regions

Diagnosis & Treatment
RT-PCR = Gold Standa 5,

(Underdiagnosed) 2%, o Hand hygiene, social
%o 5 0*6 § distancing, mask weaing
Treatment: Supportive care; ‘@, T

Y Vaccines in pipeline:
mRNA-1653, IVX-A12

& i

No licensed vaccine yet ~
~ MmADbs (e.g., MPV467) promilsing

9 for immunoprophylaxis

Antivirals (e.g, ribavirin) under study

Infection, Genetics and Evolution 131 (2025) 16
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The global burden of human metapneumovirus-associated ), ®)
acute respiratory infections in older adults: a systematic review

and meta-analysis

HICs LMICs Global*

Number of hMPV- associated hospital admissions (thousands) 185 (105-340) 288 (193—436} 473 (396-777)

Data in parentheses are 95% Cls. HICs=high-income countries. hMPV=human metapneumovirus. LMICs=low-income and middle-income countries. LRI=lower respiratory infection.
NA=not applicable. *Global estimates are sum of estimates from HICs and LMICs. tEstimated using Global Burden of Disease Study 2017 data (applied to 2019 population estimates);

both are from the Institute For Health Metrics and Evaluation.

Table 1: Number of hMPV-associated LRI hospitalisation episodes in individuals aged >65 years in 2019 based on data from proportion-positive studies

Lancet Healthy Longev 2025; 6: 100679 17
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HMPV Hospitalization Risks/10K

Hospitalisation rate Study

per 100 000 people weight (%)

(95% Cl)
Jain et al, 2015 (2010-12) h 29 (13-46) 74-9
Sieling et al, 2021 (2017-18) - 169 (129-233) 75
Sieling et al, 2021 (2018-19) - 151 (109-214) 7-4
Widmer et al, 2014 (2009-10) - 214 (121-373) 13
Zimmerman et al, 2022 (2015-19) E - 593 (545-641) 8-9
Random effects model pooled estimate e 231 (41-421)
Heterogeneity: F'=99%, 1°=45813-8418, p<0-0001 | | |

0 200 400 600

Figure 3: Forest plot of meta-analysis of hMPV-associated hospitalisation rate in the USA
For each study, the years of data collection are shown in parentheses. hMPV=human metapneumovirus.

Lancet Healthy Longev 2025; 6: 100679 18
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Parainfluenza virus

Found in 1955

Mononegavirales = Paramyxoviridae 1}
HPIV1, HPIV2, HPIV3, HPIVAS| | 7} X| §&
Upper RTI usually

Lower RTI in some cases = < 5-year-old/older age/immunocompromised
HPIV3 > M 7|, HPIV1/2 2~6M| AFO| 24 &



Manthly number of cases

g &

g

COVID-19 period

2020

2021

Human parainfluenza virye 23  Respiratory syncytialvirus B

2 o
I l

u-j ' _| |

| A - 1 mmm before the COVID-19 pandemic
1/ § \ s during the COVID-18 pandemic

|
ol ' A
con B N o N = =
] 0 [17] o ) El o -
Age(month) Age {manth)

J Korean Med Sci. 2022 Jul 18;37(28) 20
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Preliminary 2024-2025 U.S. COVID-19 Burden Estimates

CDC estimates™* that, from October 1, 2024 through December 7, 2024, there have
been:

2 e ©
n ]
_ |
COVID-19 COVID-19 COVID-19 COVID-19
llinesses Outpatient Visits Hospitalizations Deaths

*Based on data from September 29, 2024 through December 7, 2024.
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Bocavirus

Figure 1. Immune response to HBoV infection: from viral persistence to acute and long
e 2005 ﬁ —E— El consequences. Created with BIORender.com (last updated: 19 March 2023).

° ParVOVirus # @ INF and TNF

* HBoV 1,2,3,4 Wy | i

@‘. .“'NS1, NS1-70, NP1 Viral persistance
—D
Vlfal capsnd protein 1 and 2 (VP1/2) Wghorl. Y
IFNy, a 1

IL-4, IL-10 (Th2)

The genes encoding the protein
NS1, NP1 and VP1/VP2

Microorganisms 2023, 77(5), 1243 23



Adults

Children

Season

.
- ()]
e 2 E
E 5 5
<= v "

Fall

7////////////%

7///////J
ANVANANNNNNY

7///.////////////////////////////////////E

AANARANANRANNY

14 -

124

T
o
ot

0 (o]

Aouanbali4

4

T T
(9 o

2011 2012 2013 2014

2010

2011 2012 2013 2014

2010

Year

24

The Lancet Regional Health - Americas 2024;29: 100647
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VIRUS
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Viral Infection and Asthma
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CMC
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How Respiratory Viruses Impact Asthma?

* Triggering Exacerbations
: Major cause of asthma exacerbations

* Inflammation and Mucus

* Increased Susceptibility

: People with asthma may have altered immune responses and a compromised
airway barrier

* Potential for Long-Term Impact

: Early childhood infections with viruses like RSV and rhinovirus can be associated
with developing asthma later in life.
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Viral Infection and Asthma
1) Early-life Exposure



Hypothesis

CmMmC

C

irth, basal 1-12 months, Early childhood, 2-5 years,
cells secretory cells ciliation and junctions clinical outcomes

Aberrant infant airway epithelial Dysfunctional
development epithelial barrier

Normal infant airway epithelial Normal epitheliél N
development barrier .

Front. Pediatr, 02 August 2024 30
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e

@ Clinical outcomes
Viral variants may be
associated with @ Viral (RSV) Recurrent wheeze -
persistent infection and infection is /—< J
immune evasion associated with Asthma b
F durable )
28 :::::aa;l::i:;elia | \ Airway epithelial cell

developmental reprogramming
results in dysfunctional barrier

S

Allergen®
e

cell metabolism

e Normal infant airway @Metabolically altered infant Resu
epithelial development respiratory epithelial cells epithelial barrier

C Infancy ) (" Early childhood )

31
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Birth Cohorts and Viral Exposure

e COAST (Childhood Origins of Asthma)
* COPSAC (Copenhagen Prospective Study on Asthma in Childhood

* Most powerful predictor of “pediatric asthma”
* by wheeze RV infection

* Inducing T2 inflammation = increased IL-22/IL-33
* Allergic sensitization = Atopic asthma
* Loss of innate immunity of airway epithelial cells to RV in asthma patients
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Birth Cohorts and Viral Exposure

e COAST (Childhood Origins of Asthma)

* COPSAC (Copenhagen Prospective Study on Asthma in Childhood

* Most common pathogen of Asthma AE (~70%)

* By inducing airway hyperresponsiveness = airway inflammation
* RV-C receptor - CDHR3 mutation (rs6967330)

* Aggravated by air pollution, smoking exposure, NO2, and O3

e Co-infection with bacteria
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Virus infection = Development of Asthma

Rhinovirus-induced wheezing in
infancy—the first sign of childhood
asthma?

Anne Kotaniemi-Syrjanen, MD,2 Raija Vainionpéa, PhD,b Tiina M. Reijonen, MD,2 TABLE IV. Viruses associated with wheezing in infancy
Matti Waris, PhD,h Kaj Korhonen, MD,a and Matti Korppi, MDa KMOP!O and Turku, Finland and the presence of asth ma at esa rlv School age

Asthma at early school age:

2000 no. of subjects (%)
1992-1993 100 children [ 5} Frozen samples s e e f _ -
were recruited available for Viral identifications Present (n = 27) \ Not present (n = 39)
81 children

i i tification 1R (67) 24 (62)
l | RV 14 (52)* 6 (15) |

Enterovirus 0 (0) 5 (13)
1000 % ehildren Frozen samples RS?Wother respirato 1 (4)/3(11) 9 (23)/4 (10)
participated in the available for 66 VIIUsScs
follow-up visit children with Multip]e identification 21- (7) Si (2 1)
follow-up data . ] . .
No viral identifications 7 (26) 7 (18)
N > 4

1999 Asthma present Asthma present
in 33 children in 27 children

J Allergy Clin Immunol. 2003; 111:66-71 34
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RV = Preschool wheeze 2 | FEV1

Decreased lung function after preschool wheezing
rhinovirus illnesses in children at risk to develop asthma

Theresa W. Guilbert, MD, MS,? Anne Marie Singh, MD,?® Zoran Danov, MD,® Michael D. Evans, MS,©
Daniel J. Jackson, MD,*® Ryan Burton, BS,>® Kathy A. Roberg, RN,? Elizabeth L. Anderson, RN,? Tressa E. Pappas, BS,?
Ronald Gangnon, PhD,*? James E. Gern, MD,? and Robert F. Lemanske, Jr, MD*® Madison, Wis, and Lexington, Ky

RV wheeze RSV wheeze
1.50 4@ No b o No - 1.50
Yes + s Yes
1.45 - 1.45
__1.40 4 ** * - 1.40 __
- -
= 1.35 * * * - 1.35 =
> =
1.25 - = 1.25
1.20 = 1.20
1.15 - - 115
1 | | | I | | 1
5 6 7 8 5 5] Fa 8
Age (years) Age (years)

J Allergy Clin Immunol. 2011; 128:532. 35
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Everyone? No, someone is weak

* 17921 locus
e RV infection 2 ORMLD3, GSDMB, IKZF3

 CDHR3 (Cadherin-related family member 3)

* rs6967330 > Severe AE pediatric asthma
- RVZEEY S7h RV A I ZI|HS SSE 57t

* STAT4, JAK2, MX1, DDX58
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Rhinovirus Wheezing Illness and Genetic
Risk of Childhood-Onset Asthma

Minal Caligkan, B.S., Yury A. Bochkov, Ph.D., Eskil Kreiner-Mgller, M.D.,
Klaus Bennelykke, M.D., Michelle M. Stein, B.S., Gaixin Du, M.S.,
Hans Bisgaard, D.M.Sci., M.D., Daniel J. Jackson, M.D., James E. Gern, M.D.,
Robert F. Lemanske, Jr., M.D., Dan L. Nicolae, Ph.D., and Carole Ober, Ph.D.

Study Population: COAST/COPSAC
Methods: 17921 genotypes in RV/RSV wheezing illness vs. unstimulated

N Engl J Med 2073368 1398-407. 37
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17921 locus variant is only in RV wheezing

Table 1. Associations of 17q21 Single-Nucleotide Polymorphisms (SNPs) with Asthma, Allergic Sensitization, and Viral Wheezing lliness
Phenotypes in the Childhood Origins of Asthma (COAST) Cohort.*

Minor  Minor-Allele
SNP Gene  Location Allele Frequency P Value

(H RV No. of HQ RSV No. of RSV

Allergic Wheezing  Wheezing | Wheezing Wheezing

Asthma Sensitizationy | Iliness llinesses lliness llinesses
rs9303277 IKZF3 Intron Cx 0.488 0.03 0.86 0.01 <0.001 0.25 0.51
rs11557467  ZPBP2 Intron Ti 0.498 0.05 0.98 0.02 <0.001 0.30 0.63
rs12936231 ZPBP2 Exon Cx 0.493 0.07 0.95 0.02 <0.001 0.22 0.57
rs2290400 GSDMB  Intron Af§ 0.500 0.08 0.90 0.02 <0.001 0.17 0.47
rs7216389 GSDMB Intron T§ 0.500 0.04 0.90 0.01 <0.001 0.22 0.54

< /

38



C Prevalence of Asthma According to History of HRV
Wheezing llinesses

CMC

D Asthma Risk, Children with HRV Wheezing llInesses

Odds Ratio (log;,,)

CC CT TT
(12) (33) (20)
rs7216339

1004 p=0.004 for interaction
90
80 >1 Wheezing illnesses
70+
R 60
(2]
€ 50-
i
« 404 _ %9 _ _ _ _ _ _ _ ________
30+
20~ No wheezing illnesses
10+
0
CcC cT T
rs7216389
No. with Genotype
=1 Wheezing illnesses 12 33 20
No wheezing illnesses 39 67 29

E Asthma Risk, Children without HRV Wheezing llinesses

Odds Ratio (log;)

S b S J

CC CT TT
(39) (67) (29)
rs7216389

Figure 1. Effects of 17q21 Genotype on Asthma and Human Rhinovirus (HRV) Wheezing llinesses in the Childhood

Origins of Asthma (COAST) Cohort.
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RSV

Respiratory syncytial virus infection during infancy and
asthma during childhood in the USA (INSPIRE): a population-
based, prospective birth cohort study

Christian Rosas-Salazar, Tatiana Chirkova, Tebeb Gebretsadik, James D Chappell, R Stokes Peebles Jr, William D Dupont, Samadhan J Jadhao,
Peter ] Gergen, Larry ] Anderson, Tina V Hartert

Lancet. 2023 May 20;401(10389):1669-1680 40



1952 children enrolled in INSPIRE

—»  of severe pulmona

6 children excluded dfle to delayed diagnosis

cardiovascular, or

neurological dise.

1946 eligible children enrolled in INSPIRE

\ |

Any
acute respiratory

No

infection during first
RSV season?

Nasal

RSV

wash positive for RSV
by RT-qPCR?

Hex

serology positive at
age lyear?

Mas 1

v

944 (54%) of 1741 children infected with
RSV during infancy

797 (46%) of 1741 children not infected
with RSV during infancy

S-year current

No asthma?

Yes

h 4

S-year current

No asthma?

Yes

A 4

531 (79%) of 670 children infected
with RSV during infancy did not
have 5-year current asthma

139 (21%) of 670 children infected
with RSV during infancy had
G-year current asthma

496 (85%) of 587 children not 91 (16%) of 587 children not

infected with RSV during infected with RSV during infancy
infancy did not have 5-year had 5-year current asthma
current asthma

S

41
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RSV during infancy =2 Non-atopic Asthma

53
584

p=0-73
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The Earlier, the Riskier

0-25 RSV infection during infancy
J — No
5 — Yes
=)
= 0:20 4
e |
&
=
=
t
g 015+
5
g
[P
L=
2 010
E
2
2
5 0-05-
T
2
¥
(=18
0 T | T T |
0 1 2 3 4 5
Age (years)

Figure 4: Predicted probability of recurrent wheeze in the first 4 years of life
by RSV infection during infancy

Lancet. 2023 May 20;401(10389):1669-1680 43
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Metapneumovirus is also asthma risk factor

ERJ OPEN RESEARCH
ORIGINAL RESEARCH ARTICLE
A. MYKLEBUST ET AL.

Bronchial reactivity and asthma at school age after early-life
metapneumovirus infection

Asne Myklebust ©2, Melanie Rae Simpson®, Jonas Valand®, Vibeke Stenhaug Langaas®, Tuomas Jartti>®’
Henrik Dellner? and Kari Risnes':

Original cohort: 2006~2012
Follow-up at school age: 2017~2019 (7~10 yrs after)

St Olavs Hospital (Trondheim, Norway)

Research visit
n=137

v

Performed
lung function testing
n=132

Excluded (bacterial pneumonia
at exposure) n=2

Not able to perform lung
function testing n=3

-

y

Spirometry Performed
with reversibility test MPT#
n=31 n=101
v l h 4 h
- Positive Positive .
No rgversdt:uhty reversibility test MPT Neﬁ;ﬁ!"e
spirometry (FEV, increase >12%") (FEV, fall >20%)
n=23 n=8 n=84 n=17

ERJ Open Res 2024; 10: 00832-2023

h 4

Variable airway
obstruction
n=92
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Metapneumovirus

« Lower risk  Higher risk . OR (95% Cl)
DA\ %ﬁ 32108
l MPV adjusted, | ° | 4.8 (1.1-21.5)
adjusted, — @ i
4 E 1
RV ! ® : 3.2 (1.0-10.7)
RV adjusted, i ° + 3.9 (1.1-13.9)
| RVadjusted, | o | 4.1(11-15.8) |
4 E 1
RSV s o | 2.4 (0.8-7.6)
RSV adjusted, - ® | 3.2 (1.0-10.6)
RSV adjusted, e ® | 3.3(0.9-11.6)
\ ! y
Mixed 2.0 (0.5-9.0)
Mixed adjusted, 2.5 (0.5-11.7)
Mixed adjusted, ; 2.7 (0.5-13.8)
0 1 5 25
OR (95% CI)

ERJ Open Res 2024; 10: 00832-2023 45
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Adenovirus, Coronavirus, Bocavirus, Parainfluenza virus

* Acute wheezing (+) in some cases

* Not associated long term development, YET

46
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Viral Infection and Asthma
2) Exacerbation



REVIEW ARTICLE

CMmC

Viruses and bacteria in acute asthma exacerbations - A
GAZLEN-DARE* systematic review

Table 1 Reported prevalence of individual microbial agents in AAE, according to data from the literature reviewed in this manuscript

Prevalence (%) in AAE

Infants and
pre-school-age Children Higher frequency in
Pathogen children (6-17 years) Adults AAE than control populations
[ Rhinovirus 17-78 (33) 42-82 (bb) 8-65 (29) Yes ]
Enterovirus 12-25 (18) 5-16 (7) / ?
iftfilf“f Q-5 (2) 0-13 (1 4-21 (12) No
Influenza virus 1-20 (3) 0-7 (2.5) 8-25 (23) Yes (adults only) ]
TN =T YIS P = A ) =00 =Y Rz AV}
[ Respiratory Syncytial virus 2-68 (19) 1.5-12 (4) 0-39 (3) Yes (infants only) ]
Metapneumovirus T.5-0 (4) 4—7.5 (4.5 7 ¢
Adenovirus 1.5-8 (4.5) 0-71 (0) 1-3 (2) No
Bocavirus 7.5-19 (11) ? ? ?
Chlamydophila Pn 0-45 (4) 4-23 (11) 0-73 (13} ?
Mycoplasma Pn 1-10 (2) 0-50 (14) 0-8 (4) Yes (children only)

Allergy 66 (2011) 458-468
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RESEARCH ARTICLE MEDICAL ViRoLoGY WILEY =

Viral respiratory infections requiring hospitalization in early —
childhood related to subsequent asthma onset and

Asthma AE in Pediatrics  eaceation s

Eun Kyo Ha'® | Ju Hee Kim? | Boeun Han® | Jeewon Shin* | Eun Lee
Kee-Jae Lee® | Youn Ho Shin?@® | Man Yong Han®

|

Children who were born during 2008-2012 in South Korea (N=2,395,966)

Exclusion criteria
Hospitalized for wheezing before the index
date (N= 36,966)
Hospitalized with LTRI before the index
date (N= 21,273)

Unexposed individuals (N=2,337,524) Exposed individuals (N=19,169 )

Incidence density sampling in a 1:10 ratio
Matched for birth year and sex

Eligible participants (N=210,859)

Unexposed group (N=191,690) Exposed group (N=19,169 )b<
Accumulated person-years at risk®= 1327167.33 Accumulated person-years at risk? = 132362.08

J Med Virol. 2024;96:€29876. 49



Asthma AE in Pediatrics

(B) s
== Adenovirus
== |Influenza virus
Parainfluenza virus
Metapneumovirus
0.6 == Rhinovirus
= RSV
9
8
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Age of respiratory virus infection

J Med Virol. 2024;96:€29876.



Asthma AE in Pediatrics

Cumulative incidence (%)

L8]
i

(-]
L

'S
i

[ Exposed group
B Unexposed group
0 3 o 9
Follow-up time (years)
At Risk
191690 184096 176353 122813
19169 17751 16935 11705

J Med Virol. 2024;96:€29876.

CMC

51



CMC
Asthma AE in Pediatrics

Number of Event/Total Number
(Incidence rate/10,000 person-years)

Identified pathogen Exposed cohort Unexposed cohort Hazard Ratio (95% CI)
RSV 1,190/14,669 (140.0) 6,324/146,690 (70.9) 1.926 (1.806-2.054) -
Influenza virus 53/1,313 (97.7) 205/13,130 (36.4) 2.677 (1.972-3.635) ————
Parainfluenza virus 82/1,386 (119.7) 422/13,860 (59.5) 1.989 (1.559.2.538) ~————
Metapneumovirus 48/806 (142.4) 148/8,060 (41.8) 3.500 (2.496-4.908) —————
Rhinovirus 57/779 (158.5) 213/7,790 (56.3) 2.834 (2.095-3.834) ————
Adenovirus 41/795 (113.0) 181/7,950 (47.8) 2.358 (1.672-3.325) e ——

1I{I 210 ﬁlﬂ

J Med Virol. 2024;96:€29876. 52
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Insight from COPD data

100 -

Pathogen classification
Bl Bacterial and viral coinfection

795 -

@ s
g - Bl Multiple viral infection
g %0 Bl Single viral infection
i Multiple bacterial infection

25 - " . Single bacterial infection

| No pathogen detected
0 .
Total ACO

Group

Tuberc Respir Dis 2025;88:292-302 53



Original Article

I n S | g ht frO m CO P D d a ta Clinical Significance of Various Pathogens s

. . . . . 2005-6184(0nline)
Identified in Patients Experiencing Acute Tubero Reape Dis 202688282302
Exacerbations of COPD: A Multi-center
Study in South Korea )
B Bl InfluenzaA [ RSV Bl Parainfluenza B Metapneumovirus [l Enterovirus
E Rhinovirus [ InfluenzaB [ Coronavirus  EE Adenovirus EH Bocavirus
19.0
15.8
64 6.0 5.8 5.8
1 1 I I
Viruses

Tuberc Respir Dis 2025;88:292-302 54



No. of patients

CmMmC

Letter to the Editor

Insight from SARI data

Epidemiology of Severe Acute Respiratory o s
Infection in Korea: 2022 to 2024 Tubero Respir Dis 202588610613
Surveillance Data

— AdV HBoV - = HPIV == RSV HRV
HMPV HCoV IFV SARS-CoV-2
1
k\
'/ﬁ\ \ A 'A\
vl.v \"’\"_'o‘ i o -;‘g"\

2 4 6 8101214 1618202224 26283032 343638 4042444648505
2023

Time (wk)

2|2 4 6 8 1012141618 202224 26 28 3032 34 36 38 4042 44 46 485053
2024

13 5 7 911131517192123 25272931 3335373941434547495153
2022

Tuberc Respir Dis 2025;88:610-613 55
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Prediction by using Respiratory Virus Detection Rate

Journal of Asthma and Allergy Dove

3 SHORT REPORT

Predicting Asthma Exacerbation Risk in the Adult
South Korean Population Using Integrated Health
Data and Machine Learning Models

Joon Young Choi(®', Chin Kook Rhee (?

Table 2 Model Evaluation Results Using Test Data

Total virus detection, total virus detection rate, adenovirus/bocavirus/coronavirus/enterovirus/human
metapneumovirus/rhinovirus/influenza virus/ parainfluenza virus/RSV detection rate for the week, adenovirus/
bocavirus/coronavirus/enterovirus/lhuman metapneumovirus/rhinovirus/influenza virus/ parainfluenza virus/RSV
detection rate in the previous week, sum of 2-4-week adenovirus/bocavirus/coronavirus/enterovirus/human

metapneumovirus/rhinovirus/influenza virus/ parainfluenza virus/RSV detection rate,

Journal of Asthma and Allergy 2024:17 783-789

Method Sampling Feature AUC
Method Selection
I) Logistic regression Under No 0.59
2) penalized logistic regression (LI) Under No 0.59
3) penalized logistic regression (LI) Hybrid Yes 0.66
4) Random Forest Hybrid No 0.67
5) Random Forest Hybrid Yes 0.71
6) Adaboost Under No 0.64
7) Adaboost Hybrid No 0.70
8) Adaboost Hybrid Yes 0.71
9) light GBM Under No 0.67
10) light GBM Hybrid Yes 0.69
I'1) XGBoost Under No 0.68
12) XGBoost Hybrid No 0.68
I3) XGBoost Hybrid Yes 0.68
56
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Viral Infection and Asthma
3) Immunologic Landscape



Viral infection led to epithelial damage

Healthy epithelium Asthmatic epithelium

_Stable state

PRRs/PARs

@ = sesseesss
e escoeseee.

/

*Viral jnfeiction> Sta blg state

Allergen Y
* o *‘ ‘”Virus . . .
£ ¥

" PRRs/PARs /U&Q@W ’\ )

Inflammasome activation Inflammasome activation

Protection Asthmatic
against viral infection inflammation

Int J. Mol. Sci. 2022, 23(17), 9914

CmMmC
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Increased Alarmin and T2 immune reaction

* Viruses <— Airways —> 2

2 Epithelium

o ' il i

o?q,oq.{;.o.o.o.o.................

N 1 ..’, : . e 2 . ; — - Reticular basement membrane
| ) IL-25; IL-33; TSLP --—---> @ ? @ 4
. o 2 / s Eosinophils 3 # > @
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IL5
S |L-4:1L-13
o 7

lﬁ?- -~ @

Viruses

Immunology, 161: 83-93. 59



Examples of RV
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CMmMcC
Decreased Type 1 IFN in Asthma (non-T2)

a Host protection

b Chronic immunosuppression
IL-10
Typel 1

chl)\IS /Oo \
MHC

Virus

Infected cell Bystander cell

Vacuole
£e3 e
S
Viral W
RTT <
Viral { mm& ISQ{S
products ¥ Nucleus ”
Cytosol '3‘?
] . ¢ Acute immunopathology
Type | IFNs
o )‘ Influenza A Inflammatory
: Type‘I IFNs .‘ YAntiviral virus p monocyte
- antibody "
Y

TRAIL

| Induction of apoptosis ]

Epithelial Apoptotic
cell layer epithelial cell

Nature Reviews Immunology 2015 61
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Decreased Type 1 IFN in Asthma (Non-T2)

() IFNw

<““»® o }\\ 4)\\

IFNAR2 IFNAR1 IFNAR2 ‘ IFNAR1
X I

| O {02

Antiviral activity O & &

Virus Uncontrolled Persistent Infections
replication @. virus replication

Trends in Microbiology
Trends in Microbiology, Volume 29, Issue 11, 973 - 982 62




Not always in same ways...

Viral infection and asthma development in preterm infants

Dencl'rltl(.: cell Respiratory Human
activation syncytial virus rhinovirus
Epithelial cells k =
secrete cytokinesto | %o ad %%
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IL-17A °o®
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PN N chemotaxis
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Viral Infection and Asthma
4) Seasonality
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- Prevalence of Respiratory Viral Infections in Korean Adult
S N g I e Ce nte I St U d y Asthmatics With Acute Exacerbations: Comparison With Those
With Stable State

Rhinovirus A virus (n=27) RSV A/B (n=12)
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Seasonality of Causative Pathogen in Korea

An et al. BMC Pulmonary Medicine  (2024) 24:474 BMC Pul monary Medicine
https://doi.org/10.1186/512890-024-03298x L 2015 2016 2017 2018 \

0.0626 0.0236

T . . ®

Similarity analyses of causative viruses
for chronic obstructive pulmonary disease @
N [
and asthma exacerbations =
Author %
Tai Joon An'®, Jangwon Lee?®, Myoungin Shin®®, Kwang Ha Yoo*®, Yong Il Hwang®®, Kyung Hoon Min®®, =
Deog Kyeom Kim’®, Yun Su Sim®®, Ji Ye Jung’® and Chin Kook Rhee'%"® on behalf of the Korean Asthma g
Study Group and the Korean COPD Study Group in The Korean Academy of Tuberculosis and Respiratory o
Diseases (KATRD) g
N
=
£
=
=)
Zz

Fig. 1 The results of dynamic time warping (DTW). Figure 1 provides results of the dynamic time warping analyses. Blue line means positivity trends
of KDCA data and red dash line means those of multicenter retrospective cohort data in each year. IFV, RSV, HMPV, and PIV showed synchronicity

An et al. BMC Pulmonary Medicine (2024) 24:474 66
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Common Respiratory Viruses in Korea

——

Mar Apr Miy ko W Amg Sep Ot Nov Dec lan  Fed

Respirology. 2024 Nov;29(11):985-993 67
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What should we do?



ICS and Asthma

SCIENTIFIC LETTER

"Respirology WILEY

Inhaled corticosteroid is not associated with a poor

prognosis in COVID-19

Inhaled corticosteroid is not associated with a poor prognosis in COVID-19

.Q. Study population ; 6,520 confirmed COVID-19 patients in South Korea

LD o mtPed Do rewhadity e [womwy onchdog svbens w (O MY
SOOI A KD ¢ e portanoti ol LAMA « tong actng ) agoeen

. ummmmmmmum
. mmdu(mmmw-n-mmwummm-mmam”m

Res )II-OIO Sl s Cortmter gt B rOf @1eon Ao A g pone ey o (OO T8
‘» gy Ay lcmx'l((\ 0 e 30000

Respirology. 2021 Jun 26;26(8):812-815

CmMmC
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Effect of asthma and asthma medication  TABLE 3 Significant factors associated with mortality

on the prognosis of patients with Univariate Multivariate VIF
COVI D_1 9 OR (95% CI) p-value OR (95% CI) p-value
Among all COVID-19 patients”
Yong Jun Choi 1| Ju-Young Park 2_ Hye Sun Lee 2_ Jin Suh1_ Asthma 2.885 (1.726-4.822) <0.001** 1.317 (0.708-2.451) 0.385
Jeung Yoon Song1, Min Kwang Byun ®', Jae Hwa Cho ®', Hyung Jung Kim',  Among asthma patients’
Jae-Hyun Lee ®*4 Jung-Won Park®* and Hye Jung Park' ICS alone
Past year 1.685 (0.612-4.637) 0.313 11.741 (0.765-180.151) 0.077 1.630
Past 2 months 2.059 (0.745-5.691) 0.164 17.810 (0.944-336.092) 0.055 1.822
ICS-LABA
Past year 1.462 (0.541-3.951) 0.454 1.444 (0.130-16.103) 0.765 1.425
Past 2 months 1.663 (0.615-4.502) 0.316 3.493 (0.242-50.396) 0.358 1.551
Oral LABA
Past year 0.747 (0.253-2.204) 0.597 0.890 (0.113-7.023) 0.912 1.238
Past 2 months 0.872 (0.295-2.578) 0.804 0.685 (0.085-5.508) 0.722 1.341
Patch LABA
Past year 0.252 (0.032-1.954) 0.187 0.139 (0.003-6.226) 0.309 1.583
Past 2 months 0.296 (0.038-2.309) 0.246 1.358 (0.016-112.584) 0.892 1.799
LTRA
Past year 1.194 (0.373-3.821) 0.765 1.203 (0.070-20.631) 0.899 1.278
Past 2 months 1.699 (0.534-5.408) 0.370 1.795 (0.086-37.650) 0.707 1.428
Inhaled SABA
Past year 2.505 (0.941-6.862) 0.074 1.925 (0.172-21.588) 0.595 1.686
Past 2 months 2.989 (1.089-8.208) 0.034* 1.273 (0.112-14.420) 0.846 1.924
Oral SABA
Past year 1.382 (0.372-5.125) 0.629 1.836 (0.154-21.926) 0.631 1.193
Past 2 months 1.509 (0.405-5.621) 0.540 1.626 (0.113-23.347) 0.721 1.284
Xanthine
Past year 1.114 (0.413-3.003) 0.831 0.464 (0.072-2.997) 0.420 1.208
Past 2 months 1.360 (0.504-3.667) 0.544 0.753 (0.121-4.690) 0.761 1.287
Inhaled LAMA
Past year 5.225 (1.737-15.716) 0.003* 0.515 (0.051-5.193) 0.574 1.593
Past 2 months 5.225 (1.737-15.716) 0.003* 0.371 (0.038-3.643) 0.395 1.617
Severity of asthma [reference step 1)
Step 2 0.428 (0.079-2.323) 0.325 0.068 (0.005-1.002) 0.050 1.668
Step 3 0.400 (0.044-3.627) 0.415 0.055 (0.001-2.059) 0.117 1.397
Step 4 0.974 (0.308-3.078) 0.964 0.409 (0.042-3.955) 0.440 1.759
Step 5 0.000 (0.000-999.999) 0.987 0.000 (0.000-999.999) 0.978 1.171
Eur Respir J 2021; 57: 2002226 70
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Biologics, Virus, and Asthma AE

Table 1. Proposed mechanisms of how asthma biologics can increase antiviral responses

Omalizumab IgE Allergen-bound immunoglobulin E (IgE) inhibits antiviral type | interferons produced by

plasmacytoid dendritic cell (pDC). Blocking IgE prevents inhibition of pDC and
enhances type | interferon secretion.

Mepolizumab (IL-5), reslizumab  IL-5/Il-5Ra  Toll-like receptor-7 (TLR-7) is crucial in recognizing viral single stranded RNA in

(IL-5), benralizumab (IL-5Raq) endosomes. Interleukin-5 (IL-5) reduces expression of tolHike recptor-7 (TLR-7). Blocking
IL-5 or its receptor (IL-5Ra) restores TLR-7 expression.
Dupilumab IL-4Ra Suppressor of cytokine signaling-1 (SOCS-1) inhibits Th1 responses and is stimulated by

Th2 cytokines in particular interleukin 4 (IL-4). By blocking IL-4 pathway there is a
reduces production of SOCS-1 and therefore a stronger antiviral Th1 response.
Additionally, IL-4 is necessary for IgE class switching of B cells and IgE plasma cell
differentiation. By inhibiting IL-4, dupilumab reduces IgE levels and boosts type |

interferon production by pDC.

Tezepelumab TSLP Thymic stromal lymphopoietin (TSLP) is an upstream alarmin secreted with the respiratory
epithelial cells in the presence of infection or allergen. Inhibiting TSLP reduces
downstream Th2 inflammation and might help stabilize the respiratory epithelium but
does not change interferon levels. Unlike the other asthma biologics that increase
interferon levels and therefore antiviral immunity, it seems that tezepelumab may have a
more neutral effect towards viral infections.

Curr Opin Pulm Med 2024, 30:287-293 71



In near future, we hope...

Global epidemiology of non-influenza RNA respiratory
viruses: data gaps and a growing need for surveillance

CMC

Julian W Tang, Tommy T Lam, Hassan Zaraket, W lan Lipkin, Steven ] Drews, Todd F Hatchette, Jean-Michel Heraud, Marion P Koopmans, and the

INSPIRE investigators™

Influenza Respiratory Human Human Coronavirus Rhinovirus
syncytial virus parainfluenze virus  metapneumovirus
USA 1561 vaccine trials; 49 vaccine trials; 13 vaccine trials; 3 vaccine trials; 4 vaccine trials; 12 vaccine trials;

190 antiviral drug trials 33 antiviral drug trials 0 antiviral drug trials

European 357 vaccine trials; 4 vaccine trials; 1 vaccine trial;
Union 11antiviraldrugtrials 13 antiviral drugtrials 0 antiviral drug trials

0 antiviral drug trials

0 vaccine trials;
0 antiviral drug trials

4 antiviral drug trials

0 vaccine trials;
0 antiviral drug trials

3 antiviral drug trials

1 vaccine trial;
0 antiviral drug trials

Table: Ongoing clinical trials associated with vaccine and antiviral drug development for the different respiratory viruses

Lancet Infect Dis 2017; 17: e320-26
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Summary



Summarized Tables

Seasonality

Virus

Evidence

Key Findings

All Year Virus
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Respiratory virus: It ain’t over.

2003 2022
SARS Monkeypox

1981 2001 2013 2014
HIV — first Anthrax hikynoynya Enterovirus D68

reports bioterrorism H7N9 influenza Ebola — West Africa

1982 1999 2006 2015
Escherichia coli West Nile virus XDR tuberculosis Zika
Q157:H7
identified
Borrelia burgdotferi
identified 1993 1998 2009
Hantavirus Nipah virus HIN1
pulmonary influenza
syndrome
1989 2019
Hepatitis C virus Covid-19
identified
T T T T T T T T T T T T T T T T T T T T T T T T T T T |
1980 1985 1990 1995 2000 2005 2010 2015 2020

Selected Landmark Events in Infectious-Disease Emergence Leading up to and during the Author’s Four-Decade Tenure as NIAID Director.

DRC denotes Democratic Republic of Congo, MERS Middle East respiratory syndrome, SARS severe acute respiratory syndrome, and XDR

AN Qryo-

It ain’t over Ct”, " A ofLct”, “O|X| A%t 20|}
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Thank you
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